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SUMMARY

The literature on the subject of equine dental disease has
been reviewed under three headings, namely, diseases of tooth
substance, diseases of the periodontium and clinical aspects of
dental disease. A description of the gross and microscopic
anatomy of the teeth has been given, in particular the structure
and function of the cheek teeth. It is emphasised that under
normal conditions the six teeth of each arcade function as a
single unit. With its reserve crown capacity and crown cementum
the horse has an efficient masticatory apparatus well suited to
its grazing habitat.

A survey of the incidence of equine dental disease was
made, using 446 skulls collected from abbatoirs and knacker
houses. The most common pathological conditions were periodontal
disecase and caries of cementum. The most severe forms of

periodontal discase were associated with increasing age and the
development of irregularities of wear of the dental arcades.
Caries of cementum was found only in the maxillary cheek teeth
and a study of cementogenesis in Thoroughbred foetuses suggested
that primary hypoplasia was a major aetiological factor in the:
development of this condition, while lysis of cementum by the

acid products of fermented foodstuffs was of secondary importance.
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Periapical infections were the most important clinical
dental disease_ treated in an equine referral clinic. It was
found that pulpitis may arise from caries of cementum in the
maxillary teeth. However, in both upper and lower jqws it was
concluded that problems of maleruption and the subsequent
formation of periapical cysts or granulomata were equally

important in the pathogenesis of periapical infections.
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GENERAL INTRODUCTION

Horses may be aged, with considerable accuracy, from a
detailed examination of the incisor teeth (Goubaux and Barrier,

1892; Huidekoper, 1903; Galvayne, op. cit.) In the past, sharp

trading sometimes involved altering the apparent age of a horse.
In one such practice, called 'bishoping', the incisor tables of
an aged horse were burned to give it a false infundibulum and
thereby ''reduce' its age. It was important, therefore, that
ageing was carried out by truly experienced and expert

veterinarians. In this modern era of consumer protection an
equivalent expertise is needed to offer sound opinions over the

sale and purchase of horses and ponies. Indeed it could be
argued that the saying "mever look a gift horse in the mouth"
is no longer good advice.

In a survey of the incidence of equine diseases the
British Equine Veterinary Association (1965) reported that
nearly ten per cent of the requests for veterinary attention
were for dental reasons. These were mainly requests for routine
rasping of the teeth and dental prophylaxis. Other workers
(Little, 1913; Harvey, 1920; Joest, 1926) have described
significant primary dental diseases of the horse but the
literature is, for the most part, concerned with aspects of

anatomy, dentistry and surgical techniques. ¥Few investigations



of the aetiology and pathogenesis of dental disease in the
horse have been recorded.

It was the aim of this study to review the literature
with respect to equine dental disease and to present data from

a dental disease survey.
From this survey the aetiology and histopathology of

some specific diseases have been studied and the results

correlated with, and confirmmed by, cases of clinical dental

disease examined and treated over a 12 year period.



REVIEW OF THE LITERATURE

INTRODUCTION

Becker (1962), in the revised edition of Joest's Handbook
of Special Pathology of Animals, has written extensively on the
subject of dental anatomy, physiology and pathology in domestic
animals. Much of this material is based on the studies of other
German workers and is particularly concerned with the horse
(Joest, 1915, 1922, 1926; Herzog, 1937: Kupfer, 1937; Leue, 1941;
Becker, 1945, 1954; Bodingbauer, 1948; Eisenmenger, 1959; Ger;s,
1962). Merillat's Animal Dentistry and Discases of the Mouth
(1921) gives a brief description of some aspects of dental
pathology and details techniques of dental surgery. In other
standard surgical texts (Dollar, 1912; Wooldridge, 1934;
Silbersiepe and Berge, 19543 Frank 1959; Skewes, 1962; Berge and
Westhues, 1965), emphasis is again placed upon aspects of gross
anatomy and descriptions of those operations that form the
backbone of the work of the equine dentist - namely the rasping
and extraction of tecth and the correction of abnormalities of
wear. Baker (1972) revised the work of Skewes and discussed the

aetiology and pathogenesis of both periodontal disease and dental

decay in the horse.

It will be convenient to review the literature under the
subheadings Discases of the Tooth Substance, Diseases of the

Periodontium and Clinical Aspects of Dental Disease.



A. DISEASES OF THE TOOTH SUBSTANCE

Dental caries is a disease of the calcified tissues of the
teeth, characterised by a demineralisation of the inorganic portion
and a destruction of the organic substance of the tooth. It i1is the

most prevalent chronic disease affecting the modern human race
(Shafer, Hine and Levy, 1963).

In ancient times dental caries was associated with the idea
of worms in or around the teeth. Jacques Houllier (1498-1563)
first cast doubt on the existence of worms but Gottfried Schultz
declared that the gastric juice from a pig would expel the worm;,
as large as an carthworm, from a decayed tooth. On the other hand
Gallen believed that dental caries was produced by an abnormal
condition of the blood which affected the internal structure of
the tooth  (Guerini, 1909, A History of Dentistry).

Leber and Rottenstein (1867) were among the first workers
to suggest that micro-organisms were associated with the production
of dental caries in man. Miller, working in Koch's laboratory in
1889, found that organisms from carious dentine produced lactic
acid when cultured with starch or with sugar, and from these
observations he formulated the chemico-parasitic theory of dental
caries. Miller's hypothesis may be stated briefly as follows:
"Dental decay is a chemico-parasitic process consisting of two

stages, the decalcification of enamel, which results in its total
destruction, and the decalcification of dentine as a preliminary
stage, followed by dissolution of the softened residue. The acid
which affects this primary decalcification is derived from the
farmentation of starches and sugar lodged in the retaining centres

of the teeth!. This theory has been accepted by the majority of



investigators in a form that is essentially unchanged since its
original formulation. The bulk of scientific evidence does
implicate carbohydrate, oral micro-organisms and acids.

In 1928 Bunting stated that there was a proven correlation
between dental caries and the acid producer Lactobacillus
acidophilus. Keyes (1960) demonstrated that, under laboratory
conditions, dental caries in hamsters and rats could be considered
to be an infectious and transmissible disease. Pure cultures of
streptococci. isolated from hamster caries would induce the
typical picture of active dental caries in other hamsters.
Confimmatory studies have been reported by Fitzgerald, Jordan and
Stanley (1960) who maintained gnotobiotic rats fed on a coarse
particle, high sugar diet, which in normal animals would produce
dental caries, without caries development until they were
inoculated with a single strain of oral streptococcus isolated
from a control rat on the same diet.

