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Abstract

Buffalo production takes place in several areas worldwide. In Brazil, buffalo are raised mainly in
the Northern region, specifically in the Marajó archipelago, where most of the herd is slaughtered
for meat. This makes possible the extraction of numerous healthy teeth from these animals as
replacements for human teeth in laboratory tests. Aim: To evaluate the morphology of enamel from
species Bubalus bubalis as a replacement for human enamel in laboratory research studies,
considering its wider availability in the Amazon region. Methods: After removal, the teeth were
prepared for scanning electron microscopy (SEM). Teeth were sectioned in different planes –
some were subjected to abrasion and others were merely polished for observation of surface
enamel. All samples were submitted to a cleaning process, dried, sputter-coated with a platinum
alloy and set for observation under SEM. Results: The SEM micrographs revealed an aprismatic
surface enamel as well as prismatic enamel, the latter being similar to human enamel, in both
arrangement and morphology. Conclusions: Buffalo enamel showed prismatic morphology,
requiring further tests to corroborate its use as a substitute for human teeth.
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Introduction

Buffalo production began in Brazil during the late 19th century, particularly
in the Marajó archipelago, located in the Northern region of the country. Recent
estimates show that Brazil has the largest Bubalus bubalis herd in the Americas1.
The large-scale buffalo production in that area is directed mainly towards meat
production, resulting in high availability of biological material for other uses,
including scientific studies.

Currently, laboratory dental research studies are limited by the small number
of healthy extracted human teeth available, as well as by the ethical aspects in
obtaining them. This has led to an increase in the illegal use of human teeth in
research, through postmortem extraction and illegal trade in dental organs, which
goes against Law 9434, from February 4 th, 19972. As an alternative to these
limitations, studies have been proposed using different animals, including several
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mammal species, to be adopted as experimental models3-5.
Several investigations have been carried out using teeth

from different animals, such as bovines4-8, swine4,7,9, equines10-
11 and others. Among these, bovine teeth have been most
commonly used, due to easy acquisition and to the fact of
having several morphological aspects similar to human teeth1213.

The dental arch of a nine-month old buffalo already has
8 erupted permanent incisors and 12 premolars; adult animals
have 32, with more 12 molars in the dentition1,14. Due to the
need for an adequate substitute for human teeth in laboratory
studies, buffalo teeth can be regarded as an interesting
alternative animal model. Given the difficulty in using human
teeth in scientific research studies, due both to access factors
and ethical issues, an animal substitute as similar as possible
to human teeth becomes extremely important15. Therefore,
the objective of this study was to evaluate the morphology
of tooth enamel from buffalo species Bubalus bubalis as a
replacement for human enamel in laboratory studies, using
scanning electron microscopy (SEM).

Material and methods

This investigation began by submitting the project to
the Ethics Committee for Animal Experiment Research of
the Federal University Pará (CEPAE- UFPA) and granting its
approval under the protocol #BIO013/09.

Biological samples were obtained from 8 male adult
buffaloes (Bubalus bubalis) from Marajó Archipelago. All
samples were obtained from animals slaughtered for
commercial purposes.

Maxillary incisors were extracted, crowns removed from
the roots, and organic residues adhered to the crown surfaces
were mechanically removed using a soft-bristle toothbrush,
preserving tissue integrity. Next, specimens were sectioned
in different planes using a double-sided diamond disk set in
a low-speed motor, in order to obtain enamel samples of
various depths and section planes.

After sectioning, the samples used to visualize surface
enamel were polished with 04-µm-grain diamond paste to obtain
a smoother surface. The samples selected for enamel observation
in deeper planes were submitted to progressive abrasion using
1200-, 1500- and 2000-grit abrasive paper, after sectioning.

Sections were immersed in ultrasonic bath with distilled
water for 30 s. Next, the samples were kept for five min in a
sodium hypochlorite solution at 1% in order to remove any
remaining organic material, and returned to ultrasonic bath
in distilled water for 30 s. They were immersed in HCl solution
at 10% for 10 s in order to remove the smear layer resulting
from the cutting process. For final detritus removal, the
specimens were subjected to immersion in ultrasonic bath
with distilled water for 60 s.

The next process consisted of dehydrating the specimens
in increasing concentrations of alcohol (70%, 90% and
100%), for 5 min in each concentration. The samples were
then dried at room temperature, set and sputter-coated with
a platinum alloy. SEM micrographs of buffalo enamel were
obtained for the different regions mentioned, using a scanning

electron microscope (LEO-1430; Carl Zeiss, Oberkochen,
Germany) under different magnifications.

Results

The ultrastructure pattern found in buffalo enamel
revealed several morphological aspects similar to those found
in human enamel. As seen in Figure 1, obtained from deep
enamel planes, prisms were observed arranged in different
directions – perpendicular and parallel to the plane in which
they are viewed. This aspect is similar to the prismatic pattern
of human teeth, which follow an irregular course.

