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A STUDY ON GROSS ANATOMY OF EQUINE TEETH AND VALUES OF DIFFERENT MACROSCOPIC
CHARACTERISTICS OF INCISOR TEETH ON AGING THE HORSE
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At Dislerinin Anatomisi Ve Keseci (Insisiv) Dislerin Degigik Makroskobik Ozellikleri Ile Yas Tayininin
Giiveninirligi Uzerine Bir Cahgma

OZET

Bu galigmada atlann insisiv, kanin, premolar ve molar dislerin makroskobik ézellikleri ve fonksiyonlar gbzden
gecirildi. Siit dislerin ¢ikis ve dékiilme siireleri, kalic1 dislerin gikis siireleri ve asinmaya bagh olarak insisiv diglerde
meydana gelen makroskopik degisiklikler detayli olarak incelendi. Béylece, bu dzelliklerin atlarda yas tayininde kul-
lanilmasinin giivenirligi son zamanlarda bu alanda yayinlanan bilimsel ¢alismalarin 151g1 altinda tarugildi. Ayrica.
vazarlar 38 atin digleri iizerinde yaptiklan gesitli makroskopik incelemelerden elde ettikleri sonuglan ilgili konular
igerisinde belirtmislerdir.

Anahtar Kelimeler: At, Dis, Anatomi, Insisiv, Yag

SUMMARY

The present study reviewed gross anatomic features and functions of incisor, canine, premolar and molar teeth
of horses. Eruption and shedding times of deciduous, eruption times of permanent teeth, and development of various
wear related macroscopic features on incisor teeth have been cvaluated in detail. Thus, the reliability of these features
to estimate a horse age is discussed under the light of recently published paper on this particular area. In addition, the
present authors have noted the results of their examinations on the different macroscopic features of the eeth of 38
horses in related subjects.
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INTODUCTION

Equine mouth accommocates certain numbers of
tecth to carry out some functions including prehansion
and preparation of the food for digestion (15, 24).
These functions requires normal alignment of
individual tooth and dental arcade, healthy dental
structure and its related supporting structures. It is
highly important for a referral surgeon to have

deciduous and permanent teeth and various weur
characteristic of incisor tecth in detail, and discuss the
problem of the reliability of these characteristics
regarding to estimating the horse’s age.

Dental functions

comprehensive knowledge about the normal structures
of the tecth in order to determine dental related
disorders. In addilion (o the function of teeth in
digestion, the equine incisors have a long history of
being used for aging the horse (15). However, some
critical studies (22, 23, 27) have recently risen a
question on the value of traditional aging methods.
Therefore, the present paper will review the gross
anatomy, eruption and shedding times of the

Adult equine mouths have four types of teeth.
termed incisors, canines, premolars and molars, in a
rostro-caudal order. Each type the of tooth has certain
morphological characteristics and specific functions
which include the prehansion and preparation of tood
for digestion. Incisor tceth are specialised for the
prehension and cutting of food. The canine teeth are
for defense, for capture of prey by carnivores, and are
used for excavation by animal with tusks. The check
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teeth function as grinders for mastication (15, 24). In
addition, teeth are used for grooming and serve in
sexual dimorphism and mate selection (1, 15). The
horse is equipped with an efficient dental apparatus
for grazing and grinding food. Their prolonged

B

Figure 1. A photograph of 12 y.o. TB stallion shows that the
lower dental arcade is in semicircular appearance
and that the tecth forming the arcade have well-
formed cnamel spots (big arrow head) and
sccondary dentine (small arrow head) on their
occlusal surfaces. In addition, the shapes of the
occlusal surface (table) of individual teeth are

nearly clliptical.

Fig 2: A photograph ol 24 y.o. mare TB horses shows that
the lower dental arcade 1s less semicircular (more
shallow) than that of previous photograph and all
teeth forming the arcade contain the cnamel spots
(big wrrow head) and the sccondary dentine (small
arrow head) on their occlusal surface. The occlusal

wrfaces  (table) of individual teeth are almost

444

eruption and high crown characteristics compensate
for the high rate of wear, maintaining an elficient
dental arcade throughout the horse life.

