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SUMMARY

In the young animals the roots of the deciduous and permanent upper
cheek teeth are opened and semicylindrical in shape. As the animals
advance in age the apical foramen becomes narrow, till it could not be
distinguished in older ones. The upper cheek tooth begins as short bud
which is occupied mostly by two wide canals separating by thin septum.
Every canal terminates at each bud end by an opening. With advancing
age the bud increases in size, the canals and their openings become
narrow. Then after the openings are closed. These canals represent the
future infundibula. The deciduous and permanent upper cheek teeth
contain two infundibula. The presence and size of the infundibula vary in
the different ages. There is a relation between the postnatal development
of the upper cheek teeth and the maxillary sinus on one hand and the
position of the infraorbital canal on the other hand. The number of the
cement areas on the occlusal surface depends upon the age of the donkey.
In general the morphological features of P2 in the deciduous and
permanent cheek teeth differs than that of the other teeth. The
morphometrical study indicates that P4 js the longest permanent upper
cheek teeth in the period from 4 to 15 years old, it is followed by P3, Up
to 4 years old the ratio between the length of the root and the
corresponding body increases with advancing age. In the old donkeys the
bodies of the cheek teeth are represented by exposed crowns.

Key words: Upper cheek teeth in postnatal donkeys.
INTRODUCTION

The teeth are the principal organs of mastication (Nickel,
Schummer and Seiferle, 1973).  Equine practitioners should be
knowledgeable of dental anatomy (Lowder and Mueller, 1998). Extensive
studies had been done on the anatomy of the teeth of the horse (Berg,
1973; Bone, 1979; Delahunta and Habel, 1986 as well as Milles and
Grigson, 1990). Yet few informations were recorded concerning the teeth
in donkey. Therefore, the aim of this investigation is to give more
informations about the morphological features of the deciduous and
permanent upper cheek teeth of the latter animal in the postnatal period.
In addition to throw a light on the relation of these teeth with the
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maxillary sinus and the infraorbital canal, also to determine different
measurements on the upper cheek teeth during this developmental period.

MATERIAL and METHODS

This study was conducted on the upper cheek teeth of forty upper
jaws of donkeys (Equus asinus) which were of both sexes and aged from
L5 months to 15 years old. Lateromedial radiographs of the upper jaws
were made. The relation of the upper cheek teeth with the maxillary sinus
and the infraorbital canal was studied. Then the teeth were removed to
describe the morphological features concerning with the buccal, lingual,
contact -and occlusal surfaces as well as the roots. The different
measurements of the upper cheek teeth were obtained using Precision
Digital Verner Caliper. The thickness and breadth were measured only at
the middle in case of the buds

RESULTS

Maorphalogical observations:

At 1.5 months of age the upper cheek teeth {Fig 1) are represented
by three deciduous premolars (P2, P3, P4} and the bud of the first molar
(M1). The premolars have large bodies and three short roots, two fateral
and one medial. The rostral lateral root is the lonigest followed by the
caudal lateral then the medial one which is the broadest. The raots are
generally directed dorsally and incline somewhat rostrally, caudally and
medially respectively. They are opened and semicylindrical in shape.

The buccal surface of the deciduous premolars except P2 has two
longitudinal ridges (Fig.1). The rostral ridge extends to the rostral lateral
root, while the caudal one extends to the caudal lateral root. The ridges
are alternated by two shaliow grooves. P2 has also two ridges dividing
the buccal surface into three shaliow grooves. The lingual surface of the
premolars except P2 has a large longitudinal coliumn which extends to the
medial root. It separates two nearly equal depressions, rostral and caudal
P2 has two columns separating three depressions. The contact surfaces
are smooth and flat except the mesial contact surface of P2 is represented
by narrow smooth edge
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The occlusal surface of the deciduous premolars is rectangular but
that of the P2 is triangular with its apex directed rostrally. This surface is
uneven and contains two infundibula. rostral and caudal. The enamel
crests of the infundibula are white in colour In all premolars except P2
the occlusal surface contains 4 cement areas, 2 lateral and 2 medial. The
rostromedial one is the largest P2 contains an additional rostral cement
area.

The first molar is represented by a relatively long, light and straight
bud (Fig. 1). It is surrounded by thin outer and inner layers of enamel.
The bud 15 occupied mostly by two canals extending along its length
Every canal terminates at each bud end by a wide opening (Fig 2). The
two canals are separated by a longitudinal thin septum. The buccal edge
of the occlusal surface is blunt and higher than the lingual edge. The
buccal surface of the bud contains three longitudinal ridges extend along
its whole length and separate two shallow grooves The lingual surface
contains well distinct column. The ridges and column of the previous
surfaces are formed due to the folding of the outer enamel layer. The
contact surfaces are smooth, the distal one has longitudinal groove.