Cariogenic acid is produced beneath the mucobacterial layer
which forms on the surface of the tooth and is known as dental
plaque. By the use of antimony micro-electrodes to measure the pH
of dental plaque in situ, Stephan (1940) showed that the pH of
plaques varied from an average of about 7.l in caries free persons
to 5.5 in persons with extreme caries activity. He also showed
that after a rinse of 10% glucose or sucrose solution the pH in
dental plaque fell to between 4.5 and 5 within two to five
minutes, then gradually returned to the initial level within one

to two hours.

More recently work has been carried out on the proteolysis

of the organic constituents of the tooth substance which is thought



in some circumstances to initiate dental caries. Both Baumgartner
(1911) and Fleischmann (1914, 1921) demonstrated that micro-
organisms could invade the enamel lamellae and believed that acids

produced by these bacteria were capable of destroying the inorganic

portion of the enamel. Gottlieb (1944) and Gottlieb, Diamond and
Applebaum (1946) postulated that caries was essentially a
proteolytic process, in which the micro-organisms invaded and
destroyed the organic pathways, but they did admit that acid
formation accompanied the proteolysis. Pincus (1948) had a
somewhat different approach to the caries problem. He proposed
that Nasmyth's membrane and other enamel proteins are mucoproteins.
yielding sulphuric acid upon hydrolysis and he subsequently
isolated gram negative bacilli capable of producing the enzyme
sulphatase from the oral cavity. In an attempt to reconcile the

two chief theories concerning the aetiology of dental caries
Manley and Hardwick (1951) pointed out that whilst the acidogenic
and protecolytic mechanisms may be separate and distinct they may
also be synergistic. Many bacteria produce acid from an appropriate
carbohydrate and may even degrade protein in the absence of
carbohydrate. On this basis it has been proposed that there may be
two types of caries lesion. In one type micro-organisms invade the
enamel lamellae, attack the enamel and involve the dentine before
there is clinical evidence of caries. In the other, bacteria in
the dental plaque overlying the enamel form acids, which decalcify
the enamel prior to invasion by micro-organisms.
Schatz, Karson, Martin and Schatz (1957) proposed the

proteolysis-chelation theory of dental caries production. This

theory stated that the bacterial attack on enamel, initiated by



keratinolytic micro-organisms, caused a breakdown of the protein
and other organic components of the enamel, chiefly keratin.

In this way substances are produced which may form soluble
chelates with the mineralised component of the tooth and thereby
decalcify the enamel at a neutral or even alkaline pH: On the
other hand enamel contains other organic components besides
keratin such as mucopolysaccharides, lipid and citrate which may
be susceptible to bacterial attack and act as chelators. Such a
theory  resolved the argument as to whether the initial attack of
dental caries was on the organic or inorganic portion of the
enamel by stating that both may be attacked simultaneously.

Jenkins (1961) produced an excellent review of the
proteolysis~chelation theory of dental caries with a careful
review of supporting and contradicting evidence.

The use of a coarse particle, high sugar content diet will
produce dental caries in all laboratory animals and consequently
raybits, rats, hamsters and mice have been widely used in the
investigation of the aetiology and pathogenesis of dental caries.
Colyer (1931) published his observations on the examination of
specimens of teeth of animals from the wild state. Under such
conditions the incidence of caries was very low e.g. 1.40% in
Primates, 0.20% in Carnivora, 0.16% in Rodentia, 0.30% in
Ungulata, 0.13% in Marsupialia.

The incidence of dental caries in the domestic dog has been
reported to be 5% by Bodingbauer (1955) and 6% by Bell (1965).
Lewis (1965) showed that, under experimental conditions of
xerostomia, high carbohydrate diet and dental trauma, the

inoculation of lactobacillus cultures did not produce caries in



dogs' teeth. Gardner, Darke and Keary (1962) based their
explanation of the low incidence of naturally occurring dental
caries in the dog on three main factors. Firstly, with the
exception of the molar teeth, the anatomical form of the tooth in
the domestic dog is such that no fissures are presentilo trap
food, bacteria and debris. Secondly the salivary pH in dogs is
within the range 7.1 to 7.9 and thirdly the urea content of canine
saliva is much higher than in man. The latter two factors, that
is the higher pl and greater urea content, give canine saliva a
greater buffering power than human saliva and consequently the
effect of mouth acids is reduced.

In those dogs in which the disease has been reported the
tooth most frequently affected is the first maxillary molar. It
should be noted that this tooth is triangular in shape with a
central valley in the crown, which encourages the retention of
food material. To a lesser degree the second maxillary molar
tooth and the second and third mandibular molar teeth are also
involved.

In Merillat's text on animal dentistry (1921) a description
was given of the condition termed dental necrosis of herbivores.
Merillat used the synonyms alveolar periostitis, peridentitis,
pericementitis and pulpitis and noted that the term caries was

eronecous when applied to solipeds. He suggested that the entrance
of food into an imperfectly closed infundibulum was the cause of
more than 95% of the decayed molars of horses. He described a
sequence of events, beginning with pulpitis, induced by the entry
of food into the infundibulum and ending with self-extraction of

the affected tooth. Colyer (1931) and Silbesiepe and Berge (1954)



refer to this condition as caries, as it was a progressive
destruction of the tooth tissue brought about by micro-organisms.
In the opinion of Colyer the disease was initiated by the
accumulation and fermentation of carbohydrate food material in
the infundibulum. This author found that 13% of 184 ;kulla were
affected and that it was more common in the maxillary arcade, an
occlusal lesion of the first molar (i.e. fourth cheek tooth)
being seen most frequently. Honma, Yamakawa, Yamauchi and Hosoya
(1962) found an incidence of 100% in horses over 12 years of age.
Again the first maxillary molar tooth was most frequently affected,
but lesions were also found in the mandibular cheek teeth.

Hofmeyr (1960) suggested that the reason for the common
occurrence of caries in the cement lacuna of the first molar tooth
was that this tooth erupted long before the other teeth in the
upper buccal arcade and was therefore subjected to fermentation of
carbohydrate food material over a longer period of time.

According to Hofmeyr dental caries was almost never seen in the
incisors, but Lee (1968) described the presence of labial caries
in the central upper incisors in a 7 year old Apaloosa mare. It
was suggested that the lesion developed as a result.of high levels
of molasses in the diet.

