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Abstract

In the Northeast of Portugal and in the West of the Zamora Province in Spain, donkeys are
still playing a central role in the traditional farming system. These regions are the main
distribution area of the two endangered breeds of donkeys involved in the present study: the
Mirandês and the Zamorano-Leonés.
In veterinary dentistry, research and clinical work in horses progressed substantially
worldwide in the last years, but specific knowledge regarding donkey dentistry is still
somewhat behind.
The acquisition of evidence-based scientific knowledge in dentistry or any other area based
on these breeds is taken by the author as a powerful tool in an in situ conservation strategy.
Thus, a study to investigate the prevalence of oral and dental disorders was performed,
through a prospective cross-sectional study in 800 donkeys (400 of each breed), divided in 7
age groups (ranging 0-34 years), in 86 villages, thinking on welfare and genetic preservation
issues.
The 74% of donkeys suffer from incisors disorders: craniofacial abnormalities (49.25%),
abnormalities in the occlusal surface (21.63%), fractures (17%), periodontal disease (16.13%)
and diastemata (14.38%) were the main disorders recorded.
Regarding cheek teeth (CT), the 82.75% of donkeys were diagnosed with disorders: CT
enamel overgrowths (73.13%), focal overgrowths (37.25%), periodontal disease (23.50%) and
diastemata (19.88%) were the main disorders recorded.
Some uncommon pathological conditions were diagnosed, such as the presence of
supernumerary teeth, salivary duct lithiasis and development of macroscopic focal gingival
hyperplasia.
Polyodontia is defined as the presence of teeth in excess of the normal dental formula.
Polyodontia was recorded in 2.25% of the donkeys, presenting 36 supernumerary teeth, with
2.80% being incisors and 97.20% CT. The caudal aspects of the maxillary CT rows were the
most common locations for supernumerary teeth development (distomolars). The increasing
prevalence of fully erupted supernumerary teeth recorded in older groups suggested a late
eruption, and therefore in donkeys undergoing regular dental prophylaxis the presence of
previously unnoticed supernumerary teeth should always be methodically sought.
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One single donkey was diagnosed with salivary duct lithiasis in the right parotid duct
based on clinical, oral, dental and radiographic examination results. Surgical removal of the
sialolith was done through a percutaneous approach.
One donkey was observed with a right maxillary tumefaction. An extra and intra-oral
examination was performed, revealing a complete blockage of the right mandible motion,
mainly due to the presence of shear mouth. A mass was observed in the right maxillary
vestibular space. Gingival hyperplasia is a very common histological feature in equids. On a
macroscopic level, pathological proliferation of the gingival tissue is associated with
inflammatory, neoplastic and tumor-like masses, including gingival hyperplasia. In equids,
these lesions are uncommon, but still should be considered in the differential diagnoses list
for facial tumefaction, mainly when severe dental disorders such as shear mouth are
diagnosed.
The high prevalence of craniofacial abnormalities recorded during this study led the author
to contribute to the genetic characterization of these disorders. Genetic variations in Matrilin1 gene were sought, using 30 donkeys presenting brachygnathism, 30 donkeys presenting
prognathism and 30 donkeys with normal occlusion phenotypes, in a case-control study. One
genetic variation (g.503G>A) located in an intronic region of Matrilin-1 gene was
characterized. Statistically significant differences were detected between the control group
and prognathism cases. These results support evidence for an important role of Matrilin-1 on
prognathism in the analyzed population with Matrilin-1 genetic variation - 503G>A - having
a protective effect.
The influence of dental correction on nociceptive test response, fecal appearance, body
condition score (BCS) and apparent dry matter digestibility (DMDap) was also studied in
donkeys. Eighteen Zamorano-Leonés donkeys were divided into two homogeneous groups
based on age, BCS and dental findings: control and treatment. On day 1, day 45, day 90 and
day 135, BCS and nociceptive test response were evaluated in all animals and fecal samples
were collected by grab sampling from all animals for 3 consecutive days. A progressive
decrease of positive nociceptive test responses was observed, in treatment group. No
differences between groups were observed for BCS. Concerning DMDap there were
differences regarding collection day and an interaction between groups and collection day was
observed. About fecal appearance, no differences were observed between groups and/or
collection day.
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The results obtained during this study highlighted the importance of regular dental care in
donkeys, but also draws attention to the importance of similar studies in equids populations
with the same status conservation, in order to better understand the prevalence of oral and
dental disorders, improving their welfare and preserving a unique genetic heritage.

Keywords: donkey, veterinary dentistry, orodental disorders, animal welfare, ZamoranoLeonés donkey, Mirandês donkey.
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Resumo

No Nordeste de Portugal e na zona Oeste da Província de Zamora em Espanha, os burros
desempenham um papel chave na agricultura tradicional. Estas regiões são as principais áreas
de distribuição das duas raças autóctones de burros ameaçadas, utilizadas neste estudo: o
Mirandês e o Zamorano-Leonés.
Na área da Medicina Estomatológico-dentária Veterinária, a investigação e o trabalho
clínico em cavalos evoluiu substancialmente nos últimos anos, a nível mundial, mas o
conhecimento específico destas temáticas nos burros continua de algum modo num patamar
inferior.
A obtenção de dados científicos nesta ou noutras áreas do conhecimento, relativamente a
estas raças ameaçadas, é tida pelo autor como uma ferramenta extremamente importante
numa estratégia mais ampla de conservação in situ. Com base neste princípio, realizou-se um
estudo clínico com o objetivo de investigar a prevalência da patologia estomatológicodentária, através da observação de 800 burros (400 de cada uma das raças referidas), divididos
em 7 grupos etários (idades compreendidas entre os 0 e os 34 anos), em 86 localidades, com
um especial enfoque no bem-estar animal e na preservação dos recursos genéticos.
Em 74% dos animais observados foram diagnosticadas situações patológicas relacionadas
com os dentes incisivos, de entre as quais o autor salienta as más-oclusões dentárias
(49,25%), irregularidades na superfície de oclusão (21,63%), fraturas (17%), doença
periodontal (16,13%) e presença de diastemas (14,38%) como sendo as principais situações
patológicas diagnosticadas.
Relativamente aos dentes pré-molares e molares (PM/M), 82,75% dos burros
apresentavam alterações, das quais as mais relevantes incluem cristas de esmalte (73,13%),
sobre-crescimentos localizados (37,25%), doença periodontal (23,50%) e presença de
diastemas (19,88%).
Diagnosticaram-se também situações patológicas consideradas pouco frequentes: presença
de dentes supranumerários, litíase do conduto salivar e o desenvolvimento macroscópico de
hiperplasia gengival focal.
Define-se poliodontia como a presença de um número excessivo de peças dentárias em
relação à fórmula dentária da espécie. Esta patologia foi diagnosticada em 2,25 % dos burros,
com 36 dentes supranumerários presentes: 2,80% referente a incisivos e 97,20% referentes a
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PM/M. A localização mais comum de supranumerários é a porção mais caudal da linha de
PM/M maxilares (distomolares). O aumento da prevalência de dentes supranumerários
completamente erupcionados registada nos grupos etários mais velhos sugere uma erupção
tardia destes dentes pelo que, mesmo em burros com revisões estomatológico-dentárias
frequentes, a presença de peças dentárias supranumerárias e até então não diagnosticadas deve
ser sempre metodicamente investigada.
Diagnosticou-se litíase do conduto salivar num único burro, com base no exame clínico,
oral e radiográfico, com o sialólito localizado no conduto parotídeo direito. A remoção
cirúrgica do sialólito realizou-se através de um acesso percutâneo.
Noutro burro, observou-se uma tumefação maxilar do lado direito da face. Os exames extra
e intra oral revelaram um bloqueio completo do movimento mandibular à direita, devido
principalmente à presença de boca em tesoura, e a presença de uma massa no espaço
vestibular maxilar direito. A hiperplasia gengival a nível histológico é considerada normal. A
uma escala macroscópica, a proliferação gengival é considerada patológica e associada a
processos inflamatórios, neoplásicos e não neoplásicos, incluindo a hiperplasia gengival. Em
equídeos, estas lesões são pouco frequentes, devendo no entanto incluir a lista de diagnósticos
diferenciais em casos de tumefação facial, principalmente quando patologia dental grave
como a boca em tesoura é diagnosticada.
A elevada prevalência de más-oclusões dentárias motivou o autor a investigar a
caracterização da base genética desta patologia. Pesquisaram-se variações genéticas do gene
Matrilin-1, utilizando 30 burros com prognatismo, 30 com braquignatismo e 30 com
ortoclusão, num estudo de caso-controlo. Identificou-se e caracterizou-se uma variação
genética (g.503G>A) localizada na região intrónica do Matrilin-1. Observaram-se diferenças
significativas entre o grupo de controlo e os casos de prognatismo. Estes resultados suportam
evidências do importante papel do Matrilin-1 na origem do prognatismo na população
analisada, com a variação genética Matrilin-1- 503G>A- apresentando um efeito protetor.
A influência do tratamento dentário na resposta aos testes de pressão, aparência fecal,
condição corporal e digestibilidade aparente da matéria seca foi também estudada. Dezoito
burros Zamorano-Leoneses foram divididos em 2 grupos homogéneos (controlo e tratamento)
tendo em conta a idade, condição corporal e patologia estomatológico-dentária. Nos dias 1,
45, 90 e 135 do estudo avaliou-se a condição corporal e a resposta aos testes de pressão em
todos os animais recolhendo-se também fezes da ampola rectal, durante 3 dias consecutivos.
Observou-se um decréscimo progressivo da resposta positiva aos testes de pressão, no grupo
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de tratamento. Não se observaram diferenças entre grupos para a condição corporal. Na
digestibilidade aparente da matéria seca, observaram-se diferenças em relação à data da
colheita, com uma interação entre os grupos e a data de colheita. Não se observaram
diferenças entre grupos e/ou data de colheita, em relação à aparência fecal.
Os resultados obtidos durante este estudo destacam a importância dos cuidados
estomatológico-dentários regulares em burros, mas também chamam a atenção para a
importância da realização de estudos similares em populações de equídeos com estatuto de
conservação semelhante, de modo a poder compreender-se a prevalência da patologia
estomatológico-dentária, melhorando o bem-estar destes animais e preservando recursos
genéticos únicos no mundo.

Palavras-chave:

burro,

medicina

estomatológico-dentária

veterinária,

estomatológico-dentária, bem-estar animal, burro Zamorano-Leonés, burro Mirandês
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patologia

Resumen
En el Nordeste de Portugal y en el Oeste de la Provincia de Zamora (España), los burros
desempeñan un papel clave en la agricultura tradicional. Estas regiones son las principales
áreas de distribución de dos razas autóctonas amenazadas de burros, utilizadas en este estudio:
el Mirandês y el Zamorano-Leonés.
En el área de la odontología, la investigación y los trabajos clínicos con caballos han
evolucionado substancialmente en los últimos años, pero el conocimiento específico aplicado
a burros continúa de algún modo en un escalón inferior.
La obtención de datos científicos en esta o en cualquier otra área del conocimiento,
teniendo como base estas razas amenazadas de burros, es considerada por el autor como una
herramienta extremamente importante en una estrategia más amplia de conservación in situ.
Con base en este principio, se realizó un estudio clínico con el objetivo de investigar la
prevalencia de patología oral/odontológica, a través de la observación de 800 burros (400 de
cada una de las razas referidas), divididos en 7 grupos etarios (edades comprendidas entre los
0 y los 34 años), en 86 localidades, con un enfoque especial sobre el bienestar animal y la
conservación de los recursos genéticos.
El 74% de los burros presentaron patología relacionada con los incisivos: maloclusiones
dentales (49,25%), irregularidades en la superficie de oclusión (21,63%), fracturas (17%),
enfermedad periodontal (16,13%) y presencia de diastemas (14,38%) han sido las principales
situaciones patológicas diagnosticadas.
En relación a los premolares y molares (PM/M), el 82,75% de los burros fueron
diagnosticados con patología: puntas de esmalte (73,13%), sobrecrecimientos localizados
(37,25%), enfermedad periodontal (23,50%) y presencia de diastemas (19,88%) han sido las
principales situaciones patológicas diagnosticadas en estos grupos dentales.
También se diagnosticaron situaciones consideradas poco frecuentes: presencia de dientes
supernumerarios, litiasis del conducto salivar y el desarrollo macroscópico de hiperplasia
gingival focal.
Se define poliodontía como la presencia de un número excesivo de dientes en relación a la
formula dental fisiológica. Esta patología fue diagnosticada en el 2,25 % de los burros, con 36
dientes supernumerarios presentes, siendo el 2,80% incisivos y el 97,20% PM/M. La
localización más común de supernumerarios se encuentra en la porción más caudal de la línea
de premolares y molares maxilares (distomolares). El aumento de la prevalencia de dientes
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supernumerarios completamente erupcionados registrada en los grupos etarios más viejos
sugiere una erupción tardía de estos dientes por lo que, incluso en burros con revisiones
orales/odontológicas frecuentes, se debe de investigar metódicamente la presencia de piezas
dentales supernumerarias no diagnosticadas hasta entonces.
Se diagnosticó litiasis del conducto salivar en uno de los burros, con base al examen
clínico, oral y radiográfico, con el sialolito localizado en el conducto parotídeo derecho. La
exeresis del sialolito se realizó a través de un acceso percutáneo.
En otro burro, se observó una tumefacción maxilar del lado derecho. El examen extra e
intraoral reveló un bloqueo completo del movimiento mandibular a la derecha, debido
principalmente a la presencia de boca en tijera, y la presencia de una masa en el espacio
vestibular maxilar derecho. La hiperplasia gingival a nivel histológico se considera normal.
Macroscópicamente, la proliferación gingival se considerada patológica y está asociada a
procesos inflamatorios, neoplásicos y no neoplásicos, incluyendo la hiperplasia gingival. En
équidos, estas lesiones son poco frecuentes, pero se deben incluir en la lista de diagnósticos
diferenciales en casos de tumefacción facial, principalmente cuando se diagnostica patología
dental grave como la boca en tijera.
La elevada prevalencia de maloclusiones dentales llevó a que se intentase caracterizar la
base genética de estas patologías. Se pesquisaron variaciones genéticas del gene Matrilin-1
en 30 burros con prognatismo, 30 con braquignatismo y 30 con oclusión fenotípicamente
correcta, en un estudio de caso-control. Se identificó y caracterizó una variación genética
(g.503G>A) localizada en la región intrónica del Matrilin-1, observándose diferencias
significativas entre el grupo de control y los casos de prognatismo. Estos resultados soportan
evidencias del importante papel del Matrilin-1 en el prognatismo de la población analizada,
con la variación genética Matrilin-1 - 503G>A - presentando un efecto protector.
La influencia del tratamiento dental en la respuesta a las pruebas de presión, aspecto fecal,
condición corporal y digestibilidad aparente de la materia seca también fue estudiada. Se
dividieron 18 burros Zamorano-leoneses en dos grupos homogéneos (control y tratamiento)
teniendo en cuenta la edad, la condición corporal y la patología oral/odontológica. En los días
1, 45, 90 y 135 del estudio se valoraron la condición corporal y la respuesta a las pruebas de
presión en todos los animales y se recogieron heces de la ampolla rectal, durante 3 días
consecutivos. Se observó una disminución progresiva de la respuesta positiva a las pruebas de
presión, en el grupo de tratamiento. No se observaron diferencias entre grupos para la
condición corporal. En la digestibilidad aparente de la materia seca, se observaron diferencias
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relacionadas con la fecha de recogida, con una interacción entre grupos y fecha de recogida.
No se observaron diferencias significativas entre grupos y/o fecha de recogida, en lo que
respecta al aspecto fecal.
Los resultados obtenidos durante este estudio destacan la importancia de los cuidados
odontológicos regulares en los burros, pero también llaman la atención para la necesidad de
realizar estudios similares en poblaciones de équidos

con un estado de conservación

semejante, para de esta forma poder comprender la prevalencia de la patología
oral/odontológica, mejorar su bienestar y preservar los recursos genéticos únicos en el mundo.

Palabras-clave: burro, odontología veterinaria, patología odontológica, bienestar animal,
asno Zamorano-Leonés, burro Mirandês.
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GENERAL STATE OF THE ART

1.1 The donkey: the species and the breeds

Extant equids (donkeys, horses and zebras) are classified as members of the family Equidae,
within the single modern genus – Equus (Russell et al., 2011). The donkeys, Equus asinus,
emerged from the common equids’ branch, with Xu et al. (1996) suggesting that the
separation between donkeys and horses (Equus caballus) occurred approximately nine
millions years ago, based on the analyses of mitochondrial DNA, far behind the time
specified by the paleontological data: somewhere between three and five million years ago
(Lindsay et al., 1980).
Several evolutionary theories over the years attempted to explain the origin of the domestic
donkey, pointing out different ancestors as his progenitor (Epstein, 1984; Clutton-Brock,
1999; Camac, 1997). Recent modern genetic research suggested an African origin for the
modern donkey. Beja-Pereira et al. (2004), based on a phylogenetic analysis and sequencing
the same mitochondrial DNA control region, compared the domestic donkey (Equus asinus),
the Asian wild half-asses (Equus hemionus and Equus kiang) and the surviving wild African
asses subspecies (the Nubian wild ass – Equus africanus africanus – and the Somali wild ass
– Equus africanus somaliensis), pointing the African wild asses as the most likely progenitor
of the domestic donkey. Kimura et al. (2010), also sequencing mitochondrial DNA and based
on a larger sample of ancient archaeological and historic museum samples, concluded that the
Equus africanus africanus is the living ancestor of today's domestic donkeys.
The history of donkeys is tied to human history (Marshall and Weissbrod, 2011). The first
domestication of the donkey took place around 5000 to 6000 years ago, according to
archaeological evidences of the ancient Egypt. Rossel et al. (2008) recently discovered
entombed equids’ skeletons, presenting a range of osteopathologies consistent with heavy
load carrying, evidenced by signs of strain on their vertebral bones. Anatomical features of
these animals were not yet morphologically distinguishable from the African wild ass,
indicating gradual phenotypic changes in the domesticated animals, but also suggesting
nonlinear domestication process, with interbreeding occurring between domesticated and wild
animals long after the first domestication, promoting a gene flow from the wild (Peters et al.,
2005), in a process known as introgression (Seehausen, 2004).
The domestication of the donkey was a pivotal point in human history, leading to a largescale revolution in the organization and life-style of cities and pastoral societies, improving
transport systems and promoting overland trade in Africa and Asia (Rossel et al., 2008).
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Donkeys rapidly spread around the old world, from the Mediterranean to the Pacific Ocean,
with mixing of different donkey and wild ass breeds still occurring (Camac, 1997). Donkeys
probably reached the Iberian Peninsula by the hands of Phoenician traders and with the
expansion of the Roman Empire all over Europe (Camac, 1997), during the Roman conquests.
Since that time, donkeys assumed a very important role as a working force in agriculture,
transport of good and people, military or hybrids’ production, but also their milk, skin and
meat was used (Kugler et al., 2008).
Mules (from a jack and a mare) and hinnies (from a stallion and a jenny) are the most
successful hybrids in the family of equids (Kugler et al., 2008). It has been claimed that mules
combine the virtues of donkeys and horses (Jackson, 2004), in what is known as the hybrid
vigor: improved or increased function of any biological quality in a hybrid offspring (Proops
et al., 2009; Barankal et al., 2012).
Reputed for their hard work and strength, mules and hinnies were of paramount
importance for centuries as robust working animals, usually performing all hard and heavier
functions.
The domestication and controlled breeding process led to a selection pressure and
progressive fixation of phenotypic characteristics that best fit the surrounding environment
and human needs. The enormous diversity and complexity of this process resulted in
numerous different populations and breeds worldwide, nowadays recognized as invaluable
genetic resources (Beja-Pereira and Ferrand, 2005).
The Domestic Animal Diversity Information System (DAD-IS) of the United Nations Food
and Agriculture Organization (FAO) reported 44 million donkeys worldwide (FAO, 2007),
with about 95% being working animals in developing countries (Gebreab, 1997; Starkey and
Starkey, 2004). Donkeys and other local domestic livestock breeds are essential to the
agricultural and industrial activities, but also play a key role in the social and economic
support in many of these countries, particularly in rural areas of limited income, where they
present unique characteristics for sustainable animal production (Hoffmann, 2010).
Despite the high number of donkeys worldwide, some European local breeds of donkeys
are threatened or have already disappeared, according to their risk status classification, due to
the low number of individuals registered in the official studbooks (FAO, 2007; Colli et al.,
2013).
The technology improvement and mechanization of agriculture registered during the 20th
century in Europe, together with the rural exodus, greatly reduced the need of equids as
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animals of draft and burden (Ivankovic et al., 2002; Beretti et al., 2005), leading to a drastic
reduction of the number of donkeys and mules. This process was somewhat slower in the
southern European countries due to a late industrialization, but soon followed the European
trend, mainly in the last three decades (Aranguren-Mendez et al., 2001, Collin et al., 2013),
with Portugal and Spain presenting nowadays less than 10% of the donkey and mules
population registered only 30 years ago (Rodero et al., 1998; Barbosa, 2003; INE, 2011).
In the Northeast of Portugal and in the Zamora Province in Spain, two very close regions
in geographic terms and one of the most rural areas of the Iberian Peninsula, donkeys (and
mules on a smaller scale) are still living and co-existing with the (aged) local inhabitants,
playing a central role in the traditional subsistence farming system, being the main aid in
many daily rural activities and transportation.
This region is the main geographic area of distribution of the two local breeds of donkeys
involved in the present study: The Mirandês donkey, from Portugal and the Zamorano-Leonés
donkey, from Spain.
These two local breeds are nowadays on the list of European endangered breeds and
considered vulnerable, based on the criteria of the International Union for the Conservation of
Nature and Natural Resources, both with an effective population size of less than 1000
individuals (Taberlet et al., 2008): The Mirandês donkey with only 623 adult animals and the
Zamorano-Leonés with 759, according to the respective official studbooks.
These facts represent not only a major loss of biodiversity, but also the loss of our historic,
cultural and genetic heritage (Beja-Pereira and Ferrand, 2005; Hodges, 2006). The
preservation of livestock breed diversity should be seen as a genetic insurance when facing
coming changes, as adaptation to an ever changing environment, resistance to diseases or
market requirements (Simianer, 2005; Bennewitz et al., 2006).
Along with the reasons referred above, the conservation of endangered local breeds
comprises a sustainability value supporting the local economies and the fixation of human
population in marginal areas, as well as an ecological value, allowing improvement and
preservation of the agrobiodiversity (Gandini and Villa, 2003).

