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PREFACE AND ACKNOWLEDGEMENTS

First and foremost, disorders of the equine head and mouth, while of prime importance, have long been slighted or
ignored. Historically, some barbaric practices in equine dentistry have often added to disease processes and the suffering
of horses. Over the last century, human and veterinary medical practitioners have made dramatic improvements in both
understanding the causes of dental disease and its accurate diagnosis and treatment. More specifically, dedication of
those professionals interested in the field of equine dentistry has brought motivation and purpose to the creation of this
text. Its contents represent a single comprehensive source for the latest basic and advanced clinical research with
descriptions of new and innovative techniques to treat horses with dental and maxillofacial diseases.

This new text has been created to cover modern diagnostics, microbiology, cancer diagnosis and treatment, endodontic
and periodontic diagnoses and treatment, dental surgical techniques, and maxillofacial and sinus surgery. It is written
for and dedicated to veterinarians who are interested in practicing quality dentistry at all levels from students just
entering the field to residents and experienced practitioners desiring to provide the best dental care.

We have assimilated worldwide, knowledgeable contributors from private equine practice and academia that wish to
share their expertise with colleagues and students for “the good of the horse”. We are indeed grateful for the authors’
contributions. Thank you to those who have supported advancement in this field including the family and friends of the
editors and authors; faculty, staff, co-workers and students; and researchers who have been self-funded and funded
through grants and industry.

The editors use the philosophy “building on the past, perfecting the present, and improving the future”. May the process
continue--this is unfinished work.
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INTRODUCTION



CHAPTER 1

EQUINE DENTAL EVOLUTION

PENNILYN HIGGINS AND JACK EASLEY

The History of our Understanding of Equine Evolution

Today, the evolutionary history of the horse is showcased as among the best examples in support of the modern theory
of evolution. Using dental characteristics and some aspects of the structure of the limb, paleontologists have been able
to trace horse ancestry to small, fox-sized browsing mammals that arose not long after the extinction of the dinosaurs.
This understanding has developed over the last two centuries, beginning before the modern principles of evolution were
even understood.

Early Understandings

The study of horses and their distant ancestors (members of the Suborder Hippomorpha - horse-shaped animals) has
taken place over the last two centuries. Among the first members of this suborder to be described was Palaeotherium,
named and described in 1804 by Baron Georges Cuvier (1) from specimens collected near Paris, France. Cuvier is
regarded as the “Father of Paleontology” because of his contributions to establishing the science of paleontology in the
early 19th century.

In 1841, Sir Richard Owen (2) described and named the genus Hyracotherium based partly upon a skull and lower jaw
that contained teeth that were found in the London Clay (in England). At the time, Owen thought it may be a pachyderm
species (such as an elephant) and noted its similarity to the hyrax. Later in 1876, Othneil Charles Marsh (3) described a
complete skeleton from the Western part of North America and named it Eohippus. In 1932, Sir Clive Forster-Cooper
(4) noted that Eohippus and Hyracotherium were the same animal. Since Hyracotherium was named before Eohippus,
the name Eohippus is regarded as a junior synonym and is no longer used. However, many species formerly included
within Hyracotherium have been divided into new genera including Sifrhippus and a resurrected Eohippus (5).

In 1859, Charles Darwin published The Origin of the Species (6), initiating an intellectual confrontation between
evolutionists like Darwin and Thomas Huxley against those who believed in special creation of the species. Huxley later
promoted the idea that bones and teeth found in successive rock layers in the earth, provided a lineage illustrating
Darwin’s principles. Around this same time, the Russian paleontologist Vladimir Kowalevsky (7) recognized that
Hyracotherium belonged in the Family Equidae. Today, Hyracotherium is generally regarded as the earliest member of
the taxonomic family that includes modern horses, i.e. the Family Equidae.

In the mid-19th century Marsh, a professor from Yale University, paid bone collectors to send him fossils from the North
American West. Using these fossils, he was able to demonstrate that the center of early horse evolution had been in
North America, not Europe. He went on to publish his theories on the changes within the Equidae over geological
timespans, including their loss of toes, increase in height, and the increasing complexity of their grinding teeth (8, 9).