At 7 months of age the general arrangement of the upper cheek
teeth is similar to the preceeding age. moreover M2 is represented by a
short bud In addition, at © of months (Fig. 4) M1 begins to erupt and
the bud of M2 is still nonerupted At these ages the deciduous premolars
become thicker, broader and the body shorter as well as the roots longer
than at 1.5 months The occlusal surface is characterized by three
grooves scparated by two transverse nidges. The middle groove is the
deepest one. The buccal edge of the acclusal surface is slightly higher
than the lingual edge

At 9 months M| becomes longer, heavier and curved along its
length. The septum between the two canals is thick distally but is still thin
proximally The canals and their openings at the occlusal surface are
narrow (Fig. 3) but at the apical end are relatively wide. The M2 bud is
short and has the same morphological features of M1 bud at 1 § months,
except that the former bud is lighter and the openings of the canals are
wider.

At 12 months the buds of the permanent premolars were
demonstrated overlying the corresponding deciduous ones The M2 bud
becomes longer and heavier than the preceeding age. The infundibula of
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P4 and the rostral infundibulum of P3 are indistinet and represented by
dark spots (Fig. 5). The rostral and the rostromedial cement areas are
continuous with each other in P2, The occlusal surface of M1 does not
completely erupted. It contains the beginning of two lateral cement areas,
which are fight brown in colour and slit like. The openings of the canals
which are described in the previous ages are closed. These canals
represent the future infundibula,

At 15 months the upper cheek teeth (Fig. 6) are represented by
small sized deciduous premolars with relatively large overlying buds of
their permanent teeth. In addition to long heavy M1 and just erupted M2
The body of the deciduous premolars becomes shorter than the previous
ages (Fig. 7), therefore ihey are represented by a short exposed crown
and a relatively long roots. The roots of the deciduous premolars are
diverged due to the invagination of the corresponding permanent buds
between them Moreover. the apical ends of these roots are destroyed
and the apical foramens could not he distinguished. The ridges, columns
and grooves on the buceal and lingual surfaces of the premolars could not
be observed.

The buccal and lingual edges of the acclusal surface of the
deciduous premolars have nearly the same height. The transverse graoves
are shallow. The occlusal surface of P2 contains only one infundibu]um
which is represented by dark spot, The cement areas become large and
deep in all decidunus premolars except P2 where all the cement areas
except the caudomedial one are continous with each other. The M1 is
long curved tooth. Its occlusal surface has two infundibuta and five
cement areas. The outline of the apical end is square in shape. The just
erupted M2 has the same morphological characters as M1 at 12 months
of age.

At 4 years of age (Fig. 8) the upper cheek teeth are permanent, they
are tong curved teeth with convexity directed laterally. They have a long
body and very short roots except M3 remains without roots. There are
three roots, two small lateral and one large medial. The roots are opened.
The buccal surface of the permanent upper cheek teeth except P2 has two
longitudinal ridges. The rostral ridge is longer and fies close to the mesial
contact surface, while the cauda) ridge is thicker and located at the
middle of the buccal surface. Behind each ridge there is a shallow groove,
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the rostral groove is wider than the caudal one. P2 contains three faint
ridges followed by three grooves, the middle groove is the widest

The lingual surface (Fig. 8) of all teeth except P2 has a broad
longitudinal column which lies somewhat rostrally. It extends along the
whole length of the tooth and separates two depressions. The rostral
depression is wider than the caudal one The lingual surface of P2 has
two columns separated three depressions. The caudal column is the larger
and the middle depression is the shortest. The contact surface is flat and
smooth in all cheek teeth except the mesial contact surface of P2 is
represented by narrow smooth edge. and the distal contact surface of M3
is grooved

The occlusal surface (Fig. 9) is square in shape in all upper cheek
teeth except in P2 is triangular and in M3 is trapezoid in shape. The
surface is irregular, its buccal edge is slightly higher than the lingual edge.
Both edges are blunt. There is transverse groove on the occlusal surface
which is located opposite to the column of the lingual surface This
surface contains two nearly equal infundibula. rostral and caudal The
buccal edge has two eminences which represent the continuation of the
ridges of the buccal surface All cheek teeth (Fig. 9) except P2 has 5
cement areas, 2 medial and 2 lateral 1o the infundibula. in addition to the
most medial one which lies nearly at the middle of the lingual cdge The
cement area medial to the caudal infundibulum is bifurcated caudally. P2
has an additional small rostral area (Fig  10) the cement areas of this
tooth are slit like

At 5 years of age the upper cheek teeth (Figs 11. 12) become
shorter and the roots longer than that of the previous age The caudal
lateral root is closer to the medial root. The length of the roots increases
in a rostral direction. A rostral root with a wide apical foramen begins to
appear in the last molar. The buccal edge of the occlusal surface is sharp
and prominent. The cement areas increase in size.