1.2 Dentistry

Dentistry is the branch of medicine that is involved in the study, diagnosis, prevention and
treatment of pathological conditions of the oral cavity, the maxillofacial area and the adjacent
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and associated anatomical structures, as well as their impact on general health and welfare
(ADA, 2012). Health care and welfare of animals fell in to the hand of caregivers, since the
domestication process first began (Easley and Hatzel, 2011), and oral and dental care of
equids should follow the same principle.
Publications regarding ageing equids by their teeth and procedures in the oral cavity are
indeed known throughout history (Babylonians, Greeks, Romans or Arabs), virtually since
equids’ domestication occurred (Harvey, 1994; Carmalt, 2007) and they became increasingly
important in transport, agriculture and military work. Some of the procedures performed and
described in literature were painful and even barbaric, especially during medieval era and
beyond in Europe, with oral and dental concepts and treatments based on unscientific myths
and superstitions, as cutting the lips to accommodate the bit, the blame of wolf teeth for
blindness and madness in horses or the need of removing the “lampas” (palatogingivitis that
occurred in the rostral portion of the hard palate, during the physiological eruption process of
central incisors in young animals), by burning or cutting it (Harvey, 1994; Fahrenkrug, 2005;
Simoi, 2010). Unfortunately, the latter procedure is still a common practice among breeders,
owners and even vets in many parts of the world (Noirtier and Cardona, 2003), including in
the area where the present study was performed, along with the incision of the palate and
flushing with vinegar in thin older animals, convinced that this inhumane procedure will
relieve the animal and allow eating better. The hidden nature of oral and dental disorders and
the total lack of knowledge regarding equine dentistry lead to the perpetuation of such
procedures.
Back to history, during the 18th and 19th centuries the advancements in science were
notorious in Europe, based on a more logical and evidence-based though, influencing all areas
of knowledge and achieving important improvements in equine veterinary field (Easley and
Hatzel, 2011). However, equine dentistry was never assumed as a priority in the formal
education during that period, and in spite of the flourish of new techniques and technology in
this field, it was considered more as an art and not as a science (Carmalt, 2007; Easley and
Hatzel, 2011).
With the increasing interest in horses after World War II and following years, for sport and
leisure purposes, the hypothetical benefits of dentistry in horses boosted the development of
new dental equipment and procedures, once again without evidence-based scientific
investigation in parallel (Galloway and Easley, 2008; Easley and Hatzel, 2011). Indeed, up to
the late 1970s there was no real scientific or clinical interest on the part of the academic world
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and the veterinary faculties in regard of equine dentistry, which considered it, in a very
simplistic way, as a minor issue (Schumacher, 2001; Knottenbelt, 2005).
The last two to three decades, however, represented a totally new approach to veterinary
dentistry (Niemec, 2012), with equine dentistry following this trend and becoming a gradually
changing and progressing subject. Many high quality scientific publications regarding dental
embryology, anatomy and prevalence and aethiopathogenesis of pathology by gross,
radiological, histological and ultra-structural examinations were published in recent years
(Kilic et al., 1997a,b,c,d; Muylle et al., 1999; Dixon et al., 1999a,b, 2000a,b; Dixon, 2002;
Mitchell et al., 2003; Dixon and Dacre, 2005; Dacre et al., 2008a,b,c,d,e; Gere and Dixon,
2010; Cox et al., 2012), especially as a result of the remarkable advances made by Professor
P. M. Dixon and colleagues, from the University of Edinburgh, who provide a tremendous
advanced scientific knowledge in equine dentistry, in both clinical and academic fields
(Knottelnbelt, 2005; Galloway and Easley, 2008). This spread of knowledge led to a new
world-wide perception regarding equine dentistry, based on the principles of dentistry,
medicine and surgery (Menzies et al., 2011), with other universities and private clinicians
recognizing it as a science and as an area of paramount importance regarding equids’ health
and welfare, even becoming an integral part of veterinary curricula in many vet schools across
the globe (Knottenbelt, 2005; Ferraro et al., 2006).
Unfortunately, the widespread teaching of veterinary dentistry in veterinary schools in
Portugal and Spain is, by now, no more than a distant reality. With a few laudable exceptions,
veterinary dentistry is normally not included in the academic curricula, not even as one of the
optional subjects imposed by the Bologna process, with the aim to ensure comparability in the
standards and quality of higher education qualifications among European universities (ENQA,
2005). Even in veterinary schools where veterinary dentistry is taught, not always there is a
clear articulation between academic teaching and clinical practice, remembering somehow the
story of equine dentistry throughout history.
However, the creation of scientific societies in the last years in both countries (Sociedade
Portuguesa de Medicina Estomatológico-Dentária Veterinária e Experimental in Portugal,
2010 (www.spmedve.com) and Sociedad Española de Odontología y Cirugía Maxilofacial
Veterinaria y Experimental in Spain, 2002 (www.seove.com)), brought together veterinary
dental professionals working / researching in the fields of veterinary dentistry, oral medicine
and oral surgery, increasing scientific and clinical knowledge and encouraging its exchange,
awareness and education among veterinarians, students and general public.
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More recently, several dentistry disciplines first developed for human and used in small
animals were integrated in equine dentistry, such as orthodontics (Easley, 2006), endodontics
(Simhofer et al., 2008), periodontology (Greene and Basile, 2002; Klugh, 2005) and
restorative dentistry (Galloway, 2011), in an attempt to preserve functional and health
dentition. Although, the unique nature of equids’ teeth, that evolved to be hypsodont (long
crowned), as an anatomical adaptation to the high level of attrition associated with the diet,
with a unique continuous eruption / wearing process (Dixon and Dacre, 2005, du Toit, 2006),
had to be taken into account, when extrapolating knowledge and effective clinical procedures
from other species with brachydont teeth (Pascoe, 2006; Galloway and Galloway, 2011).
The increasing use of ancillary diagnostic tests greatly improves the clinical capacity to
achieve accurate diagnosis, particularly when imaging those parts of the head that cannot be
properly examined during extra and intra oral examinations (Barakzai and Dixon, 2003).
Radiography is the most commonly used diagnostic method, especially with the advent of
digital systems and the enhancement of radiographic technique for equids’ head (Easley,
2002; Klugh, 2005). Other imaging modalities such as ultrasonography, rhinoscopy,
sinoscopy, computed tomography, magnetic resonance imaging and nuclear scintigraphy may
be extremely helpful in order to make a more definitive diagnosis (Weller et al., 2001; Archer
et al., 2003a,b; Solano and Brawer, 2004; Perkins and Schumacher, 2011) but the vast
majority of this technology is only available in equine referral centers and university
hospitals.
Equine dentistry should be assumed as something prophylactic, through the early diagnosis
and treatment of oral and dental disorders in a conservative way, avoiding its development
into potentially clinical significant pathology and irreversible damage occurs (Knottenbelt,
2005). Owners should be aware that clinical signs do not always manifest on early stages,
with a high number of animals suffering from asymptomatic dental and oral disorders,
especially donkeys that are stoic by nature (Dixon and Dacre, 2005; du Toit and Dixon,
2012).
Research and clinical work in horses progressed substantially in recent years, but specific
knowledge regarding donkey dentistry is still somewhat behind (du Toit, 2008). The fact that
donkeys became popular as companion animals, in countries like United Kingdom or USA
(Camac, 1997), recently led to a gradual increase in veterinary knowledge of the donkey, but
also an increased awareness in its health and welfare (du Toit, 2008).
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Du Toit et al. recently investigated donkey dental anatomy in detail and prove the
similarity to that which has been described in the horse (2008a,b,c) as well as the prevalence
of dental disorders through clinical and post-mortem reports, affecting mainly aged donkeys
(2008d,e; 2009a) , and the potential relationship between dental disease and systemic
disorders, enhancing their deleterious effect on donkeys’ health. (2008f; 2009b).
These and other studies (Roy, 2002; Fernando-Martinez et al. 2006) emphasised the fact
that the presence of dental disorders needs to be taken into account when assessing the
welfare of donkeys, based on the prevalence of dental disorders recorded.

1.3 Aims of the thesis

Considering the previous remarks, the authors considered that the development of scientific
studies regarding the prevalence and aetiopathogenesis of clinically diagnosed oral and dental
pathology in the Mirandês and the Zamorano-Leonés donkeys should be assessed, thinking on
health and welfare of donkeys, but also thinking on health and well-being of the human
population that still rely directly on these animals, without neglecting the unique genetic
heritage that these animals represent.
During the field work of this study, 800 Mirandês and Zamorano-Leonés donkeys (400 of
each breed), who attended a free mobile veterinary clinic focus on dentistry, were selected for
this clinical survey. The 95.5% of the animals were examined for the very first time, with
91.6% of the 347 owners involved reporting no previous knowledge about equine dentistry
and no history of oral and dental disorders. Based on that, the author’s initial hypotheses
points to a high prevalence of pathology affecting the oral cavity, considering the untreated
population of donkeys involved but also the possible presence of teeth related pathological
situations, due to the increase of the inbreeding level in small populations, loss of genetic
variability and accumulation of deleterious recessive alleles (Griffiths, 2000).
The acquisition of evidence-based scientific knowledge in dentistry or any other area based
on these endangered breeds of donkeys and its direct applicability is taken by the authors as a
powerful tool in an in situ conservation strategy.
The aims of the study were to:


Gather information on donkey dental disease and determine the prevalence of dental
pathological conditions affecting different dental groups, in 800 live donkeys, based
on a complete clinical, oral and dental examination, in field conditions (chapters 2 and
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3); in parallel with the presence of particular pathological conditions, considered
uncommon in equids: presence of supernumerary teeth (chapter 4), salivary duct
lithiasis (chapter 5) and development of macroscopic focal gingival hyperplasia
(chapter 6);


Contribute to the characterization of the genetic basis of craniofacial abnormalities in
donkeys. The multifactorial etiology of this disease makes the genetic analysis a
powerful tool for its understanding and prevention of spreading these deformities
(chapter 7);



Evaluate the influence of regular dental correction in donkeys on nociceptive tests
response, fecal appearance, body condition score and apparent dry matter digestibility
(chapter 8).
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Chapter 2
A clinical survey evaluating the prevalence of
incisor disorders in Zamorano-Leonés and
Mirandês donkeys (Equus asinus)

This chapter is based on the following publication:
Rodrigues JB, Araújo S, Sanroman-Llorens F, Bastos E, San Roman F, Viegas C. A clinical
survey evaluating the prevalence of incisor disorders in Zamorano-Leonés and Mirandês
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A CLINICAL SURVEY EVALUATING THE PREVALENCE OF INCISOR DISORDERS IN ZAMORANO-LEONÉS AND
MIRANDÊS DONKEYS (EQUUS ASINUS)

2.1. Abstract

Recent clinical and post-mortem studies documented a high prevalence of dental disorders in
donkeys, but less information appears to be available specifically about incisor disorders in
donkeys.
A study to investigate the prevalence of oral and dental disorders affecting incisor teeth
was performed, in two endangered breeds of donkeys: the Mirandês donkey and the
Zamorano-Leonés donkey, through a prospective cross-sectional study in 800 donkeys,
divided in 7 age groups (ranging 0-34 years), in 86 villages inside their geographic area of
distribution, thinking on welfare and genetic preservation issues.
The 74% of donkeys suffer from incisors disorders, ranging from 56.8% in the youngest
group to 90.3% in group 7. Craniofacial abnormalities (49.3%), abnormalities in the occlusal
surface (21.6%), fractures (17%), periodontal disease (16.1%) and diastemata (14.4%) were
the main disorders recorded.
Incisors disorders are significant, presenting at a much higher prevalence when compared
to other studies involving the incisor teeth of equids, affecting all ages but particularly in
older animals. This study provide essential information in dentistry applied to donkeys but
also highlighted the importance of regular dental care in endangered breeds, improving their
welfare and preserving a unique genetic heritage.

2.2. Introduction

There are about 44 million donkeys worldwide, mostly working animals in developing
countries (FAO, 2007). Some European local breeds are considered endangered, due to the
low number of individuals registered in the official studbooks (FAO, 2007). Small
populations tends to increase the inbreeding level, loss of genetic variability and accumulation
of deleterious recessive alleles, developing pathological situations (Griffiths, 2000), some of
them teeth related.
Previous studies have demonstrated that donkeys are very stoic animals, with a high
number of animals suffering from asymptomatic dental and oral disorders (du Toit et al.,
2009; du Toit and Dixon, 2012). A similar situation can also be observed in horses, although
these are less stoic (Dixon and Dacre, 2005; Knottenbelt, 2005).
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Although, Incisors are very sensitive to dental disorders, and even minor problems can
cause discomfort and pain (Easley, 2011a).
Recent clinical and post-mortem studies documented a high prevalence of dental disorders
in donkeys (du Toit et al., 2008a,b; 2009) but less information appears to be available
specifically about incisor disorders, and no studies regarding oro-dental disorders were ever
performed in the Zamorano-Leonés and Mirandês breeds.

2.3. Material and methods

A study to investigate the prevalence of clinically diagnosed oral and dental disorders in
donkeys was performed, based on a complete clinical, oral and dental examination, in field
conditions, to 800 unsedated donkeys belonging to two endangered local breeds: the Mirandês
donkey from the Northeast of Portugal (n=400) and the Zamorano-Leonés donkey from the
Zamora Province in Spain (n=400), in 86 villages inside their geographic area of distribution.
Donkeys selected for this clinical survey attended a free mobile veterinary clinic focus on
dentistry.
After the mouth flushed (tap water + chlorhexidine 0.2%), oral cavity was examined using
an incisor speculum, a headlight, a dental mirror and a complete periodontal instruments set.
Information concerning animal and owner details, previous clinical records (rarely available)
and diet was recorded. Data were collected using a new scientific data collection electronic
application, based on a multiple choice screen touch digital questionnaire, using
™CyberTracker free software, with the aim of capturing and storing large quantities of
information in a systematic and organized way, while performing field work in equine
dentistry (Rodrigues et al., 2010). Animals were divided in 7 age groups, based upon age
recorded in official studbooks, or based in the wear pattern of the incisors occlusal surface,
when exact age was not available: group 1 (G1): <2,5 years (n=162), group 2 (G2): 2,5 to 5
years (n=180), group 3 (G3): 6 to 10 years (n=147), group 4 (G4): 11 to 15 years (n=123),
group 5 (G5): 16 to 20 years (n=95), group 6 (G6): 21 to 25 years (n=62) and group 7 (G7):
>25 years (n=31) (Figure 2.1). All groups were divided in 5 years intervals, except G1 and
G2, considering this the most dynamic period of the oral cavity, especially G2.
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Figure 2.1: Barplot showing distribution of 800 donkeys by age groups and gender.

In this study, disorders affecting incisor teeth were recorded, and included: craniofacial
abnormalities (CA), retained deciduous teeth, hypodontia, supernumerary teeth, dysplastic
teeth, incisor displacements, fractures, abnormalities in the occlusal surface, incisor
overgrowth, caries, diastemata, calculus accumulation and periodontal disease.
Definitions (n=13) were as follows:

1) Craniofacial abnormalities (CA): uneven upper and lower incisor occlusion, as a result
of growth abnormalities in the craniofacial bones (Dixon, 2011b). Consist of overjet
(occlusal aspects of the maxillary incisors lie rostral to the occlusal aspect of the
mandibular incisors, with contact between teeth), overjet with overbite (maxillary
incisors lying rostral and in front, without any occlusal contact between upper and
lower incisor arcades), also termed brachygnathism or class 2 malocclusions (MAL/2)
(Klugh, 2001; Dixon, 2011b); underjet (occlusal aspects of the mandibular incisors lie
rostral to the occlusal aspect of the maxillary incisors, with contact between teeth),
underjet with underbite (mandibular incisors lying rostral and in front, without any
occlusal contact between upper and lower incisor arcades), also termed prognathism or
class 3 malocclusions (MAL/3) (Klugh, 2001; Dixon, 2011b); and variable degrees of
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lateral premaxillary (incisive) and maxillary bones deviation - wry nose (Dixon,
2011b);
2) Retained deciduous teeth: the presence of deciduous teeth beyond their normal time of
shedding, affecting the normal eruption process of the permanent dentition (Dixon,
2011b);
3) Hypodontia: Reduced number of teeth. Can be developmental, as a result of an
inappropriate differentiation of dental lamina and tooth germs, or may occur during
the animal’s lifetime period, due to traumatic causes, age or secondary to other dental
disorders (Dixon, 2011b);
4) Supernumerary teeth: presence of teeth in excess of the normal dental formula, as a
result of an inappropriate differentiation of dental germinal tissue during gestational
development, with external trauma also acting as an initiating factor, when teeth germs
are affected (Quinn et al., 2005; Mira et al., 2007);
5) Dysplastic teeth: developmental disturbances in the correct gross form of the teeth. It
includes dilacerations (abnormal bending of the teeth), disturbances in the size and
shape, double teeth and concrescence teeth, with roots of adjacent teeth joined by
cementum (Dixon, 2011b);
6) Incisor displacements: variation of the physiological position inside the incisor arch.
The displacements can be vestibular, lingual / palatal or distal, according to the
direction of deviation inside the mouth. Teeth can also rotate on their own axis, inside
the incisor arch (Dixon, 2011b);
7) Fractures: traumatic injury of the teeth, affecting part or all its components:
uncomplicated fractures: affects only the external components of the teeth (cementum,
enamel and sometimes, the dentin); complicated fractures: when the pulp cavity is
exposed (Hague and Honnas, 1998);
8) Abnormalities in the occlusal surface: variations in the occlusal line of the upper and
lower incisors, which must be horizontal / parallel to the ground, such a ventral and
dorsal convex curvatures (VC and DC, respectively), diagonal mouth or irregular, not
following any of the described patterns (du Toit and Rucker, 2011; Easley and
Tremaine, 2011);
9) Incisor overgrowth: incisors that have not been exposed to normal wear, usually
secondary to CA, or due to disorders affecting the opposing teeth (fractures,
displacements, loss or excessive wear) (du Toit et al., 2009);
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10) Caries: defined as the destruction of the peripheral and infundibular calcified dental
tissues, due to demineralization and bacterial infection (du Toit et al., 2008b),
affecting only the cementum (degree 1), cementum and adjacent enamel (degree 2),
cementum, enamel and dentin (degree 3) or, in most severe cases, affecting the
integrity of the tooth (degree 4) (Dacre, 2011);
11) Diastemata: defined as an abnormal increase of the interdental space (IDS), with or
without food pocketing, and included valve and open diastemata (Carmalt, 2003);
12) Calculus accumulation: as a result of the mineralization of the dental bacterial plaque.
Often predisposed by significant malocclusions, affecting the normal chewing
movement (Klugh, 2005);
13) Periodontal disease (PD): pathological process affecting the periodontum, ranging
from gingivitis without attachment loss (stage 1) to severe, deep periodontal pocketing
(stages 2, 3 and 4 with < 25%, < 50% and more than 50% of attachment loss,
respectively) (Klugh, 2005).

The modified Triadan system for equine dental nomenclature was used in this study
(Floyd, 1991).

2.3.1. Statistical analysis

Chi-squared test were performed between age groups and specific dental disorders.
Bonferroni tests were used to determine the significance between prevalence of dental
disorders in different age groups. Results were considered significant when P<0.05. SPSS
software (Statistical Package for Social Sciences, version 19.0) was used for statistical
analyses.

2.4. Results
2.4.1. Dental disorders

Of the 800 donkeys examined, 26% (208/800) had no gross signs of dental and oral disease in
the incisors and surrounding soft tissues, with 74% (592/800) suffering from incisor
disorders. 95.5% of the animals were examined for the very first time, with 91.6% of the 347
owners involved reporting no previous knowledge about equine dentistry and no history of
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oral and dental disorders, not even in the incisor teeth, that in theory are easier to access
(Dixon et al., 1999a).
No statistically significant differences were found among breeds.
Prevalence of dental disorders in donkey’s incisors is summarized in Table 2.1.

Table 2.1: Prevalence of incisors disease, number of teeth involved, prevalence in maxillary and mandibular
teeth and Triadan position of the main affected teeth (n=800 donkeys; NA=not applicable; IDS=interdental
space).

2437

41.20%
(1003)

58.80%
(1434)

Triadan
position of
main max.
incisors
affected
101 (265), 201
(256)

NA

NA

NA

NA

NA

Total
Number Prevalence
prevalence of teeth in maxillar
(%)
involved
incisors
All incisor
disorders
Brachygnathism
Craniofacial
abnormalities

Incisor
displacement

Abnormalities
in the occlusal
surface

74.00%
(592)
40.00%
(320)

Prevalence
in mand.
incisors

Triadan
position of
main mand.
incisors
affected
303 (238),
403 (254)

Prognathism

9.00% (72)

NA

NA

NA

NA

NA

Wry nose

0.25% (2)

NA

NA

NA

NA

NA

Retained
deciduous
incisors

6.38% (51)

80

47.50% (38) 52.50% (42)

501 (10), 601
(12)

701 (11), 801
(10)

Hypodontia

0.88% (7)

16

43.75% (7)

56.25% (9)

103 (2), 203 (2)

301 (3), 401
(3)

Supernumerary
incisors

0.13% (1)

1

0

100% (1)

-

303 (1)

Dysplastic teeth

0.50% (4)

10

10% (1)

90% (9)

101 (1)

301 (3)

Rotation

1.00% (8)

12

41.70% (5)

58.30% (7)

103 (3), 203 (1),
101 (1)

1.80% (14)

26

69.25% (18)

30.75% (8)

101 (8), 201 (8)

301 (2), 303
(2), 403 (2)
302 (3), 403
(3)

2.10% (17)

30

20% (6)

80% (24)

103 (2), 103 (1)

5.40% (43)

101

Fractures

17.00%
(136)

379

45.90%
(174)

54.10%
(205)

Diastemata

14.38%
(115)

562

36.70%
(206)

63.30%
(356)

20.86%
(167)

NA

NA

0.13% (1)

NA

0.25% (2)

Vestibular
displacements
Lingual /
palatal
displacements
Distal
displacements

Ventral
curvature
Dorsal
curvature
Irregular
mouth
Diagonal
mouth
Incisor
overgrowth
Peripheral
caries

301 (7), 401
(8)

103 (15), 203
(15)
101 (53), 201
(44)
IDS 101 - 201
(38), IDS 102103 (25), IDS
202-203 (24)

303 (34), 403
(36)
301 (41), 402
(53)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

0,38% (3)

NA

NA

NA

NA

NA

8.38% (67)

262

43.10%
(113)

56.90%
(149)

101 (37), 201
(38)

301 (46), 401
(49)

11.01%
(88)

155

27.10% (42)

72.90%
(113)

101 (15), 201
(14)

301 (22), 401
(29)

30.70% (31) 69.30% (70)
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Table 2.1 (cont.): Prevalence of incisors disease, number of teeth involved, prevalence in maxillary and
mandibular teeth and Triadan position of the main affected teeth (n=800 donkeys; NA=not applicable;
IDS=interdental space).
Infundibular
caries

0.37% (3)

8

87.50% (7)

12.50% (1)

201 (2), all other
maxillary
incisors (1)

301 (1)

Calculus

9.50% (76)

320

44.40%
(142)

55.60%
(178)

101 (36), 201
(36)

303 (48),403
(49)

Periodontal
disease

16.13%
(129)

479

44.50%
(213)

55.50%
(266)

101 (54), 201
(55)

303 (61), 403
(59)

Normal labial upper and lower incisor occlusions were found in 50.6% (406/800) donkeys
examined. Craniofacial abnormalities were recorded in 49.3% (394/800) of the
donkeys. These malocclusions were the only incisor disorder present in 23.9% (191/800) of
the animals and they did not show any other concomitant dental disorders.
Brachygnathism or Class 2 malocclusions (MAL/2) were present in 40% (320/800) of the
donkeys. The 36.9% of cases recorded presented only an overjet of a portion of the upper
arcade. The more severe cases demonstrated an overjet and overbite, affecting 3.1% of
donkeys (Figure 2.2).
Prognathism or Class 3 malocclusions (MAL/3) were present in 9%, with 4.6% showing
incisor underjet and 4.4% showing a combination of incisor underjet and underbite. Wry nose
was recorded in 0.25% (2/800) of donkeys examined.
Of the 60 donkeys with over and underbite, 20% (12/60) presented caudal angulation of
the incisive bones / rostral portion of the mandible - 4 animals with overbite (33.3%),
affecting the growing process of the mandible and 8 with underbite (66.6%), affecting the
premaxilla region.
In 37.8% of animals with underjet (14/37), it was observed an inversion of the normal
angle in the incisors occlusal surface, changing from a 10 to 15º angle (Allen, 2003) in a
dorso-caudal to rostro-ventral inclination, to a ventro-caudal to dorso-rostral sense, promoting
a slight overgrowth in the labial aspect of the mandibular incisor occlusal surface and in the
palatal aspect of the maxillary occlusal surface.
Wry nose was presented in 2 young donkeys (G1) with total absence of contact between
most of the incisors.
Of the 80 retained deciduous teeth, 67.5% had a complete deciduous crown, while 32.5%
showed incomplete deciduous crown shedding.
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Developmental hypodontia was observed in 57.1% of the cases (4/7), with 2 from G2 and
2 from G4. Non-developmental hypodontia was observed in 42.9% (3/7) of the donkeys, all
belonging to older groups (G5, G6 and G7).
Dysplastic incisors include 1 case of dilaceration - 101, and 9 cases of abnormalities of
size and shape, in three donkeys, affecting central and middle lower incisors (Dixon, 2011b)
(Figure 2.3).
Supernumerary incisor was recorded in one donkey, presenting a supplemental 303B,
distal in the incisor arch, which was fractured.

Figure 2.2: Donkey presenting extreme case of
overjet with overbite.

Figure 2.3: Donkey with mandibular dysplastic
incisors and developmental hypodontia.

In this study, incisors displacements were recorded in 9.63% of the donkeys (77/800),
affecting 166 teeth, with 1.8% of the teeth displaced in two different senses. Distal
displacement was recorded in 56% (43/77), affecting mainly younger donkeys with deciduous
corner incisors (G1 and G2).
Only 6.3% of fractured incisors (24/379) refer to complicated fractures (Hague and
Honnas, 1998), with the vast majority affecting only the external components of the teeth.
Of the 24 complicated fractures, 33.3% (8/24) affected the central maxillary incisors and
29.2% (7/24) affected the corner mandibular incisors. The 85.7% of fractured mandibular
corner incisors (6/7) correspond to distal displaced incisors described above, being all
deciduous teeth.
Mandibular diastemata presented twice the incidence of the maxillary. The interdental
space (IDS) 2-3 is three times more affected than IDS 1-2, both in mandibular and maxillary
arcades. In the interincisal diastemata, maxillary are slightly higher than mandibular (Figure

- 28 -

A CLINICAL SURVEY EVALUATING THE PREVALENCE OF INCISOR DISORDERS IN ZAMORANO-LEONÉS AND
MIRANDÊS DONKEYS (EQUUS ASINUS)

2.4). Diastemata formation described in IDS 2-3 are mainly due to distal displacement of
corner incisors described above, resulting open diastemata formation (Carmalt, 2003; Collins
and Dixon, 2005). In 8.7% of donkeys (10/115) was recorded the presence of diastemata in all
mandibular IDS (one case in all IDS), in animals from younger groups (G2=1, G3=4, G4=4
and G5=1), not being considered senile diastemata (Figure 2.5).

Figure 2.4: Incidence, type and location of diastemata in donkey’s incisor teeth. Incisors nomenclature based on
the modified Triadan system (Floyd, 1991).