Jubb and Kennedy (1970) stated that dental caries was common
in the horse and it may begin on the occlusal surface where there
is cement hypoplasia. However, they further commented that it was
more likely to develop on the approximated surfaces of adjacent
teeth and was always associated with periodontitis. According to
skewes (1962) there was considerable doubt that dental caries

existed in the horse and, in his opinion, if it did occur it was



secondary to alveolar periostitis. He preferred to use the temm
decayed teeth to describe destructive diseases of the tooth.

Joest and Becker (1962) described four forms of dental

caries in the horse. Firstly caries of cement from the occlusal
surface, secondly caries of the peripheral cement, thirdly caries
of root cement originating from purulent periodontitis and
fourthly caries from an open pulp cavity.

Baker (1970) noted that Goodall (1895) felt that erosion
of the cement lake was quite normal in horses, while caries did
not occur except in extreme old age. Consequently Baker suggested
that until further studies had been made of the histology and
pathogenesis of the lesion known as dental caries in the horse

that the term infundibular necrosis might be more appropriate.

B. DISEASES OF THE PERIODONTIUM

Discases of the periodontal structures have been known since
antiquity. Skulls of some ancient cave dwellers show evidence of
chronic periodontal disecase. An acute form, now known in man as
acute necrotizing gingivitis or Vincent's infection was reported
at least as early as 400 B.C. in soldiers of the Greek army of
Xenophon (Shafer, Hine and Levy, 1962).

Classification of various periodontal diseases is difficult
as in nearly every case the condition begins as a minor localised
disturbance which, unless adequately treated, gradually progressess
until the alveolar bone is resorbed and the tooth is exfoliated.
This means that a variety of aetiological stimuli may produce
identical pathological results. In other words the reaction that

occurs in the tissues supporting the teeth is usually a non-specific
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one and histological studies of the periodontium seldom indicate

the type of irritant causing the disease.
Colyer (1931) quoted the description of John Hunter on

periodontal pathology and recorded that the condition had been

variously designated Rigg's disease, pyorrhoea alveolaris,

alveolar osteitis and periodontal disease. Colyer felt that none
of these terms was really descriptive of the pathological process
and he proposed the use of the term Yparadontal disease'. This
term was introduced into the veterinary literature by Wright (1939)
and its use was continued by Shuttleworth (1948) and Hofmeyr (1960).
Baker (1970) reviewed the more recent literature and referring to
the classification of periodontal diseases as used in man concluded
that the generic term periodontal disease was most suitable.

The report of the committee on classification and nomenclature
of the American Academy of Periodontology in 1957 suggested that the
pathological involvement of periodontium may be grouped in the
following four. categories:-

l. Inflymmation (gingivitis, periodontitis).

2. Dystrophy (gingivosis, periodontosis)-.

3. Necoplasia-.

k. Anomalies.

~All four categories are known to occur in domestic animals
including the horse, but the literature is mostly occupied with
the first category i.e. inflammatory changes. However there has
been considerable confusion of temminology in the veterinary
literature and opinions have varied as to the aetiology and
pathogenesis of the condition. Periodontal inflammation has been

recognised for years as being extremely important in the horse.

11



Little (1913) reported that 'quidding'was a pathognomonic sign of
periodontal disease or alveolar periostitis. He observed that the
lesion started primarily in the spaces between the cheek teeth,
usually of the lower jaw, and that the molars were more often
affected that the premolars. Colyer (1931) examined.500 equine
skulls and in approximately one third of these he found evidence
of periodontal disease. He concluded that the lesion was
initiated by gingival trauma caused by coarse chaff feeding.
Pillers (1933) was of the opinion that it formed one of four
corner stones on which other diseases of the cart-horse were
built. Voss (1937) felt that infection of the periodontal
structures resulted from interference with salivation. He was of
the opinion that saliva washed and disinfected the teeth and that
irregular feeding resulted in a reduced salivary flow and
consequent devitalisation of the gingival epithelium.

Harvey (1920) thought that the deeper tissues of the
alveolar margin may be bruised by abnormal pressure during
mastication. He felt that the shedding of the first and second
temporary cheek teeth was a critical period in the pathogenesis of
the disease. He observed that the lesion often became quiescent
after this time only to develop in later years. Baker (1970)
reported a high incidence of inflammatory gum disease during the
period of eruption of the teeth (40% in horses 3-5 years of age)
followed by a reduction during subsequent years (14% in horses
5-10 years). After 15 years of age Baker found up to 60% of
horses suffered from some degree of periodontal disease.

Baker referred to work in other species which concluded that

dental work was necessary for the maintenance of the health of the

12



gingival mucosa. It has been shown conclusively in ferrets (King
1947) and dogs (Brown and Park, 1968) that the frictional force
associated with chewing hard substances was sufficient to keep the
teeth free of dental scale and the gums in a healthy state. Baker
therefore suggested that the peak incidences of‘perioé;ntal
disease in the horse were associated with other factors which
interfered with normal mastication. In young horses it was the
shedding of deciduous caps, while in older horses more severe
lesions and a greater incidence were associated with irregularities
of crown wear and other diseases of tooth substance. Leue (1941)
used a pen recording device attached to the muzzle of horses to
investigate the pattern of jaw movements during mastication
(molographs) in normal horses and in horses with dental disease.
It was found that the amplitude of the side to side movement of
the mandible within the maxilla was reduced with soft food-stuffs
and in cases of dental diseasec.

Mellanby (1952) found frank periodontal lesions in dogs on
diets deficient in Vitamin A, and Shuttleworth (1948) felt that
under some conditions of winter feeding avitaminosis A may be
instrumental in initiating degeneration of the oral mucosa in horses.

Tumours originating from dental tissue elements are rare in
animals. Ameloblastoma, a slow-growing epithelial tumour
resembling the developing enamel organ, is seen most frequently in
cattle (Joest, 1926). Complex dental tumours composed of more than
one tissue type have been described in the horse. Peter, Myers and
Ramsey (1968), Lingard and Crawford (1970) and Roberts, Groenendyk
and Kelly (1978) have all described ameloblastic odontomata or

calcified mixed odontogenic tumour consisting of odontogenic

13



epithelium and connective tissue in foals and yearlings. The
characteristic clinical signs are mandibular or maxillary swelling

with radiographic evidence of abnormal tooth development and a

calcified mass distorting the bones of the head. The diagnosis can

be confimed by histological examination and affords the

differential diagnosis from maxillary follicular cysts as desoribed

b

by Espersen (1962) and by Rubarth and Krook (1968).