triangular in shape.
Equine dental formula

The horse is diphyodonts, i.c. have two sets ol
teeth, termed temporary (deciduous, primary or milk)
and permanent (secondary) teeth (24). In foals the
deciduous teeth which consist of incisors and
premolars are ecrupted at birth or erupt shortly
afterwards. The deciduous teeth are replaced by the
larger permanent teeth, but in the horse the transverse
area of the deciduous cheek teeth is similar to that of
the adult, in contrast to brachyodont teeth (9).
Macroscopically, deciduous incisors are whiter and
contain wider and shallower infundibula than their
permanent successors, which usually erupt on their
lingual aspect. The dental formula of deciduous and
permanent teeth in horses are:

Deciduous teeth: 2 (Di 3/3, Dc 0/0, Dm 3/3)= 24

Permanent teeth: 2 (I 3/3, C 1/1, PM 3/3 or 4/3.
M 3/3)= 40 or 42 (23).

»
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Figure 3. This disgram shows the various anatomical
regions of the cquine incisor tooth on vertical
section, changes of the shape of its occlusal
surface and formation of some macroscopic

features with wear.

Incisors

Horses have 12 incisors in total, 6 in cach
arcade which are termed central, intermediate
(middle) and corner incisors and are shown
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numencally as T1(first), 12 (second), [3 (third). The
upper incisor leeth are embedded in the incisive
(premaxilla) bone and the lower incisors in the rostral
mandible.  Eruption and shedding  times of the
deciduous teeth and eruption times of their permanent
successors laken from several different sources are
secen in lable 1 which shows the presence of a non-
signilicant difference between results. Several critical
studies (22, 23. 27) published recently on estimating
the horse’s age show that the eruption of deciduous
and permancent teeth can be used to estimate the age of

horses up to 5 years old with a reasonable degree of
accuracy.

Figure 4. This pholograph taken from the lateral view of
the upper and lower incisor dental arcades of 13
y.o. TB stallion shows the presence of the hook
(arrow) on the upper corner incisor. Galveyne
groove (big arrow head) extends hall way down to
the length of clinical crown of the upper corner
incisors. Canine teeth and two extra rudimentary
incisors (small arrow head) are present. The
angle between upper and lower dental arcades is

naTow,

F.U.Saghk Bil.Dergist 1999, 13 (3)

Incisor teeth are curved convexly on their labial
aspect and uniformly taper in (rom the occlusal
surface toward the apex. A fully developed incisor
arcade in a young adult horse has an almost
semicircular appearance, which gradually becomes
more shallow with age due Lo alteration of tecth shape
caused by progressive wear (figs 1 and 2) (3, 24).

In addition to their eruption limes, equine
incisor teeth contain certain macroscopic features that
are related to wear, which have also been traditionally
utilised for estimating age (13). These structures are
the incisal cup (cup), enamel spot (mark), dental star.
hooks, presence and size of Galvayne's groove on the
upper corner incisors, the occlusal angle between the
upper and lower incisors and the shape of the occlusal
surface of lower incisors (figs 3 and 4). Disappearance
of the cup and enamel spot and appearance Llimes,
shape and location of the dental star with wear are
shown in tables 2 and 3, respectively . In this regard.
the disappearance of the cup, the occlusal angle
between the upper and lower incisors, the shape of
occlusal surfaces of lower incisors, and Galvayne's
eroove are considered as relatively reliable indicators
of age whilst the disappearance of the mark and the
presence of a notch in the caudal upper incisor are
unreliable features of age (22, 27). Variations in
incisal teeth appearance can also be due to individual
variation, environmental conditions, eruption times,
mineralisation rates, depth of enamel infundibulum.
amount of infundibular cement and the presence of

certain stereotypic behaviours such as crib-biting and
windsucking (11, 21, 22).

Shape of the incisor occlusal surface

The occlusal surface of incisors are clliptical in
recently erupted incisors, but with wear, they
successively become round, triangular and then oval in
shape (fig 3). These changes are more apparent in the
central (I1) and intermediate (12) than in the corner
(I3) incisors (22, 24). The variation of the shape of the
occlusal surface of equine incisors with wear can be
seen in table 4.
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Table 1. Reported eruption times of temporary and permanent equine incisors by different sources. (AAEP; American
Association of Equine Practitioners; [1, 2, 3: Incisors 1, 2, 3)

Sources of Information Temporary Incisors Permancnt Incisors

11 (days) 12 (weeks) I3 (mounts) Il (years) I3 (years) I3 (years)