Only diastemata between normal size and shape contiguous teeth were recorded in this
study, not considering diastemata formed due to hypodontia, dysplastic or fractured teeth.
Wear abnormalities of the occlusal surface of the incisors were recorded in 21.6% of the
donkeys (173/800), with ventral curvature (VC) representing 96.5% of donkeys with these
abnormalities. Diagonal mouth was observed in 3 cases (two left, one right diagonal) and two
donkeys presented an irregular occlusal surface (0.25%), with normal incisor contact between
the left arcades and lack of contact between right arcades, apparently what appears to be result
of old fractures in the mandibular symphysis.
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Incisor overgrowths have a direct relation with CA, with the 95.5% of the 67 animals
affected with incisor overgrowths presenting some degree of incisor over and under jet/bite,
with central incisors being the main affected teeth. The 4.5% (3/67) presented normal
occlusion, with overgrowths related with opposite displaced incisors or complicated fractures.
Dental caries affecting incisors were noted in 91 donkeys (11.4%), with 96.7% being
peripheral caries (PC) (Figure 2.6). The 28.7% of incisors with uncomplicated fractures
(102/355) had concurrent PC at the same site.

Figure 2.5: Lower incisors with diastemata in all
interdental spaces.

Figure 2.6: Extreme case of periodontal disease
stage 4 (PD4) (Klugh, 2005), affecting all the
maxillary
incisors,
with
severe
calculus
accumulation and peripheral caries in 201 (degree 3)
(Dacre, 2005).

Periodontal disease (PD) in donkeys' incisors was present in 16.1% (129/800) of animals
and mainly related with:
 Calculus: this disorder leads to PD’s development in 88.8% (284/320) of its cases,
normally periodontal disease stage 1 (PD1) (Klugh, 2005), being responsible for 59.3%
(284/479) of all PD cases in incisors;
 Diastemata: 28.3% (159/562) of teeth involved in diastemata developed PD being
responsible for 33.2% (159/479) of all PD cases recorded;
 Retained incisor caps: 5 % (24/479) of all cases of PD are due to retained deciduous
incisors, with 30% (24/80) of retained caps leading to its development.
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2.4.2. Dental disorders and age prevalence

There was a statistically significant association (P<0.001) between different age groups and
dental disorders, increasing from the younger up to the older groups, in disorders of incisors
(26=53.705), non-developmental hypodontia (26=12.758), vestibular displaced teeth
(26=32.307), fractures (26=49.665), VC (26=289.185), calculus (26=103.085) and PD
(26=72.052).
Table 2.2 summarizes the prevalence of dental disorders in donkey’s incisors in each of
seven age groups and its significance, inside each specific disorder. Table 2.3 describes
specific PD evolution in incisors with age.
Retained deciduous incisors is clearly an age related disorder (P<0.001;26=134.408), with
vast majority of the cases in G2 (86.27%), corresponding to the exchange process between
deciduous and permanent teeth.
Although diastemata prevalence is increasing with age, mainly between groups 5 to 7
(P=0.039;26=13.285), there is a high prevalence of open diastemata cases directly related
with distal displacement of incisor teeth in the younger groups (1 to 3) (P<0.001;26=41.114).
The specific prevalence of periodontal disease in G1 is significantly less than the older groups
(6 and 7), with group 2 presenting a considerable increase, mainly due to retained incisors.

Craniofacial
abnormalities

Table 2.2: Prevalence (%) of dental disorders observed in each age group.
G1
n=162

G2
n=180

G3
n=147

G4
n=123

G5
n=95

G6
n=62

G7
n=31

All incisor
disorders

56.80%

69.40%

72.80% 81.30% 90.50% 87.10% 90.30% <0.001

53.705

Brachygnathism

36.40%

31.10%

42.90% 50.40% 49.50% 35.50% 35.50%

0.052

28.685

Prognathism

11.70%

11.10%

6.10%

5.70%

6.30%

11.30% 12.90%

0.052

28.685

Wry nose

1.20%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.246

7.896

Retained
deciduous incisors

0.00%
a

24.40%
b

4.80%
a

0.00%
a

0.00%
a

0.00%
a

0.00%
a

<0.001

134.408

Hypodontia

0.00%

1.10%

0.00%

1.63%

1.05%

1.61%

3.23%

0.418

6.042

Supernumerary
incisors

0.00%

0.00%

0.00%

0.00%

1.05%

0.00%

0.00%

0.283

7.430

Dysplastic teeth

0.00%

0.00%

0.70%

1.62%

1.05%

0.00%

0.00%

0.423

6.000

P

2 6

The letters (a, b, c, d and e) represent the significance between prevalence of dental disorders in different age
groups by Bonferroni test. Prevalence with different letters is significantly different (p < 0.05).
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Abnormalities in the
occlusal surface

Incisor displacement

Table 2.2 (cont.): Prevalence (%) of dental disorders observed in each age group.
Rotation

0.60%

0.60%

0.70%

0.80%

1.10%

3.20%

3.20%

0.487

5.451

Vestibular
displacements

0.00%
a

1.10%
a

2.70%
a

0.80%
a

0.00%
a

4.80%
a

12.90%
<0.001
b

32.307

Lingual / palatal
displacements

0.00%

2.20%

2.70%

0.80%

5.30%

3.20%

3.20%

0.132

9.835

Distal
displacements

6.80%
a

13.90%
b

2.70%
a

0.00%
a

2.10%
a

0.00%
a

3.20%
a, b

<0.001

41.114

Fractures

4.32%
a

8.33%
a, c

23.13% 26.83% 27.37% 22.58% 22.58%
<0.001
b
b
b
b, c
a, b

49.665

Diastemata

9.88%
a

21.70%
b

14.29% 13.82%
a, b
a, b

0.039

13.285

Ventral curvature

0.60%
a

0.60%
a

9.50%
a

29.30% 57.90% 61.30% 70.90%
<0.001
b
c
c
c

289.185

Dorsal curvature

0.00%

0.00%

0.00%

0.00%

1.05%

0.00%

0.00%

0.283

7.430

Irregular mouth

0.00%

0.00%

0.00%

0.81%

0.00%

1.61%

0.00%

0.444

5.819

Diagonal mouth

0.00%

0.00%

0.00%

0.81%

1.05%

1.61%

0.00%

0.390

6.300

Incisor
overgrowth

9.88%

8.89%

8.84%

8.13%

5.26%

8.06%

6.45%

0.925

1.946

Peripheral caries

7.40%

6.67%

14.97% 13.00% 13.68% 14.50% 12.90%

0.167

9.121

Infundibular
caries

0.60%

0.60%

0.00%

0.00%

0.816

2.946

Calculus

0.62%
a

0.00%
a

4.76%
a

18.70% 18.95% 32.26% 22.58%
<0.001
b
b
c
b, c

103.089

Periodontal
disease

2.50%
a

14.40%
b, c, e

8.20%
a, b

23.60% 24.20% 40.30% 32.30%
<0.001
c, e
c, d
d
d, e

72.052

8.42%
a

1.10%

14.52% 16.13%
a, b
a, b

0.00%

0.00%

The letters (a, b, c, d and e) represent the significance between prevalence of dental disorders in different age
groups by Bonferroni test. Prevalence with different letters is significantly different (p < 0.05).
Table 2.3: Relation between periodontal disease (PD), age groups and PD stage evolution.

Group 1
(n=162)
Group 2
(n=180)
Group 3
(n=147)
Group 4
(n=123)
Group 5
(n=95)
Group 6
(n=62)
Group 7
(n=31)

Number of donkeys
presenting PD

Number of
teeth affected

Average of affected
teeth per animal

Average
stage of PD

Prevalence of PD in
age group

4

7

1.75

1.43

2.50%

26

47

1.81

1

14.40%

12

36

3

1.06

8.20%

29

133

4.59

1

23.60%

23

90

3.91

1.01

24.20%

25

114

4.56

1.4

40.30%

10

44

4.4

1

32.20%
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2.5. Discussion

The prevalence of dental disease reported in donkey’s incisor teeth was 74%, a much higher
prevalence when compared to other studies involving incisor teeth in equids, with incisors
disorders ranging from 11 to 26 % (Dixon et al., 1999a; Wilson and Liyou, 2005; Maslauskas
et al., 2008).
All donkeys presenting incisor disorders received free treatment and all cases requiring
follow-up were properly monitored.
Craniofacial abnormalities significantly increase the high prevalence recorded. However,
there was no statistically significant association between age groups and CA, so other dental
disorders contribute to such a high prevalence, especially in older age groups, where incisors
disorders have been recorded as 90.3%.
The prevalence of these disorders in equids has been estimated to be between 0 to 32% in
MAL/2 and 0 to 3.1 % in MAL/3 (Dixon et al., 1999a; Peters et al., 2006; du Toit et al.,
2009), which is much lower than the 40 % MAL/2 and the 9% MAL/3 recorded in donkeys
here, particularly in the last one.
Small population size, loss of genetic variability and inbreeding may result in a far higher
phenotypic expression of deleterious recessive genes within a population than would normally
be expected (Griffiths, 2000; Easley and Schumacher, 2011), somehow explaining the high
prevalence of CA observed in these endangered breeds.
Early detection and treatment of CA can avoid its development to more severe conditions,
being of long-term interest for donkey’s health.
The inversion of the normal incisor table angle observed in 37.8% of animals with
underjet, may exacerbate the malocclusion and in time lead to underbite development.
Over and underbite are considered extreme cases, and may lead in time to a complete
blockage of the mandible (Dixon and Dacre, 2005), greatly affecting the correct chewing
movement, normal growing rate of the facial and mandible bones and increasing the
possibility of soft tissue damage (Easley, 2006; Dixon, 2011a,b).
Orthodontic treatment can be used in young, growing animals (Easley and Schumacher,
2011), but ethical decisions regarding genetic defects are relevant (AVMA, 2003) and
information regarding CA should be included in the official studbooks database.
Breeding animals presenting these defects is risky and should be discouraged. Although, in
endangered breeds, the low number of animals available for breeding does not allow such
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selection, being impossible to dictate breeding decisions based on genetic defects. It’s only
possible to eliminate undesirable jacks (by castration), selecting animals without phenotypic
defects. Craniofacial abnormalities recently assumed an important role in this selection, based
on this study results.
No orthodontic treatment was performed in wry nose cases, but owners were aware of the
poor prognosis of their animals, regarding difficulties in prehension and mastication, limited
jaw movements and consequent dental problems (Schumacher et al., 2008).
The current study has shown a general prevalence of retained deciduous incisors in
donkeys (6.4%) higher than in horses (1.3%) (Dixon et al., 1999a). It’s very important to have
a full knowledge of eruption times, avoiding premature removal of deciduous teeth, affecting
the underlying developing permanent tooth. In these breeds, eruption times are 4 to 6 months
later than normally observed in horses (data not published). Only caps being digitally loose,
having partial loss of the crown, clear and palpable demarcation between deciduous and
definitive teeth at the gum level were considered retained and extracted. Retained fragments,
which in many cases acted as a source of gingival irritation, should also be extracted (Easley,
2011b). Food entrapments with malodor usually follow the situations described above,
leading to gingivitis and in more severe cases to periodontitis (Easley, 2011b).
Hypodontia, due to traumatic causes, age or dental disorders, documented in this study is
much lower (0.9%), affecting 16 incisors, when compared to other studies where prevalence
was 55.6% in incisors and cheek teeth, affecting 271 incisors (median age 31 years) (du Toit
et al., 2008c) or 29.4%, with loss of 217 incisors (median age 23) (du Toit et al., 2009). In
this study, median age of the 800 donkeys is around 11 years (ranging 0 to 34). A
significantly relation with age group can justify differences between studies. Interestingly, in
this specific study were recorded more cases of developmental hypondontia, pointing
somehow a genetic basis for this fact.
Only one supernumerary incisor was recorded (0.1%) in this study, against 2.3% of
donkeys with supernumerary cheek teeth (CT) (18/800) with 35 teeth involved (chapter 4).
Higher prevalence of supernumerary incisors was recorded in other studies, ranging from
0.3% to 1%, but keeping the relationship between incisors and CT prevalence (Colyer et al.,
1990; Dixon et al., 1999a; Dixon et al., 1999b).
Dental dysplasia and its relation with genetic were described, mainly in humans but also in
horses (Ramzan et al., 2001; Vastardis, 2001). Of the 4 cases of dysplastic teeth recorded in
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this study, three donkeys are from two neighboring villages and descendants of the same jack,
supporting the genetic origin of this disorder.
Incisor fractures are considered common in horses, mainly due to external trauma. In
donkeys, no fractures were detected in a post mortem study (du Toit et al., 2008c) and only
2% of teeth fractures were described in live donkeys (du Toit et al., 2008a). Here, the
prevalence is much higher (17%) being the vast majority uncomplicated fractures, possibly
due to biting hard objects, during daily grazing (Hague and Honnas, 1998).
These small fractures, normally located in the transition area between the occlusal surface
and the labial aspect of the teeth, can be a predisposing factor to the development of
peripheral caries (Gere and Dixon, 2010).
Gross displacements of incisors can occasionally occur in equids with normal number of
teeth, as a result of previous trauma, retained deciduous teeth or intrinsic developmental
reasons. The number of displaced incisors is much higher than other studies (Dixon et al.,
1999a; du Toit et al., 2009) mainly because the distally displaced 03s. This shift increases the
likelihood of complicated fractures in the displaced teeth, but also increases abnormal open
diastemata between 02s and 03s. Rostro-mesial compression from the 03s usually keeps the
occlusal aspect of the incisor arcade acting as a single unit (Dixon and Dacre, 2005). Collins
and Dixon (2005) described developmental diastemata formation in CT, with dental buds
developing too far apart or inadequate rostro-caudal angulation of the teeth. A similar
situation applied to incisors can explain the presence of open diastemata in all mandibular
IDS in young donkeys (Figure 2.5), and the high prevalence of 03s distally displaced, but
further studies are needed.
In a study, ventral curvature in the incisor arcade (VC) was observed in 97% of donkeys in
one study, suggesting this is its normal appearance (du Toit et al., 2009). In this study, the
prevalence was much lower (20.9%), but increasing significantly with age. Donkeys from G1,
G2 and G3 presented less than 10% of prevalence, reaching almost 80% in G7. Ventral
curvature is an acquired disorder age related, probably secondary to CT disorders, and its
phased correction is advised, restoring normal incisor conformation and avoiding abnormal
chewing pattern development. The same treatment was applied to incisors overgrowth.
Peripheral caries are related with dietary factors, secondary to dental fractures and,
specifically in incisors, with equine odontoclastic tooth resorption and hypercementosis
(EOTRH) syndrome (Gere and Dixon, 2010). Scarce information is available about PC in
incisors. In a recent study in equine skulls in Sweden, no PC in incisor teeth were detected
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(Gere and Dixon, 2010). The high prevalence of PC recorded in this study is probably due to
uncomplicated fractures described earlier, but retained deciduous teeth simultaneously with
definitive teeth with food entrapment, bacterial fermentation and acidogenic action on teeth
surface can also predispose PC (Dacre, 2006; Gere and Dixon, 2010) (Figure 2.6).
Periodontal disease is being recognized as a significant disorder in equids, with a
significantly association between PD and age groups (du Toit et al., 2008c, 2009), like also
reported in this study.
In incisors, it was observed an increase of number of teeth affected per animal, but without
increasing the severity of the disease (table 2.3), mainly because calculus is the main
predisposing factor of PD here recorded, normally periodontal disease stage 1. At this stage,
PD is considered reversible, once the calculus is removed (Klugh, 2005). More severe cases
can rarely lead to attachment loss and periodontitis.
Removal of the calculus was performed, relieving PD, but all other dental disorders
inhibiting the correct chewing movement, favoring calculus accumulation were also treated.
Valve diastemata can also tightly trap food with stasis and its resulting decomposition,
causing periodontitis (Dixon and Dacre, 2005).

2.6. Conclusion

This study appears to be the first one reporting specific incisor disorders in donkeys,
particularly in these endangered breeds. Healthy incisors are of major importance when
pasture in one of the main sources of food, like donkeys involved in this study. A detailed
examination of the incisors is crucial, before use a speculum in equids, considering that all
pressure will be held in these teeth, and incisor occlusal problems will interfere with its
correct use.
In conclusion, incisor disorders are significant, particularly in older animals. This study
highlighted the importance of regular dental care in these breeds, but also draws attention to
the importance of similar studies in populations with the same status conservation, in order to
better understand the disorders affecting donkeys, improving their welfare and preserving a
unique genetic heritage in the world.
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Chapter 3
A clinical survey evaluating the prevalence of
cheek teeth disorders in Zamorano-Leonés
and Mirandês donkeys (Equus asinus)

This chapter is based on the following publication:
Rodrigues JB, Dixon PM, Bastos E, San Roman F, Viegas C. A clinical survey on the
prevalence and types of cheek teeth disorders present in 400 Zamorano-Leonés and 400
Mirandês donkeys (Equus asinus). Vet Rec. 2013.
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3.1. Abstract
Dental disease is now recognized as a major but often unrecognized, disorder of equids,
including horses and donkeys. However very few large clinical studies have documented the
prevalence and type of dental disease present in different equid populations and no dental
studies have been reported in Zamorano-Leonés or Mirandês donkeys, two endangered
donkey breeds.
Clinical and detailed oral examinations were performed in 400 Mirandês and 400
Zamorano-Leonés donkeys in Portugal and Spain. It was found that just 4.5% had ever
received any dental care and cheek teeth (CT) disorders were present in 82.8% of these
donkeys, ranging from a prevalence of 29.6% in the <2.5 years old group to 100% in the >25
years old group. These CT disorders included enamel overgrowths (73.1% prevalence but
with just 6.3% having associated soft tissue injuries), focal overgrowths (37.3%), periodontal
disease (23.5%) and diastemata (19.9%). Peripheral caries was present in 5.9% of cases, but
inexplicably, infundibular caries was very rare (1.3% prevalence) that may have been due to
their almost fully forage diet. The high prevalence of enamel overgrowths in these donkeys,
most which never received concentrates, also raises questions about the aetiology of this
disorder. This very high prevalence of CT disorders, especially in older donkeys was of great
welfare concern in some cases and emphasises the need for a routine dental care in these
cases, both on welfare grounds and in order to help preserve these unique breeds.

3.2. Introduction

The prevalence, etiology and pathogenesis of oral and dental disorders have mainly been
investigated in horses (Dixon et al., 1999a,b,c,d; Peters et al., 2006) but some recent clinical
and post-mortem studies in donkeys in the UK and Mexico have documented a very high
prevalence of similar disorders in working donkeys (62% prevalence) and retired donkeys
(73% - 93% prevalence), emphasizing the frequent absence of routine dental care in this
species, that often leads to painful dental disease (du Toit et al., 2008a,c; 2009b). Studies (du
Toit et al., 2008d,e) have also shown the great anatomical similarities between equine and
donkey teeth thus emphasizing the value of comparative dental studies between these species.
The aim of this survey was to clinically investigate the prevalence and type of oral and
dental disorders in two endangered breeds of donkeys: the Mirandês donkey from the
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Northeast of Portugal and the Zamorano-Leonés donkey from the Zamora Province in Spain
to establish the prevalence and types of cheek teeth (CT) abnormalities present in these
breeds. In addition to hopefully providing new information on dental disorders in these two
endangered breeds, this information from a large number of donkeys using contemporaneous
disease definitions and examination techniques should also provide information relevant to
the general, equid population.

3.3. Material and methods

A total of 800 donkeys (n=400 Mirandês and n=400 Zamorano-Leonés), from 86 villages on
both side of the Portuguese-Spanish border were examined in this prospective study. These
over 130 cm tall donkeys that are mainly used for agricultural work have diet based on hay
and straw, and of grass when available, with concentrates seldom fed.
A general clinical and a detailed oral and dental examination were performed on unsedated
animals (free of charge using a mobile veterinary clinic). Donkeys were divided into 7 age
groups as follows: group 1 (G1): <2,5 years (n=162), group 2 (G2): 2.5 - 5 years (n=180),
group 3 (G3): 6 - 10 years (n=147), group 4 (G4): 11 - 15 years (n=123), group 5 (G5): 16 20 years (n=95), group 6 (G6): 21 - 25 years (n=62) and group 7 (G7): >25 years (n=31). The
age of donkeys was obtained from the official studbooks in 83.5% of cases and 16.5% from
owners’ information or by incisor examination. Following oral lavage with a 0.2%
chlorhexidine solution, the oral cavity was examined using a Haussmann’s speculum, a
headlight, a dental mirror, a cheek retractor and a periodontal probe.
The following developmental and acquired CT disorders were recorded: retained
deciduous CT (premolars), eruption cysts, supernumerary teeth, hypodontia, displacements,
enamel overgrowths, focal overgrowths, complete CT overgrowths, wave mouth, shear
mouth, smooth mouth, fractures, dental caries, calculus formation, diastemata and periodontal
disease. The presence of CT-related soft tissues injuries (ulcers and calluses) was also
recorded.
Definitions (n=11) were as follows:
1) Retained deciduous teeth: the presence of deciduous teeth beyond their normal time of
shedding, affecting the normal eruption process of the permanent dentition (Dixon,
2011);

- 44 -

A CLINICAL SURVEY EVALUATING THE PREVALENCE OF CHEEK TEETH DISORDERS IN ZAMORANO-LEONÉS AND
MIRANDÊS DONKEYS (EQUUS ASINUS)

2) Eruption cysts: Enlarged, focal swellings, beneath young permanent premolars, in the
developing apex region, palpable in the mandible and maxillae regions (Linkous,
2006; Dixon, 2011);
3) Supernumerary teeth (ST): presence of teeth in excess of the normal dental formula, as
a result of an inappropriate differentiation of dental lamina and tooth germs during
gestational development, with external trauma also acting as an initiating factor, when
teeth germs are affected (Quinn et al., 2005; Mira et al., 2007);
4) Hypodontia: Reduced number of teeth, developmental, or acquired due to old age,
trauma, or other dental disorders (Dixon, 2011);
5) Dental displacements: variation of the physiological position inside the CT row, in a
vestibular, lingual/palatal, distal or rostral sense. Teeth can also rotate on their own
axis, inside the CT row (Dixon, 2011);
6) Abnormalities in the CT occlusal surface: any variations affecting the normal wear
process/attrition between ipsilateral opposing teeth, leading to a restricted mandibular
movement and increasing the possibility of soft tissue damage. Can be described as:
a.

CT enamel overgrowths: development of protruding enamel overgrowths in the
lingual aspect of the mandibular CT and vestibular aspect of maxillary CT, due to
the presence of anisognathism and the 10 to 15º angled conformation of the CT
occlusal surface (du Toit et al., 2009b; Baratt, 2011; Dixon et al., 2011);

b.

Dental overgrowths: complete or partial CT surface that has not been exposed to
normal wear, usually secondary to craniofacial abnormalities (focal overgrowths,
affecting the 06s and 11s), or due to disorders affecting the opposing teeth
(dysplasia, displacements, fractures, loss or excessive wear) (du Toit et al., 2009b;
Baratt, 2011; Dixon et al., 2011);

c.

Wave mouth: undulating appearance of the occlusal surface, in a rostro-caudal
sense (du Toit et al., 2009b; Dixon et al., 2011);

d.

Shear mouth: the presence of a steeper angle in the occlusal surface of the CT row
(>45º), in the buccal-palatal sense (du Toit et al., 2009b; Dixon et al., 2011);

e.

Smooth mouth: reduction or complete loss of enamel ridges, but defined as worn
teeth if only a limited number of teeth are affected (Lowder and Mueller, 1998;
Dacre et al., 2008; du Toit et al., 2008c; du Toit et al., 2009b; du Toit and Rucker,
2011).
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7) Fractures: idiopathic or traumatic injury of the teeth, affecting part or all of its
components: when only the external components of the teeth (cementum, enamel and
sometimes, the dentin) are affected - uncomplicated fractures; when the pulp cavity is
exposed - complicated fractures (Hague and Honnas, 1998);
8) Caries: defined as the macroscopic evidence of destruction of the peripheral and
infundibular calcified dental tissues, due to demineralization and bacterial infection
(du Toit et al., 2008b; Gere and Dixon, 2010), affecting only the cementum (degree 1),
cementum and adjacent enamel (degree 2), cementum, enamel and dentin (degree 3)
or, in most severe cases, affecting the integrity of the tooth (degree 4) (Dacre, 2005;
Ramzan and Palmer, 2011);
9) Calculus formation: as a result of the mineralization of the dental bacterial plaque,
often predisposed by significant malocclusions interfering with the normal chewing
movement (Klugh, 2005);
10) Diastemata: defined as an abnormal increase of the interdental space (IDS) between
adjacent CT, with or without food pocketing (Carmalt, 2003; Dixon et al., 2008);
11) Periodontal disease (PD): Periodontal disease (PD): ranging from gingivitis without
attachment loss (stage 1) to severe, deep periodontal pocketing (stages 2, 3 and 4 with
< 25%, < 50% and more than 50% of attachment loss, respectively) (Klugh, 2005).
The modified Triadan system for equine dental nomenclature was used in this study
(Floyd, 1991).
Acquired dental data were immediately downloaded onto a mobile device through an
application developed by the first author, based on a multiple choice screen touch digital
questionnaire, using ™CyberTracker free software (Rodrigues et al., 2010).
Information concerning animal and owner data, previous clinical records and diet was also
recorded, following the same method described above.