At 8 years of age the upper cheek teeth and their bodies are shorter
than that of the preceeding age. In the premolars the rostral lateral root
is the longest, while in the molars the medial root is the longest. In the
last molar the medial and the caudal lateral roots are partially united. The
ridges of the buccal surface become faint. in addition the caudal ridge of
the last tooth is absent. The groove behind the caudal ridge becomes
narrower. The lingual surface has faint column which separates two
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shallow depressions in the premolars, while the caudal depression is
absent in the molars.

The occlusal surface has larger and more distinct infundibula and
cement areas. In P2 the two cement areas lateral to the infundibula are
continuous with each other forming a large cement area separating the
infundibula from the buccal edge. In the other cheek teeth the bifurcation
of cement area medial to the caudal infundibulum could not be observed.

At 15 years of age the bodies of the upper cheek teeth are
represented by exposed crown. The medial root is the longest and
broadest root in all cheek teeth except P2 where the rostral root is the
longest one. The ridges, grooves and columns of the buccal and lingual
surfaces could not be demonstrated. The occlusal surface of the molars is
nearly even due to the disappearance of the cement areas and infundibula
which are replaced by smooth grayish coloured area. The slope between
the buccal and lingual edges of the occlusal surface could not be
observed. The occlusal surface of M3 is oblique rostrocaudally. The
iregularity of premolars becomes faint. In P2 the caudal infundibulum is
nearly absent and the rostral infundibulum (Fig. 13) is surrounded
medially, rostrally and laterally by a cresentic shaped cement area.
Relation between upper cheek teeth and maxillary sinus:

At 1.5 months of age the bud of M1 fills the maxillary sinus almost
entirely. At 9 months of age, the embeded part of M1 develops dorsad to
occupy most of the sinus. In addition the small sized bud of M2 extends
vithin the caudoventral part of the sinus. At 12 months of age (Fig. 14),
the reserve crown of the M1 and M2 form most the medial boundary of
the maxillary sinus. In all previous ages the aforementioned teeth are
crossed laterally by the infraorbital canal. Moreover, the bone of the
alveoli covering the embeded part of the upper cheek teeth and separating
it from the sinus is somewhat thick.

When the donkey is 4 years old, the reserve crowns and the roots
of the molars and the caudal portion of the last premolar embeded within
the distal half of the maxillary sinus. They lie directly distal to the
infraorbital canal. As the donkey ages, the body of the upper cheek teeth
decreases in length, the maxillary sinus increases in size. As a result at 8
years old the molars and the last premolar project within the ventral part
of the sinus and are located about 1.5 cm distal to the infraorbital canal,
Moreover the sinus extends about 2.5 cm behind the last molar.

37



Assiut Vet. Med. J_Vol. 43 No. 86, July 2000
el el Aed. JL Yol 43 No. 86, July 2000

When the donkey gets older the bodies of the upper cheek teeth are
represented by exposed crowns. Therefore at 15 years old the roots of
the last four upper cheek teeth are located in the floor of the maxillary
sinus which becomes more capacious. With the advancement of the age
the alveolar bones overlying the roots of the latter teeth become thinner
and easily eroded.

Morphometrical study:

The deciduous premolars at 1.5 months measure 34.12,39.91 and
38.16 mm long respectively. With advancing age they decrease in length
to reach 23.01, 26.47 and 29.87 mm at 15 months. The degree of
diminish from 1.5 to 15 months of age differs in the different premolar
teeth, The body of each deciduous premolar (Table 1) is longer than that
of the corresponding root at 1.5 months, The difference between them
decreases at 9 months, but at 15 months the root becomes longer than the
body. The ratio between the body and the corresponding root varies in
the different ages.