In Figure 2, under 700x magnification obtained from
deep planes, the final portion of the long axis of the rods
can be seen in a region where prisms are all arranged in the
same direction. Figure 3 shows a crossover of rods arranged
in rows with alternate distributions. This complex
organization gives greater resistance, durability and protection
to teeth, and is also commonly found in human tooth
enamel16-17.

Fig. 1- SEM micrograph showing the different prism trajectories. In the region “a”
the enamel prisms with the upward trajectory and in the region “b” the enamel
prisms with two different trajectories interspersed (Zone Mag = 300x).

Fig. 2 - SEM micrograph showing the final portion of the long axis of the rods in
a region where prisms are all arranged in the same direction (Zone Mag = 700x).
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Fig. 4 - SEM micrograph showing an area of prismatic enamel with individualized
rods. Arrowheads indicate the enamel prisms with individualized rods (Zone Mag
= 1.00 kx).

Fig. 3 - SEM micrograph showing a crossover of rods marked with asterisks,
giving teeth greater resistance, durability and protection (Zone Mag = 300x).

Observing the surface structure (Figure 4), prismatic
enamel is evidenced in individualized rods, showing their
diameters. In Figure 5, also from the surface plane, this
individual pattern is lost, suggesting the presence of
aprismatic enamel. Another relevant characteristic observed
in Figures 4 and 5 is the existence of a mineralized tissue
that circles the enamel rods, an interrod enamel sheath. From
the visualization of this histological finding, the existence
of interprismatic enamel in buffalo dental tissue is proposed.
These aspects approximate the ultrastructural pattern of both.

Discussion

Teeth featuring microscopic morphology similar to
recent vertebrates appeared approximately 460 million years
ago. Some Agnathan fish species developed surface structures
named odontoids, which were initially located outside the
oral cavity.  Odontoids consisted of tissues similar to those

Fig. 5 - SEM micrograph showing areas suggesting the presence of aprismatic
enamel, as well as interprismatic enamel surrounding the prisms. Asterisks indicate
four areas with considerable concentration of aprismatic enamel (Zone Mag = 1.00
kx).

found in current vertebrates – pulp chamber, dentin, covered
by hypermineralized enameloid material. The evolution of
these structures is their displacement towards the inner oral
cavity led to the emergence of dental elements similar to
those known today. Feeding habits and ecological adaptations
directly influenced the acquisition of different anatomic
shapes, represented by incisors, canines, premolars and
molars, as well as structural modifications in dental tissues15.

Enamel underwent evolution processes resulting in a
prismatic pattern, currently found in higher mammals. It is
known that human tooth enamel is a complexity arranged
hypermineralized tissue, secreted by ameloblasts (cells of
ectodermic origin). Its extracellular matrix consists of
approximately 96% mineral material and 4% organic matter
and water; inorganic content is formed basically by
hydroxyapatite crystals16.

The basic structural units of enamel are prisms and
interprismatic substance. Prisms are rod-shaped structures
formed basically by ordered and densely arranged
hydroxyapatite crystals. These rods, involved in interrod
enamel, represent most of the thickness of dental tissue –
prismatic enamel. Internally (the deepest layer, next to dentin)
and externally (superficially) to it, there are thin layers of
aprismatic enamel, without rods16,17.

A microscopic morphology similar to that found in this
investigation has been described in teeth from other
mammals. According to Lopes et al.9 (2006), teeth from
monkeys, dogs and swine show an enamel mineralization
pattern similar to humans. Furthermore, other authors, such
as Fejerskov18 (1979), Limeback et al.19 (1992) and Popowics,
Rensberger and Herring20 (2001) studied the dental tissues
of these mammals and found several similarities to humans,
such as size, macro- and microscopic morphology, and
development period.

Bovine teeth have shown results akin to human teeth in
laboratory tests21-22. Schilke et al.23 (1998) performed a study
on enamel morphology and did not find differences in
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hardness, which was similar to human enamel. Moreover,
the ratio of organic and inorganic components is similar in
both tissues. Oesterle et al.12 (1998) did not observe
differences in the adhesion of materials to human or bovine
enamel, and attributed these findings to the similar
microstructure of both substrates. However, some authors
reported small differences in the behavior of human and
bovine enamel in certain laboratory tests24. This demonstrates
the need to continue researching new animal models, as done
in the present study.

Buffaloes emerge as a promising species in scientific
studies. This study showed that the ultrastructural morphology
of buffalo enamel was similar to that of human enamel,
suggesting that it may be an alternative to human teeth in
enamel studies. However, further studies are needed to
evaluate the behavior of buffalo enamel in tests of adhesion
to restorative materials, hardness evaluation, analysis of
radiographic aspects, as well as more detailed investigations
of its mineral composition.
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