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Outer and inner spots have been produced in vitro on human
enamel surfaces, using lactate buffers and sugar-saliva mix-
tures (1, 2). The appearance of the type of spot was dependent on
the time of exposure, as well as on the pH and the concentration. In
a previous paper the normal appearance and structure of dog
enamel have been described (3). It was found that dog teeth may be
well suited for the study of experimentally produced lesions in
the enamel. The purpose of the present study was to determine
how dog tooth enamel behaves when exposed to various demine-
ralizing agents.

MATERIAL AND METHODS

The laboratory experiments carried out numbered 186. The
teeth were obtained from dogs of different age. On each tooth an
experimental area was encircled by means of wax and exposed to
the agent in question.

The following agents were used

(1) Sugar-saliva mixture,
1 ml 10 % cane sugar was added to 10 ml saliva collected
during tooth brushing. The exposure time varied from 6
to 32 hours.

(2) Sodium lactate buffer, 0.5 M, pH 2.9—5.44.
The variation of exposure time and pH is shown in
Table 1.
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{3} Sodium aspartate buffer, 0.5 M, pH 3.5—-5.8.
The time of exposure and pH were varied systematically as
shown in Table 1.
{4} «. Saturated solution of EDTA in distilled water, 0.001 M,
pH 3.03,
b. Solution of trisodium salt of EDTA in distilled water,
0.117 M, pH 7.94,
¢. Solution of tetrasodium salt of EDTA in distilled water,
0.07 M, pH 11.0,
The time of exposure was changed systematically.
('Table 1)

The experiments with sugar-saliva mixtures took place in an
incubator at 37°C. All other experiments were performed at room
temperature.

Table 1

Subsiance NuTnhe.l‘ol' Molar b Exp(')surc Inner Outer
experim. cone. time spot  spot
Sugar-saliva 34 — _— 6-— 24 hrs. 28 6
» 28 —— — 16 hrs. 2 26
Lactate buffer 9 0.5 1.0 25 min. 0 9
» 7 0.5 4.0 25— 60 min. 6 1
’ 7 0.5 4.0 40--120 min. 1 6
. 6 0.5 2.0 4—— 5 hrs. 5 1
» 9 0.5 5.0 6 hrs. 1 8
Aspartate buffer 6 0.5 3.6 18-— 32 min. 0 6
" 7 0.5 415 4 days 0 7
” 5 0.5 5.8 60 days No effect
EDTA in dist. water 16 0.001 3.03 12-— 24 hrs. 4 12
" 6 0.001 3.03 24 hrs, 0 6

Subsequent to the exposure, ground sections were made, the
thickness being approximately 80 microns. The sections were
examined in a Leitz polarizing microscope after imbibition in
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distilled water. The sections were also exposed to soft X-rays. As

to the equipment and procedure, see article on normal dog
enamel (3).

OBSERVATIONS

The enamel lesions produced by the above described deminera-
lizing agents showed characteristics and specific patterns which
seemed to be dependent on the agents used. For this reason, the
development of the lesions will be described separately.

Sugar-saliva mixtures. 62 experiments

The drop in pH of the sugar-saliva mixture was roughly as
follows:

Exposure time pH
Start neutral

after 2 hours 5.0

” 6 4.5

s 24, 4.0

» 82, 3.8

Polarization microscopy

In Text Fig. I, the development of the enamel lesions is shown
sechematically. After an exposure period of 6—10 hours, an inner
isotropic spot developed (1 A). (See also Table 1.) These initial
spots tended to widen towards the surtace as well as inwards.
After 10 to 16 hours of exposure, positive birefringence occurred
in the central part of the lesion (Text Fig. I, 1 B and Fig. 1 A).
After 16 to 24 hours of exposure, the lesion had extended to the
enamel surface (Text Fig. I, 1 ). The entire lesion exhibited
positive birefringence, except for a narrow zone of isotropy
separating the latter from normal enamel. Text Fig. II, 1 A is a
diagram showing the relationship between the isotropic zone and
the accentuated borders between the prisms, (ABP). Measure-
ments revealed that the length of the ABP amounted to 20—30
microns, whereas the isotropic zone varied from 10 to 15 microns.
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A B C

Text Fig. I.