3.3.1. Statistical analysis

Chi-squared test were performed to compare the prevalence of individual dental disorders
between different age groups. Bonferroni tests were used to compare the prevalence of dental
disorders in between the different age groups. Results were considered significant when
P<0.05. SPSS software was used for statistical analyses.
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3.4. Results

3.4.1. Dental disorders

Only 4.5% of donkeys were reported to have ever received any dental treatment and 662
(82.75%) of the 800 donkeys examined, had some CT disorder and the type and prevalence of
these disorders is summarized in Table 1. There were no statistical significant differences in
the prevalence of dental disorders between the two breeds (P=0.147) and therefore their
combined results are presented. CT-related oral soft tissues injuries were present in 13.3% of
donkeys with dental disorders (88/662), including oral ulcers in 10.8% and chronic oral
scarring in 2.6% of cases. These soft tissue injuries were mainly caused by enamel
overgrowths (42%; 37/88), focal overgrowths (23.9%; 21/88), dental displacements (9.1%;
8/88), shear mouth (9.1%; 8/88) and supernumerary teeth (9.1%; 8/88).

Table 3.1: Prevalence of CT disorders, number of teeth involved, prevalence in maxillary and mandibular teeth
and Triadan position of the main affected teeth (n= 800 donkeys; NA=not applicable; IDS=interdental space).
Total
Number of
prevalence
teeth
(%)
involved

Prevalence in
maxillary CT

All CT disorders

82.75%
(662)

4384

Retained
deciduous
premolars

8.13% (65)

119

52.10% (62)

Eruption cysts

5.25% (42)

125

Supernumerary
CT

2.25% (18)

Hypodontia

Prevalence in Triadan position Triadan position of
mandibular of main maxillary main mandibular
CT
CT affected
CT affected
106 (264), 206
(262)

308 (303), 408 (311)

47.90% (57)

508 (10),608 (12)

708 (8), 808 (9)

4.80% (6)

95.20% (119)

106 (3), 206 (3)

306 (33), 406 (29)

35

91.43% (32)

8.57% (3)

112 (13), 212 (14)

312 (2), 412 (1)

0.63% (5)

5

20% (1)

80% (4)

106 (1)

307 (1), 309 (1), 409
(1), 410 (1)

Lingual / palatal
displacements

9.88% (79)

149

12.75% (19)

87.25 % (130)

Vestibular
displacements

6.00% (48)

71

22.50 % (16)

77.50% (55)

Rostral
displacements

2.00% (16)

18

16.67% (3)

CT enamel
overgrowths

73.13%
(585)

NA

Focal overgrowth

37.25%
(298)

Complete CT
overgrowths

8.13% (65)

24.52% (1075) 75.48% (3309)

110 (4), 108 (3),
208 (3)
106 (1), 107 (1),
108 (1), 110 (1),
111 (1), 210 (6)

306 (12), 308 (10),
407 (19), 406 (6)

83.33% (15)

106 (1), 206 (2)

306 (9), 406 (6)

NA

NA

NA

NA

671

64.20% (431)

35.80% (240)

106 (212), 206
(214)

311 (63), 411 (63)

108

71.30% (77)

28.70% (31)

109 (18), 209 (22)

311 (6), 411 (5)
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Table 3.1 (cont.): Prevalence of CT disorders, number of teeth involved, prevalence in maxillary and
mandibular teeth and Triadan position of the main affected teeth (n= 800 donkeys; NA=not applicable;
IDS=interdental space).

Wave mouth

3.38% (27)

NA

NA

NA

NA

NA

Shear mouth

1.25% (10)

NA

NA

NA

NA

NA

Smooth mouth

1.38% (11)

58

36.20% (21)

63.80% (37)

NA

NA

CT fractures

1.88% (15)

19

52.70% (10)

50% (9)

106 (4), 206 (4)

306, 308, 309, 311,
406, 408, 409, 410
and 411 (1)

Infundibular
caries

1.25% (10)

25

100% (25)

NA

106 (6), 206 (5)

NA

Peripheral caries

5.88% (47)

180

26.10% (47)

73.90% (133)

110 (7), 210 (8)

309 (17), 310 (12),
409 (15), 410 (15)

Calculus

1.13% (9)

44

72.80% (32)

27.20% (12)

107 (3), 207 (5)

All mandibular CT
affected equally (1)

Diastemata

19.88%
(159)

1092

8.70% (95)

91.30% (997)

IDS 109-110 (10),
IDS 209-210 (8)

IDS 308-309 (86),
IDS 408-409 (88)

Periodontal
disease

23.50%
(188)

1192

13,40% (160)

86,60% (1032) 108 (18), 208 (19)

308 (102), 408 (105)

Of the 119 retained deciduous teeth present, 103 (86.6%) had the complete crown (“caps”)
retained and the other 16 (13.5%) had just a retained crown fragments (“root slivers”). A
complete “cap” was present in 86.4% of affected donkeys in G2 (2.5- 5 years old), but only
crown fragments remained in the older groups (G3, G4 and G5), with 57.1% (4/7) medially
and 42.9% (3/7) laterally.
Eruption cysts, most which were rostrally positioned (i.e. beneath the 06s), were bilaterally
present in 116/125 cases (92.8%), and unilateral in 9 (7.2%) cases with 95.2% affecting the
mandible. Retained deciduous teeth were present over 6.4% (8/125) of the overlying CT.
Supernumerary CT were found in 18 donkeys (mean 1.9; range 1-4/case) including 34
morphologically normal (supplemental) and one connated (conjoined) tooth (Dixon et al.,
2005). These were mainly (91.4%) positioned caudal to the 11s (i.e. distomolars, Triadan
12s), with 2 positioned palatal to the normal maxillary CT. No ectopic teeth were found. Five
of the 35 supernumerary CT (14.3%) were unerupted and were diagnosed radiographically,
including 3 that were unexpectedly found when assessing other dental disorders in two adult
donkeys (G3). Diastemata, with periodontal disease was present between erupted the
supernumerary and adjacent CT in all cases, that caused an oro-maxillary fistula (between
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111-112) in one donkey. Overgrowths were present on 24/35 (68.6%) of unopposed
supernumerary teeth, with 8 of these 24 teeth (33.3%) having associated mucosal damage.
Hypodontia was only found in 5 aged donkeys (G6 and G7), due to dental loss, with the
mandibular 09s more commonly affected.
Displaced CT were recorded in 114/800 (14.3%) donkeys, affecting a total of 238 CT
including 200 mandibular and 38 maxillary CT. These displacements were most commonly
(62.6%; 149/238) in a lingual/palatal direction; with 29.8% (71/238) displaced buccally and
7.6% (18/238) displaced rostrally (Figure 3.1). One 2 years old donkey (G1) with bilateral,
caudally displaced mandibular 10s had deep diastemata between the 09-10s with bilateral
apical infections of the displaced CT and mandibular osteomyelitis.
The most common CT disorders recorded were abnormalities of wear that affected 77.6%
(621/800) of cases. Of these, enamel overgrowths were the most commonly diagnosed dental
disease in this study, affecting 73.1% (585/800) of cases, but caused soft tissue trauma in just
6.3% (37/585) of these cases. In 18.6% (149/800) of donkeys enamel overgrowths was the
only dental disorder found and only 4% of these 149 donkeys had soft tissue trauma. Most
(87.9%; 514/585) affected donkeys had enamel overgrowths in all 4 CT rows, while 10.9%
(64/585) had enamel overgrowths confined to their maxillary CT and 1.2% (7/585) to their
mandibular CT.
The 74.5% (222/298) of donkeys with focal overgrowths were diagnosed with some degree
of incisor malocclusion.
Overgrowths of the complete tooth caused by poor or absent occlusal contact were present
in 108 donkeys, most commonly (65.7%; 71/108) due to maleruption of the opposing CT, and
these were bilateral in 59.2% (42/71) of cases. This type of overgrowth were less commonly
caused by displaced (21.3%; 23/108), worn (6.48%; 7/108), senile loss (4.63% 5/108) or
fractured CT (1.85%; 2/108). Ten donkeys had shear mouth, with 5 cases affecting the left
arcades, 4 cases affecting the right arcades and 1 case presenting bilateral shear mouth on the
maxillary, but unilateral on the mandibular cheek teeth (Figure 3.2).
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Figure 3.1: Focal overgrowth in the upper 06s,
dealing to acquired rostral displacements due to
incorrect orthodontic forces and diastemata formation
in the IDS 06-07.

Figure 3.2: This donkey has advanced shear mouth of
the right CT rows, especially of the mandibular CT,
and less so of the left maxillary CT (2nd arcade). There
are deep buccal ulcers more caudally, caused by these
overgrown CT. The calculus on 206 is caused by
restricted masticatory movements due to these
overgrowths. Such neglected mouths are of great
welfare concern.

Wave mouth was recorded in 27 donkeys affecting all 4 rows in 40.7% (11/27), the right
sides in 33.3% (9/27) and the left side in 25.9% (7/27). Eleven donkeys had smooth mouth, of
which one had marked involvement of all teeth and one of mandibular CT only. The other 9
cases had from 1 to 9 worn teeth (Figure 3.3).
Fractured CT of likely traumatic origin were diagnosed in 26.3% of the teeth (5/19),
affecting 4 donkeys: two donkeys with complete loss of the clinical crown, in 210 and 408,
respectively, one donkey with 608 partial fractured and loose and another donkey with sagittal
fractures in 706 and 806, presenting mandibular swelling and severe apical infection, without
sinus tract. Eight teeth (42.1%) presented idiopathic fractures including 7 mandibular “slab”
fractures cases (3 lingual and 4 buccal), mainly in the 09s and 11s, and one sagittal midline
fracture of 109. Another six maxillary 06s (31.6%) had small fractures of the rostral occlusal
surface.
Cheek teeth caries was recorded in 54 donkeys (6.71%), including peripheral caries in 44
(5.5%) (Figure 3.4) that mainly affected the Triadan 09-11 (113/180 affected teeth).
Infundibular caries was very rare in these populations, only diagnosed in 7 donkeys (0.9%)
and both peripheral and infundibular caries was present in 3 donkeys. Infundibular caries
were present in 25 maxillary CT with the 06s most commonly affected (36%).
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Figure 3.3: The 106 is worn down to the apex, with
only cemental roots remnants. The 406 is unopposed
with super-eruption, causing trauma in the hard palate.

Figure 3.4: This 306 tooth has grade 1 peripheral
caries (only cementum affected) and localised grade 2
carious lesions (cementum and enamel affected)
(Dacre, 2005) at the gingival margin of 306,
damaging the normal tight junction between gingiva
and peripheral cementum, leading to periodontal
disease. Also note the presence of 305.

Severe cases of dental disease were diagnosed in 55.3% of donkeys with PC (Figure 3.5).
Cheek teeth diastemata (n=777) involving 1092 CT were diagnosed in 159 donkeys,
including 91.8% mandibular (713/777) and 8.2% maxillary (64/777).Affected cases had a
mean of 4.89 diastemata/donkey (range 1 to 20), ranging from 2.50 diastemata/donkey in G1
to 6.67 in G7. Diastemata in all mandibular IDS (and two donkeys in all IDS) were found in
31 donkeys (19.5%), affecting 330 IDS and corresponding to 12.6% of total animals with
diastemata in the younger age groups (< 20 years) and to 34.3% of donkeys that were more
than 20 years (G6 and G7), reaching 40% in the older group (Figure 3.6).
Periodontal disease was found in 188 donkeys involving a total of 1192 CT, of which 212
CT (17.79%) had stage 1 periodontal disease, with the remaining 82.2% having more severe
disease, including two cases of oro-maxillary fistulae. Periodontal disease was diagnosed in
23.5% of donkeys and in all cases was secondary to other lesions, including in 96.2%
(153/159) of donkeys diagnosed with diastemata, where it affected 97.4% (1064/1092) of CT
adjacent to diastemata and was the major cause of periodontal disease in this study.
Periodontal disease was associated with peripheral caries in 46 CT (3.86%; 46/1192), due
to damage in the normal tight junction between gingiva and peripheral cementum at the
gingival margin (Dacre, 2006), leading to attachment loss in some cases, being responsible for
3.9% (46/1192) of all PD cases;
Periodontal disease was associated with retained caps over 42 CT (3.5% of periodontal
cases (42/1192); 35.3% of cases with retained deciduous CT (42/119) was usually
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gingivitis/early stage (grade 2) periodontitis, except in older donkeys with retained deciduous
CT where it was more severe. The 49.2% (29/59) of 2.5-5 years old cases with retained caps
had halitosis, due to food entrapment beneath the retained deciduous tooth.

Figure 3.5: Extreme case of dental disorders in a
neglected 23 years old donkey, examined for the very
first time: note the major focal overgrowths in the
lower 06s, shear mouth affecting the left CT rows, 109
palatally displaced, diastemata with food pocketing
present in the majority of the IDS and soft tissue
lesions in the hard palate, due to the contact with focal
overgrowths and shear mouth.

Figure 3.6: Bilateral open diastemata in the maxillary
IDS 06s-07s. The food debris was removed, allowing
the correct examination of the periodontal recession.
The 106 is displaced rostral and palatally, increasing
the size of the diastema.

The prevalence of diastemata and PD reported here were related to abnormal findings
between normal contiguous teeth in the CT row, not considering the cases diagnosed due to
the presence of ST. However, in all cases of polyodontia, diastemata and PD were also
recorded, as reported above.
Calculus was found on 44 CT in 9 donkeys most commonly on the maxillary 06s-08s
(45.6%; 20/44).
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3.4.2. Dental disorders and age prevalence

There was a significant (P<0.05) association between the prevalence of dental disorders and
different age groups, with an increasing prevalence with age, in the presence of
supernumerary CT, acquired hypodontia, dental displacements, abnormalities in the CT
occlusal surface, dental caries, diastemata and PD.
Retained deciduous premolars and eruption cysts are clearly age related disorders, with the
90.8% and 71.4% respectively, of affected teeth in 2.5 -5 year old donkeys (G2). There was
no statistically significant difference when comparing age groups with CT fractures and
calculus accumulation.
Table 3.2 summarizes the prevalence of dental disorders in donkey’s CT in each of seven
age groups and its significance, inside each specific disorder. Table 3.3 describes specific
evolution with age of all dental disorders presenting grading system - dental caries and PD.

Table 3.2: Prevalence (%) of dental disorders observed in each age group.
G1
(n=162)

G2
(n=180)

G3
(n=147)

G4
(n=123)

G5
(n=95)

G6
(n=62)

G7
(n=31)

P

 

All CT disorders

29.60%

88.90%

98.60%

98.40%

100%

100%

100%

<0.001

411.211

Retained deciduous
premolars

0.00%
a

32.78%
b

2.72%
a

0.81%
a

1.05%
a

0.00%
a

0.00%
a

<0.001

190.026

Eruption cysts

0.62%
a

16.67%
b

6.80%
a

0.00%
a

1.05%
a

0.00%
a

0.00%
a

<0.001

70.199

Supernumerary CT

0.00%
a

0.00%
a

4.08%
a

3.25%
a

4.20%
a

4.84%
a

3.23%
a

0.026

14.360

Hypodontia

0.00%
a

0.00%
a

0.00%
a

0.00%
a

0.00%
a

3.23%
a

9.68%
a

<0.001

52.100

Lingual / palatal
displacements

0.00%
a

6.11%
a, c

5.44%
a,c

11.38%
b,c

26.32%
d

20.97%
b,d

25.81%
b,d

<0.001

70.441

Vestibular
displacements

0.00%
a

2.22%
a

2.04%
a

4.07%
a

17.89%
b

19.35%
b

22.58%
b

<0.001

24.837

Rostral
displacements

0.00%
a

1.11%
a

2.72%
a,b

3.25%
a,b

0.00%
a

4.89%
a,b

9.68%
b

<0.001

19.216

CT enamel
overgrowths

18.52%
a

67.78%
b

95.24%
c

96.75%
c

95.79%
c

88.71%
c

90.32%
c

<0.001

357.086

Focal overgrowths

12.96%
a

28.89%
b,d

48.98%
c

57.72%
c

44.21%
b,c,d

40.32%
b,c

48.39%
b,c

<0.001

80.839

The letters (a, b, c, d, e and f) represent the significance between prevalence of dental disorders in different age
groups by Bonferroni test. Prevalence with different letters is significantly different (p < 0.05).
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Table 3.2 (cont.): Prevalence (%) of dental disorders observed in each age group.
0.00%
a

1.67%
a,c

5.44%
a,d

9.76%
b,c,d,f

21.05%
e

20.97%
b,e,f

29.03%
e

0.00%
a
0.62%
a
0.00%
a

0.56%
a
0.00%
a
0.00%
a

0.68%
a
2.04%
a
0.00%
a

3.25%
a,c
2.44%
a
0.81%
a

9.47%
b,c
0.00%
a
2.11%
a,c

11.29%
b,c
4.84%
a
6.45%
b,c

16.13%
b
0.00%
a
12.90%
b

CT fractures

1.23%

1.11%

2.04%

2.44%

3.16%

0.00%

Infundibular caries

0.00%
a

0.00%
a

0.68%
a

0.81%
a

3.16%
a,b

Peripheral caries

1.85%
a

2.78%
a

5.44%
a,b

9.76%
a,b

Calculus

0.62%

0.56%

0.68%

Diastemata

1.23%
a

6.11%
a,c

Periodontal disease

2.47%
a

16.67%
b

Complete CT
overgrowths
Wave mouth
Shear mouth
Smooth mouth

<0.001

79.360

<0.001

51.535

0.043

13.021

<0.001

49.641

6.45%

0.347

6.730

8.06%
b

0.00%
a

<0.001

31.424

12.63%
b

9.68%
a,b

3.23%
a,b

0.002

21.122

2.44%

0.00%

4.84%

0.00%

0.058

12.192

16.33%
b,c

30.08%
d

44.21%
d

45.16%
d

48.39%
d

<0.001

142.016

17.69%
b,e

31.71%
d,e

46.32%
d

46.77%
d

51.61%
d

<0.001

111.722

The letters (a, b, c, d, e and f) represent the significance between prevalence of dental disorders in different age
groups by Bonferroni test. Prevalence with different letters is significantly different (p < 0.05).

Table 3.3: Relation between prevalence of peripheral caries (PC), infundibular caries (IC) and periodontal
disease (PD) with age groups and degree of severity.

Age
group

Group 1
(n=162)
Group 2
(n=180)
Group 3
(n=147)
Group 4
(n=123)
Group 5
(n=95)
Group 6
(n=62)
Group 7
(n=31)

Average
of
affected
teeth per
animal PC

Average
stage of
PC in
the
affected
teeth

Prevalence
of PC in age
group

Average
of
affected
teeth per
animal IC

Average
stage of
Prevalence
IC in
of IC in age
the
groups
affected
teeth

Average
of
affected
teeth per
animal PD

Average
stage of
PD in
the
affected
teeth

Prevalence
of PD in
age groups

2,33

1,14

1,85%

0

0

0,00%

4

1,88

2,47%

2

1,7

2,78%

0

0

0,00%

3,77

1,5

16,67%

5,5

1,34

5,44%

1

1

0,68%

5,07

1,93

17,69%

4,75

1,49

10%

1

2

1,00%

6,05

2,25

31,71%

3

1,97

12,63%

3

1,56

3,16%

7,32

2,4

46,32%

4,17

2

9,68%

2,8

2

8,06%

8,28

2,38

46,77%

1

2

3,23%

0

0

0,00%

8,31

2,48

51,61%
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3.4.3. Dental treatment

All donkeys presenting oral and dental disorders received free treatment, including per os
extraction of CT presenting deep periodontal disease / apical infection and standing maxillary
sinosotomy in cases of secondary sinusitis. All cases requiring follow-up were properly
monitored and owners were aware about their animal’s dental condition and prognosis, with
an individual treatment plan being established.

3.5. Discussion

The high prevalence (82.8%) of clinical oral and dental disorders found in this clinical study
is similar to the results obtained in UK and Mexican donkey studies by du Toit et al.
(2008a,c; 2009b), with all studies showing an increasing prevalence of dental disease with
age. The du Toit studies found a prevalence of 62% in Mexican donkeys (where 66% of the
donkeys were less than 10 years old) (2008a), 73% in live donkeys in the UK (median age 23
years) (2009b) and 93% in a UK post mortem study (median age 31 years) (2008c). The
median age of donkeys in the current study (11 years; range 1- 34) is similar to those in the
above Mexican study yet the prevalence of dental disease is 20% higher in the current study.
This may be because only 4.5% of the current donkey population ever had any dental
treatment and all donkeys aged 16 years and older (groups 5, 6 and 7) had dental disorders.
The fact that acquired dental data were immediately processed through a mobile
application decreases the likelihood of human error when recording data, becoming an
efficient and fast way to gather large quantities of information in field conditions (Rodrigues
et al., 2010).
The CT eruption time recorded for these breeds during the clinical survey is 2 to 6 months
later than normally observed in horses (Martin, 2002), thereby corresponding with what
Muylle et al. (1999) described for donkey incisor eruption time. Only loose, fragmented or
displaced caps and root fragments were considered retained and removed (Linkous, 2006;
Easley, 2011). The deciduous 08s were the most common teeth affected, which is somewhat
expected, considering it has to erupt between definitive adjacent 07s and 09s (Linkous, 2006).
A detailed examination to all IDS should be part of a complete dental inspection, regarding
the detection of retained dental fragments, which in many cases acted as a source of gingival