C. CLINICAL ASPECTS OF DENTAL DISEASE

Much has been written of the importance of dental disorders
in causing unthriftiness and wasting in horses and comments have
been made upon the techniques of equine dentistry in correcting
these disorders. (Little, 1913; Merillat, 1921; Joest, 1926;
Pillers, 1933 and Shuttleworth,1948). It has also been recognised
that in many training yards routine dental prophylaxis is carried
out by non-veterinarians and consequently the modern equine
practitioner may not be as experienced in the art and science of
equine dentistry as was his predecessor (Cosgrove,1965). Baker
(1970) recommended the routine rasping of the dental arcades as
the only effective method available to maintain normal occlusal
contact and thereby preclude irregularities of wear and their
assocliated periodontal disease.

When discussing dental surgery in the horse Cook (1965)
classified three types of periapical abscess.

1. Mandibular root sepsis with mandibular sinus formation.

2. Sepsis around the roots of the first two maxillary
cheek teeth accompanied by maxillary osteitis and

ginus formation.

3. Infection of either of maxillary cheek teeth 3, L, 5 or

6 with concommitant maxillary sinus empyema.

14



Both Eisenmenger (1959) and Hofmeyr (1960) had stated that
sepsis around the first two maxillary teeth produced chronic
ossifying alveolar periostitis. Baker (1971) reviewed a series of
cases of dental root infection and described periodontal alveolar
and paranasal sinus changes associated with both acué; and chronic
pulpitis in the horse. He suggested that subclassifications as
proposed by Eisenmenger, Hofmeyr and Cook may be useful under
some circumstances, but that the pathogenesis of periapical
abscess formation was a non~specific reaction and the end result
e.g. mandibular sinus or maxillary sinus empyema was related to
the anatomical position of the tooth involved. The importance of
radiology in the clinical diagnosis of equine dental diseases

has been illustrated by Baker (1971) and Scott, Gallagher, Boles,

Beasley and Reed (1977). In particular it was shown that tooth

fragments could be left within the alveolus after dental extractions.

These fragments, under some circumstances, act as sequestra and
promote further sinus formations. Three such cases were described

by Scott et al. (1977) and Baker (1971) reported that 20 per cent

of horses undergoing tooth extractions required further surgery to
facilitate alveolar currettage.

The clinical signs of dental disease in the horse were
listed by Scott et al. (1977) as including -

l]. Difficulty in mastication.

2. Quidding i.e. dropping partially chewed food material

from the mouth.
3. Unthriftiness accompanied by abnormal mastication.
., Persistent sinus formation.

5. Maxillary sinus empyema with malodorous nasal discharge.

15

a —
o



6. Maxillary or mandibular enlargement.

7. Problems in bitting and riding the horse.

Burns (1969) described the characteristic lesions of dental
fluorosis as stain, abnormal wealr’ and various forms of dental

hypoplasia. In most cases such changes were irreversible.
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CHAPTER I

DENTAL ANATOMY OF THE HORSE

INTRODUCTION

Four tooth types can usually be distinguished in adult
mammals. These are, in cranio-caudal order the incisors, a
single canine followed by a series of premolars and finally a
molar series. In ecarly fossil mammals the number of teeth in
these various categories has varied widely with, quite often,
a greater total number than is seen in any living forms. The
primitive placentals, however, settled to a count in which there
were three incisors, one canine, four premolars and three molars
in each quadrant. Few mammals retain precisely that number
today (Romer 1962).

Incisor teeth, useful in nearly every mode of life are
retained in most mammalian groups. Various herbivores have

evolved specialised cropping methods in which the incisors are

modified or lost - an incisor mucosal pad replaces the upper
incisors in ruminants. The elephant's tusks are greatly
elongated upper incisors and rodents have developed a pair of
incisor chisels that grow continually throughout their life.

Canine teeth are prominent biting and piercing weapons

and as such are unique features of carnivores.
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The cheek teeth of carnivores are reduced in number but in
herbivores they have developed into an efficient grinding system
separated from the cropping incisors by a gap - the diastema.

The study of the history of the cheek teeth is the best

known feature of horse evolution and has been well documented

(Clarke 1880; Simpson 1951). The teecth of Equus caballus have
evolved into the structure and form they now have as a result of
changes in the environment of its early Eocene ancestor and in
particular in the change from a browsing animal to a grazing animal.
The Eocene ancestor of the family Equidae (Hzracotherium or
thiEEus) was a small (26") three toed animal with low crowned
(brachydont) cheek teeth made up of four premolars and three
molars. All the teeth had simple crown patterns and chewing
depended mainly on the three molar teeth. Subsequent changes in
the environment during the later Miocene period brought about a
rapid evolution of the teeth as a result of the survival of
favourable mutations. These changes were a modification of crown
pattern, an increase in height of the crown and the development of
cementum. What had been two open valleys on the teeth now became
deep, closcd pits and numerous wrinkles and spurs appeared on the

sides of the main crests. These changes were similar in both upper

and lower jaws, but the changes were less extreme in the lower teeth.

The process whereby the premolar teeth became anatomically
gimilar to the molar teeth is described as molarization. The
formation of high-crowned cheek teeth of Merychippus in the late
Miocene period was accompanied by the development of cementum. This
appeared on the outside of the enamel crown and developed to fill

all its valleys and in so doing protected the brittle enamel from

18
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cracking. In this way a permanently erupting cheek tooth was
formed with a crown height at least twice its width. Such a
tooth erupts at a rate equal to that of the rate of wear of the
crown by attrition.

DENTAL FORMULAE OF EQUUS CABALLUS

Deciduous | § C

Permanent I C

Lo wjw
=]= O]O

Eruption Times (After Sisson 1910)

A Deciduous 1st Incisor Birth or first week
ond Incisor Le6 weeks
3rd Incisor 6-9 months

1st Premolar
Birth or first
°’nd Premolar

two weeks

3rd Premolar

B Permanent 1st Incisor 2% years
2nd Incisor 3% years
3rd Incisor Ll years
Canine -5 years
lst Premolar 5-6 months
(Wolf tooth)
2nd Premolar 2% yvyears
jrd Premolar 3 years
ith Premolar 4 years
lst Molar 10-12 months
ond Molar 2 years
3rd Molar 31-4 years

19
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A number of standard variations in the dental formmula are
recognised. The canine teeth are absent or rudimentary in the
mare, thus reducing the total number of teeth found in mares by
four. It is usual to include the vestigial first premolar in

the upper jaw in the dental formula but it can also be found in

the lower jaw in some cases thus increasing the total number of

teeth by two.