Miller and Robertson (1952) 0-7 24 7-9 2.5 3.5 45
Goody (1983) 0-7 4-12 8-9 2.5 35 4.5
McMullan (1983) 1-8 4-8 6-9 2.5 35 4.5
Baker (1985) 0-7 4-6 6-9 2.5 35 4.5
Eisenmenger and Zetner (1983 0-a few 3-8 59 2.5-3 3.5 4.5
Beeman (1987) 0-7 4-6 6-9 2.5 3.5 45
Dyece et al (1987) 6 6 6 2.5-3 354 4.5
AAEP (1988) 0-7 4-6 69 2.5 35 45
Mueller (1991) 0-7 4-6 6-9 2.5 35 45
Richordson et al (1994) - - - 2.5 35 4.5
Ranges 0-8 3-12 5-9 2.5-3 3.5-4 4.5

Table 2. Reported horse ages for the disappearance of the cup and enamel ring in the lower incisors by difterent
studies. (AAEP: American Association of Equine Practitioners; 11, 2, 3: Incisors 1, 2, 3)

Sources of Information Worn-out-ages Worn-out-ages

of the cups of the enamel rings

11 (days) I2 (weeks) 7-9 (mounts) II (years) I3 (years) I3 (years)

Galvayne (1912) 7 8 9 - - -
Miller and Robertson (1952) 7 8 9 12 13 13
Del.ahunt and Habel (1965) 6 | 7 8 13 - 16
Tutt (1968) 6 7 8 . -
Goody (1983) 7 8 9 12 15 15
McMullan (1983) 7 8 9 15 15 715
Baker (1985) 6 7 8 12 13 15
Eisenmenger and Zetner (1985 6 7 8 - =
Dyce ¢t al (1987) 6 7 8 13 - 16
AAEP (1988) 7 7 8 12 13 13
Mueller (1991) 7 8 9 12 13 15
Richordson ct al (1994) 6-7 7 7-8
Range 6-7 7-10 7-10 12-15 13-15 13-16
46
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The Incisal cup

The infundibulum present in incisor teeth is
termed the incisal cup. This funncl like structure is
almost circular in shape and circa 10 mm deep when
the oth first erupts. This infundibulum is usually
incompletely filled with cement and consequently
become filled with decomposing food material and
therefore looks dark (12, 27) claimed that in the
mandibular arcade, the cups disappear by 6 years ol
age wn central, 7 years in intermediate and 8 years in
the corner incisors. The results of various studies seen
in wble 2 show marked differences between them.
However, critical studies including those of Walmsley
(27) and Richardson et al (22) have shown that cups
may disappear 1 or 2 years earlier than traditionally
expected.

Enamel spot

When the infundibulum is worn away, it leaves
behind a small, ring of infundibular enamel located on
the lingual aspect of the tooth which is called the
enamel spot (enamel ring or mark) (fig 3) (3, 27). Due
to the slower wear of enainel as compared to dentine,
the enamel spot is elevated above the occlusal surface
(fig 5). Many authors including Goody (13), Dyce et al
(10) and Mucller (21) stated that the enamel spot
disappears by 15 years of age (table 2). However,
Richardson ¢t al (22) found these structures absent in
a 9 year old horse, yet present in a 20 year old horse.

Fig 5: A photograph of 17 y.o. TB stallion shows that the
angle between the upper and lower incisor dental
arcades is much narrower than thal between the
upper and lower incisor dental arcades of the

previous photograph (fig 4).

F.U.Saghk Bil.Dergisi 1999, 13 (3).

Dental star

The dental star represents exposure of secondary
dentine within a former pulp cavity on the occlusal
surface of incisor teeth, It appears sequentially in the
central, middle and corner incisors between 6-14 years
of age. It first appears as a dark yellow transverse linc
(fig 5) on the labial aspcct of the cup, then with
further tooth wear it gradually becomes oval in shape
and moves toward the center of occlusal surface. [t has
a round appearance in horses between 10-15 years of
age (13).

Galvayne's groove

Galvayne's groove is a longitudinal depression
that appears on the labial aspect of the upper corner
(I1) incisors (fig 4) and has also been considered as an
useflul criterion for aging horses by Galvayne (12) who
reported that it first appears at the gingival margin at
10 years of age, extends about half way down the
clinical crown at 15 years, comes into wear at 20 ycars
of age and totally disappears by 30 ycars of age.
However, Richardson et al (22) observed that
Galvayne's groove extended three quarters ol the
length of the clinical crown in an 11 year old horse.
yet extended down only half of the length of the
clinical crown in a 20 years old horse.