Schematic drawings showing the characteristic developmental stages of
enamel lesions as they appear in ground sections between crossed nicols
after imbibition in distilled water.

1. sugar-saliva mixtures, 2. sodium lactate buffers, 3. sodium aspartate
buffers, 4. watery solutions of EDTA, 5. tetrasodium salts of EDTA.
White: negative birefringence, Dotted: positive birefringence, Black: isotropy.
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Microradiography

The microradiographie picture (Fig. 3 B) showed an inner
spot consisting of a radiolucent material. The extension of this
area corresponded to the isotropic and positively birefringent
zones in Fig. 1 A. The surface layer of enamel which in polarized
light was characterized by a negative birefringence appeared in
the microradiogram as a radio-opaque zone, which was discon-
tinued in certain areas.

Sodium lactate buffers. 38 experiments

0.5 M lactate buffers within the pH range 4—5 caused lesions
as shown in Text Fig. I, 2. An inner isotropic spot (2 A) appeared
after 25 minutes of exposure to a buffer of pH 4.0. At pH 5 the de-
velopment of the same type of lesion required 4 hours. Increase
of the exposure time resulted in an increase of the width of the
inner spot, which at this stage exhibited positive birefringence.
Simultaneously with this increase of the inner spot, the initiation
of a superficial lesion took place (2 B). Between the latter and the
inner spot the negative birefringence persisted, although a con-
fluence of the outer and inner spots could be observed in limited
areas (Fig. 1 B). A complete fusion of the inner and outer spots
occurred after 1 hour at pH 4.0 and after 6 to 7 hours at pH 5.0
(Text Fig. I, 2 C). Bufter solutions with pH below 4.0 or above
5.0 produced outer spots only. The width of the isotropic zone
measured from 5 to 10 microns. The length of ABP was 10—20
microns. (Text Fig. II, 1 B).

Microradiography

The microradiographic image of sections from leeth treated
with lactate buffers at pH 5 revealed a relatively broad inner
radiolucent zone with accentuated borders between the prisms.
A parrow radio-opaque layer separated this inner spot from a
thin and irregular radiolucent zone at the surface (Fig. 3 C).

Sodium aspartate buffers. 18 experiments

Aspartate buffer solutions used in the present series (Table 1)
produced outer spots only (Text Fig. I, 3, and Fig. 1 C). At pH
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3.6 a superficial defect appeared after 24 hours. At pH 4.15 the
same lype and size of lesion occurred after 4 days of exposure.
Buffer solutions with pH 5.8 did not seem to produce lesions even
after 60 days of exposure.

The isotropic zone adjacent to the outer spot was wide (3040
microns), whereas the ABP could hardly be observed (Fig. 1 C).

Solutions of EDTA and EDTA sodium salts

The examination of the sections of this series revealed two
different ways in which lesions developed. Text Fig. 1, 4 A de-
monstrates the characteristic lesions produced after 18—24 hours
by salurated EDTA solutions in distilled water, the pH being 3.03
and the concentration 0.001 M. The defect consists of an outer
spot and an underlying narrow isotropic zone with the length of
the ABP amounting to 5 microns (Fig. 2 A).

In Text Fig. I, 4 B is shown the development of a combined
lesion produced with the same solution. After 12—18 hours a
narrow isotropic outer spot appeared. After 24 hours this zone
exhibited positive birefringence with an adjacent isotropic band.
Simultaneously, an isotropic zone appeared in the deeper part of
the enamel (inner spot) separated from the outer spot by a nega-
tively birefringent layer (Fig. 1, D). With increased time of
exposure the two spots coalesced inlo a broad outer spot. (Text
Fig. I, 4 C).

Microradiography

The microradiographic picture of the sections exposed to EDTA
solutions of pH 3.0 showed a homogeneous” radiolucent area,
which corresponded in width to the positively birefringent outer
spot and the adjacent isotropic layer (Fig. 3 D).

