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MORPHOLOGY OF THE HUMAN DENTAL ENAMEL
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Abstract. Enamel morphological formations participating in hard tooth tissues metabolic processes
were studied by scanning electron microscopy, X-ray spectroscopic micro- and quantitative analyses

and histochemical methods of examination.

Keywords: tissue, enamel, biopolymers.

INTRODUCTION

Enamel is the most mineralized tissue of the living
organism. It includes 95 % mineral substances (main-
ly hydroxyapatite, carbonated apatite, fluorapatite etc.),
1.2 % — organic compounds, 3.8 % is connected with
water bound within the crystals, organic compounds
and unbound water [1].

Dental enamel is known to be the hardest human
tissue. This allows it to withstand the impact of large
mechanical loads during the fulfillment of the tooth’s
functions. It is well known that enamel consists by
more than 90% of the mineral compounds (mainly
hydroxyapatite — HAP [Ca,,(PO,)(OH),], fluorapa-
titea [Ca,,(PO,)(F,], carbonated apatite et al.), by
1.2% — of organic compounds and referred to the
bound water in the crystals and organic components
as well as free water [2—4].

The composition of organic components in the
mature enamel is known rather tentatively. Jen-
kins G. N. provides the following numerical data on
the content of organic substances in the enamel of
premolars and molars (percentage-wise relative to dry
solid matter) — insoluble proteins — 0.3—0.4 %,
soluble proteins — 0.05 %, fat — 0.6 %, citrates —
0.1% [5]. The most widespread proteins, about 90 %
of all the organic fraction are represented by hydro-
phobic proteins (amelogenins) enriched with amino
acids and 10 % are acid proteins — enamelins [6].

Enamel does not involve cells and is not capable
of regenerating damage. However, an exchange of
mineral ions permanently takes place within enamel.
These ions are provided from the underlying dental
tissues (dentin, pulp) and from saliva [7, 8]. Simulta-
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neously with ion provision (remineralization) ion re-
moval from enamel also takes place (demineralization).
These processes are in continuous equilibrium. Its shift
towards one of the processes depends on a number of
factors, including the content of micro- and macro-
elements in the saliva, pH value within the oral cavity
and on the tooth surface [1]. The degree of enamel
penetrability is not the same during different periods
of the odontogenesis. It is reduced in the following
series: enamel of non-erupted tooth — enamel of de-
ciduous tooth — enamel of the permanent tooth of
young person — enamel of the permanent tooth of the
aged person.

The mechanism of penetration of the organic com-
pounds into dental enamel is not yet clear in details.
First of all it should be noted the presence of special
morphological formations intended for providing of
organic compounds and mineral ions into the dental
enamel — these are lamellas. Moreover, enamel plates,
bundles and spindles — parts of enamel involving
poorly calcified enamel prisms and interpism substance
was observed and described, where rather considerable
concentration of proteins with high molecular mass
similar to enamelin protein was revealed [7].

The role of organic composition of the dental
enamel matrix is actively investigated including its
state in the caries initiation process [9—11].

Organic matrix bound to the crystals that provides
for growth and orientation during the formation of
enamel is almost completely lost during maturation of
dental enamel. It is preserved in the form of the finest
3D protein grid while its wires are arranged between
the prisms. Recent investigations provided new data

KOHJEHCHUPOBAHHBIE CPEJIbl I MEX®A3HBIE 'PAHUIIBI, Tom 16, Ne 2, 2014



MORPHOLOGY OF THE HUMAN DENTAL ENAMEL

on the nature and functions of the organic matrix of
the enamel.

It was confirmed that its most important role is the
stabilization of the buffer system providing free calci-
um ions in this system [12]. It should be noted that
organic components of the enamel matrix has been so
far studied to a less extent that its mineral phase. Cal-
cium-binding protein, which is capable of depositing
in the neutral medium in the presence of calcium ions,
is considered to be functional elementary block of the
organic matrix in the enamel. The calcium-binding
protein of the enamel and acid-insoluble protein both
determine the orientation of the crystals in enamel
prisms and its structure.