- 55 -

JOÃO BRANDÃO RODRIGUES

irritation (Easley, 2011), but also assessing the gingival recession, in cases of diastemata with
periodontal food pocketing (Cox et al., 2012).
Eruption cysts are relatively common, usually without complications (Linkous, 2006).
Although, all cases of mandibular/maxillary swellings should be examined for the presence of
retained deciduous CT, even if only 6.4% of eruption cysts were directly related with retained
teeth and no related cases of apical infection were recorded in this survey, despite the close
temporal relation found between the development of apical infection and dental eruption
(Dixon et al., 1999d; Dixon and Dacre, 2005; Dixon, 2011). Intriguingly, they were mainly
found beneath the 06s, a tooth that should not become vertically impacted because there is no
CT rostral to it. Additionally the 06s are shorter than the 07s or 08s, the CT that are most
commonly impacted. Eruption cysts were 20 fold less common in the maxilla than
mandibular, likely due in part to the presence of overlying facial muscles that makes their
detection more difficult (Dixon et al., 1999b; Dixon, 2011).
Supernumerary CT were uncommon in this population, according to the low prevalence
recorded in this survey (2.3%), similar to findings in the general equine population of 2.4%
described by Miles and Grigson (1990). The fact that five unerupted SCT were
radiographically diagnosed actually indicates a slightly higher prevalence of undiagnosed
polyodontia than recorded in the current study, with later eruption of these teeth. The
statistically significant association between fully erupted ST and age groups supports this
theory, as described in chapter 4.
The prevalence of acquired hypodontia was very low, compared with other studies
reporting 29.4% (du Toit et al., 2009b) and 55.6% prevalence of any type of missing teeth (du
Toit et al., 2008c) (median age 23 and 31 years, respectively). A close prevalence was found
in a much younger population of donkeys (0.5%) (du Toit et al., 2008a), confirming its
significantly associated with age. The 09s (the oldest CT) were also the most commonly
missing CT (du Toit et al., 2008c).
The young mean age of donkeys in this study (11 years) could also explain the minimal
prevalence of smooth mouth recorded (1.38%).
Gross CT displacements can occur in equids, due to developmental reasons, or be acquired
following trauma or secondary to other dental disorders (Dixon et al., 1999b; Dixon, 2011).
The significant increase in displaced teeth prevalence with age recorded in this survey
indicates that most of these displacements were acquired rather than developmental. A similar
situation was observed by du Toit et al. (2008c) in older donkeys, where over 42% of donkeys
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were affected. The low prevalence (<6%) of CT displacements reported in donkeys with less
than 10 years old (G1, G2 and G3) is similar to the values (5.8%) of du Toit et al. (2009b) for
lateral CT displacements in donkeys of the same age, appearing to be developmental in
aetiology in younger animals (Dixon et al. 1999b). In a study of referred equine cases, Dixon
et al. (1999b) also reported a similar prevalence of 6.6% for CT displacements in young
horses (median age 7 years). The Triadan 09s and 06s were the most commonly displaced CT,
with 06s mainly due to the presence of focal overgrowths, continuous contact between the
partly unopposed rostral portion of the teeth and their counterparts, incorrect orthodontic
forces development and diastemata formation in the IDS 06-07, leading to rostral and
lingual/palatal displacement, especially affecting the mandibular 06s. Interestingly,
lingual/palatal displaced CT were more common in this clinical survey, compared to the
findings of du Toit et al. (2008a, 2009b, 2012).
The prevalence of CT enamel overgrowth was very high in this study, despite the fact that
all donkeys had a primarily forage diet, including daily grazing, hay and straw feeding. The
fact that the 95% of these cases never received any dental treatments could explain this high
prevalence, as could the higher degree of anisognathia present in donkeys compared to horses
(du Toit et al., 2008d). Associated soft tissue lesions were mainly on the cheeks beside the
maxillary 06s and 07s and were caused by the use of traditional halters with tight nosebands.
Similar findings were obtained by du Toit et al. (2008a) for working donkeys in a Mexican
study.
Despite the high prevalence of enamel overgrowths, just 6.3% of donkeys affected with
enamel overgrowths had associated soft tissues lesions, and only 4% of donkeys with enamel
overgrowths as their sole dental disorder had soft tissue injuries, indicating that these lesions
are generally not clinically significant. The fact that these donkeys almost never received
concentrates also raises questions about the aetiology of this disorder.
Because a diagnosis of enamel overgrowth is subjective (in the absence of soft tissue
lesions), it could even be argued that even a high level of protruding enamel on the cheek
teeth is physiological and that such tall unsupported enamel folds that are termed “enamel
overgrowths” are a normally feature of some donkey’s ( and horse’s) CT.
In this survey, all individual teeth presenting uneven wear were classified as complete CT
overgrowths, with the exception of focal overgrowths recorded in the 06s and 11s,
colloquially termed “hooks” and “ramps” (Dixon and Dacre, 2005). Focal overgrowths are
closely related with craniofacial abnormalities (Easley 2011a). These abnormal structures
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grow and develop at a variable rate but do so in proportion with the eruption rate of the
affected tooth, justifying the increasing prevalence with age (Easley, 2011a). The prevalence
recorded in this study is however higher than what was described in older donkeys (du Toit et
al., 2008c) because craniofacial abnormalities were recorded in 49.3% (394/800) of the
donkeys, as described in chapter 2 (Rodrigues et al., 2012).
Overgrowths of a complete CT indicates absence or low wear characteristics of the
opposite tooth, with the latter due to developmental dysplasia, or acquired such as due to short
infundibulae or reduced peripheral enamel infolding (Dixon et al., 2011) and were found in
8.1% of current cases. These overgrown teeth may remain dominant or even increase in
dominance throughout the animal’s life (du Toit, 2006), worsening and interfering with
normal chewing movement, and predispose to the development of wave mouth or shear
mouth (Johnson and Porter, 2006; Dixon et al., 2011). These disorders, together with smooth
mouth, had a low prevalence, but were more common in older animals, explaining the
differences with studies in older UK donkeys (du Toit et al., 2008c, 2009b). Shear mouth is a
long term consequence of an inappropriate management of CT overgrowths and unopposed
teeth (Dixon et al., 2011), and so the age-related increasing prevalence of shear mouth in the
current populations is expected. The only case of shear mouth in donkeys < 5 years old was in
a severe case of wry nose, with no incisor contact, developing an abnormal wear pattern.
Wave mouth and shear mouth were recorded mainly unilaterally.
Early detection and treatment of abnormalities of wear can avoid its development to more
severe conditions, ending, in some extreme cases, in the complete blockage of the chewing
movement, being of long-term interest for donkey’s health.
Idiopathic fractures are more commonly found than traumatic fractures, due to the
anatomical protection of the CT (Dixon et al., 2011), and both had a low prevalence in both
du Toit’s et al. (2008a,c), and in the current survey. Due to the unique anatomy of the CT, all
fractures (even small slab fractures) have pulpar exposure (i.e. are complicated fractures)
(Dacre et al., 2007). The fractures in the rostral aspect of 06s found in this study appear to be
the sites of former small focal overgrowths that fractured under the high pressures of normal
equine mastication (Huthmann et al., 2009). The pulp horn 6 (endodontic numbering system
proposed by du Toit et al. (2008d)), were inevitably involved but appeared to be sealed off. If
these expositions are not sealed off by deposition of tertiary dentin may result in bacterial
invasion of the pulp and apical infection, following the same mechanisms affecting sagittal
fractures (du Toit, 2006; Dacre et al., 2007; Taylor and Dixon, 2007).
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The prevalence of peripheral caries recorded is very similar to those reported in a recent
study on equine skulls in Sweden (6.1%) (Gere and Dixon 2010), with the CT in the Triadan
09-11 positions most commonly affected in both studies. More severe degrees (degree 2 and
3, enamel and dentine involvement) of peripheral and infundibular caries were uncommon in
this survey, but a gradual age-related increase in prevalence was found (Table 3.3) as also
recorded by Gere and Dixon (2010). In the current study, 55.3% of donkeys with peripheral
caries have severe intercurrent dental disease that was believed to have reduced masticatory
movements, thus promoting food stasis around the caudal cheek teeth leading to peripheral
caries (Dacre 2006). A similar process can occur beneath retained deciduous teeth, with food
entrapment, also predisposing PC (Dacre 2006, Gere and Dixon 2010). In Gere and Dixon’s
Swedish study, a high concentrate levels and haylage diet was believed to predispose to
peripheral caries. However, the daily diet of donkeys examined in this study is mainly based
on hay, straw and grazing, with no haylage feeding, and this finding casts doubts on the role
of haylage feeding in causing peripheral caries.
A very low prevalence (1.3%) of infundibular caries was found in this study, when
compared to that (6.4%) described by du Toit et al. for donkeys (2009b) and by Fitzgibbons
(2007), who described true carious lesions in 8% of equine CT infundibula.
In contrast, a recent computed tomography study (Windley et al., 2011) found that 90% of
maxillary CT had abnormalities on imaging and 65% had clinical infundibular abnormalities
of their occlusal surface. The absence of concentrates feeding to most donkeys in the current
study could explain their low prevalence of infundibular caries - yet inexplicable these
donkeys had a much higher level (5.9%) of peripheral caries, that are believed to share some
common predisposing factors.
Calculus deposition, predisposed by significant malocclusions interfering with the normal
masticatory movements (Klugh 2005), was recorded mainly in the maxillary 06s-08s, that are
adjacent to the ostium of the parotid duct, as also found in other equid studies (Wafa 1988, du
Toit et al., 2008c).
CT diastemata with food entrapment and associated periodontal disease is consider a very
painful disorder that can be difficult to clinically diagnose (du Toit et al., 2009a). This study
found that diastemata occurred most frequently in the mandibular CT rows, with prevalence
and number of diastemata/donkey increasing with age, as previously reported in both horses
and donkeys (du Toit et al., 2008c, 2009b, Dixon et al., 2008; Walker et al., 2012). The
caudal mandibular interdental spaces were the most commonly affected, as described by
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Dixon et al. (2008) for horses. However, in other studies, diastemata were more commonly
found between the rostral CT (du Toit et al., 2008c, 2009b; Walker et al., 2012).
Seventeen donkeys (< 20 years) were found to have diastemata between every mandibular
CT. These cases appear similar to the cases described by Collins and Dixon. (2005) as
developmental diastemata formation, due to an inadequate eruption of the caudally angulated
rostral cheek tooth (06) and rostrally angulated caudal cheek teeth (10s and 11s) or due to
dental buds developing too far apart. The increased prevalence of diastemata in older donkeys
is probably related with development of senile diastemata (Walker et al., 2012). Most
individual diastemata were not associated with intercurrent CT disorders (42.5%; 330/777),
similar to the findings reported (48.3%) in an equine study by Collins and Dixon (2005).
Periodontal disease of the CT is a significant disorder in equids. An age-related increase in
number of teeth affected per animal and increasing the severity disease was found (table 3.3).
The fact that 89.3% (1064/1192) of teeth diagnosed with periodontitis were caused by CT
diastemata could explain the above age-related increase in severity and in prevalence reported
in table 3.3. A different situation was reported in chapter 2 for PD affecting incisors in
donkeys, where it was observed an increase of number of teeth affected per animal, but
without increased severity of the disease, with calculus acting as the main predisposing factor
of PD, leading normally to gingivitis (Rodrigues et al., 2012).

3.6. Conclusion

This study appears to be the first one reporting CT disorders in these endangered breeds of
donkeys. Comparison of the prevalence and types of dental disease found in these unique
populations with previous equine and donkey studies casts new light on the aetiopathogenesis
of some of these disorders.
In conclusion, the high prevalence of oral and dental disorders reported, affecting mainly
the older population highlighted the importance of regular dental care in donkeys but also
draws attention to the importance of similar studies in populations with the same status
conservation, thinking on welfare and genetic preservation issues.
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4.1. Abstract

Polyodontia is defined as the presence of teeth in excess of the normal dental formula. In
equids, supernumerary teeth are uncommon, but when present, are usually located mainly in
the caudal aspects of the cheek teeth rows (distomolars), also being found adjacent to normal
cheek teeth or even in an ectopic location. It is believed that this disorder is a result of an
inappropriate differentiation of dental germinal tissue during gestational development, with
external trauma also acting as an initiating factor, when teeth germs are affected. The
presence of these abnormal teeth can lead to axial displacement, dental overgrowths, dentalrelated soft tissue damage, diastemata formation, periodontal disease and development of
secondary sinusitis. A large prospective, cross-sectional study was performed in 800 donkeys,
with the aim to investigate the prevalence and aetiopathogenesis of clinically diagnosed oral
and dental disorders. Polyodontia was recorded in 2.3% of the donkeys, presenting 36
supernumerary teeth, with 2.8% being incisors and 97.2% cheek teeth, with prevalence
increasing with age. The caudal aspects of the maxillary cheek teeth rows were the most
common locations for supernumerary teeth development (distomolars). The mandible was far
less commonly affected than the maxilla.
Although polyodontia is uncommon in donkeys, it should be considered in the differential
diagnosis of dental disease. A methodical oral examination and a complete radiographic
survey of the entire dental arcades are crucial for a correct early diagnosis and treatment plan
implementation. The increasing prevalence of fully erupted supernumerary teeth recorded in
older groups suggested a late on set eruption process, and therefore in donkeys undergoing
regular dental prophylaxis the presence of previously unnoticed supernumerary teeth should
always be sought.

4.2. Introduction

Polyodontia is defined as the presence of teeth in excess of the normal dental formula (Baker,
1982; Dixon et al., 2005; Mira et al., 2007). The presence of supernumerary teeth (ST) has
been identified in several species. Prevalence in humans is described to be between 0.3% to
3.8%, according to different studies conducted worldwide (Acikgoz et al., 2006; Schmuckli et
al., 2010; Simões et al., 2011; Sharma and Singh, 2012). In all of these studies, the vast
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majority of the cases described were related to ST in a maxillary location, with a particular
predilection for the median line of the premaxilla - mesiodens.
In humans, some studies pointed to a hereditary basis for polyodontia, with relatives of
affected children presenting a higher prevalence of the disorder, when compared to the
general population (Garvey et al., 1999).
In dogs, polyodontia is the most common dental anomaly recorded in some breeds (Harvey
and Emily, 1993), affecting incisors, premolars and molars.
Equids normally have a maximum of 11 teeth in each arcade comprised of: 3 incisors, 1
canine, 4 premolars (including the “wolf tooth”) and 3 molars, giving a total of 44 teeth
(Dixon and du Toit, 2011). Any teeth in addition to the physiological number of teeth, within
a specific dental group, are considered abnormal and diagnosed as polyodontia. In equids,
supernumerary teeth are usually located at the caudal aspects of the maxillary cheek teeth
(CT) rows - distomolars - but can be positioned adjacent to normal teeth; lingually / palatally,
buccally or rostrally or even in an ectopic location (heterotopic polyodontia) (Baker, 1982;
Dixon et al., 1999a,b; Dixon et al., 2005; Quinn et al., 2005; Mira et al., 2007).
Equid ST are mainly located in the maxillary arcades, with mandibular location being less
common. This disorder can be found bilaterally, but it is unusual to find it in both mandibular
and maxillary arcades in the same animal (Dixon et al., 1999a,b; Quinn et al., 2005).
Although the aetiology is not fully understood, it is believed that this disorder is a result of
an inappropriate differentiation of dental germinal tissue during gestational development
(DeBowes and Gaughan, 1998): localized odontogenic hyperactivity of the dental lamina or
due to the splitting of a tooth / teeth primordia, with external trauma also acting as an
initiating factor, when teeth germs are affected (Quinn et al., 2005; Mira et al., 2007; Dixon,
2011).
Supernumerary teeth are categorized according to their morphology:
 Supplemental / eumorphic teeth, presenting normal crown and root morphology;
 Rudimentary / dysmorphic teeth, presenting abnormal size and shape, being classified as
haplodont (conical crown with a single root) or tuberculate (several tubercles with deep
indentations on the occlusal surface) (Miles and Grigson, 1990; Dixon et al., 2005;
Quinn et al., 2005).

Equids with a normal number of teeth can present connate teeth, as a result of the fusion of
multiple tooth germs or partial splitting of an embryonic tooth, being composed of at least two
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tooth elements (Dixon, 2011). This process can also lead to the presence of connated
supernumerary equine teeth.
Polyodontia in equids can remain asymptomatic or may present as behavioral problems
when riding, oral dysphagia, facial swelling and mucopurulent nasal discharge. In the latter
cases, it is anticipated that a detailed oral and dental exam will reveal: axial displacements,
dental overgrowths due to absence of occlusal contact, dental-related soft tissue damage,
diastemata between normal and ST, periodontal disease, and in extreme cases, extension of
the disease into the paranasal sinuses and development of secondary sinusitis (Quinn et al.,
2005).
Clinical and post-mortem studies documented a low prevalence of polyodontia in horses,
ranging from 0.3% to 1% in incisors (Wafa, 1988; Miles and Grigson, 1990; Dixon et al.,
1999a) and less than 3% in cheek teeth (Miles and Grigson, 1990; Dixon et al., 1999b), being
considered uncommon (Quinn et al., 2005; Dixon, 2011), but no information appears to have
been published in donkeys. The aim of this study is to contribute to a better understanding of
polyodontia in this species.

4.3. Materials and methods

Complete clinical, oral and dental examinations was performed in 800 unsedated donkeys
included in a larger study, with the aim to investigate the prevalence and aetiopathogenesis of
clinically diagnosed oral and dental pathology in two endangered breeds of donkeys: the
Mirandês donkey from the Northeast of Portugal (n=400) and the Zamorano-Leonés donkey
from the Zamora Province in Spain (n=400). Animals were divided in 7 age groups, based
upon ages recorded in official studbooks, or based on the wear pattern of the incisors’
occlusal surface, when exact age was not available: group 1: less than 2,5 years, group 2: 2,5
to 5 years, group 3: 6 to 10 years, group 4: 11 to 15 years, group 5: 16 to 20 years, group 6:
21 to 25 years and group 7: more than 25 years.
The oral cavity was examined using a headlight, a Haussmann’s speculum, a cheek
retractor, a dental mirror and a complete periodontal instrument set.
All teeth and interdental spaces were systematically counted, in order to better diagnose
the presence of supernumerary teeth, especially those caudal to the normal molars.
Radiographs were performed whenever possible in cases where polyodontia was recorded
during the intraoral examination, with animals being sedated for this procedure. Standard
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latero-oblique radiographic views (latero 30°dorsal-lateroventral for maxillary CT and latero
35-45°ventral-laterodorsal for mandibular CT) and open mouth oblique projections
(latero15ºventral-laterodorsal for maxillary CT and latero10ºdorsal-lateroventral) were taken,
avoiding superimposition of the contralateral arcade and allowing a clear diagnosis of
supernumerary cheek teeth (SCT) (Barakzai, 2005; 2006).

4.3.1. Statistical analysis

Chi-squared tests were performed between age groups and presence of polyodontia in order to
determine the significance between disorder’s prevalence in different age groups. SPSS
software (Statistical Package for Social Sciences, version 19.0) was used for statistical
analyses and results were considered significant when P<0.05.

4.4. Results
4.4.1. Prevalence of polyodontia in donkeys

Polyodontia was recorded in 2.3% of the donkeys (18/800), with 36 ST identified. Of the total
abnormal teeth recorded, 2.8% were incisors (1/36) and 97.2% were CT (35/36). The total
prevalence of donkeys with supernumerary incisors was 0.13% (1/800), presenting a
supplemental 303b, caudally in the incisor arch, partial fractured. Prevalence of SCT was
2.3% (18/800). One of the animals presented with a supernumerary incisor and cheek teeth
simultaneously.
Of the 18 donkeys with SCT:
 6 presented only one supernumerary tooth, all were maxillary: three distomolars - one
112 and two 212s (cases 1, 2 and 3, respectively); one tooth palatally adjacent to 207
(case 4); one tooth palatally adjacent to 107 and 108, rotated 90° (case 5); one
connated tooth, presenting a double 208 (case 6);
 9 donkeys presented bilateral distomolars maxillary SCT (112 and 212) (cases 7 to
15).
All ST described above were diagnosed during the clinical examination, except cases
3 and 15, where unerupted SCT were identified by radiography when diagnosing other
dental disorders (Figure 4.1).
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 1 donkey presented 4 distomolars maxillary SCT: 112, 212, 213 and 214, all
diagnosed during the oral exam (case 16);
 1 donkey presented bilateral distomolars maxillary SCT and one distomolar
mandibular SCT (112, 212 and 312), all diagnosed during the oral exam (case 17);
 1 donkey presented bilateral distomolars maxillary and mandibular SCT (112, 212,
312 and 412), with mandibular SCT unerupted and diagnosed when radiographs were
taken to confirm the presence of the maxillary SCT (case 18). This was the animal that
also presented the supernumerary incisor 303b described above.

Of the 35 SCT recorded, only one was a connated tooth (case 6), with 34 SCT
morphological classified as supplemental teeth. 91.4% (32/35) of the SCT recorded were
maxillary, with only 8.6% (3/35) located in the mandibular arcades. No ectopic teeth were
found in this study.
Cases 3 and 8 were stallions, case 16 was a gelding, with the rest of the donkeys being
jennies. Median age was about 15 years, ranging from 6 to 30 years.

Figure 4.1: Unerupted SCT 212 diagnosed accidentally in case 3 (*), while
radiographs were performed in order to understand the etiology of the diastemata
present between mandibular CT.
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4.4.2. Clinical signs

Of the 18 donkeys diagnosed with ST, 14 were apparently asymptomatic, with owners not
reporting any abnormal behavior or detectable symptoms. Cases 4 and 12 only showed signs
of oral pain during the external active clinical examination, when the lateral excursion of the
mandible was checked. The remaining 12 donkeys were asymptomatic during the clinical
examination. Cases 2, 6 and 16 presented poor body condition, oral pain, oral dysphagia and
halitosis.
In case 18, no clinical signs were detected when erupted ST were first diagnosed (303b,
112 and 212), but a mucopurulent unilateral nasal discharge was reported by the owner some
months later, followed by oral dysphagia and halitosis.

4.4.3. Oral examination and treatment

The eruption of an unopposed SCT and its contact with adjacent normal teeth leads to
abnormal dental displacement, due to inappropriate orthodontic forces (Dixon et al., 2005),
affecting all teeth involved.
Diastemata were found between all erupted SCT and normal CT and between ST (in cases
with more than one ST in the same row - case 16), leading to the onset of gingivitis,
periodontal pockets with food debris and periodontal disease (Figure 4.2).

Figure 4.2: Intra-oral view of the 3 distomolars SCT in
the second arcade, diagnosed during the oral exam in
case 16, all presenting axial displacements and
diastemata between them.

- 72 -

POLYODONTIA IN DONKEYS (EQUUS ASINUS)

The majority of unopposed supernumerary teeth had clinical crown overgrowth, leading in
some cases to soft tissue lesions, mainly in the tongue but also in the oral mucosa (cases 1, 2,
4, 7, 12 and 17) (Figure 4.3). In case 12, both mandibular 11s were bucally displaced, due to
contact with 112 and 212, causing ulceration of the buccal mucosa, with 311 completely
loose.
In case 17, only unopposed 112 presented overgrowth, with 212 and 312 in normal dental
wear.
In cases where SCT were situated palatally to the CT rows (cases 4 and 5), there was
lateral / buccal displacement of the adjacent normal teeth, with resultant diastemata and
periodontal disease. In case 4, the palatal side of the SCT was extremely sharp, causing a
deep laceration in the tongue (Figure 4.4).

Figure 4.3: Bilateral unopposed maxillary
distomolars CT (112 and 212) diagnosed in case 7,
presenting overgrowth and causing ulcers in the
tongue. Also note the presence of focal overgrowths
in the maxillary 06s.

Figure 4.4: Supernumerary 207 palatally adjacent to
CT row, extremely sharp in the medial aspect, due to
lack of contact with the mandibular CT, affecting the
tongue.

In case 6, the double size connated SCT forced the rostral displacement of 206 and 207,
with 206 displaying an exaggerated overgrowth, due to lack of contact with 306. Diastemata
were formed between double 208 and the contiguous CT: 207 and 209 (figures. 4.5a and
4.5b).
During the oral inspection of case 18 (after clinical signs were recorded) a unilateral
periodontal tract between the oral cavity and caudal maxillary sinus (diastema between 111
and 112), leading to secondary sinusitis, was diagnosed. Free fluid lines were identified in the
sinuses radiographically, confirming the sinusitis.
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a

b

Figure 4.5: (a) Intra-oral view of the connate 208 in case 6, with 3 infundibula and 9 pulp horns present in the
tooth surface; (b) Radiographic latero15ºventral-laterodorsal projection (open mouth) of the left maxillary
arcade: note the double size of the connate 208 (†), with diastemata between 207 - double 208 - 209. Due to the
rostral displacement of 206 and 207, 206 is unopposed, presenting a considerable overgrowth.

Sixteen animals were treated conservatively, balancing the mouth and restoring normal
chewing movement. All unopposed SCT found to be overgrown and with exaggerated ridges
promoting diastemata formation between normal and SCT, were mechanically reduced to
prevent abnormal orthodontic forces.
In case 12, 311 was completely loose and extracted per os. Mechanical reduction of 112,
212 and 411 was performed.
In case 18, 112 was extracted per os and a standing caudal maxillary sinusotomy was
performed, allowing the placement of a lavage system. Broad-spectrum antibiotic therapy was
included in the treatment, for 7 days after extraction and lavage was performed twice daily
during this time. Nasal discharge ceased after the treatment.
Owners were made aware of their animal’s condition and prognosis and a treatment plan
for polyodontia and concomitant dental disorders was established for each donkey. This
included a phased reduction of all unopposed teeth present.

4.4.4. Polyodontia prevalence by age

There was a statistically significant association (P<0.05) between different age groups and
presence of erupted supernumerary teeth in donkeys, increasing from the younger to the older
groups, as described in table 4.1.
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Table 4.1: Prevalence (%) of polyodontia observed in each age group.
Total
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
prevalence
Polyodontia

2.25%

0.00%

0.00%

4.08%

3.25%

4.20%

4.84%

3.23%

P

 

0.026

14.360

4.5. Discussion and conclusion

Polyodontia should be considered an unusual finding in donkeys, judging by the low
prevalence recorded in this large study. When compared to horses, a slightly lower prevalence
of supernumerary incisors was recorded in donkeys, while prevalence of SCT is similar,
keeping the relationship between incisor and CT prevalence (Miles and Grigson, 1990; Dixon
et al., 1999a,b).
Dixon et al. (1999b) described the majority of the SCT recorded in a large study as
connated teeth, while Quinn et al. (2005) described only one case of connated SCT. In this
study only one connated tooth was recorded (normal shape, double size in a rostrocaudal
sense), with 34 supplemental teeth present. The caudal aspect of the maxillary cheek teeth
rows was the most common site for SCT development. SCTs were far less common in the
mandible, agreeing with previous reports: 8.6% in the present study, 11.1% recorded by
Dixon et al. (2005) and no mandibular cases recorded by Quinn et al. (2005).
In equids, symptoms will usually not be significant until ST are fully erupted and enough
time has elapsed between eruption and appearance of pathological changes. These may be due
to dental overgrowth, diastemata formation or for other dental disorders (Quinn et al., 2005).
In donkeys, even severe cases may remain asymptomatic due to the fact that these animals are
stoic by nature (du Toit and Dixon, 2012). The majority of cases reported here were
asymptomatic.
Early misdiagnosis can result from the lack of a systematic oral examination and/or an
incomplete radiographic survey of the entire dental arcades (Quinn et al., 2005). In order to
correctly diagnose polyodontia, all teeth and interdental spaces must be counted as part of a
detailed oral examination.
This process should always be repeated even in donkeys that have undergone regular
dental prophylaxis since a young age. This is especially important given the SCT may erupt
and develop after the normal dentition has erupted as suggested by some of the clinical cases
described: cases 3 and 15 (8 and 6 years respectively) presented unerupted supplemental
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maxillary distomolars; cases 8, 10, 11 and 13 (10, 8, 10 and 10 years respectively) presented
bilateral maxillary SCT, erupted but level with CT rows, without dental overgrowth (probably
due to a recent eruption); in case 18 (18 years) maxillary SCT were present but mandibular
SCT were still unerupted, all corroborating what Dixon et al. (2005) had described in horses.
The increasing prevalence of fully erupted supernumerary teeth recorded in older groups
also supports this theory.
The fact that 14.3% (5/35) of SCT recorded in this study were unerupted and only
diagnosed radiographically, with 3 ST diagnosed incidentally while assessing other dental
disorders, may indicate a higher prevalence of undiagnosed polyodontia.
Radiography is therefore an essential diagnostic tool for the accurate diagnosis of
polyodontia. It is very important to capture the entire CT rows and associated sino-nasal or
mandibular structures in the image, enabling correct identification of all normal and abnormal
teeth.
Radiographs are also very useful to distinguish ST from persistent deciduous teeth,
especially when larger persistent incisors are present (Dixon, 2011).
The hereditary component of polyodontia has been described in humans (Garvey et al.,
1999). In this study, of the 18 donkeys affected, 4 animals have a direct familial relationship:
cases 8 and 15 are father and daughter; cases 11 and 14 are sisters, sharing the same father.
Although these numbers are too low to draw any kind of definitive conclusions, related
animals presented the same type and location of SCT, suggesting that polyodontia in equids
may also have a hereditary basis, but further investigation in this field is required.
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5.1. Abstract

Salivary duct lithiasis is a condition characterized by the partial or total obstruction of a
salivary gland or its excretory duct due to the formation of sialoliths. A 9-year-old jenny,
belonging to the unique and endangered local breed of donkeys in Portugal, was diagnosed
with a sialolith in the rostral portion of the right parotid duct based on clinical, oral, dental
and radiographic examination results. Surgical removal of the sialolith was done through a
percutaneous approach.