MATERIALS AND METHODS

The gross morphology and anatomical relations of the teeth
of the horse were studied from both fresh and preserved specimens.

Reserve crown, roots and alveolar attachment were recorded from

sculpted and radiographed specimens.

Histological Methods

Individual teeth were isolated and transverse and vertical
sections made using a diamond-coated disc cutter (Cut and Grind).*
These sections were prepared by hand under a water spray from
fresh material.

Two mm.tpections were stored in 1l0% buffered formalin.
Decalcification was carried out in Cal=Ex and ethyl alcohol and
xylene used for dehydration. The tissues were embedded in wax and
12 p sections were prepared and stained with haematoxylin and eosin.

A limited number of ground transverse sections were prepared

using carborundum grinding pastes and a microtome knife sharpener.

W

N

Agate and General Stonecutters Ltd., London.




RESULTS AND DISCUSSION

(1) Gross Morphology

Incisor Teeth  There are six teeth in each jaw and they are

placed close together so that their labial edges almost form a

semi-circle. The occlusal surface has a deep enamel invagination,
the infundibulum, which is only partly filled with cementum. As
the teeth are worn a characteristic pattern forms in which the
infundibulum is surrounded by rings of enamel, dentine and
external enamel in a concentric pattern. Each incisor tooth
tapers regularly from a broad crown to a narrow root so that with
wear, as the mid-portion of the incisor is exposed, the two
diameters of cross-section are about equal. Observation of state
of eruption, table pattern and shape and the angle of incidence
are uscd as guides to the ageing of horses. With age the
infundibulum becomes smaller, it approaches the lingual border and
finally disappears. It persists for a longer period in the upper
incisors than in the lower ones because of its greater depth.

Its rate of disappecarance should not be relied upon too closely
when ageing horses. As the infundibqlum disappears a mark appears
on the labial aspect of the table of the incisor tooth, this mark

represents the arc of dentine formed to protect the pulp cavity
from exposure by attrition of the crown. The average iength of

, ¥
incisor teeth in a 6 year old horse in 7 cm.

Deciduous incisors are much smaller than permanent incisors

and have a distinct neck at the junction of the root and crown.

#_—__M_“

' All sizes stated are taken from the measurements of the teeth

of adult Thoroughbred horses.
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When viewed from the front the crown is shell shaped rather than

rectangular. The infundibulum is shallow.

Canine Tceth The stallion's canine teeth are simple (i.e. without

complex crown and cement) and are curved. The crown is compressed
and is smooth on the labial aspect but carries two ridges on its
lingual aspect. The upper canine is situated at the junction of
the premaxilla and maxilla whilst the lower canine is nearer the
corner incisor. No occlusal contact is made between the upper and
lower canines. These teeth do not exhibit continual eruption.
Check Teeth It is common in veterinary works to call all the
check teeth of the horse molar teeth since the premolars (with
the exception of the wolf tooth) do not differ materially from
the true molars (i.e. posterior cheek teeth - Brit. Med. Dict.)
in size or form. .In this account the term cheek teeth will be
used to include both premolars and molars and they will be
numbered 1-6 (i.e. cheek tooth 1 & PM2 and cheek tooth 4 = Ml).

‘ Tﬁe constant number of cheek teeth is 24 making four dental
arcades of 6 teeth in each. In addition the persistent wolf
tooth is commonly found in the upper jaw. At its maximum

development the crown of this tooth is small and irregularly

conical presenting some of the indication of enamel folding that
is s0 characteristic of the other cheek teeth of the horse. When
less developed the crown is generally a small and simple cone.

It is this latter pattern which is seen with the greatest

frequency.

Maxillary Cheek Teeth  With the exception of the first, each

tooth is in the shape of a slightly bent four-sided prism. The

first tooth is, however, three-~sided because its rostral border
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does not contact another tooth. The first tooth also differs
in the character of its buccal (or labial) surface: in the
second to the sixth tooth this surface carries a longitudinal
rounded ridge (cingulum) that separates two grooves, however in
the first tooth there are two such ridges, the anterior being
somewhat less prominent. The lingual surface of the crown of
cach tooth is marked by a longitudinal ridge that corresponds
in position to the groove and ridge of the chewing surface.

The occlusal surface is not positioned at right-angles to the
longitudinal or vertical plane of the tooth but is set somewhat
obliquely with the labial side of the maxillary cheek tooth
taller than the lingual side.

The unworn maxillary tooth presents a surface on which
there are two undulating and narrow ridges (styles) one lateral
and the other medial. On the anterior and lingual side of the
medial style there i1s an extra hillock. The central portion of
the .surface is indented by two depressions comparable to, but
much deeper than, the infundibula of the incisor teeth. When the
tecth have been subjected to wear the enamel clothing the ridges
is worn through and the underlying dentine appears on the surface.
The result is that after a time the chewling surface displays a
complicated pattern that may be likened to the outline of an
ornamental or ornate capital letter B, the upright stroke of

the B being on the lingual aspect. The brittle enamel is
supported by dentine internally, cementum within the enamel lakes
and a surround of peripheral cementum that fills in the spaces
between the teeth so that all 6 teeth function as a single unit -

the dental arcade (Figure 1). Each tooth is crossed by
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FIGURE 1: Relative positions of upper and lower dental arcades.
A. In central occlusal contact B. Left side contact.
(Modified and redrawn after Kupfer 1937).




transverse ridges so that the whole of the maxillary arcade seems

to consist of a serrated edge. The serrations are formed in such

a way that a valley is present at the interproximal* area of contact.
The true roots of the cheek teeth are short compared with the

total length of the teeth and are generally three in number. There

are two small lateral roots and one large medial root. If the

term ''crown!! is held to include all that part of the tooth on

hal "

which enamel is present then the teeth of the horse must be
described as having a considerable amount of their crown buried
beneath the gum. It is customary to refer to this portion of the

crown as the reserve crown and to confine the term root to that

area of the tooth that is comparatively short and enamel free.

i

As the toqth wears away the reserve crown is gradually exposed
and the roots lengthen. | N

The exposed crowns are in close contact forming a slightly
curved continuous row with the convexity on the buccal aspect.
| The embedded crowns vary in length and lie at a slight angle to
each other so that the emérging crowns fit close together to fom
the compact arcade mass. In tﬁé adult horse the first is directed
upward and slightly forward'and is 6.8 cm.-long, the second ié
vertical and 8.3 cm. long, the third and subsequent teeth incline
backwards to an increésing degree and are 9.0, 7.8, 8.7 and 7.6'cm.
long respectively.** The embédded portions of cheek teeth 3-6
occupy part of the paranasal maxillary sinuses. In-.younger ho;seé
thé position of the teeth relative to the sinuses changes because the

* interproximal = interdental.