The combined lesions which appeared in polarized light in
some cases subsequent to treatment with EDTA solutions (Fig.
1 D) showed a narrow inner radiolucent zone which was located
at some distance from the surface. A relatively broad zone of
radio-opacity separated this zone from a narrow and irregularly
bordered superficial radiolucent layer.
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Di-, Tri-, and Tetra- sodium salt solutions of EDTA

These solutions produced outer spots in all instances (Fig. 2,
B and C). With an increase in pH a lengthening of ABP occurred
(Text Fig. 1I, 2 B, C and Fig. 2 B, C). A decrease in concen-
tration of the solutions caused a shortening of the ABP. The
development of an ouler spot with exposure to tetrasodium salt
at pH 11.0 and 0.221 M is shown in Text Fig. I, 5. Afier 8 hours
of exposure only ABP could be seen (A). After 14 hours a super-
ficial isotropic layer with ABP of increased length could be
observed (B). After 18--20 hours of exposure, a broad outer spot
with an isotropic zone of 10—15 microns and ABP of 100 to 120
microns developed (C). Under the same conditions a solution of
the same pH but with a concentration of 0.001 M produced an
outer spol with a width of the isotropic zone of 2 micrens. the
length of the ABP being 2 microns.

A B ' C

Text Fig. IL

Schematic drawings showing the relationship between the isotropic zone

(horizontal black) and the length of accentuated borders between prisms

(ABP) (vertical black) as this appears in ground sections in polarized light.

1 A: sugar-saliva mixtures, 1 B: sodium lactate buffer, 1 C: sodium aspartate
buffer,

2 A: saturated watery solutions of EDTA, 2 B: solution of trisodium salt of

EDTA in distilled water, 2 C: solution of tetrasodium salt of EDTA in
distilled water.
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Microradiography

The microradiograms of the sections from the teeth irealed
with tetrasodium salt solutions of EDTA showed a radiolucent
surface with an irregular border sending narrow protrusions into
the adjacent radio-opaque enamel (Fig. 3 E).

DISCUSSION

It is apparent that the experimental lesions produced in the pre-
sent series by exposing the enamel to sugar-saliva mixtures do not
enlirely correspond to those obtained by Hals, Torell & Mérch (2)
on human enamel. According to these authors, the initial attack
which can be seen in polarized light consists of an accentuation
ol the prisms sheaths in a narrow superficial zone of the enamel.
In the present series the consistent finding made was that the
first stage of the development of enamel lesions by sugar-saliva
mixtures is the appearance of a subsurface isotropic zone (Fig.
I A). This discrepancy may be due to struclural difference in
human and dog enamel (3).0On the other hand, in the present series
it was found that the pH of the sugar-saliva mixtures decreased
from neutrality to pH 5 during 212 hours of incubation. This
period may be too short for the initiation of a lesion on the
enamel surface, as the experiments with lactate buffers show that
superficial defects can only be found after 6 hours when buffer
solutions with a pH above 5.0 are used. After incubation periods
longer than 2% hours, the pH of the sugar-saliva mixtures was
in the range of 4--5. This pH area has been found to be appropri-
ate for the production of inner spots with lactate buffers (1). The
development of pure inner spots in the sugar-saliva mixture series
may under these conditions be caused by ihe presence of calcium
and phosphale ions in the saliva. As the main part of the enamel
consists of calcium phosphate, the rate of the solution of the
surface layer may be lower in the sugar-saliva mixtuares than in
lactate buffers (2).

The same phenomenon may explain the appearance of com-
bined lesions after exposure to lactate buffer solutions with pH
4--5 (Fig. 1 B, Text Fig. 1, 2 B). As these buffers do not contain
salcium and phosphate ions, the demineralization may take place
at the surface, as well. In the pH areas below 4 and above 5, only
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inner spots developed. This is in accordance with the results
reported earlier for human teeth.

Aspartate buffer solutions in the pH area below 5.8 always
produce outer spots. The finding that no defect could be pro-
duced within 60 days of exposure to an aspartate buffer solution
of pH 5.8 is very interesting, but it is felt that more information
is needed before it can be explained.