5.2. Introduction

The equid has paired parotid, mandibular, and polystomatic sublingual salivary glands located
in the head and adjacent areas of the neck (Schumacher and Schumacher, 1995). Minor
salivary glands are also present in the lips, tongue, palate, and buccal regions (Dixon and du
Toit, 2011). A normal horse, correctly hydrated and fed, produces on average 10 to 12-liters
of saliva each day (Frape, 2006). Saliva plays a key role in the horse’s physical and chemical
processing of food, including lubrication of the ingesta that assists swallowing. Saliva also
has a buffering effect in the stomach due to the presence of bicarbonate (50 mEq/l), which
aids in the maintenance equilibrium of the gastric environment by a protective effect from
lactate produced by microbial fermentation that may contribute to gastric ulceration (Frape,
2006; Ellis and Hill, 2005).
The parotid gland is the largest of the salivary glands. It is located in the retromandibular
fossa between the ramus of the mandible and the wing of the atlas, extending ventrally until
the convergence of the maxillary and linguofacial veins and to the caudal border of the
mandible. The parotid duct, also known as Stenon's duct, is the route that saliva takes from
the parotid gland into the mouth. This duct originates in the rostroventral aspect of the gland
from 3 or 4 smaller duct tributaries, travelling rostrally in the medial aspect of the mandible.
The duct crosses from medial to lateral below the vascular notch of the mandible, moving
laterodorsally together with the facial vessels. It enters the oral cavity through the buccal
ostium at the level of the maxillary fourth premolars (108 and 208) (Goody, 2000; Clegg et
al., 2005; Dixon and du Toit, 2011).
The parotid gland or its excretory duct can suffer different pathology. Parotid duct lithiasis
is a condition characterized by the partial or total obstruction of the salivary duct due to the
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formation of sialoliths, which may lead to parotid duct or glandular ectasia. Several
hypotheses have been put forward to explain the etiology of these calculi: mechanical,
inflammatory, chemical, neurogenic, infectious, foreign bodies, etc. However, it seems that
the combination of a variety of these factors usually provokes the precipitation of the
amorphous tricalcic phosphate. Once crystallized and transformed into hydroxyapatite, it
becomes the focus for additional concretions and deposits from different substances (TorresLagares et al., 2006). In equids, the most common etiology seems to be the presence of a
plant material foreign-body obstruction in the salivary duct, noting this material in the center
of sialolith formation (Dixon and Gerard, 2006). Equids with dental overgrowths are
predisposed to food accumulation between the sharp points of the maxillary cheek teeth and
cheeks in an effort to self-protect from soft tissue laceration (Dixon and Dacre, 2005). This
food retention near the buccal ostium may promote food foreign body migration into the
parotid duct and possible sialolith formation. However, the differential diagnosis for salivary
duct lithiasis should also include tooth abscess, neoplasia, or sialadenitis (Maclean, 2006;
Torres-Lagares et al., 2006; Al-Sobayil and Ibrahim, 2008).
Sialolithiasis are considered an uncommon pathological finding in equids, affecting only
the parotid gland and/or Stenon’s duct (Haralambus et al., 2007; Al-Sobayil and Ibrahim,
2008). However, animals living in arid environments with a diet based on rough forage seem
predisposed, especially donkeys (Bouayad et al., 1991; Kay, 2006). The presence of sialoliths
is usually asymptomatic, especially if the duct obstruction is partial, allowing saliva to
continue to flow into the oral cavity. With complete obstruction, parotid gland and duct
distension may occur causing inflammation, fever, pain on palpation, dysphagia, anorexia, or
the presence of purulent material in the oral cavity (Dixon and Gerard, 2006).

5.3. Case history

A 9-year-old female donkey, belonging to the unique and endangered local breed of donkey
in Portugal - The Mirandês - was presented during fieldwork research for an epidemiological
study of the oral and dental pathology in this specific breed of donkey. A single, firm, large,
movable structure was noted in the right lateral aspect of the face, rostroventral to the rostral
aspect of the facial crest. According to the owner, the abnormal mass was present at the time
of purchase, approximately 1-year previously. There had been no behavioral changes,
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abnormal feeding activity, or clinical signs secondary to the lesion (Figure 5.1). The donkey
had a stoic nature, with a body condition score of score of 3 on a 1-5 scale.

Figure 5.1: Photograph of the right lateral face in a 9year-old jenny with a sialolith in the parotid duct.

5.4. Clinical and radiographic findings

During clinical examination in the unsedated donkey, the facial mass was palpated with no
signs of pain, except for discomfort when it was pushed against the right maxillary cheek
teeth. Intraoral and dental examinations revealed sharp enamel points present in all maxillary
cheek teeth, along with small focal overgrowths affecting the right (106) and left (206)
maxillary second premolar teeth. The mass was protruding into the oral cavity, displacing the
oral mucosa against the sharp enamel points. The overlying mucosa had a deep laceration,
through which the sialolith could be seen inside the parotid duct. All other clinical
examination findings were considered normal. Hematological (CBC) and biochemical (serum
chemistry panel) parameters were also considered normal. Lateral and ventrodorsal
radiographs were taken of the area showing an oblique, oval, radiodense structure unattached
to the bone and embedded in the soft tissues of the face. The mass was likely in the parotid
duct despite the fact that the parotid duct courses vertically along its lateral aspect. Although
the mass was large enough to completely occlude the parotid duct, the lack of clinical signs
implied that saliva was draining into the mouth via the laceration in the duct wall and buccal
mucosa (Figure 5.2).
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a
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Figure 5.2: Oral photographs showing the effects of a right parotid duct sialolith in 9-year-old jenny: (a) The
buccal mucosa is displaced lingually causing interference during occlusion of the cheek teeth; (b) laceration in
the oral mucosa exposing the sialolith (arrowhead). Sharp enamel points and focal overgrowth of the right
maxillary second premolar tooth (106) are present.

5.5. Diagnosis

Based on clinical, oral and dental examination results, together with the radiographic findings
(Figure 5.3), parotid duct sialolith was diagnosed. The treatment plan was to surgically
approach and remove the sialolith to relieve the parotid duct occlusion and prevent or
minimize secondary pathology to the parotid salivary gland.

a

b

Figure 5.3: Lateral (a) and ventrodorsal (b) radiographs show the radiodense right parotid sialolith in 9 year-old
jenny (white arrows).
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5.6. Therapy and follow-up

There are two surgical approaches described for the resolution of parotid duct sialolith in
equids (Dixon and Gerard, 2006). The intraoral approach is considered optimal and involves
making an incision in the oral mucosa and parotid duct, removing the sialolith, and allowing
second intention healing. The percutaneous approach involves incision through skin,
subcutaneous tissues, and the parotid duct to remove the sialolith. With this approach, special
care should be taken to avoid important anatomic structures that are located in the lateral
aspect of the face. A possible complication of this approach is the development of salivary
fistula, due to incomplete closure of the duct. In cases of small sialoliths located near the
buccal ostium, removal without surgery may be possible (Dixon and Gerard, 2006). In the
case reported here, the oral mucosa was already lacerated by the sharp enamel points, but it
was considered not possible to remove the large sialolith through the wound without a
surgical intervention. Since it was uncertain whether the sialolith could be removed through
an oral approach despite including the laceration in wound extension, a percutaneous
approach was selected for sialolith removal.
Surgery was performed in the standing animal, in field conditions. The jenny was sedated
using a combination of 0.01 mg/kg detomidine hydrochloride (Domosedan®, Laboratorios Dr.
ESTEVE, Barcelona, Spain) plus 0.025 mg/Kg butorphanol tartrate (Turbogesic®, Fort Dodge
Veterinaria, Girona, Spain), intravenously, followed by administration of local anesthesia
consisting of lidocaíne (20.0 mg/ml) and epinephrine (0.02 mg/ml) (Xilocaina Ovejero®,
Laboratorios Ovejero, León, Spain) (Knottenbelt, 2008). A complete dental floating was
performed before surgery for the sialolith. The lateral face was prepared for aseptic surgery.
The skin incision was made along the horizontal axis of the calculus, extending through the
parotid salivary duct to reveal a slightly spiculated, oval and white/gray sialolith. The incision
was made long enough to prevent tissue trauma or tearing during sialoltih removal (Figure
5.4). The parotid salivary duct and wound were lavaged with copious amounts of saline to
remove food debris and minimize wound contamination. The parotid salivary duct was dilated
in the affected area. The duct was closed using 2-0 polyglactin 910 in a Cushing suture
pattern. The subcutaneous tissues were apposed using the same suture in a simple continuous
pattern. Skin was apposed using “0” silk in a simple interrupted suture pattern. The oral
aspect of the duct and oral mucosa were left to heal by second intention. The diameter of the
sialolith was approximately 8 x 4.5 x 4-cm and weighed of 183-grams. The sialolith was
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sectioned longitudinally in an effort to obtain information concerning its etiology (Figure 5.5).
Concentric layers of mineral deposition were observed surrounding a cereal grain, confirming
the entrance of a foreign body in the parotid duct as a primary cause of sialolith formation in
this case.

Figure 5.4: Intraoperative photograph shows a
percutaneous surgical approach for removal of a right
parotid sialolith.

Figure 5.5: Note the size of the sialolith (cm) and the
concentric layers of mineral deposition.

Postoperative medications including procaine benzylpenicillin (10,000 IU/kg SID),
dihidroestreptomicine (12.5 mg/kg SID) (Exabiopen®, Laboratorios Syva, León, Spain) and
flunixin meglumine (1.1 mg/kg BID) (Niglumine®, Calier, Sintra, Portugal) were
administered IM for 5 days. No changes were made in the donkey’s normal diet, and the
mouth was lavaged with water several times each day. The donkey was evaluated periodically
during the 15-days after surgery and no food was found embedded in the mucosal laceration
that reduced in size over time. The skin sutures were removed after 10-days. A six-month
postoperative examination was done and indicated no clinical problems associated with the
surgery with expected healing of the cutaneous and oral tissues (Figure 5.6).

5.7. Discussion and conclusion

Sialolithiasis mainly affects older animals, however recent publications describe this
pathological condition in young adult equids, many of them < 10-years-old, similar to the
case reported here (Dixon and Gerard, 2006; Kay, 2006; Al-Sobayil and Ibrahim, 2008; Greet
and Ramzan, 2011). Sialolithiasis is a condition that can affect equids of all ages, but further
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investigation concerning the pathophysiology and etiology of salivary duct lithiasis is
required.

Figure 5.6: Six-month postoperative follow-up
examination. Note the symmetry of the head and
complete healing of the right lateral cutaneous tissue.

It has been reported that sialoliths have a relatively rapid evolution, with all cases having a
history of < 1-year (Kay, 2006). This author proposed that untreated sialoliths would have the
tendency in time to spontaneously erode through the buccal mucosa. The presence of mucosal
ulceration in the majority of these cases probably prompted a diagnosis that circumvented a
prolonged history of > 1-year. The description of a laceration in the oral mucosa is coincident
with the current case, however without mucosal laceration it seems spontaneous leakage
would be unlikely due to the large size of the sialolith.
In the donkey reported here, the sialolith dimensions seemed static during the 1-year since
purchase. This is not necessarily surprising since other authors have reported chronic histories
of sialolith in a warmblood gelding (Haralambus et al., 2007) that was present without clinical
signs for 8-years, and four asymptomatic mares (Al-Sobayil and Ibrahim, 2008) that had
sialoliths developing for more than 18-months before removal.
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6.1. Abstract

An 18-years old jenny was observed with a right maxillary tumefaction, presenting weight
loss, quidding, dysphagia and halitosis. An extra and intra-oral examination was performed,
revealing a complete blockage of the right mandible motion, due to the presence of shear
mouth, among other severe dental disorders, such as diastemata with periodontal disease,
dental displacements and cheek teeth enamel overgrowths. A pedunculated mass was
observed in the right maxillary vestibular space. It was speculated that the mass resulted from
an expansion and thickening of the gingiva, with food debris acting as a source of gingival
irritation, as a consequence of the shear mouth.
Gingival hyperplasia is a very common histological feature in equids, due to close contact
between abrasive diet and oral tissues. However, on a macroscopic level, pathological
proliferation of the gingival tissue is associated with inflammatory, neoplastic and tumor-like
masses, including gingival hyperplasia. In equids, these lesions are uncommon and seldom
reach significant dimensions, but still should be considered differential diagnoses when
examining an equid with pertinent clinical signs, mainly when severe dental disorders are
diagnosed.
This clinical case seems to be the first describing the occurrence of gingival fibrous
hyperplasia in donkey, apparently, as a direct consequence of shear mouth.

6.2. Introduction

The periodontium is the organ that surrounds and supports the teeth, comprising the gingiva,
periodontal ligament, cementum and alveolar bone (Klugh, 2005). The gingiva is the soft
tissue that surrounds the teeth and covers the alveolar bone and it is divided in two different
portions: the marginal (free) gingiva and the attached gingiva, which is tightly adhered to the
tooth. The narrow space between the tooth and the marginal gingiva is called the gingival
sulcus and in equids, has a physiological depth of 5 mm (Greene and Basile, 2002; Klugh,
2005).
The function of the gingiva is to protect the tooth and underlying structures against the
continuous external chemical, mechanical and infectious stimuli (Collins and Tyler, 1985;
Kim et al., 2000; Johnson et al., 2012), throughout a rapid cellular turnover. Indeed, Cox et
al. (2012) reported gingival hyperplasia as a very common histological feature in horses, due
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to close contact between abrasive diet and oral tissues, even suggesting that a mild degree of
hyperplasia at the crest of the free gingiva is a normal physiological finding.
However, on a macroscopic level, pathological proliferation of the gingival tissue is
associated with inflammatory, neoplastic and tumor-like masses, including gingival
hyperplasia (Head et al., 2003; Knottenbelt and Kelly, 2011). These affections may be
predisposed by the calculus formation, as a result of the mineralization of the dental bacterial
plaque and/or food debris accumulation, acting as a continuous source of chronic gingival
irritation, mainly in the incisors and canines (Wiggs and Lobprise, 1997; Rodrigues et al.,
2012). The dental calculus accumulation in equids is, usually, associated with systemic
disease and significant dental disorders (congenital or acquired) affecting the correct
masticatory movement (Greene and Basile, 2002).
In equids, oral neoplastic and tumor-like masses are much less common and seldom reach
significant dimensions, when compared to other species (Knottenbelt and Kelly, 2011). The
present work reports an unusual clinical condition of an exuberant manifestation of gingival
hyperplasia in a donkey at cheek teeth (CT) level. In the authors’ knowledge, the present case
reports the first description of this kind of disorder in donkeys.

6.3. Case history

An 18-years old jenny, belonging to an endangered local Portuguese breed of donkeys, the
Mirandês donkey, was observed with a right maxillary tumefaction, during the field work
period of a broader study aimed to investigate the prevalence and aetiopathogenesis of
clinically diagnosed oral and dental disorders in this breed, through a prospective crosssectional study in 400 donkeys.
The owner reported progressive loss of body condition, quidding, apparent difficult
chewing, dysphagia and halitosis.
The animal was examined for the very first time, in terms of dental prophylaxis, with the
owner revealing a complete absence of previous knowledge about equine dentistry.

6.4. Clinical and laboratorial findings

On the detailed extra-oral physical examination, head conformation, shape and symmetry
were evaluated, looking for gross abnormalities that may indicate the presence of orodental
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disorders. The rostrocaudal and lateral excursion of the mandible was evaluated, revealing a
complete blockage of the right mandible motion and, to a lesser degree, a blockage of the
rostrocaudal movement. When pressure was exerted, pushing the cheek against the CT rows,
a positive behavioral response was observed, with the animal tossing its head, clearly showing
signs of discomfort, especially in the right side of the face, probably as a result of pain
induced by the contact of the soft tissues with sharp abnormal dental overgrowths (Easley and
Tremaine, 2011). After mouth flushing, a systematic intra-oral examination was performed,
with the unsedated donkey, using an incisor and Haussmann’s speculums, a 3-Watt cold light
headlight, a dental mirror, a cheek retractor and a complete periodontal instrument set. The
modified Triadan system for equine dental nomenclature was used in this study (Floyd, 1991).
The tumefaction observed was found to be associated with food entrapment between the
CT and oral mucosa, partially disappearing after mouth flushing. Sharp enamel overgrowths
were present in all four arcades, together with focal overgrowths in the maxillary 06s. The
409 was displaced lingually and digitally loose, with 109 and 210 unopposed. The presence of
a steeper angle in the oclusal surface of the right CT rows, in the buccal-palatal sense, was
obvious - shear mouth (du Toit and Dixon, 2012) - causing severe oral trauma in the cheeks,
characterized by ulceration with thickened mucosal edges and scar tissue. Diastemata were
diagnosed in all interdental spaces (IDS) in the fourth arcade, as well as in the IDS 108-109110, leading to periodontal disease development (Collins and Dixon, 2005). Equids with
abnormal dental overgrowths deliberately accumulate food between the upper sharp dental
structures and their cheeks, in an attempt to protect it from laceration (Dixon and Dacre,
2005). Animals with shear mouth usually present reduced effectiveness chewing, especially
roughage diet and may exhibit quidding and periodontal disease, with weight loss (Dixon,
2011), being coincident with the clinical signs recorded.
A pedunculated, well-delimitated tumor-like mass was observed in the right vestibular
space, between the rostro-buccal aspect of 106 and the buccal aspect of the 107, apparently as
a consequence of an abnormal proliferation of the gingival tissue (Figure 6.1a). Food debris
was also found entrapped between the CT row and the mass.

6.5. Diagnosis

Based on the clinical, oral and dental examination results, it was possible to correctly
diagnose all dental disorders affecting this donkey, as described above, but for an accurate
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diagnosis of the tumor-like pedunculated mass, a biopsy was required. However, the owner
was very reluctant regarding the excisional biopsy; so, initially, all dental disorders diagnosed
were mechanically reduced, balancing the mouth and gradually restoring the physiological
movement of the mandible and the correct orthodontic forces, without affecting the rough
occlusal surface of the CT. The 409 was extracted per os. All food debris inside diastemata
with periodontal pockets was removed. The owner was aware about their animal’s oral and
dental conditions and prognosis, with a continuous treatment plan being established.
Seven months after the first dental treatment, it was observed a notorious size increase of
the mass (Figure 6.1b). At that time, the complete excisional biopsy was performed, as
described in detail ahead. A new dental equilibration was also performed as part of the
treatment plan set, thinking on animal health and welfare. No calculus accumulation was
present beneath the tumor-like mass, but gingival recession was diagnosed in the buccal
aspect of 106.
The excised mass was fixed in 10% neutral buffered formalin and embedded in paraffin
wax. Three μm-thick sections were cut and stained with haematoxylin and eosin (HE) for
further histological evaluation.
Macroscopically, the 6x2.5x1 cm mass was firm, smooth and whitish-grey in colour.
Histologically, a slight hyperplastic squamous epithelium covered a well-vascularized
connective tissue. At higher magnification, the mass presented a moderate to low cellularity
represented by small spindle to stellate-shaped fibroblasts, regularly disposed in a dense
fibrillar collagen background (Figure 6.2). Scattered chronic inflammatory cells (lymphocytes
and plasma cells) were observed beneath the epithelium, around blood vessels.

6.6. Therapy and follow-up

Excisional biopsy and gingivoplasty were performed in the standing donkey, in field
conditions. The jenny was sedated using a combination of 0.01mg/kg detomidine
hydrochloride (Domosedan®, Laboratorios Dr. ESTEVE, Barcelona, Spain) plus 0.025 mg/Kg
butorphanol tartrate (Turbogesic®, Fort Dodge Veterinaria, Girona, Spain), intravenously. A
right infraorbital nerve block and a perilesional infiltration were performed, using a
combination of lidocaine (20 mg/ml) plus adrenaline (0.02 mg/ml) (Xilocaina Ovejero®,
Laboratorios Ovejero, León, Spain), desensitizing ipsilateral maxillary and premaxillary teeth
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and associated periodontium (Klugh, 2004; Tremaine, 2007). For the regional nerve block,
tricotomy was performed and the cutaneous area was prepared aseptically.
Postoperatively, five days of procaine benzylpenicillin (10,000 IU/Kg IM q 24 h) plus
dihidroestreptomicine (12.5 mg / Kg IM q 24 h) (Exabiopen®, Laboratorios Syva, León,
Spain) and flunixin meglumine (1.1 mg/Kg IM every 12 hours) (Niglumine®, Calier, Sintra,
Portugal). were administered.
The jenny was evaluated during a 15 days period after surgery with a gradual reduction of
the food entrapment observed between CT row and the vestibular mucosa. No changes were
done in the normal diet of the jenny. Oral cavity was flushed with tap water several times a
day, according to owner’s availability.
A postoperative six months follow-up was done, with no major clinical data recorded
regarding the removed gingival proliferation (Figure 6.1c).
Dental correction was repeated, respecting the dental plan previously established, reaching a
more physiological CT occlusal angle (Brown et al., 2008) in the right arcades.

Figure 6.1: (a) Pedunculated, well-delimitated tumor-like mass in the right vestibular space, between the rostrobuccal aspect of 106 and the buccal aspect of the 107, when first diagnosed. Note the presence of shear mouth
affecting the right arcades; (b) notorious size increase of the mass, seven months after the first diagnosis; (c)
follow-up, six months after the exciosional biopsy, with a notorious reduction of the steeper angle recorded in
the first visit into a more physiological CT occlusal angle observed after the thirth dental treatment. Note the
gingival margin migration in an apical direction, in the buccal aspect of 106.

6.7. Discussion and conclusion

Equids’ intraoral neoplastic and tumor-like masses are usually hard to diagnose on early
stages, due to their hidden location, interfering with treatment options and prognosis
(Knottenbelt and Kelly, 2011), especially, when dealing with animals without periodic oral
and dental examinations.

- 95 -

JOÃO BRANDÃO RODRIGUES

Figure 6.2: Microscopic aspect of a gingival
hyperplasia. Note a slight hyperplastic squamous
epithelium covering a well-vascularized hyperplastic
connective tissue. Hematoxylin-eosin. Bar = 300 μm.

In the present case, the rostral location of the mass clearly allowed to establish the extent,
limits and oral structures involved, as well as the growing rate of the mass between the first
two clinical exams, showing its progressive nature (Hardy et al., 1993) (Figures 6.1a and
6.1b).
It was speculated that the mass resulted from an expansion and thickening of the gingiva,
caused by the amount of food debris accumulation in the vestibular space, acting as a source
of gingival irritation as a consequence of the shear mouth.
Indeed, based on the histopathological appearance of the mass, it was classified as gingival
hyperplasia, discarding other differential diagnosis such as viral papilloma, sarcoid or the
proliferative forms of squamous cell carcinoma (Knottenbelt and Kelly, 2011). Diagnosis of
fibromatous epulis of periodontal origin was also rejected, based on the absence of
recognizable periodontal ligament-type stroma. Fibromatous epulis of periodontal ligament
origin is a peripheral odontogenic neoplasm, distinguished from gingival fibrous hyperplasia
by the immaturity of its stroma and by their tendency to contain a more reduced inflammatory
reaction. The presence of hard tissue, which may resemble bone, cementum or dentin is more
frequent in fibromatous epulis of periodontal origin, with about 60% of these lesions also
showing branching cords or islands of epithelium continuous with the gingiva, or originating
in epithelial rests of Malassez (Head et al., 2003; Brown et al., 2007).
There is a considerable misunderstanding over the use of the term epulis in veterinary
literature, with some authors considering, both in carnivores and equids, that epulis is a non- 96 -
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neoplastic or reactive lesion associated with inflammatory and irritative stimuli, in contrast to
which is defined by the World Health Organization (WHO) (Head et al., 2003).
The pedunculated nature of the mass allowed a complete surgical excision of the gross
lesion, greatly improving the prognosis. The absence of calculus accumulation beneath the
mass corroborates the theory that the food debris was in fact the main cause of continuous
source of trauma and the predisposing factor of gingival hyperplasia development.
Regardless of the etiology, when gingival hyperplasia occurs, the depth of the gingival
sulcus apparently increases, leading to the formation of pseudopockets (Niemec, 2013).
However, these false pockets may promote in time food entrapment consequently affecting
the junctional epithelium, leading to periodontitis (Niemec, 2008), with the gingival margin
migrating in an apical direction, as observed in the buccal aspect of 106 (Figure 6.1c).
In brachydont teeth, the cementoenamel junction is the anatomical landmark to evaluate
recession and/or proliferation of the attached gingiva (Klugh, 2005). In equids, this junction
does not exist, considering that equids’ hypsodont teeth are completely covered with
cementum. Thus, a comparison between different teeth appears to be the best way to properly
diagnose gingival recession (Klugh, 2005).
Gingival hyperplasia and orodental tumors are uncommon in equids (Knottenbelt and
Kelly, 2011), but still they should remain in the list of differential diagnoses when examining
an animal with pertinent clinical signs: facial swelling, dysmastication, weight loss, oral
bleeding or halitosis (Crabill and Schumacher, 1998), mainly when severe dental disorders are
diagnosed. Shear mouth was reported with a low prevalence in donkeys by du Toit et al. in
different surveys (ranging from 0.5% to 3.9%) (du Toit et al., 2008; 2009). The notorious
reduction of the steeper angle recorded in the first visit (Figure 6.1a) into a more
physiological CT occlusal angle observed after the thirth dental treatment (Figure 6.1c)
indicates the viability of the continuous gradual correction in cases of shear mouth. The
gradual reduction of the food entrapment observed between CT row and the vestibular
mucosa and the absence of recurrence of the gingival hyperplasia support this fact.
This clinical case seems to be the first describing the occurrence of gingival fibrous
hyperplasia in donkeys, apparently, as a direct consequence of shear mouth.
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Chapter 7
Analysis of new Matrilin-1 gene variants in a
case-control study related to dental
malocclusions in donkeys (Equus asinus)

This chapter is based on the following publication:
Rodrigues JB, Araújo S, Guedes-Pinto H, San Roman F, Viegas CA, Bastos E. Analysis of
new Matrilin-1 gene variants in a case-control study related to dental malocclusions in Equus
asinus. (Article first published online).DOI: 0.1016/j.gene.2013.03.084.
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7.1. Abstract

Prognathism and brachygnathism are craniofacial deformities that severely affect the health of
human and other vertebrates, such as donkey. The multifactorial etiology of this disease
makes the genetic analysis a powerful tool for its understanding and prevention of spreading
these deformities.
This study aims to contribute to the characterization of the genetic basis of prognathism
and brachygnathism in donkeys, using the Zamorano-Leonés donkey, an endangered Spanish
breed, as a model. Matrilin-1 (MATN1) polymorphisms have been previously described as
markers for mandibular prognathism in Korean and Japanese human populations. Genetic
variations in MATN1 gene were sought, in order to verify its association in a case-control
study, including 30 donkeys presenting brachygnathism, 30 donkeys presenting prognathism
and 30 donkeys with normal occlusion phenotypes. One genetic variation (g.503G>A) located
in an intronic region of MATN1 gene was identified and characterized. Statistically significant
differences were detected between the control group and prognathism cases, but no statistical
significant results were found between the control group and the brachygnathism cases. These
results support evidence for an important role of MATN1 on prognathism in the analyzed
population with MATN1 genetic variation - 503G>A - having a protective effect. Further
studies should be developed in order to understand the whole role of MATN1 and the
mechanisms affected by its genetic variations.