Modern Understanding

The evolution of the Equidae is now used as the classic example of macroevolution in textbooks. Factors such as
environmental change, competition for food, and predation are provided as driving forces resulting in a shift from a
small, fox-like forest-dwelling animal to the large and powerful plains animals we see today.

While this series of evolutionary changes are often presented in a linear fashion, new discoveries and continued research
show that horse evolution took many side branches that later became extinct, resulting in a family tree that is more bush-
shaped than ladder-shaped. However, today only one branch of that bush remains in the Genus Equus.

Origins of the Equidae

Modern horses find their origins in groups of mammals that bear little resemblance to today’s horses, zebras, and
donkeys. The ancestors of horses were as noted, small, fox-sized browsers which themselves were derived most likely
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from five-toed small ancestors that moved between rocks and bushes for food. Today in contrast, horses and their
relatives such as zebras, are fleet-footed inhabitants of open plains.

Origin of the Age of Mammals

The extinction of the dinosaurs at the end of the Mesozoic hastened the beginning of the “Age of Mammals”
approximately 66 million years ago. This boundary occurs between the latest Mesozoic Period, i.e., the Cretaceous
(abbreviated K), and the earliest Cenozoic Period, i.e., the Paleogene (abbreviated Pg), and is hence referred to as the
K-Pg boundary. The K-Pg boundary marked by the global iridium spike caused by the asteroid impact on Mexico’s
Yucatan peninsula, the same impact event that caused the major climatic changes that killed the dinosaurs.

bl

Despite the Mesozoic being called the “Age of Reptiles,” mammals had existed alongside (or under-foot) of the
dinosaurs for several million years. The late Cretaceous mammals, i.e. those that coexisted with dinosaurs, were typically
small animals with teeth specialized for insectivory (an insect diet). Dinosaurs occupied most of the ecological niches
at that time, especially those for medium and large-sized carnivores and herbivores. With the extinction of the dinosaurs,
mammals rapidly diversified to occupy the newly opened ecological niches. Within five million years of the extinction
of dinosaurs, mammals had evolved forms to occupy strict herbivore and carnivore diets. Some mammal forms appeared
that were adapted to living in trees. Some familiar groups including rodents (Rodentia), now appeared.

Origin of the Perissodactyla

For the first ten million years or so of the Cenozoic, during the Paleocene Epoch, mammals diversified, and some modern
mammalian orders appeared, including as noted rodents. But most mammals remained relatively small and belonged to
earlier more archaic (primitive) groups of mammals (such as the Condylarthra and the Creodonta) for whom the
relationships with modern mammalian orders remains unclear.

The Paleocene ended with a period of abrupt global warming which increased land temperatures as much as eight
degrees Celsius globally over the course of 10,000 years. The cause of this warming remains the focus of intense research
and is regarded as one of the best ‘fossil’ models for modern global climate change. Global temperatures dropped over
the next 200,000 years to their previous levels.

This episode of global warming is termed the Paleocene-Eocene Thermal Maximum (PETM) and is used to mark the
boundary between the Paleocene and Eocene epochs approximately 55 million years ago. This global event is significant
in the evolution of mammals because it was during this time that the modern orders Primates, Artiodactyla (even-toed
hoofed mammals), and Perissodactyla (odd-toed hoofed mammals) first appeared.

All members of the Order Perissodactyla share many skull and limb characteristics, the easiest to observe is that they
have hooves and an odd number of weight-bearing toes. This is termed “mesaxonic” meaning that the middle toe (digit
IIT) is the primary weight-bearing digit. In modern horses, the hoof is the only remaining visible digit. In rhinos and
tapirs, there are three hoofed toes, the middle toe being the dominant one.

The mesaxonic feature appeared in the earliest Eocene in related species that are often grouped into the genus
Hyracotherium, a small fox-sized mammal that probably browsed on low vegetation. From there, the members of the
Family Equidae evolved into larger, more cursorial (i.e. adapted for running), and grazing-specialized species and
eventually resulted in the familiar horse, a fleet-footed runner of open plains.