** Cheek tooth measurements quoted are the average of the apex of
the root to the crown measurements taken from the rostral and
caudal roots.
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extent of the reserve crown and the caudo-rostral angle of
eruption of the teeth. This effectively reduces the size of
the rostral maxillary sinus.

Goodall (1895) illustrated these changes by describing the
position of a perpendicular line from the front of the orbit.
He found that in a 180 day foetus it bissects the molar arcade
between the last two deciduous cheek teeth, at birth it is
posterior to the 3rd cheek tooth, at 2 years it 1s posterior to
the 5th cheek tooth and subsequently the teeth move forward in
the mouth so that at 19 years this line crosses the arcade behind

the last cheek tooth.

Mandibular Cheek Teeth  These teeth are, on the whole, about as

long as the maxillary teeth but their transverse measurement is
much less and consequently they have an oblong instead of an
approximately squared chewing surface. On the labial aspect of
the first five teeth there is a longitudinal groove. The sixth
tooth has two longitudinal grooves on the labial aspect. The
lingual aspect 1s irregularly grooved longitudinally. The

exposed part of the crown is taller on the inner or 1inguai gside
with the result that as in the maxillary teeth the chewing surface

is set obliquely to the longitudinal plane of the tooth. The
pattern assumed by the worn occlusal surface on the mandibular
teeth is more simple than that of the maxillary teeth (Figure 2).

While there are two infundibula these are not closed on the lingual

gside until cementum has been extensively developed. The consequence
is that in the worn tooth the enamel fold lingual to each

infundibulum is incomplete. The occlusal surface is serrated in

a manner that presents a mirror image of the serrations of the



FIGURE 2: Occlusal surfaces of fourth cheek teeth.
A. Maxillary B. Mandibular.
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upper arcade. Each of the mandibular cheek teeth has two
relatively short roots with the exception of the last which
usually has three.

Each mandibular arcade is straighter than its maxillary
partner but they are similar in that the distance across the
mouth from the first teeth is narrower than between the sixth
teeth (Figure 1). In general the mandibular arcades are 30%
closer than the maxillary arcades so that the lingual margin of
the mandibular cheek teeth lie medial to the lingual aspect of
the maxillary cheek teeth.

The horse is therefore equipped with an efficient dental
apparatus for grazing and grinding food in which the hypsodont
nature of i1ts cheek teeth ensures that the arcades are maintained
throughout its life. The‘deposition of crown cementum and the

close apposition of individual teeth in each arcade gives a

grinding system which presents essentially one complex occlusal

gurface.

(2) Dental Histologz

Dentine Dentine is the major component of the tooth, it consists

of 72% inorganic material and 28% organic material. It is harder
than compact bone and in section it is seen to be formed of a mass

of fine canals or tubules -~ the dentinal tubes. Dentine
formation is cyclical and not regular so that in sections of a
fully developed tooth growth lines can be seen (Owen's lines).

Each tubule may be up to four microns in diameter with the
tubules of greater diameter forming peripheral rings conforming

to the intricate shape of the tooth within the peripheral enamel.
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In the peripheral layers of dentine the tubules may branch or
fuse together.

A process of the dentine-forming cell, the odontoblast,
occuplies each tubule. These processes are termed Tome's dentinal
fibres. A thin sheath (Neumann's sheath) surrounds each tubule
and because it contains less collagen than the intertubular
material produces a more refractive zone around each tubule when
examined by light microscopy. The remainder of the intertubular
matrix consists of a meshwork of collagen fibres embedded in a
calcified ground substance.

There are no nerve fibres or blood vessels within the
dentine. Sensations of touch, cold and pH changes1are conducted
by the Tome's dentinal fibres. Odontoblasts covering the pulp
cavity remain viable throughout life and respond to irritation by
producing layers of secondary dentine thus protecting the pulp
from exposure as a result of attrition.

Enamel The unique gross structure of the enamel pattern of the

tooth of the horse has been described previously (page 23).

Its microscopic appearance and chemical composition are

of a protein nature, the remainder being inorganic salt. Of the
inorganic material 90% is calcium phosphate.

Enamel consists of myriads of uniformly wide crystals of
hydroxyapatite packed into an organic matrix. A repetitive
pattern of change in the orientation of its constituent elements
is responsible for its division into so-called prisms and
interprismatic areas. The crystals of hydroxyapatite are formed
as an extra-cellular secretion from the ameloblast cell layer

(Fernhead 1960; Watson 1960). Each prism of enamel is formed



perpendicular to the surface of the dentine. Confirmation of the
pattern of crystallite orientation resulted from scanning

electron microscopy of developing teeth from mammals (Boyd 1967).

Enamel formation is completed prior to the eruption of the

tooth and at this stage the enamel anlage has a series of
integuments. HHuxley (1856) named these integuments Nasmyth's
membrane, in tribute to Nasmyth who described them in 1839 as the
persistent dental capsule (Dawes,Jenkins and Tonge 1963).

In the horse as the tooth remnants and the integuments of
embryological origin are worn away the enamel acquires secondary
cuticles as in other species. In animals with brachydont teeth
these cuticles are produced by a mucin plaque, food debris,
bacteria and calculus. In animals with hypsodont teeth the major
structure surrounding the exposed enamel is peripheral crown
cementum. In brachyont species cementum is confined to the
roots of the teecth.

Cementum  In chemical composition cementum is very similar to
bone being two thirds inorganic and one third organic material.
Its microscopic gstructure is also similar to compact bone having
an intercellular matrix or ground substance, canaliculi and cell
lacunae containing cementocytes structured to resemble an
haversian system. The matrix 1is ecosinophilic in nature. The
peripheral cementum is formed continuously from modified

odontoblasts -~ cementoblasts, within the alveolar periodontal

membrane. This cementum is nourished by blood vessels and

lymphatics within the periodontal membrane. The cementum within
the enamel invagination of the maxillary cheek teeth is deprived

of its blood supply at eruption and cannot receive material from



the pulp or dentine because of the impervious avascular nature
of the formed enamel and dentine. Sections of this cementum
therefore show empty cell lacunae and canaliculi which can

become packed with cellular material from the animals' food (Fig.3).