The surface of the dental enamel under examina-
tion is characterized by microrelief formed with peri-
camatia and hollows in the form of pits that can be
observed with the use of scanning electron microscope.

The appearance of the new technologies allows us
to study the composition of organic structure in the
hard dental tissues at a qualitatively new level [13, 14].

OBJECTIVE OF THE INVESTIGATIONS,
MATERIALS AND METHODS

The study of morphological formations and sub-
stances of the protein nature in the human dental
enamel.

Using scanning electron microscopy (SEM) in the
secondary electron emission mode as well as X-ray
spectral microchemical quantitative analysis (XRMA),
dental enamel of the teeth extracted according to ortho-
dontic indications for the patients at aged 17—25 years
was investigated. The surface of enamel for each of
50 teeth was examined at magnification of 800 to
4000 times with the use of low-vacuum electron mi-
croscope GEOL GSM — 6380 LV produced in Japan.

The use of SEM allowed attaining a high resolution
without the preliminary treatment of the objects (mean-
ing teeth) with gold or carbon thus providing the
possibility to reliably estimate the quantitative micro-
chemical analysis of microstructures and formations
on the enamel surface with the use of XRMA. The
images and results of the study were registered using
digital technique.

For the first time a hypothesis regarding the pres-
ence of the “cation protein” (CP) and a set of the
constituent amino acids was tested in a series of the
histochemical experiments. Taking into account the
histo- and cytogenesis of the dental structures and the
previously obtained results based on the study of the
multi-layered partially keratinizing pavement epithe-
lium of the mucous tunic in the oral cavity the inves-

tigations were performed based on the original tech-
nique of preparation of thin paraffin sections made of
the whole teeth as well as the modified histochemical
technology of CP identification with the use of bro-
mphenol blue reagent [12, 15, 16].

Histochemical preparations were obtained from
the teeth, extracted according to the orthodontic indi-
cations. Quantitative investigations were performed at
the “Microtels-4” facility where digitization of the
micro-TV image was made within the limits of certain
selected regions; in addition, extinction values were
calculated point by point. Screening operations were
performed in pseudo-color and then the image was
displayed. The sensed regions involving the necessary
structures were limited manually by square technique
operation, the calculations of statistical tables were
made automatically after the selection of the measured
displayed regions. To solve the problem of the repre-
sentative sampling the accumulated average technique
was applied. Ten premolars of the human upper jaw
was studied (the sampling was applied for the descrip-
tive analysis and conformity/discernibility arraying by
Wilcoxon method). Statistical processing was per-
formed with the use of the STX routine, the sampling
length was 100 values.

The presence of CP can be identified by the bind-
ing of bromphenol blue molecules with the structures
of decalcified tooth at pH value 8.2. Control reactions
were performed with the use of trypan and chloride
sulfoxide for the protein depolymerization and block-
ing of the carboxyl groups in the “marker” amino acids
and CP. After performing the shic-reaction with a
periodate oxidation the concentration level of the
neutral glycoproteins (NGP) in the hard dental tissues
was determined as well as the concentration level of
the acidic non-sulfated glycoprotein — hyaluronic acid
(HA) using Muller method just as characteristic bi-
opolymers of the “tissue barrier”.

RESULTS OF INVESTIGATIONS

The enamel surface on the electron scanning im-
ages of the teeth fragments is represented by charac-
teristic formations in the form of roughness and small
hollows (pits) with a diameter of 4—6 pm and a depth
of 0.5—3 pm. In addition, microcracks and elevations
in the enamel microrelief is also represented by the
clefts in the form of holes as if passing into tubules
with a diameter up to 2 pm thus providing a honey-
comb structure. A targeted quantitative microchemi-
cal analysis made it possible to determine chemical
element composition on the surface of enamel and in
the outfall of the enamel hollow (see electron images
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Fig. 1. Electron image of the enamel surface. Magnification
by 1500 times

Ne 1, 2, 3, 4 and the corresponding Tab. Ne 1, 2, 3, 4
including the data on the quantitative analysis of mi-
croelements). Electron images of Ne 3 and 4 represent
enamel splits where one can clearly observe crys-
tal-shaped structures along the surface of the enamel
prisms as well as the porous surface reminiscent of
the hollows in the form of tubules. Results of the
quantitative analysis for the empty area in the form of
tubules are presented in the Tab. shown under the
electron image.