Diversification of the Equidae

For much of the evolutionary history of horses, they were small, multiple-toed, browsers, likely confined to more
forested and brushy habitats. Environmental pressures, many of which arose during the Miocene Epoch of the Cenozoic,
drove horses from covered woodlands into open plains. At the same time, horses experienced a dietary shift from
primarily browsing to grazing (Fig. 1.1). The shift in habitat and diet had profound effects on the body form of horses,
including a further decrease in size of the side toes, lengthening of the nose, and a trend toward taller teeth.



4 Chapter 1

Recent

Pleist.

|PIio
w

Miocene

N
(%]

w
(=)

|0Iigocene

w
(%1

N
S

S
vl

Eocene

w1
(=}

PETM

w1
v

| Paleocene
o)
S

65 K-Pg boundary

Figure 1.1. Phylogeny of horses. Silhouettes are the genera featured in Figures 1.2, 1.4 and 1.5. Adapted from (18).

The common hypothesis is that global cooling, along with the advent of open grasslands and more abrasive diets, resulted
in an adaptive advantage to horses with higher-crowned and flatter teeth. Parahippus was among the first horses to see
increases of tooth height relative to its anterior-posterior (mesial-distal) length, which became extreme in the subfamily
Equinae (including Equus [10]).

Modern Equids

All living members of the Family Equidae belong to a single genus, Equus. Three distinct clades (organisms united by
sharing a common ancestor) comprise the Genus Equus.

First, the “caballine horses” include all domesticated horses (E. ferus caballus) and the endangered Przewalski’s horse
(E. ferus przewalskii), the only population of truly wild horses on the planet. Zebras form the second clade, which
includes three species (E. zebra, E. quagga, E. grevyi) plus a number of subspecies and morphotypes. The third clade
are the wild asses, which includes the African wild ass (£. africanus) and its domestic form the donkey (E. africanus
asinus), the Asian wild asses (E. kiang and E. hemionus), the latter includes several recognized subspecies. The zebras
and wild asses are informally referred to as the “non-caballine horses.”

The extant diversity also includes hybrids, as the various species above are capable of interbreeding. These hybrids are
sterile with rare exceptions. The most common hybrid is the mule, a cross between a male donkey and a female horse.
The reciprocal hybrid (cross between a male horse and female donkey) is also possible and is called a hinny.

Orlando et al (11) studied 560—780-thousand-year-old horse remains to investigate the timing of the divergences among
these three clades. Their results suggest that the last common ancestor of modern horses, donkeys, and zebras existed
4.0-4.5 million years ago (11). Further, their study suggests that Przewalski’s horse diverged from the lineage that led
to domesticated horses 38—72 thousand years ago, with no apparent cross breeding since this divergence.

Domestication of Horses

It is thought that the Enelothic (approximately Copper Age, 4th millennium BC) Botai culture of central Asia was the
first to domesticate horses from Przewalski’s horses. Ancient genomes of Botai horses and Przewalski’s horses suggest
that Przewalski’s horses may be a feral remnant of domesticated Botai horses (12). However, Boyd et al. (13) suggest
that the genetic results do not support this conclusion and it remains unclear whether Przewalski’s horse remains the
only surviving truly wild caballine horses living today.
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Evolutionary trends from the origins of the Perissodactyla to Equus

Fossils provide a record of the evolutionary changes that occurred as small, multi-toed condylarths (an extinct order of
early ungulates) evolved into modern horses. Much of the change occurred during the Miocene as horses diversified and
dispersed globally as grasslands and plains opened up.

Three major trends occurred leading to the features we recognize today as unique to horses.

1) Toes were lost and legs lengthened as horses evolved for swift locomotion in open environments.

2) Teeth became tall and flat, an adaptation for extended mastication of abrasive and low-energy foodstuffs like
grass.

3) The skull lengthened and jaws deepened to accommodate taller, broader teeth and also to lift the eyes away from
the ground to allow the horse to observe its surroundings while grazing.