(3) Tooth Attachment

Each tooth is independently and firmly attached to the
alvecolar processes of the mandible and maxilla within an alveolus
(socket) that is formed from the connective tissue of the dental
sac and the surrounding bone of the jaw. The teeth are suspended
and attached by bundles of connective tissue fibres referred to
as the periodontal membrane or the periodontal ligament.

The arrangement of fibres in the periodontal ligament is
complex and dense bundles of collagen run in various directions
from the bone of the socket wall to the cementum covering the
roots and reserve crowns. The embedded portion of these fibres
are called Sharpey's fibres. The periodontal ligament contains
blébd vessels and nerves and the collagen bundles are arranged to
protect these vessels and those of the pulp from ischaemia that
might result from occlusal pressure. In this way the tooth is
suspended fimmly within the alveolus and at the same time is
permitted some slight movement within its alveolus (Fig. &)..

Because of the relative sizes of the teeth when compared with
the bone width of the mandible or maxilla there is only a thin
plate of bone covering the lateral aspects of the roots and
regerve crowns. In the boiled out skulls of young horses it is
common to see areas of apparent maxillary and mandibular porosis

over these arcas (Figure 5).
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FIGURE 3:

Maxillary enamel lake cementum.
Acellular cementum and debris
filled infundibulum.
Decalcified H and E x 55.
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FIGURE 4:

Decalcified H and E x 110.

x 250.

Periodontal fibres inserting into

High power of Figure 4.

bone and cementum.
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FIGURE 5

Maxillary porosis associated with tooth
eruption in a two year old pony.




The mucous membrane of the mouth covers the alveolar
processes externally. This covering, the gums, is composed of

dense fibrous tissue which is intimately connected with the

periosteum. The gums are covered by a smooth gtratified squamous
epithelium and have a few glands.. In addition they a;e relatively
insensitive and do not bleed easily (Baker, 1970). Extending from
the epithelial attachment of the gum to the crown of the tooth is
a free margin of gum enclosing the gingival crevice. This crevice
is continuous between adjacent teeth of the arcade, but is reduced
by the intimate contact of the teeth at the interproximal areas.
These arrangements are modified during the eruption of the
teeth. It is assumed that in the continually erupting teeth of

the horse that movement of the reserve crown is accommodated by

re-arrangement of the collagen bundles of the periodontal ligament.

CONCLUSIONS

The horse has evolved an efficient food grinding apparatus
and with the remainder of the alimentary canal is suited to a
life of almost continuous grazing nature. The lips are
prehensile and selective in grazing. The incisor teeth are an
efficient cutting apparatus and the modification of the cheek
teeth into a functionally single serrated arcade in each jaw.
Simpson (1951) showed that during the evolution of Equus caballus,
with an increase of size there is a cube factor in the increase
of food required, so that a doubling of height requires eight
times the food intake. The grindiné system of the cheek teeth
accommodates such an increase of food intake.

The effects of continuous grazing and mastication result



in dental attrition by the forces of wear and the development of
the hypsodont tooth with continuous eruption of reserve crown
maintains the functional integrity of each dental arcade.

Tyler (1972) observed that free-ranging New Forest ponies under
winter conditions almost all the daylight hours were.devoted to
grazing and browsing. At the same time the brittle nature of

the enamel of the tooth is protected by the surrounding dentine

and cementum.



CHAPTER II

DEVELOPMENTAL ANATOMY OF
EQUINE CHEEK TEETH

INTRODUCTION

Embryologically a tooth is a greatly modified connective
tissue papilla (mesoderm) that has undergone calcification into
dentine externally (Owen,1845), and is capped by a hard enamel
crust elaborated from the epidermis (ectodermm). There are no
significant differences between the development of the temporary
and the permanent teeth (Kupfer, 1937; Arey, 1965). A summary of
tooth development relative to its ectodermal and mesodermal

origin is shown in Tables 1 and 2.

The following description of the development of the cheek
teeth of the horse is based on the dissections.and histological

sections obtained from the deep-frozen skulls of aborted

Thoroughbred foetuses.

MATERIALS AND METHODS

The heads of 65 aborted Thoroughbred foetuses were
collected from the Equine Research Station, Balaton lodge,
Newmarket. The specimens were usually deep-frozen and conception

dates were known.
The mandibles were disarticulated and separated into

individual rami. Similarly the cranium was divided and the
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turbinates removed from the maxillae. Isolated jaws and teeth
were dissected, radiographed and sectioned.
Histological Methods

Vertical and transverse 10 P sections were prepared and
stained with haematoxylin and eosin. In specimens y&ﬁnger than
250 days gestation decalcification was not necessary and sections
were made using cryostat techniques. Older tooth follicles were

found to be difficult to section in this manner and decalcification

(as described in Chapter I) was necessary to prevent damaging the

microtome blade.

RESULTS AND DISCUSSION

(1) Early Tooth Buds

The earliest specimen examined was a foetus 112 days from
conception. At this stage the dental lamina was enveloped by the
gum and three distinct cyst-like structures in each mandible and
maxilla represented the developing tooth bud (Figure 6). Their
re}ative sizes indicate that it is the bud of the second premolar
that leads the development sequence. Within each tooth bud a

cupped enamel organ overlays the dental papilla (Figures 7a and 7b).

(2) Enamel Organ

The shape of any tooth at its stage of eruption is basically
controlled by the developmental folds that take place in the

enamel organ. The details of the folding of maxillary and
mandibular enamel organs of the horse were first detailed by

Kupfer (1937) in his study of tooth structure in horses and

donkeys.

In the series of specimens examined of foetal ages 112 days,

120 days, 134 days, 182 days, 200 days, 210 days, 250 days, 285 days,
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FIGURE ©: Radiograph of 120 day Thoroughbred
foetal maxilla and mandible showing
developing tooth buds.




FIGURE 7a: Cryostat section of maxillary

tooth bud from 120 day Thoroughbred

foetus.
H and E x 25.