Quantitative analysis showed an increase of the
weight percent of carbon in the enamel tubule meaning
an increased content of organic component in this kind
of morphological formation while the weight percent
of calcium, phosphorus, chlorine and oxygen is high-
er in the apatite crystal of the enamel surface than in
the tubule of the enamel crystal.
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Fig. 3. Electron image of the split near the surface of enamel.
Magnification by 2000 times
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Fig. 2. Electron image of the enamel surface. Magnification
by 1500 times

Protein is detected in histochemical microprepa-
rations of all dental parts and it is connected with the
structure of tubules in dentin and enamel and is re-
vealed as a homogeneous coloration

CP content is rather high in the enamel struc-
tures — 0.3559 + 0.01, 6 = 0.119, while in the nearest
dentin the corresponding values were of 0.1528 +
+0.004, 6 = 0.045.

Results of microdensitometry can become a basis
for the hypothesis on the ways of formation protective
dental media, while their pathogenetic significance for
the understanding of appearance and development of
the carious process is yet unknown.

At the same time investigations into the diagnostics
of the statistical model basing on descriptive analysis
with the use of distribution diagram obtained on the
Pearson plane.
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Fig. 4. Electron image of enamel split. Magnification by
4000 times
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Table 1. Quantitative microchemical analysis in the
region of enamel tubule

Table 2. Quantitative microchemical analysis in the
region of enamel crystal

Element Weight % Atomic % Element Weight% Atomic%
C 20.54 31.60 C 10.24 14.75
O 34.71 40.10 O 51.75 55.99
P 19.12 11.41 Na 0.69 0.52
Cl 0.67 0.35 P 21.10 11.79
Ca 35.88 16.54 Cl 0.81 0.40
In total 110.92 Ca 38.31 16.54
The statistical model for CP of enamel is described tn total 12291

by a simple B-distribution.

Moreover, after performing of the shic-teaction
with a periodate oxidation a higher level of NGP was
determined in the enamel adjacent to dentine than on
the surface of the enamel.

HA — acidic non-sulfated glycoprotein is distin-
guished by rather high variations in topochemisty and
composition. High values of reactivity of this glyco-
protein are detected in the interprism substance al-
though an inhomogeneity of the distribution for this
colorant can be observed under transition from enam-
el to dentin.

If one accounts for the role of carbohydrate-protein
biopolymers and the substances of a protein nature as
a protective factor from bacteria and the products of
their metabolism for the multi-layered pavement epi-
thelium of the human organism then it seems possible
to assume the realization of a similar function in the

Table 3. Quantitative microchemical analysis in the
region of the enamel tubule

hard dental tissues as well; then the microscopic areas
filled with biopolymers form a common diffuse system
of the mineral ions exchange in the human tooth.

CONCLUSION

Carbohydrate-protein biopolymers and the sub-
stances of a protein nature are detected in the inter-
prism areas of dental enamel playing an important role
in the metabolic processes taking place in the human
dental enamel forming physiological barrier for mi-
croorganisms and the products of their vital activity.

It should be noted that a higher content of organic
component is obtained for the demineralization process
of the enamel crystal matrix, and plays an opposite
role and promotes caries [9—11]. Thus maintaining
the carbon-protein balance is the key to the health of
a hard tooth.

Table 4. Quantitative microchemical analysis in the
region of the enamel tubule

Element Weight % Atomic % Element Weight % Atomic %
C 19.08 30.70 C 30.23 51.62
0 38.54 46.56 Na 0.62 0.55
Mg 0.28 0.23
Na 0.41 0.34
P 19.06 12.62
P 14.91 9.30
Cl 0.43 0.25
Cl 0.58 0.32
Ca 37.11 18.99
In total 100.00 In total 100.00
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