Limb Structure

The evolutionary history of the Family Equidae is marked by limb elongation and digit reduction, representing a shift
from smaller mammals browsing in a more closed undergrowth beneath a forest canopy (an understory) environment to
larger running mammals preferring open grasslands. Early members of the Equidae, such as Hyracotherium, possessed
four digits on the front limb and three on the rear limb (Fig. 1.2). These limbs were mesaxonic, with digit III bearing
most of the weight through the limb. All members of the Equidae possess this characteristic to the extreme of the modern
horse which bears its weight on only one toe, i.e. that of digit III. The three-toed foot (tridactyl) with an enlarged middle
toe and two smaller hoofed toes on each side characterize much of equid history between the most primitive equids and
modern members of the Tribe Equini. Tridactyl equids radiated globally from their origins in North America filling
mostly browsing niches throughout the old world.

Phenacodus Hyracotherium Mesohippus Archaeohippus Merychippus Modern
Figure 1.2. Evolutionary trends in the forelimbs of horses.
It was during the Miocene Epoch (approximately 23 - 5.3 Ma) that horse limbs made the greatest shift from the shorter
limbs of a browsing mammal to the long slender limbs we associate with horses today. Limbs were simplified and joint

motions limited to flexion and extension as an adaption to cursoriality (running) in more open environments. A reduction
of toe numbers and limitation of motion stabilized the limbs.

At around 18 Ma, Merychippus appears in the fossil record, representing the first horse species that is readily
recognizable as a type of horse, including greatly reduced lateral toes, elongated limbs adapted for running, and taller
teeth approaching hypsodont proportions (see discussion on tooth structure) with complex enamel patterns, more similar
to those of modern horses than to their ancestors.

By 9 Ma, all equid taxa bore the limb structure of cursorial (running) mammals, the browsing short-limbed forms having
disappeared. Equus originated in North America at about 4.5 Ma (Pliocene Epoch) and subsequently dispersed to the
Old World, likely across the Bering Land Bridge between today’s Alaska and Siberia.



6 Chapter 1

Tooth structure and function

The teeth of all placental mammals are derived from the primitive tribosphenic molar (Fig. 1.3). Structures have similar
names where “cone” is used to indicate a cusp or point, “conule” denotes a smaller cusp, “crista” is a simple ridge, and
“loph” is a complex ridge formed between cusps as enamel is worn away and the dentine interior of the tooth is exposed.
In general, the structures in maxillary and mandibular molars are given similar names, but the suffix -id is added to the
name of structures in mandibular molars.

Figure 1.3. Terminology for describing structures of the occlusal surface of molars for generalized mammal teeth (tribosphenic
molars) and for modern horses. Gray circles denote the location of the primary cusps of the tribosphenic molar.

In general terms, the tribosphenic molars are composed of a triangle of three cusps. In the maxillary molars, the apex of
the triangle (the protocone) points toward the tongue, and the flat base (with the paracone toward the front of the mouth
and metacone toward the back of the mouth) lies along the cheeks. The apex of the triangle of the mandibular molars
(protoconid) rests against the inside of the cheek and the paraconid and metaconid (mesial and distal, respectively), form
the base of the triangle against the tongue. This basic triangle is called the trigon in the maxillary molar and trigonid in
the mandibular molar.

Distal to the trigon (or trigonid), on the same side of the tooth as the protocone (protoconid) is the hypocone (hypoconid)
which outlines a basin or shelf called the talon (talonid). The protocone of the maxillary tooth fits into the talonid of the
mandibular tooth creating a shearing surface between the trigon and trigonid unique to the tribosphenic condition (molars
of an insectivorous animal).

Figure 1.4 illustrates the evolutionary sequence for equine teeth from the primitive tribosphenic condition to the teeth
of modern horses. The Family Equidae likely evolved from a more primitive group of extinct ungulates called the
condylarths. In particular, members of the condylarth Family Phenacodontidae are thought to be likely ancestors of the
early equid Hyracotherium. Both the phenacodontid Tetraclaenodon and Hyracotherium possess an easily recognized
tribosphenic form. However, Hyracotherium shows early development of the ridges joining cusps that later become the
important grinding lophs (i.e., protoloph and metaloph) of modern horses.

