Hook (Notch)

A hook, a localised overgrowth (lig 4), is often
recognised at the caudolabial aspect of the occlusal
surface of the upper corner incisor (13) at any time
after 6 years of age (21, 24). It is caused by incomplete
occlusal contact between the upper corner incisor with
its opposing lower tooth and is sometimes called a
“seven year notch” because it was traditionally
believed Lo appear at seven years of age (8, 13).

Canine teeth

Male horses normally have four canine teeth,
two maxillary and two mandibular, that erupt at 4-6
years of age in the interdental space (21, 24). They are
simple, pointed tecth with a caudal facing curve (ligs 4
and 6). There is no occlusal contact between the upper
and lower canines, with the upper ones heing located
more rostrally (2). Canine teeth are absent or are
rudimentary in female horses (24). Rudimentary ca-
nine teeth were found to present in 48 out of 173
marcs (27.8 %) by Colyer (7) and 3 out of 16 mares
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(20 %) and 17 out of 22 male (77 %) by the
present authors. Canine teeth can cause bit resentment
in riding horses if they fail or are delayed to erupt or
are dispositioned in the interdental spaces and need
extraction. In order 0 extract a canine tooth an
osteoplastic tlap is created first over its lateral aspecl
in a horse with general anesthesia and then the tooth
should only be withdrawn by a forceps when it is
completely loosened. The flap should be sutured in
place with simple interrupted fashion (17).

Figure 6: This diagram of the equine skull shows the
lateral view of the incisors (I), canine (C), wolfl
tecth (Wt), and cheek teeth (CT) in a rostro-
caudal order.The last four upper check teeth are
located in the rostral sinus (RS) and caudal sinus
(CS)

Molar and premolar teeth

One or both of the upper PM1 and less commonly, the
lower PM1 can also be present as the small, vestigial
‘woll teeth” (fig 6) with a reported incidence of these
eeth of 24.4% in females and 14.9% in males by
Colyer (7), in both sexes, of 13% by Baker (4) and of
31.9% by Wafa (26) and 22.7 % in male and 6.25 %
in female by the present authors. Normally, wolf teeth
Causc no problem, However, they can present
clinically significant problem if they arc delayed 1o
crupl. misplaced or are excessively large (5, 14). Wolf
teeth may be delayed in horses up o five years of age
and may appear 1 and 3 c¢m rostral and lateral to their
normal position (3). In these circumstances, wolf teeth
may cause mucosal irritation or ulceration and
interfere with the bit (5, 21). These misplaced or
impacted woll teeth can readily be corrected by
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extracting with a root elevator or Nathead screwdriver
due to their relatively short roots (5). Sedation and
local analgesia is required (21). The palatal artery is
located immediately medial to the wolf teeth. Care
should be taken not to damage it while extraction is
being taken place, otherwise an embarrassing
hemorrhage may follow. As the last three premolars
(PM2, 3 and 4) and the 3 molars (M1, 2 and 3) are
very similar in structure and appearance. they are all
commonly termed as cheek teeth. An adult equine
mouth normally contains 24 cheek teeth, forming four
rows of 6 teeth that are accommodated in the
maxillary and mandibular bones. Equine cheek teeth
contain multiple cusps as shown in figs 7 and 8 (19).
On transverse section, equine cheek teeth are
rectangular shaped, except the first and last, i.e. PM?2
and M3 which are somewhat triangular shaped (24).
Cheek teeth possess long crowns, most of which is
unerupted reserve crown that is embedded in the
alveolus and gingiva (fig 8). At eruption. cheek teeth
have no or relatively short true roots (enamel free), but
these develop and elongate with age (fig 8). The upper
cheek teeth have three roots and the lower cheek teeth
(except M3 which has three roots) POSSESS (WO rools,
one rostral and one caudal (3, 24).

T Caudal
Dentine l’ e
EE Cement L N
BN Pulp ogual

I Enamel
Figure 7: Transverse section of an upper PM4
showing dental cups. M1 (mesial infundibulum), CI (caudal
infundibulum), PE (peripheral enamel).