The effect of EDTA solutions in distilled water may be ex-
plained as an effect of a pure acid. Due to a low concentration of
the solution, the binding of free hydrogen ions takes place. The
lesion accordingly appears as narrow outer spots (Fig. 2 A).
The fact that in some cases combined lesions were found may be
explained by a simultaneous acid and chelating action (4). The
initiation of the enamel lesion after exposure to sodium salts of
EDTA is characterized exclusively by the accentuation of the
borders between the prisms. This finding is in accordance with
the results of the replica studies on human enamel by Miiller &
Schait (4) and by Miihlemann (5). By treating the enamel surface
with sodium salts of EDTA solution of pH 8, they found that these
agents caused a dissolution of the interprismatic substance. In
this way the replica showed a very regular differentiation be-
tween prisms and interprismatic matter. On the other hand, such
a regular pattern could not be obtained with other demineralizing
agents. By making replicas of the enamel treated with other
agents, outer spots or inner spots as well as combined lesions
were shown. In case of an outer spot, both the prisms and the
interprismatic material are partly destroyed. In case of inner
spots, the superficial layer of the enamel is fairly intact. Conse-
quently, in these instances replicas will either show a weather-
beaten or/and an intact enamel surface. Theoretically, it would be
possible to obtain replicas with regular patterns by the use of
these agents if the replicas could be made at the very stage when
only the ABP appears at the surface. When it is the question of
treatment with lactate buffers, this stage lasts for a very short
period of time. Together with the varying degree of minerali-
zation of the surface enamel, this makes it next to impossible to
obtain replicas with regular patterns. The fact that it is easy to
getl good replicas from enamel treated with alkaline solutions of
EDTA sodium salts may be explained by the persistence of the

46 — Acta odont. Scand. Vol. 19
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ABP picture for hours of exposure. It seems that the develop-
ment of ABP is not entirely dependent on the pH of the sodium
salt solutions of EDTA, but it is also influenced by their con-
centration (6). In this way we can get the polarization microscopic
picture shown in Text Fig. II, 2B by a high concentration of Nay
EDTA or by a lower concentration of Nay, EDTA. Both Naz EDTA
and Nagy EDTA have an alkaline pH, and the development of ABP
may be directly related to this alkalinity, as the mode of penetra-
tion of an alkaline solution most likely is determined by the
organic contents of the interprismatic material (6).

SUMMARY AND CONCLUSIONS

The experiments in vitro reporled in the present paper were
performed in order to study the defects produced when the
enamel surface of dog teeth was exposed to sugar-saliva mix-
tures, Iactate buffers, aspartate buffers, EDTA and solutions of
EDTA sodium salts. The defects were examined in ground
sections with polarizing microscope as well as by microradio-
graphy. It was observed that the defects produced by acid buffer
solutions were different from those obtained by chelating agents
al an alkaline level. A possible explanation of the appearance of
the different types of defects is given. It was found that the
defects produced to a great extent were similar to those obtained
on human teeth in earlier investigations. This indicates that dog
teeth may constitute a valuable supplementary test material in
experimens of this kind.

RESUME ET CONCLUSIONS

ACTION DE DIVERS AGENTS DECALCIFIANTS SUR L’EMAIL, DENTAIRE
DU CHIEN

Les expcériences in vitro dont rend compte cet article ont ¢1¢
faites dans le but d’¢tudier les lésions produites lorsque la surface
de I'émail dentaire du chien est exposée & des mélanges sucre-
salive, des tampons au lactate, des tampons a D'aspartate, de
FEDTA et des solutions de sels sodiques ’EDTA. Les lésions
oul ¢été ¢tudiées sur des coupes par usure au microscope de
polarisalion et par des microradiographies. Il a ¢té observé que
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les lésions produites par les solutions tampons acides étaient
diff¢érentes de celles obtenues par les agents de chélation 4 un
niveau alcalin. Les auteurs donnent une explication possible de
Paspect des différents types de lésions. Il est apparu que les
Iésions produites étaient dans une grande mesure analogues a
cclles obtenues sur les dents humaines lors des recherches anté-
rieures. Cela indique que les dents de chien peuvent constituer
un matériel expérimental supplémentaire de valeur pour les
¢tudes de ce genre.

ZUSAMMENFASSUNG UND SCHLUSSFOLGERUNGEN

DIE WIRKUNG VERSCHIEDENER ENTKALKUNGSMITTEL AUF DEN
SCHMELZ BE1l HUNDEN

In der vorliegenden Arbeit wird iiber Experimente, die in vitro
an Hundezihnen ausgefiihrt wurden, berichtet.