At 15 months of age (Table 1) the body of P2 is nearly one third
and that of P3 and P4 are nearly half the length of that at 1.5 months.
However, the root increases in length from 1.5 months of age toward 15
months. This indicates that with increasing age there is a reverse
correlation between the length of the body and that of the root. All the
deciduous premolars increase in thickness toward the apical end at
different ages. Moreover the breadth is larger than the thickness,

The length of the permanent upper cheek teeth (Tables 2, 3 & Fig.
15 - 20) at the period from 4 to 15 years varies in the different ages. The
length decreases with increasing age and reach minimum  value at 15
years old. The ratio in percentage between the length of the permanent
cheek teeth at 15 years and that at 4 years is ranging between 51-60%. It
was observed that the P4 is the longest permanent upper cheek teeth in
the age from 4 to 15 years. The latter tooth is followed by P3.

At 4 years the length of the body of all upper cheek teeth except
M3 constitutes most the total length. The tooth is formed mainly of body
(exposed and reserve crowns) in addition to short root. In case of M3 the
length of the body represents the total length due to the absence of the
root. Up to 4 years the ratio between the length of the root and the
corresponding total length increases with advancing age. At the various
ages the thickness of each permanent tooth at the occlusal surface except

38



Assiut Vet. Med. J_ Vol. 43 No. 86, July 2000

P2 and M3 is nearly equal to the breadth. Consequently the occlusal
surface of these teeth is square in outline. In case of P2 and M3 the
breadth is higher than the thickness.

DISCUSSION

The present work shows generally that the deciduous and upper
permanent cheek teeth in donkey have three roots, two lateral and onc
medial. At 1.5 months of age the rostral lateral root of the deciduous
premolar is the longest, followed by caudal lateral then the medial one. At
4 years all the permanent upper cheek teeth have short roots except M3
has roots at 5 years. At 15 years the medial root is the longest and the
broadest one in all cheek teeth except in P2 the rostral root is the longest,
Amin and Kassem (1987) in donkey and horse, Nickel et al. (1973) and
Clair (1975) in the latter animal mentioned the same number of roots. But
the first authors added that the rostral root is the longest, the medial is
the widest and the lateral one is the shortest, while the last author stated
that the medial root tends to become double. In this respect the current
result indicates that the medial root is partially united with the caudal
lateral root at 8 vears. El-Hagri (1967) reported that in equines the first
and last cheek teeth have three roots, while the remainder have four or
three roots. In the examined donkey the roots of the deciduous premolars
are semicylindrical in shape with a wide apical foramens at 1,5 months of
age. With increasing age the roots are diverged due to the invagintion and
pressure of the buds of the permanent premolars. Moreover, the apical
foramens could not be demonstrated.

The current study reveals that each upper cheek tooth begins as
short bud which is surrounded by two thin outer and inner enamel layers,
The bud is occupied mostly by two wide canals extending along its
length. Each canal terminates at each bud end by a wide opening. With
advancing age the bud increases in length, thickness and weight,
consequently the canals with their openings become narrow. After that
the canals are closed proximally then distally. These canals represent the
future infundibula.

Ahmed (1991) stated that the length of the upper cheek teeth is
increased in caudal direction consequently the last molar is the longest
tooth in horse, mule and donkey. On the contrary, the present finding
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indicates that P4 is the longest permanent upper cheek teeth in all
examined ages, it is followed by P3. Bunger and Hertsch (1981)
mentioned that P4 and M2 in donkey are the strongest teeth in both
upper and lower jaws. Corresponding to Amin and Kassem (1987) the
longest tooth is P3 in donkey and P4 in horse. They added that at the age
of 10-20 years, rapid elongation of the cheek teeth of donkey and horse
was observed and the reserve crown appeared to compensate the
excessive wear of the teeth. However, the present result shows that with
increasing age the upper cheek teeth in donkey decrease in length,
Occasionally. a rudimentary upper first premolar (P1) is present in horse
(Nickel et al., 1973), this tooth is vestige in equines (El-Hagri, 1967).
Therefore the previous tooth was not described in this investigation.

The present work indicates that the presence and size of the
infundibula differ in the different examined ages. At 4 years the
permanent upper cheek teeth have two nearly equal infundibula which
become larger at 8 years but are absent at 15 years. Nickel et al, (1973)
reported that the upper cheek teeth in horse present two infundibula.
Before these teeth are in wear. the infundibular wall are continuous with
the external enamel Kilic, Dixon and Kempson (1997) clarified that the
infundibula are deep, cup-like enamel identations that are partially filled
with cement, Corresponding to Nickel et al. (1973); Clair (1975); Evans
(1981) as well as Frandson and Whitten (1981) the infundibula are filled
with cementum, However, Brown, Smith and Pillier (1997) mentioned
that the molars in horse have big surfaces or tables and the enamel is
folded to make funnel-like depressions in the tooth which become filled
with food to look black.