7.2. Introduction

Developmental craniofacial abnormalities (CA) have usually an assumed hereditary character
(Dixon, 2011; Easley and Schumacher, 2011). In equids, CA are defined as an uneven upper
and lower incisor occlusion, as a result of growth abnormalities in the craniofacial bones
(Dixon, 2011). Consist of overjet (occlusal aspects of the maxillary incisors lie rostral to the
occlusal aspect of the mandibular incisors, with contact between teeth), overbite (maxillary
incisors lying rostral and in front, without any occlusal contact between upper and lower
incisor arcades), also termed brachygnathism or class 2 malocclusions (MAL/2) (Klugh and
Brannan, 2001; Dixon, 2011); underjet (occlusal aspects of the mandibular incisors lie rostral
to the occlusal aspect of the maxillary incisors, with contact between teeth), underbite
(mandibular incisors lying rostral and in front, without any occlusal contact between upper
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and lower incisor arcades), also termed prognathism or class 3 malocclusions (MAL/3)
(Klugh and Brannan, 2001; Dixon, 2011) (Figure 7.1).
Over and underbite are considered extreme cases, and may lead in time to a complete
blockage of the mandible (Dixon and Dacre, 2005; Johnson, 2006), greatly affecting the
correct chewing movement, normal growing rate of the facial and mandible bones and
increasing the possibility of soft tissue damage (Easley, 2006; Dixon, 2011), causing
irreparable damage on the temporomandibular joint (TMJ) (Xue et al., 2010; Easley and
Schumacher, 2011).

Figure 7.1: a) Normal occlusion in a donkey, with physiological relation between upper and lower jaws; b)
Extreme case of class 2 malocclusion, with maxillary incisors lying rostral and in front, without any occlusal
contact between upper and lower incisor arcades, leading to complete blockage of the mandible and incisor
overgrowth; c) Underjet with overbite, with no contact between maxillary and mandibular incisors.

In humans, the prevalence of mandibular prognathism (MP) is relatively higher in Asian
population (15%) than Caucasian population (1%) (Yang, 1990; Zeng, 1991; Staudt and
Kiliaridis, 2009). This disorder not only affects the masticatory function and pronunciation
but it can also have serious psychological consequences due to aesthetic concerns (Jang et al.,
2010). In severe cases of MP, orthognathic surgery with orthodontic combination therapy is
the elective method of treatment (Chang et al., 2006). Because it is considered a multifactorial
disease, MP phenotype can be a product of environmental and/or genetics factors, which
make it difficult to understand, study and prevent (Stiles and Luke, 1953; Wolff et al., 1993;
Mossey, 1999). In the same way, the inheritance pattern of MP is controversial, with the last
studies reporting to an autosomal-dominant inheritance with incomplete penetrance and a
polygenetic nature (El-Gheriani et al., 2003; Watanabe et al., 2005; Cruz et al., 2008; FrazierBrowers et al., 2009). Scientific investigation related to genetic factors involved in MP is still
insufficient, especially in the veterinary field. Recent studies tried to understand the genetic
contribution on MP, without clearly elucidating the role of the candidate genes. Yamaguchi et
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al. (2005) was the first to perform a genome-wide linkage analysis and reports the
chromosome regions 1p35, 1p36, 6q25 and 19q13.2 with statistical significance of linkage to
MP. It was proposed alkaline phosphate, heparan sulfate proteoglycan 2 (Perlecan), and
cartilage matrix protein (MATN1) as candidate genes related to the development of skeletal
elements and located on 1p36 region. More recently, 5 loci shown evidence of linkage for
class 3 malocclusions (Frazier-Bowers, 2009). This study also proposed candidate genes of
interest, such as homebox region (HOX3), insulin-like growth factor 1 (IGF1), collagen type
II alpha I (COL2A1), located on the 12q13 and 12q23 region.
Among all the candidate genes, MATN1 seems to be of special interest. Polymorphism in
MATN1gene [7987G>A (rs20566), 8572C>T (rs1065755)] were found to be related to genetic
susceptibility to MP, suggesting that MATN1gene may be used as an associated marker (Jang
et al., 2010).
Human Matrilin-1 gene is composed by 8 exons, 7 introns and a 3’UTR region, distributed
into 12.3 Kb (Jenkins, 1990). The gene shows an encoding transcript (Ensembl –
ENST00000373765) with 3832 bp and two non-coding transcripts (Ensembl –
ENST000000477320 and ENST00000494561) with 943 bp and 941 bp, respectively.
Secreted by chondrocytes, MATN1 was the first member of the Matrilin protein family to
be identified and it seems to play an important role on the organization of the various
supramolecular assembly of the cartilage extracellular matrix (Deák et al., 1999). It is
predominantly expressed on hyaline cartilage, mainly in the maturation area of the growth
plate, developing an important function on the chondrocytes organization in the different
areas of growth plate and influencing the developing of long bones (Deák et al., 1999;
Hansson et al., 2001). Matrilin-1 is also expressed in the chondrocytes of the TMJ condyle,
particularly in the articular mandibular cartilage (Ohno et al., 2003).
The Zamorano-Leonês donkey is a local breed, from the Zamora Province in Spain,
nowadays considered vulnerable by the FAO Expert consultation (FAO, 2007) due to the low
number of individuals registered in the official studbook. This fact tends to increase the level
of inbreeding, loss of genetic variability and the accumulation of deleterious recessive alleles,
leading to the appearance of pathological situations, some of them teeth related (Griffiths et
al., 1999, Kugler et al., 2008).
The breeders’ association considers that the high rates of infertility or conformation
problems observed in the Zamorano-Leonés donkey may be a consequence of that, but the
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lack of scientific literature about the genetic aetiology of these disorders is notorious, as well
as for craniofacial abnormalities.
This fact led us to perform this study, with the aim to contribute to the characterization of
the genetic basis of MAL/3 in donkeys. More specifically, it intends to identify genetic
variants in a fragment of MATN1 gene and analyze its possible association with craniofacial
abnormalities in donkey, through a case-control study.

7.3. Material and Methods
7.3.1. Clinical evaluation and animal selection

A complete clinical, oral and dental examination was performed, in field conditions, to 400
unsedated Zamorano-Leonês donkeys, in 38 different villages in the west of Zamora region –
Spain, included in a larger study to investigate the prevalence and aetiopathogenesis of
clinically diagnosed oral and dental pathology in this endangered breed. After the mouth
flushed (tap water + chlorhexidine 0.2%), oral cavity was examined using an incisor and
Haussmann’s speculums, a 3 Watt cold light headlight, a dental mirror and, when necessary, a
cheek retractor and a complete periodontal instruments set were also used. All relevant
information was recorded, concerning animal and owner data, previous clinical records (when
available), presence of craniofacial abnormalities and other oro-dental disorders.
Animals were divided in 7 age groups, according to the official studbook, or based in the
wear pattern of the lower incisors occlusal surface, when the exact date of birth was not
available: group 1: less than 2.5 years (n= 97), group 2 (G2): 2.5 to 5 years (n= 110), group 3
(G3): 6 to 10 years (n= 87), group 4 (G4): 11 to 15 years (n= 53), group 5 (G5): 16 to 20
years (n= 33), group 6 (G6): 21 to 25 years (n= 13) and group 7 (G7): more than 25 years (n=
7) in a total of 400 donkeys.
Of the 37 Zamorano-Leonês donkeys recorded with class 3 malocclusion (Figure 7.1c), it
was only possible to blood sampling 30 of them, with 7 noncompliant donkeys not allowing
it. Based on those 30 donkeys, a similar number of donkeys diagnosed with overjet / overbite
(Figure 7.1b) and with normal occlusion were selected (Figure 7.1a), in order to be consistent
in terms of methodology, in a total of 90 donkeys.
Inside each group (prognathism, brachygnathism and normal occlusion) donkey’s selection
and distribution was based on the initial number of animals identified per age group,
respecting the general distribution of the 400 animals. Whenever possible, the known
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phylogenetic relations between animals were considered, in order to avoid the presence of
more closed related donkeys inside a specific group.

7.3.2. Blood sampling

Blood samples were collected from all cooperating donkeys, by venipuncture of the jugular
vein, using 5 ml sterile EDTA tube.
Blood samples were kept refrigerated at 4 ° C, and frozen at -20 º C at the end of each field
day.

7.3.3. DNA Extraction

Genomic DNA samples were extracted from whole peripheral blood using the Chelex®100
method with some modifications to the protocol described by Polski et al. (1998). Filter
papers were impregnated with 150 μl of blood. Small discs (4 mm2) from the blood-stained
card were placed in a 1.5 ml eppendorfs tubes with 1 ml of ddH2O and incubated at room
temperature for 30 min. After centrifugation at 13000 rpm for 3 min, 950 μl of supernatant
was removed and 170 μl of 5% Chelex100 (Biorad Laboratories, Hercules, California USA)
was added. The tubes were incubated at 56ºC for 30 minutes, followed by an incubation of 8
min at 99ºC. After cooling, the samples were vortexed and centrifuged at 13000 rpm for 3
min. The supernatant was used as substrate in the subsequent analysis procedures. The
quantity and quality of the DNA extracted were measured in a NanoDrop ND-1000
spectrophotometer (Nano-Drop Technologies, Wilmington USA).

7.3.4. PCR conditions and genotyping

Due to the absent information about donkey MATN1 gene, the region studied was selected
based on horse MATN1 gene (Ensembl: ENSECAG00000008747) and the location of the
human MATN1 polymorphism 8572C>T (rs1065755) (Jang et al., 2010). The fragment,
containing the exon 7 of donkey MATN1 gene, including 200 nucleotides downstream and
197 nucleotides upstream, was amplified and genotyped using the forward primer 5’TCCAGTACAGGAAGTTAGCACAGG-3’

and

the

reverse

primer

5’-

GTGCAACGAGCAATCAACAT-3’. PCR amplifications were optimized using the
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DreamTaq PCR Master Mix kit (Fermentas) in a reaction mixture containing 12.5 μl of
DreamTaq PCR Master Mix (2x), 1 μl of each primer (15 pmol), 5 μl of genomic DNA (200
ng) and 8.5 μl of H2O. The amplification reaction was performed with an initial denaturation
at 95ºC for 5 min followed by 40 cycles of 95ºC for 1 min, 60ºC for 1 min, 72ºC for 1 min
and a final extension at 72ºC for 10 min. PCR products were treated with ExoSAP-IT (USB
Corporation, Cleveland, OH, USA). The purified and amplified fragments were sequenced at
STABVIDA enterprise, Portugal. Sequences were aligned with ClustalW2 tool, edited and
analyzed with GeneDoc software (version 2.7.000).

7.3.5. Statistical Analysis

Frequencies of alleles and genotypes were compared between prognathism and
brachygnathism cases and control individuals by direct counting and the deviation of HardyWeinberg equilibrium was tested using a chi-square test with one degree of freedom.
Differences in distributions for MATN1 variation were detected using the software Statistical
Package for Social Sciences (SPSS) version 20. The results of logistic regression model were
expressed as odds ratio (OR) and 95% conﬁdence interval (CI). All P-values were evaluated
in a two-sided model and a P-value of <0.05 was considered statistically signiﬁcant. To
increase statistical power for the less frequent variant, the rare homozygotes were combined
with the heterozygotes assuming a dominant effect.

7.4. Results

Craniofacial abnormalities were recorded in 48.8% of the donkeys (195/400), with only
51.3% presenting normal occlusion (205/400). Class 2 malocclusions were present in 39.5%
(158/400) of the donkeys (35.5% overjet and 4% overbite), with 9.3% (37/400) presenting
class 3 malocclusion (5.3% underjet and 4% underbite). In relative terms, overbite is
uncommon, when compared to overjet, with only 10.1% of animals total with class 2
malocclusions presenting overbite (16/158), against 89.9% with overjet (142/158). Although,
a very different situation is observed in class 3 malocclusions, with 56.8% presenting underjet
(21/37) and 43.24% with underbite (16/37).
The main objective of this study was to identify genetic variations of donkey MATN1 gene
and analyze a possible association to susceptibility to prognathism and brachygnathism,
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through a case-control approach. In order to achieve it, a PCR amplification of a MATN1
gene region, including the exon 7 and the adjacent intronic regions (Figure 7.2), was
optimized. From the 90 samples under study, 11 samples did not present results (2 samples
from the control group, 3 samples from the prognathism group and 6 samples from the
brachygnathism group), either due to amplification failure or sequencing problems.

Figure 7.2: Nucleotide sequence of the MATN1 gene fragment analyzed in this study. The primer forward and
reverse used to amplify the region are delimited with boxes (__). A dashed box delimits the exon 7. The position
of the variation identified is evidenced with a full circle (__). The location of the human MATN1 polymorphism
8752C>T (rs1065755) is evidenced with a dashed circle (--).

The amplified fragments (Figure 7.3) were sequenced and genotyped (GenBank ID:
JX679686), allowing the identification of a new nucleotide variation. The genetic variation
detected consists in a transition of guanine to adenine (g.503G>A) and is located in intron 7.
The general sequence similarity between donkey, horse and human was calculated for the
MATN1

gene,

using

horse

and

human

MATN1

gene

sequences

(Ensembl:

ENSECAG00000008747 and ENSG00000162510, respectively): 99% for donkey-horse and
83% for donkey-man.
The genotype distributions of the MATN1 503G>A polymorphism among the control,
prognathism and brachygnathism groups fulfilled the Hardy-Weinberg equilibrium conditions
(P=0.07, P=0.28, P=1.41 respectively), even if the genotype AA was not observed in the
prognathism studied population.
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Figure 7.3: Agarose gel electrophoresis at 1.5% stained with ethidium bromide
was used for the confirmation of the amplified fragment of MATN1 gene (M molecular marker).

The genotype and allele frequencies among prognathism and brachygnathism cases and
control individuals are shown in Table 7.1. The distribution of the 503G>A genotypes in
prognathism cases were significantly different from those in the control individuals (503G>A,
P=0.031). Logistic regression analysis indicated that, when assuming the dominant effect of
the rare allele A, the genotypes GA+AA were associated with significantly decrease risk of
prognathism, compared with the GG genotype (P=0.014, OR=0.23, 95% CI=0.07–0.77).
Consistently, with genotype frequencies, individuals with the 503 A allele showed
significantly higher frequency in control (P=0.010). Among control and brachygnathism
cases groups, there was no significant difference in the genotypic distributions (P=0.179).
Logistic regression analysis revealed that there are no statistically signiﬁcant differences
when assuming the dominant effect of the rare allele A (P=0.225, OR=0.50, 95% CI=0.16–
1.54). For the allelic differences no signiﬁcant findings were detected (P=0.362, OR=0.66,
95% CI=0.27–1.63).
Table 7.1: Genotype distribution and odds ratio of Matrilin-1 polymorphism analyzed in the group of cases with
prognathism, brachygnathism and the control group.
Genotypes
or
alleles

GG

Control
(normal
occlusion)
n = 28
(100%)
14 (50.0%)

Prognathism
cases

OR

CI 95%

P

n = 27
(100%)
22 (81.5%)

Brachygnathism
cases

OR

CI 95%

16 (66.7%)

1

Reference

6 (25.0%)

0.40

0.13-1.47

n = 24 (100%)
1

Reference
0.031

GA

12 (42.9%)

5 (18.5%)

P

0.30

0.07-0.92
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Table 7.1 (cont.): Genotype distribution and odds ratio of Matrilin-1 polymorphism analyzed in the group of
cases with prognathism, brachygnathism and the control group.
AA

2 (7.1%)

-

2 (8.3%)

AA/GA

14 (50.0%)

5 (18.5%)

0.23

0.07-0.77

G

40 (71.4%)

49 (90.7%)

1

Reference

0.014

8 (33.3%)

0.50

0.16-1.54

38 (79.2%)

1

Reference

10 (20.8%)

0.66

0.27-1.63

0.010
A

16 (28.6%)

5 (9.3%)

0.30

0.09-0.76

0.225

0,362

OR: odds ratio; CI: confidence interval. P-value is considered statistically signiﬁcant when P <0.05.

7.5. Discussion and conclusion

It is recognized nowadays that craniofacial abnormalities have a multifactorial etiology,
resulting from environmental and genetic factors, with the last one playing a very important
role (Xue et al., 2010).
Recent studies are now analyzing which genetic factors are associated with the
susceptibility to develop malocclusions in humans, thinking on functional and aesthetic
concerns (Chang et al., 2006; Jang et al., 2010; Xue et al., 2010; Tassopoulou-Fishell et al.,
2012).
The scientific results obtained by Jang et al. (2010), led the authors to investigate the
MATN1 gene as a candidate gene related to craniofacial abnormalities in donkeys. Their
results demonstrated that the 8572 TT genotypes in MATN1 showed increased risk of
mandibular prognathism. Furthermore, Bae et al. (2012) examined seven SNPs in the same
gene, with rs1065755 being the only one presenting interesting results: the allele frequency of
this SNP was associated with curve patterns of adolescent idiopathic scoliosis.
Information on sequence similarity among genome is a major resource for funding
functional regions. Comparative genomics studies are indeed the starting point when
researching unknown genetic sequences in a species.
Considering the high incidence of dental malocclusions detected in the Zamorano-Leonés
donkeys, when compared with data reported in other equids - ranging from 0 to 3.1% in class
III malocclusions and from 0.3 to 32% in class II malocclusions (Dixon et al., 1999; Peters,
2006; du Toit et al., 2009) - it is very important to better understand the genetic basis of this
pathological situation.
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Genetic susceptibility studies are a powerful tool in both human and veterinary medicine,
in order to predict the occurrence of certain diseases, in more susceptible individuals inside a
population, helping to define timely prophylactic and customized strategies.
In this work, an association between the MATN1 gene variations and craniofacial
abnormalities was studied.
In the analyzed region of the MATN1 gene, the SNP described by Jang et al. (2010) –
8571C>T (rs1065755) – was not found in the donkey population, leading to the conclusion
that the effect described in human is not present in donkeys.
Nevertheless, a new single nucleotide variation (g503G>A) was identified in the MATN1
donkey gene in our population. Although the conservation of exact polymorphisms between
species is not a frequent event, the SNP region is normally preserved between two species
(Michelizzi et al., 2011). As a consequence, the SNP region should be analyzed carefully.
Based on these facts, the authors screened exon 7 but also surrounding intron areas, with
successful detection of intronic variation.
The distribution of 503 G>A genotypes was only significantly different between the
control and the prognathism groups. These results suggest that GA and AA genotypes have a
protector effect in the risk to develop prognathism in donkeys and the MATN1gene can
effectively be used as a genetic marker. The intronic location of this SNP, might justify a role
in the protein regulation, acting in mechanisms that affect the splicing, maturation or
elongation of RNA. It can also change an enhancer or a silencer, affecting the transcription
rate.
The MATN1 donkey gene is not well characterized. To our best knowledge, this is the first
time that this gene is analyzed in Equus asinus. To accomplish this study, the information
related to the horse and human MATN-1 gene sequences was an essential tool. Comparative
gene studies were crucial in the implementation of this approach. In humans, Matrilin-1
protein shows to be associated with the mandibular growth, so the genetic variation seems to
reduce the expression of the protein. However, further studies in the identification of more
genetic variations are needed, helping to understand how this intronic polymorphism
influences the molecular mechanisms. A study of other regions of this gene and a detailed
haplotype analysis may also allow investigating if there is any connection with other
mutations, for example, located in the coding or regulatory regions.
This study is the first to identify a sequence variant in MATN1 gene in donkey and it points
to a decreased risk of the AA and GA individuals to develop MAL/3. This important
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achievement can contribute to the conservation and management of the endangered breeds
and the selection of animals for the breeding programs without phenotype defects.
Further studies involving a larger number of donkeys, should be developed in order to
better understand the whole role of MATN1 and the mechanisms affected by its genetic
variations, corroborating these first results presented in this case-control study.
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Chapter 8
Influence of dental correction on nociceptive
test responses, fecal appearance, body
condition score and apparent dry matter
digestibility of Zamorano-Leonés donkeys
(Equus asinus)

This chapter is based on the following publication:
Rodrigues JB, Ferreira LM, Bastos E, San Roman F, Viegas CA, Santos AS. Influence of
dental correction on nociceptive test responses, fecal appearance, body condition score and
apparent digestibility coefficient for dry matter of Zamorano-leonés donkeys (Equus asinus).
J Anim Sci. 2013.
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8.1. Abstract

The influence of dental correction on nociceptive (pressure) test responses, fecal appearance,
BCS, and apparent digestibility coefficient for DM was studied in 18 Zamorano-Leonés
donkeys, an endangered local breed from the Zamora province in Spain. For this purpose,
donkeys were divided into 2 homogeneous control and treatment groups, based on age, BCS,
and dental findings. On d 1, 45, 90, and 135, BCS and nociceptive test responses were
evaluated in all donkeys. Feed and fecal samples were collected from all donkeys for 3
consecutive days, starting at each of the aforementioned days. Apparent digestibility
coefficient for DM was estimated, using ADL as an internal marker. A progressive decrease
of positive nociceptive test responses was observed from d 1 up to 90 (P < 0.01) in the
treatment group. No difference between groups was observed for BCS. However, BCS at d 90
was greater (P = 0.018) than observed on d 1 or 45, indicating a time influence. Concerning
apparent digestibility coefficient for DM, there were differences among collection days in
apparent digestibility coefficient for DM (P < 0.05). No differences in fecal appearance were
observed between treatments or collection days. This study highlighted the importance of
regular dental care for not only Zamorano-Leonés donkeys but also the equid population, in
general, to improve their welfare.

8.2. Introduction

Recent clinical and postmortem studies revealed a high prevalence of orodental disorders that
can affect donkeys worldwide (du Toit et al., 2008a,b, 2009, Rodrigues et al., 2012), which
have important clinical and welfare implications (du Toit et al., 2008c). Severe dental
disorders were correlated with impacted ingesta in the digestive tract (Cox et al., 2007)
because of incorrect chewing movement, leading to insufficient reduction of feed particles
and longer fibers that enter the digestive tract, which can predispose donkeys to intestinal
tract obstruction (Carmalt and Allen, 2008). Indeed, impaction colic is the most common type
of colic diagnosed in donkeys (Cox et al., 2009).
It is commonly accepted that dental prophylaxis in the equid may be beneficial, avoiding
development of more severe dental disorders and improving digestion (Ralston et al., 2001).
However, these disorders often go unnoticed until later stages, when more obvious signs of
pain or discomfort are expressed (Ashley et al., 2005). Previous studies showed that donkeys
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have a high pain threshold, with a great number suffering from asymptomatic orodental
disorders (du Toit and Dixon, 2012). A similar situation can be observed in horses, in spite of
their greater pain sensibility (Knottenbelt, 2005). The use of nociceptive tests in horses in
severe or acute pain demonstrated recognizable changes in behavior (van Loon, 2013).
The effects of dental treatment on feed digestibility, fecal particle size, or BCS have been
evaluated in horses (Carmalt et al., 2004, Carmalt and Allen, 2008; Zwirglmaier et al., 2011),
but less information appears to be available for donkeys. To the knowledge of the authors,
there are no published data regarding the use of nociceptive tests as indicators of oral
discomfort associated with dental disorders in donkeys and the correlation with variables
mentioned before. The objectives of this study were to evaluate the influence of dental
correction on nociceptive test responses, fecal appearance, BCS, and apparent digestibility
coefficient for DM in Zamorano-Leonés donkey, an endangered Spanish breed.