300 days, 325 days, new born foals, weanlings and yearlings these

folds were found to be as follows.
Maxillary Teeth

The enamel organ at the initial cupping stage is a double
cupped structure. Both Kupfer (1937) and Espersen (1662)
indicated that it is initially a single cup which becomes changed
into a double cup by folding over twice from the occlusal surface.
These early folds were not seen in any specimens examined in this
series. By growth from the edges of the double cups these folds
are deepenéd.

At the same time folds form in the labial and lingual
surfaces. A single fold is formed on the lingual surface and a
double fold on the labial surface (Figure 8a).

Mandibular Teeth

In principle the mandibular enamel organs fold in the same
manner as those in the upper jaws. There are however important
distinctions which lead to the morphological differences in the
teeth of the upper and lower jaws that were described in Chapter I.

A double cup forms but the rate of growth is less on the
lingual edges and consequently the cup becomes split by infolds

on the lingual surfaces. As a result of invaginations on the

buccal surfaces double enamel folds are produced on this side
of the tooth (Figure 8b).

(3) Odantogeneﬂis and Qgelogeﬁesis

The inner enamel layer matures, firstly in the region of
the future crown, into tall columnar cells that are designated
ameloblasts. Individual ameloblasts are tall columnar cells with

an oval nucleus situated close to the basement membrane.

1




FIGURE 8a: Labial view of 280 day Thoroughbred foetal
maxillary (A) and mandibular (B) enamel anlages.

7 B

FIGURE 8b: Occlusal view of 8a.



The cells of the dental papilla, at their interface with the

inner enamel layer, develop into the dentine secreting cells, the
odontoblasts (Figure 9). Each odontoblast has a long cell body
extending through a terminal web into the odontoblast process
within the dentine itself. The ultrastructure of botL ameloblasts
and odontoblasts has been described by Weinstock and Leblond
(1974).

Odontoblasts may be separated from each other by clefts
containing collagen fibres and later, capillaries. Initially the.
odontoblasts are separated from the ameloblasts by only the
basement membranes. The odontoblasts deposit a collagen rich
material comprising fibrils, Korff's fibres (Korff 1904), which
become orientated perpendicular to the basement membrane (Figure 9).
Dentine that is formed is produced as a matrix (predentine) and is
calcified within 24 hours of its secretion. It is produced in
layers and the cytoplasmic processes of the odontoblasts become
trapped within the calcified matrix in canals known as dentinal
tubules. As further layers of dentine are secreted so the

odontoblasts are removed from their original position but maintain

their contact with the basement membrane by elongation of the
odontoblastic processes.

The first thin layer of dentine that is;prnduceﬁ appears to
be the stimulus for the ameloblasts to produce enamel. It forms
a poorly calcified matrix which later becomes almost totally
calcified. Enamel forms in rods that retain the shape of the cells

so that they are prismatic.

The detailed foldings of the enamel organ have been described

and this shape is maintained as dentine and enamel are deposited upon
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FIGURE 9a: Odontoblast and ameloblast layers.
Enlarged from 7a. x 550.

FIGURE 9b: Predentine separating odontoblast and
ameloblast layers. x 950.




the future crown down to the root. The first radiographic signs

of calcification within the tooth were seen at 120 days, and it
was concluded that it takes a total of 240 days for the completed
enamel anlage to form. The wave of formation and maturation of
the tooth buds of the permanent teeth is first seen a£'9.5 months
of foetal life. Calcification within the bud of the fourth cheek
tooth (M1l) is seen from 10 months foetal age, the maxillary bud
precedes the mandibular bud by up to 3 weeks. Subsequent enamel

anlages form in sequence, each taking 360 days to develop from bud
to eruption (Figures 10a and 1l0Ob).
(4) Cementogenesis

The mesenchymal tissue that surrounds the developing tooth
is continuous with that of the dental papilla and it differentiates

into connective tissue making up the dental sac. In the area of

the future root (see Eruption and Maturation) its inner cells
differentiate into cementoblasts and as the epithelial sheath
(ou?er-enamel cell layer) disintegrates these cells deposit root
cementum. These changes can be seen from 280 days of foetal life.
At an earlier stage, from 210 days foetal age, cellular
changes can be seen around the occlusal margins of the central
invaginations of the enamel anlage of the maxillary che;k teeth.
Cementoblasts arising from the mesenchymal cells of the dental
papilla break through the epithelial sheath and come to rest
beneath the ameloblast layer. In this way a collar of
cementoblasts forms within the enamel invagination (Figure 11).

These cells are nourished from the dental sac which develops

capillaries within the stratum reticulare. The gubermacular cord

and later the infundibulum are the remnants of this vascular
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FIGURE 10Oa: Radiograph of maxilla of three week old

Thoroughbred foal showing deciduous teeth
and M1 tooth bud.
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FIGURE 10Ob: Maxilla of 11 month old Thoroughbred foal.
Ml is now in wear and PM2 and M2 developing.
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FIGURE 11: Diagram of vertical section of enamel

lake of developing maxillary cheek tooth.




pathway into the enamel invagination that is closed at its apex.

By 280 days (9 month foetus) a discreet cement collar can
be seen within the anlage (Figure 12). Subsequently these areas
expand to fill the depths of each enamel invagination with
cementum (Figure 12a). At first the cement formed i; sponge or
coral-like in appearance but in a 7 day neonatal foal it can be
seen that the occlusal collar is formed of mature, dense cement.
In the central third of the invagination the cement retains its
coral-like appearance and the apex of the invagination is occupied
by vascular connective tissue with peripheral cement activity,

i.e. at eruption cementogenesis seems to be incomplete (Figure 13).
Cementogenesis in the mandibular teeth is initiated by a

similar differentiation of mesenchymal cells to form cementoblasts.
These come to rest beneath the ameloblast layer so that cement is
produced to fill the buccal and lingual invaginations of the
mandibular teeth. From 210 days cement is produced so that at
erpyption the occlusal surface and buccal and lingual surfaces are

covered with mature cementum.

This process of '"peripheral! cementum formation is also
seen in the maxillary teeth.

Esperson (1962) reported that the earliest signs of:
cementoblast activity within the enamel invaginationé were not
seen before 279 days. Figure 1l clearly shows active cementogenesis
at 240 days, and the first stage at which cementoblasts could be
recognised beneath the ameloblast layer was 210 days. Joest,
quoted by Becker (1962), recognised that some molar teeth may show
incomplete cementogenesis (cement hypoplasia) at eruption and

indicated that this could lead to dental decay or dental fracture
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FIGURE 1l2a: Cementoblast activity in ameloblast
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