Dental eruption proceeds throughout the life ot
the equine tooth and normally growth rate corresponds
with tooth wear (attrition). Dental wear in horses and
zebras has been calculated as 2-3 mm per year (3, 10).
Therefore, since all permanent teeth come into wear
by 5 years of age, a horse's teeth should be fully worn
by 30-35 years of age (3).

Both the maxillary and mandibular cheek teeth form a
slightly curved row, with their concavity toward the
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buccal and lingual aspect respectively (24). The cheek
teeth are in very close contact at the occlusal surface
even though their reserve crowns and rools greally
diverge. Pressure from the caudally facing first cheek
leeth and the rostrally facing caudal cheek teeth
compress the 6 cheek teeth together and along with
the continuing deposition of coronal cement,
maintains this tight occlusal contact throughout life in
the normal horse (fig 6) (3, 9, 14).

Caudal

Dentine Lingual
&3 Cement
Hl Pulp
Hl Enamel
Figure 8: Transvers section of a lower PM4 showing

dental cups.

Upper Lower

- SP'""“, : 1 Dentine
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Figure 9: Appearence of ridges and depressions of
the occlusal surface in vertical sections of upper and lower
cheek teeth.

The caudal 3-4 cheek teeth are embedded in the rostral
and caudal maxillary sinuses and in the young horse
their large reserve crowns occupy a large part of these
sinuses (fig 8). With age and eruption of rzserve
crowns, the residual sinus cavities increase in volume,

F.U.Saglik Bil. Dergisi 1999, 13 (3),

This intimate relation between the cheek teeth and
sinuses can allow periapical infections of the caudal
cheek teeth (o cause maxillary sinus empyema.
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Figure 10: Vertical section of the horse head show
that the distance between the dental arcades of the upper
cheek teeth (a) is far bigger than that between the dental
arcades of the lower cheek teeth (b) (a>b). Moreover, the
width of the upper cheek teeth is greater than of the lower
cheek teeth.

Equine cheek teeth enamel have a number of
peripheral folds that extend the full crown length at
the buccal, lingual, and the two interdental contact
surfaces, with additional folds also present on the
occlusal surface. The upper cheek teeth have two deep
enamel invaginations termed the mesial (rostral) and
caudal (distal) infundibula, which can vary from vase
to funnel shape, depending on their vertical depths
into the teeth. These infundibula extend for almost the
full crown length and are usually incompletely tilled
with cement (fig 9) (3, 16, 24). The combination ol
wear resistant enamel with 2 adjacent softer dental
tissues (cement and dentine) gives rise a number of
ridges (styles) and depressions (grooves) on the
occlusal surface (fig 4) (3). Each row of cheek teeth
contains of a total of 10 ridges, two on the occlusal
surface of each tooth, except the first and last which
contain only one ridge (8). The ridges and grooves of
the upper and lower cheek teeth interdigitate when the
mouth is shut.

In normal horses the distance between the
maxillary rows is approximately 30% wider than that
between the mandibular rows, which is termed
anisognathia (tig 10) (21). Additionally, the maxillary
cheek teeth are wider than their lower counterparts.
Consequently, when the mouth is  closed,
approximately one-third of the occlusal surface of the
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upper cheek teeth are in contact with about halt of the
lower cheek teeth’s occlusal surface. There are also
differences between the maxillary and mandibular
teeth in  shape, number of pulp cavities and
corresponding dental stars. The maxillary cheek teeth
arc squarer and have 5 pulp cavities in contrast to
their lower counterparts which are more rectangular
and contain 2 main pulp cavities with 5-6 subdivisions
(figs 7 and 8) (17).

CONCLUSION

Adult equine mouths have four types of teeth,
lermed incisors, canines, premolars and molars, in a
rostro-caudal order. Each type of tooth has certain
morphological characleristics and specific functions.
Equine incisor teeth contain certain wear related
macroscopic features such as the incisal cup (cup),
enamel spot (mark), dental star, hooks and Galvayne's
aroove that have also been traditionally utilised for
estimating age with different degrees of reliability.
Equine mouth occasionally contains small, vestigial
‘wolf teeth® (PM1) and canine teeth which may
occasionally cause bit resentment in riding horses due
o delaying in eruplion, misplacement or being
excessively large and thus may need to be extracted in
a horse with general anesthesia.

Equine cheek teeth form 4 arcades whose
forming teeth are in close contact at the occlusal
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