The current study reveals that there is a relation between the
development of the upper cheek teeth and the maxillary sinus. At 1.5
months the bud of M1 fills the sinus almost entirely. At 12 months the
reserve crown of M1 and M2 form most the medial boundary of the
sinus. At preceeding ages the alveolar bones overlying the apical ends of
these teeth are somewhat thick. At 4 years the reserve crown of molars
and the caudal portion of last premolar embeded within the distal half of
the maxillary sinus. However, Kobluk, Ames and Geor (1995) stated that
in young horses, younger than 6-7 years, the roots of P4 to M3 fill the
sinus almost entirely. When the examined donkey is 8 years old, the
molars and the last premolar project within the ventral part of the sinus.
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and occupy most the maxillary sinys,

When  the donkey gets older the body of the cheek teeth is
represented by exposed crown. Therefore at 15 years the roots of the [ast
four cheek teeth are located in the floor of the maxillary sinus which

could not be demonstrated in older animals. However, this surface in
horse has three ridges as described by Nickel et gl (1973) and Clair
(1975) or one central ridge as reported by El-Hagri (1967). The lingual
surface of the examined donkeys at 4 years contains a broad colymp
extending along the whole tooth. It Separates two unequal depressions.
At 8 years the column becomes faint, and the caudal depression is absent
in the molars. while at 15 years the column and depressions could not be
demonstrated. Concerning the anatomical features of both the buccal and
lingual surfaces of the deciduous premolars, they are distinct at the
younger donkeys but could not be distinguished in the older ones.
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effenciency of the occlusal surface

The present work shows that the number and size of the cement
areas depend on the age of the animal Regarding to the deciduous
premolars there are 4 cement areas except P2 has an additional rostral
area at 1.5 months. With advancing age the cement areas become large
and deep except in P2 In the latter tooth the areas except the
caudomedial one are continuous with each other inturn the number
becomes two at 15 months. At 4 years of age there are 5 cement areas in
all permanent upper cheek teeth except P2 has an additional rostral one.
At 8 years the two cement areas lateral to the infundibula are continuous
with each other in case of P2. When the donkeys get older the cement
areas disappear as demonstrated at 15 years old

LEGENDS

Fig. 1: Photograph of 1.5 months showing buccal surface of P2 (1),
P3 (2), P4 (3) and bud of M1 (4)

Fig. 2: Fotograph of the apical end of the M1 bud at 1.5 months
showing the openings of the canals (arrow).

Fig. 3: Photograph of the occlusal surface of the M| bud at 9
months showing the openings of the canals (arrow).

Fig. 4: Photograph of 9 months showing the buccal surface of the P2
(1). P3 (2), P4 (3), M1 (4) and bud of M2 (5).

Fig. 5; Photograph of 12 months showing the occlusal surface of the
P2 (1), P3 (2). P4 (3) and M1 (4). Notice the cement areas
(arrows) medial and lateral to the infundibula.

Fig. 6: Photograph of 15 months showing the deciduous premolars
(1. 2, 3), the overlying buds of their permanent teeth, M1 (4)
and M2 (5).
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Fig. 10:

Fig. 11:

Fig. 12:

Fig. 13:

Fig. 14:
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Photograph of P2 (1) at 1.5, 9 and 15 months from right to
left.

Photographs of the lingual surface of the permanent upper
cheek teeth at 4 years. From right to left P2 (1), P3 (2), P4
(3), M1 (4), M2 (5) and M3 (6).

Photograph of the occlusal surface of P4 at 4 years, showing
the infundibula (arrows) and the cement areas (1, 2, 3, 4 and
5).

Photograph of the occlusal surface of P2 at 4 years showing
the infundibula (arrow) and the cement areas(1,2,3,4,5
and 6).

Fotograph of the buccal surface of the permanent upper
cheek teeth at 5 years. From right to left P2 (1), P3 (2), P4
(3). M1 (4), M2 (5) and M3 (6).

Photograph of the buccal surface of the M1 (4)at 1.5, 9, 15
months, 4, 5, 8 and 15 years from right to left.

Photograph of the occlusal surface of P2 at 15 years showing
the rostral infundibulum (1) is surrounded medially, rostrally
and laterally by cresentic shaped cement area (arrow). Notice
the caudal infundibulum (2) is nearly absent.

Lateromedial radiograph of 12  months showing the
deciduous premolars (1, 2, 3) and their overlying buds,
(arrows), M1 (4) and M2 (5). Notice extension of the M1
and M2 within the maxillary sinus.

Fig. 15 - 20: Histograms showing the relation of the total, body and root

length (mm) of each permanent upper cheek tooth in different
ages.
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