Die Zahne wurden verschiedenen Lisungen ausgesetzt (Zucker-
Speichel, Milchsdure-Puffer, Aspartat-Puffer, EDTA und EDTA-
Natrium-Salz). Die Verinderungen am Schmelz wurden polarisa-
tionsmikroskopisch sowie mikroréntgenologisch untersucht.
Dabei konnte festgestellt werden, dass sich die durch Saurepuffer
hervorgerufenen Veridnderungen von denen durch chelierende

Agentien bei alkalischer Reaktion hervorgerufenen unterschie- -

den. Eine Erklirung fur das Auftreten dieser unterschiedlichen
Veranderungen wird gegeben. Diese kunstlich erzeugten Léisio-
nen waren denen sehr dhnlich, die man in fritheren Untersuch-
ungen an Menschenzihnen erhielt. Dies ist ein Beweis dafiir,
dass man Hundezihne fiir Untersuchungen dieser Art sehr gut
als Testmaterial verwenden kann.

RESUMEN Y CONCLUSIONES

EFECTOS DE VARIOS AGENTES DESMINERALIZANTES SOBRE EL
ESMALTE DENTARIO DE PERRO

Los experimentos in vifro referidos en este trabajo, fueron
llevados a cabo con el fin de estudiar los defectos producidos en
la superficie del esmalte de dientes de perro, cuando eran expues-
tos a la accion de mezelas de saliva con azuear, buffers de lactato,
buffers de aspartato, EDTA y soluciones de sales sodicas de
EDTA. Los defectos fueron examinados en cortes por desgaste
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con microscopio de polarizacion y por microradiografia. Se
observo que los defectos producidos por soluciones de buifers
dcidos eran diferentes a los obtenidos por agentes quelantes en

medio alcalino. Se da una posible explicacién de la aparicién de

los diferentes tipos de defectos. Se encontrdé que los defectos
producidos eran similares en gran parte a los obtenidos en dientes
humanos en investigaciones anteriores. Esto indica que el diente
de perro puede constituir un valioso material de prueba suplemen-
tarios en experimentos de esta clase.
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Plate 1.

Fig. 1. Photomicrographs of transverse ground sections of treated dog enamel in
polarvized light after imbibition in distilled water. 360 x.
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B.

Sugar-saliva mixtures for 16 hrs.

Broad inner spot of positive birefringence hordering centrally on a narrow zone
of isotropy towards the normal enamel. Narrow zone of negative birefringence
at Lhe surface.

Sodium lactate buffer, (0.5 M, pH 5) for 4 hrs.

Positively birefringent inner spot extending to the negatively birefringent sur-
face in limited areas.

Sodium aspartate buffer pH 4.15 for 4 days presenting positively birefringent
outer spot.

. Saturated TXDTA solution in distilled water for 24 hrs.

Combined lesion consisting of an outer spot of positive birefringence with ad-
jacent isotropic baud bordering on a zone of negative birefringence. Further,
cenlrally an inner spot of isotropy with accentuated borders belween the
prisms (ABP).
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Plate 2.

I'ig. 2. Pholomicrographs of transverse ground sections of treated dog cnamel in
potarized light after imbibition in distilled water. 360 x.

A. Saturated EDTA solution in distilled water, 0.001 M, pH 3.03 for 24 hrs.
Outer spol presenting positive birefringence and an adjacent narrow isotropic
zone with short ABP.

B. Trisodium salt solution of EDTA, 0.117 M, pH 7.94.

Outer spol of positive birefringence and adjacent isolropic layer.
Nole the length of ABP.
C. Tetrasodium salt solution of EDTA, 0.0702 M, pH 11.01.

Quter spot of positive birefringence and adjacent zone of isotropy.
Increased length of ABP.






Plate 3.
Fig. 3. Microradiograms.
A. Normal enamel.

B. Enamel treated with sugar-saliva mixtures.
(Same section in polarized light shown in Fig. 1 A).

(.. Enamel treated with sodium lactate bufler.
(Same section in polarized light shown in Fig. 1 B).

D. Enamel treated with saturated EDTA solution in distilled water.
(Same seclion in polarized light shown in IFig. 2 A).

E. Linamel treated with tetrasodium salt solutions of EDTA, pH 11.0.
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