8.3. Material and methods
8.3.1. Animals and management

Eighteen Zamorano-Leonés donkeys between 5 and 12 years of age, managed as a single
group and housed on the same farm, were used in this study. Seventeen donkeys were jennies
and only 1 donkey was a jack.
The 18 donkeys were regularly dewormed and apparently healthy, with the owner not
reporting any abnormal behavior or detectable teeth-related symptoms and none of them had a
previous history of dental prophylaxis. This study was conducted between February and July
of 2012. All donkeys were kept under the same feeding and general management regimen
during the entire study period, and no changes were made to normal management. Donkeys
were fed a daily diet that consisted of 3 kg of mixed roughage and 4.5 kg of oat straw and
grass haylage (50:50 wt/wt), and were permanently kept in an outside paddock. The chemical
composition of feeds is presented in Table 8.1.
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Table 8.1: Chemical composition of feed samples used in the study.

DM, %
Chemical composition, % DM
OM
CP
NDF
ADF
ADL

Mixed roughage

Straw

Grass haylage

91.3

91.4

64.6

92.6
10.2
49.7
32.6
27.4

93.2
25.7
83.0
53.6
46.8

91.7
12.0
49.5
32.0
26.8

OM: Organic matter; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid
detergent lignin.

8.3.2. Extraoral physical examination

At the beginning of this study (d 1), all donkeys were submitted to a complete clinical
examination and BCS was assessed on a 1-to-5 scale, using half grades, according to
methodology proposed by the Donkey Sanctuary (Duncan and Hadrill, 2008).
Head conformation, shape, and symmetry were evaluated through a detailed examination
to look for gross abnormalities that may indicate the presence of orodental disorders. Three
different manual nociceptive tests were performed in all donkeys, based on behavioral
response to assess pain (van Loon, 2013). Tests included cheek pressure where pressure was
exerted bilaterally on the cheeks at the level of the maxillary cheek teeth by pressing the
cheek against the entire cheek teeth row, starting from the level of the medial canthus of the
eye and progressing rostrally over the masseter muscle to the level of the nasal notch.
According to Easley and Tremaine (2011), if the animal shows signs of discomfort by tossing
its head, it is most likely the result of pain from sharp cheek teeth enamel overgrowths that
can press the buccal mucosa. This clinical procedure also detects any other abnormal wear
patterns on the vestibular/rostral aspect of the upper cheek teeth (e.g., displaced teeth and
focal overgrowths) and may result in a similar reaction. Tongue/hyoid pressure is a test where
animals presenting ulcers or lacerations of the tongue, because of dental trauma at the back of
the mouth, will present signs of oral discomfort and excessive salivation (Greet and Ramzan,
2011). Even without soft tissues lesions, equids would show a positive response to pressure
tests and move the head apart if sharp cheek teeth enamel overgrowths are affecting the
mandibular cheek teeth rows or lingually displaced cheek teeth are present. Pressure was
exerted bilaterally on the intermandibular space, which pushes the root and body of tongue
dorsally, leading to a close contact between cheek teeth and lateral aspect of the tongue,
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promoted mainly by the transversal fungiform shape of the tongue of equids (Budras et al.,
2003). Temporomandibular joint pressure is where clinical signs of disease affecting the
temporomandibular joint include signs of pain during palpation of the joint (positive response
to pressure tests) or rostrocaudal and lateral manipulation of the mandible or both when
evaluating the range of mandible motion. Dental disorders in cheek teeth, but also in incisors,
can lead to abnormal prehension and mastication of feed and restricted free jaw excursion
(Schumacher, 2006). A simple descriptive scale (van Loon et al., 2010) was used to classify
pain in donkeys, in which 0 indicates a negative response to pressure with no evidence of
discomfort or pain, 1 indicates positive response to pressure with mild evidence of discomfort
or pain, 2 indicates positive response to pressure with moderate evidence of discomfort or
pain, and 3 indicates positive response to pressure with severe evidence of discomfort or pain.

8.3.3. Intraoral examination and dental treatment
An intraoral examination was performed by flushing the mouth (tap water + 0.2%
chlorhexidine), followed by a detailed examination of the oral cavity of unsedated donkeys,
using an incisor and Haussmann’s speculums, 3-watt cold light headlight, dental mirror, and,
when necessary, a cheek retractor and complete periodontal instrument set. All individual
relevant dental data were recorded (Table 8.2). The modified Triadan system for equine
dental nomenclature was used in this study (Floyd, 1991).
After completing the clinical and orodental examination, donkeys were divided into 2
homogeneous groups of 9 each, based on age, BCS, and dental findings. The treatment group
was assigned to go through dental equilibration and donkeys were treated conservatively,
balancing the mouth and restoring the physiological movement of the mandible without
affecting the rough occlusal surface of the cheek teeth. All unopposed teeth that were found to
be overgrown were mechanically reduced, using an electric rasp which restored correct
orthodontic forces in the mouth. The remaining 9 donkeys were left as an untreated group.
The extra oral physical examination, intraoral examination, and dental treatment were always
performed with unsedated donkeys.
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8.3.4. Study design, apparent DM digestibility, and fecal appearance

On d 1, 45, 90, and 135, BCS and nociceptive test responses were evaluated in all animals,
and feed samples were collected. Apparent digestibility coefficient for DM was estimated,
using ADL as an internal marker. Fecal samples were collected by grab sampling from all
donkeys for 3 consecutive days on all 4 periods of study. After collection, feed and fecal
samples were frozen at –70°C until further analysis.
Fecal samples were evaluated according to color (1 = soft brown, 2 = brown and 3 = dark
brown) and general appearance [1 = small compact feces (<3 cm), 2 = feces with normal
consistency and average size (>3 and <8 cm) and 3 = soft consistency and indistinct size
feces].

8.3.5. Statistical design

All statistical analyses were performed using SAS (2004). Descriptive statistics were used to
examine normality of distribution of data. The effect of dental treatment on apparent
digestibility coefficient for DM and fecal appearance was analyzed using Proc MIXED, with
a model considering type of treatment (treatment or control group), collection period (d 1, 45,
90, and 135), and their interaction as fixed effects.
The BCS data were normal and homogenous (P < 0.01) for the Kolmogorov-Smirnov test and
Levene statistic test. Body condition score data set could not be normalized nor the variances
equalized by transformation. Thus, differences between type of treatment (treatment or
control group) and among collection periods were analyzed using the nonparametric KruskalWallis test. Comparisons between treatments, as well as collection periods, were examined
using the Mann-Whitney U test.

8.4. Results
8.4.1. Oral and dental disorders

All 18 donkeys included in this clinical trial were diagnosed with developmental or acquired
oral and dental disorders, or both (Table 8.2). Craniofacial abnormalities were observed in
77.8% of the donkeys (85.7% with overjet, 7.1% with overjet with overbite, and 7.1% with
underjet). The presence of cheek teeth enamel overgrowths was observed in 100% of the
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donkeys and the presence of focal overgrowths in the 06s was observed in 66.67% of the
cases. Other orodental disorders diagnosed included ventral curvature (5.56%), supereruption/unopposed incisors (11.11%), diastemata (11.11%), small dental fractures (11.11%),
dental displacements (16.67%), complete cheek teeth overgrowth because of delayed eruption
of the ipsilateral opposite teeth (16.67%), presence of a remnant retained fragment (5.56%),
and cheek teeth related oral soft tissues injuries (11.11%).
Table 8.2: Orodental disorders diagnosed on d 1.

1

7

F

T

Craniofacial
abnormalities
Normal

2

7

F

T

Overjet

3

5

M

T

Overjet

4 arcades (2max+)

4

5

F

T

Normal

2 maxillary arcades

5

5

F

T

Underjet

6

10 F

T

Overjet

7

5

F

T

Overjet

8

7

F

T

Normal

4 arcades

9

5

F

T

Overjet

4 arcades

10

7

F

C

Normal

4 arcades (2max+)

11

11 F

C

2 maxillary arcades

12

12 F

C

13

8

C

Overjet
Overjet with
overbite
Overjet

DN A G Group

F

Incisors
disorders
Diastema IDS
101-201

Slight supereruption in 301,
401

102, 202 Dlab,
with slight supereruption.

CT enamel
overgrowths
4 arcades (2max+)

Focal
overgrowths
106, 206

4 arcades (2max+)

106, 206
106, 206

4 arcades

306, 406

4 arcades (2max+)

106, 206

4 arcades (2max+)

VC. Small
uncomplicated
fractures in 101
and 402.

Ulcers in the buccal
mucosa.
808 lateral retained
fragment (IDS 408-409)

4 arcades
4 arcades

106, 206

14

9

F

C

Overjet

15

5

F

C

Overjet

4 arcades (2max+)

106, 206

16

11 F

C

Overjet

4 arcades

106, 206

17

6

C

Overjet

4 arcades (2max+)

106, 206

F

Complete CT
overgrowths in 311, 411
Complete CT
overgrowths in 109,
209. Valve diastemata
in the IDS 306-307 and
408-409.
Ulcers in the buccal
mucosa
108 and 208 DP

106 (+), 206
(+)
106, 206

4 arcades

Other orodental
disorders

109 and 209 DP. 209
with slab fracture.

Complete CT
overgrowths in 110

Ulcer due to focal
overgrowth in 206.
DN - Donkey’s number; A - Age; G - Gender; T - Treatment; C - Control; F - Female (jennie); M - male (jack); IDS Interdental space; Dlab - Displaced labially; DP - Displaced palatally; CT - Cheek teeth; 2max + - Cheek teeth enamel
overgrowth more prominent in the maxillary arcades, when compared with the mandibular arcades; + - severe cases, when
compared with the other donkeys.
18

5

F

C

Overjet

4 arcades (+)
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8.4.2. Nociceptive tests

A progressive decrease in positive pain responses in the nociceptive tests was recorded in the
treated group (cheek and tongue/hyoid tests), mainly from d 1 up to d 90 (P < 0.01).
In the control group, no statistical variations were recorded during the study period.
In the temporomandibular joint test, only 1 donkey in the control group (donkey 12)
presented consistent signs of pain during palpation of the joint. The other animals remained
asymptomatic during the entire clinical trial.
Figure 8.1 presents the pain scale grades recorded in the three pressure tests in both groups
during the study period.

8.4.3. Body condition score and apparent DM digestibility

Results for BCS and apparent digestibility coefficient for DM are presented in Figure 8.2. No
differences between groups (treatment or control group) and no interaction between treatment
and time were observed for BCS. However, BCS was greater at d 90 (P < 0.05) than that
observed in d 1 or 45. There were differences among collection days (P < 0.05) on
digestibility coefficient for DM, but no differences (P < 0.13) were observed between
treatments. No differences in general fecal appearance were observed between groups or
collection day.

Figure 8.1: Nociceptive test pain responses for treatment (T) and control (Con) groups. TMJ =
temporomandibular joint. a,bWithin a nociceptive test pain response, means without a common letter differ (P <
0.05).
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Figure 8.2: Apparent digestibility coefficient (ADC) of DM (%) and BCS for control (Con) and treatment (T)
groups. a,b,cWithin a response criterion, means without a common letter differ (P < 0.05).

8.5. Discussion

The oral and dental disorders diagnosed in the intraoral examination were considered mild to
moderate. Nevertheless, the presence of overjet with overbite, unopposed teeth, diastemata, or
dental displacements may result in the development of more severe acquired conditions later
(Dacre, 2006), leading to complete blockage of the mandible, which can greatly affect correct
chewing movement and increase the possibility of soft tissue damage (Dixon and Dacre,
2005). The association between the increasing prevalence of acquired dental disorders and
age reported in donkeys in several clinical surveys also supports this theory (du Toit et al.,
2008a,b; 2009; Rodrigues et al., 2012).
Behavioral indicators have been used as guidance for detecting the presence of pain in
horses when diagnosing different clinical situations (Taylor et al., 2002; Price et al., 2003),
including head and dental pain (Easley and Tremaine, 2011). Nevertheless, several authors
indicated that these indicators are less satisfactory for donkeys, probably because of their
greater pain threshold or a more difficult interpretation of their subtle behavioral changes
(Ashley et al., 2005; du Toit and Dixon, 2012).
The nociceptive tests used in the present study to evaluate pain through behavior-based
assessment resulted in positive responses. All positive responses were confirmed during the
intraoral exam, with the presence of abnormal dental structures acting as an acute source of
pain and discomfort in the cheeks and tongue/hyoid tests. These results indicate that, in the
case of severe or acute pain, there is a positive response as described for horses (van Loon,
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2013). The only donkey reported with consistent positive response in the temporomandibular
joint pressure test (donkey 12) presented overjet with overbite and concomitant large focal
overgrowths in the maxillary 06s, presenting a restricted rostrocaudal range of motion of the
mandible (Schumacher, 2006). Although these results are too limited to make any definitive
conclusions, the positive response in this specific test appears to be a good predictor of more
severe, but not subtle, dental disorders.
The decrease of positive pain responses recorded in the treatment group and the unaltered
results in the control group support the theory that the abnormal dental structures were indeed
the main source of pain when in contact with the adjacent oral soft tissues.
Prior knowledge of the presence of abnormally sharp dental structures should determine
the way the mouth is opened during the intraoral exam. If the mouth is fully opened with the
speculum in place, the cheeks will be pushed tightly against the cheek teeth row, causing oral
discomfort and may lead to soft tissue damage in some extreme cases (Easley and Tremaine,
2011).
In animals with positive response to the temporomandibular joint tests, not only during
palpation of the joint but also during manipulation of the mandible, the mouth should be
opened gently and kept open for short periods of time to avoid further damage in the joint. In
the opinion of the authors, this procedure should be adopted in all cases to avoid iatrogenic
damage. All donkeys in the control group received dental treatment at the end of the study
because of welfare issues. The owner was aware of the dental condition and prognosis of his
animals, with an individual treatment plan being established.
None of the donkeys included in this study were working animals, but the vast majority of
the endangered Zamorano-Leonés donkeys still play an important role in agriculture, using
traditional halters with strangulating nosebands on a daily basis, which can cause cheek
compression against the cheek teeth rows. A similar situation reporting ulcers induced by
cheek teeth enamel overgrowths and focal overgrowths were reported by du Toit et al.
(2008a) in working donkeys in Mexico. According to the results found in the present study,
the use of nociceptive tests may help in diagnosing traumatic abnormal sharp dental
structures, which may be especially traumatic in working equids under similar circumstances.
Although not statistically different, there was an increase in the positive response from d
90 to 135 in 22.2% (2/9) of treated donkeys with the cheek pressure test. This may indicate
the need for regular intraoral examinations and, if needed, dental correction.
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Average digestibility values obtained in this study (47.1%) were within the range of values
obtained by other authors for donkeys with either alfalfa or oat straw (Cuddeford et al., 1995;
Pearson et al., 2001).
There is a general consensus concerning the greater ability of donkeys to digest feeds, in
general; fiber, in particular. In fact, Smith and Wood (2008) reported that feed requirements
of donkeys are generally lower than those of a similar-sized pony because of their greater
digestive efficiency. However, reasons for this greater efficiency are not fully understood.
There are no remarkable anatomical differences between the digestive tract of donkeys and
horses that can account for it (Smith and Wood, 2008). One way in which donkeys adapt to
high fiber diets, such as the one used in this study, is through the use of the full capacity of
their large intestine, so forage can be retained for longer, which can increase time for
digestion (Smith and Wood, 2008). In fact, anatomical features of the pelvic flexure are
known to be responsible for a selective retention of coarse particles (≥1 cm) in the cecum and
ventral colon, meaning that in these compartments, coarse particles are retained and liquid
and fine particles move on to the colon. This is known as the colonic separation mechanism
(Drogoul et al., 2000; Van Weyenberg et al., 2006). This will lead to an increased retention
time of greater feed particles.
When analyzing the variation of digestibility values, although there were no statistical
differences between treatments, the treated donkeys showed a greater increase in digestibility
values from d 1 to 90 than the control group in the same period. This is consistent with the
decrease observed in nociceptive test responses in the same period and group. In fact, several
authors reported that dental treatment improves digestibility values in horses (Gatta et al.,
1995, Pagliosa et al., 2006, Zwirglmaier et al., 2011). Healthy teeth have a high effect on
chewing efficiency, increasing mechanical breakdown of feeds (Carmalt and Allen, 2008;
Smith and Wood, 2008), and, thus, increasing digestive efficiency. The fact that there was a
decrease in nociceptive test responses in treated animals during this period apparently
indicates that the chewing movement was more comfortable in these animals, thus, potentially
indicating greater masticatory efficiency, which can lead to greater digestibility of the diet.
Also, dental correction has been related to a decrease in the incidence of impaction colic in
donkeys, probably because of the greater mechanical breakdown of feeds (Cox et al., 2007),
and this is an important issue when considering dental work in these animals.
Nevertheless, one cannot exclude the fact that there might have been a climate influence,
because the control group also showed a numeric increase in digestibility values from d 1 to

- 128 -

INFLUENCE OF DENTAL CORRECTION ON NOCICEPTIVE TESTS RESPONSE, FECAL APPEARANCE, BODY CONDITION
SCORE AND APPARENT DRY MATTER DIGESTIBILITY OF ZAMORANO- LEONÉS DONKEYS (EQUUS ASINUS)

45. Pearson et al. (2001) observed that seasonal effects may influence intake because of
photoperiod effects. Also, there was a decrease in digestibility observed from d 45 onward in
both groups.
Several authors report inconsistent fecal recovery when using ADL as a marker (Sales et
al., 2012). These authors also observed that, compared with total fecal collection, lignin
presented lower apparent digestibility coefficients in forage-only diets.
Results obtained for fecal macroscopic appearance did not show any variation throughout
the study period. This is consistent with findings by several authors. Using wire shivers to
evaluate fecal particle size, which can be a more objective method than that performed in this
study, Carmalt et al. (2004) and Zwirglmaier et al. (2011) were not able to find any
differences in fecal particle size after dental correction. A reduction in fecal particle size was
observed after dental correction in a study performed by Gatta et al. (1995). Nevertheless,
these authors diagnosed and treated highly severe dental disorders and this was not the case in
the present study. In this way, fecal particle size may be a helpful predictor of severe, but not
subtle, dental disorders, as referred by others (Zwirglmaier et al., 2011).
There was high heterogeneity in fecal particle size and general appearance. This has been
also described by other authors (Carmalt et al., 2004) who observed that variations in particle
size assessment are one of the reasons for the high variability observed on this issue among
studies.
Results for BCS were not consistent with those observed for the apparent digestibility
coefficient for DM. Although no significant variations were found between groups, there was
an increase in BCS from d 90 onward, despite the decrease in apparent digestibility
coefficient for DM observed in the same period. These results could probably be related to
seasonal changes in terms of body fat reserves and because of greater intakes than those
expected. In fact, equids are known to use these reserves to maintain body temperature during
winter time (Smith and Wood, 2008). This may have been the case in the beginning of the
study, i.e., early February, and, as temperature increased, environmental conditions improved
and the energetic cost for maintaining body temperature decreased (d 90 onward), leading to
an increase in BCS.
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8.6. Conclusion

There is some controversy regarding the clinical usefulness of regular dental floating in
apparently healthy horses (Carmalt et al., 2004, 2006). Nevertheless, results presented herein
indicate an influence of dental correction in both nociceptive test responses and diet
digestibility in donkeys. This was observed in donkeys that did not have any symptoms or
discomfort because of dental disease and still benefitted from dental correction. This study
highlights the importance of regular dental care in not only Zamorano-Leonés donkeys but
also the equid population, in general, to improve their welfare.
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GENERAL CONCLUSIONS AND FINAL REMARKS

The work developed under the scope of this Thesis allowed to obtain results that added
further and new insights concerning the prevalence and aetiopathogenesis of oral and dental
disease in donkeys, particularly in the endangered Mirandês and Zamorano-Leonés donkeys,
throughout a clear definition of those disorders, the application of systematic and
comprehensive clinical method and the use of ancillary diagnostics.
Specifically and as previously described throughout the different chapters of this
Thesis, the results obtained support several conclusions that are summarized in the following
paragraphs.
Concerning incisor disorders, this study appears to be the first one reporting specific
results of prevalence of oral and dental disease in donkeys. Healthy incisors are of major
importance, when pasture is one of the main sources of food, as observed in donkeys involved
in this study, but also before using a speculum in equids, considering that all pressure will be
held in these teeth and incisor occlusal problems will interfere with its correct use.
Regarding the high prevalence of dental disorders affecting the incisors recorded in
this study, a detailed examination of the incisors should be always considered and should be
given the same clinical importance as the cheek teeth, not only in these breeds but also in
other equids.
The even higher prevalence of oral and dental disorders recorded for cheek teeth
highlighted the importance of considering such pathology when assessing general donkey
welfare and preserving threatened genetic resources. Comparison of the prevalence and types
of dental disease found in these unique populations with previous equine and donkey studies
casts new light on the aetiopathogenesis of some of these disorders, including peripheral
caries and also highlights the importance of regular dental care in donkeys.
The definitive increasing prevalence age-related recorded in the vast majority of
dental disorders studied (incisors and cheek teeth), as well the presence of dental disorders
specific of group 2 (2.5 to 5 years old), clearly demonstrate the importance of establishing
early dental prophylaxis in equids, ensuring an early detection and treatment, avoiding its
development to more severe conditions and ending, in some extreme cases, in the complete
blockage of the chewing movement, being of long-term interest for donkey’s health.
Regarding the specific case of supernumerary teeth, this disorder should be considered
an unusual finding in donkeys, judging by the low prevalence recorded in this large study.
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The late eruption of supernumerary teeth described in this study led the author to
conclude that all teeth and interdental spaces must be systematically counted as part of a
detailed oral examination, even in donkeys that have undergone regular dental prophylaxis
since a young age, in order to avoid early misdiagnosis.
The presence of unerupted supernumerary teeth, only diagnosed radiographically,
suggests that radiography is therefore an essential diagnostic tool for the accurate diagnosis of
polyodontia.
The fact that 4 of the 18 donkeys diagnosed with polyodontia have a direct familial
relationship and presented the same type and location of supernumerary teeth may suggest
that polyodontia in equids may have a hereditary basis, but further investigation in this field is
required.
Even if only one case of Parotid duct lithiasis represents a very low number to draw
any kind of definitive conclusions, in this specific case the etiology was the entrance of a
cereal grain in the parotid duct, with the deposition of concentric layers of mineral deposition,
corroborating the presence of a foreign body as a predisposing cause.
Although described as a pathology mainly affecting older equids, in this case
sialolithiasis was diagnosed in a young adult donkey, proving that can affect at any age.
The use of a percutaneous approach to surgically remove the sialolith was effective,
even in field conditions, without any post-surgery complication recorded.
In the specific case of macroscopic focal gingival hyperplasia recorded in one case, it
is important to note that gingival hyperplasia and orodental tumors are uncommon in equids,
as the presence of shear mouth. However, it is very important not to forget that the complete
blockage of the mandible motion due to dental disorders can seriously affect the surrounding
soft tissues, as described in this case.
The histopathological characterization of the mass is crucial in order to establish a
definitive diagnosis and a treatment plan, as well as the continuous gradual correction in cases
of shear mouth, proved by the notorious reduction of the steeper angle after three dental
treatments into a more physiological angle.
The genetic study performed, in order to better understand the genetic basis of
craniofacial abnormalities in donkeys (mainly based on the fact that 49.25% of animals
involved in this study presented some degree of craniofacial abnormalities), was the first to
identify a sequence variant in Matrilin-1 gene in donkey, pointing to a decreased risk of the
AA and GA individuals to develop prognathism.
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GENERAL CONCLUSIONS AND FINAL REMARKS

This important achievement can contribute to the conservation and management of the
endangered breeds and the selection of animals for the breeding programs without phenotype
defects.
Small population size, loss of genetic variability and inbreeding may result in a far
higher phenotypic expression of deleterious recessive alelles within a population than would
normally be expected, somehow explaining the high prevalence of craniofacial abnormalities
observed in these endangered breeds.
Further studies involving a larger number of donkeys, should be developed in order to
better understand the whole role of Matrilin-1 and the mechanisms affected by its genetic
variations, corroborating these first results presented in this case-control study.
Regarding the importance and the influence of regular dental floating in apparently
healthy equids, there is some controversy regarding the clinical usefulness of such procedure.
The results presented in this study indicate an influence of dental correction in both
nociceptive tests responses and diet digestibility. This was observed in animals that did not
present any symptoms or discomfort due to dental disease, and still benefit from dental
correction, so regular dental examination should be performed in equids, providing or not
dental treatment, according to specific needs.

In conclusion, this large study highlighted the importance of regular dental care in
these endangered local breeds, but also draws attention to the importance of similar studies in
equids’ populations with the same status conservation, as well as in working equids
worldwide, in order to clearly evaluate the importance of dental disease on the health and
welfare of these animals.
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