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Dental amalgam is prepared from an amalgam alloy and mercury
For a low-copper amalgam alloy the reaction, thereby involved, is as
follows (1).

Agj Sn(y) + Hg(I) • Ag2 Hg3 (y,) + Sm.g Hg(y2) + Ag3 Sn(y> unreacted
excess

For an admixed high-copper alloy the amalgamation reaction can be
presented as follows

Sn(y) + Ag-Cu (eutectic) + Hg(I) • Ag: Hg3 iy,) + Sn7.8 Hg(y2) +
Ag3 Sn(y) unreacted + Ag-Cu (eutectic) unreacted

and later

Sn7.8 Hg(y2) + Ag-Cu (eutectic) —-> Cu6 Sn5 (n ) + Ag2 Hg3 (yi)

The destructive attack, of the amalgam in the oral environment
through chemical or electrochemical reaction (corrosion) gives rise to
vanous ionic species of the amalgam components.

The various phases of an amalgam have different corrosion
potentials because of their different chemical compositions Thus electro-
chemical measurements on pure phases have shown that the Ag2 Hg3
phase (yi) has highest corrosion resistance, followed by the A&Sn, Ag3
Cu2, Cu3Sn, Cu6Sn5 and the Sn7.8 Hg phase (y2). However, this behaviour
for the pure phases is changed to some extent in the dental amalgam.
Usually neither the y nor the yi phase is corroded as easily as the y2 phase
The corrosion of the latter takes place as follows

Sn7.g Hg + V2 O2 + H2O + Cl" — - » Sn4 (OH)6 Cl2 + Hg.
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The reaction of the liberated mercury with the unreacted alloy (y)
may produce additional yi and y2

Since most of the amalgam corrosion products are toxic or
undesirable, the study of their uptake (sorption) on the human teeth and on
restorative materials present in the oral cavity represents an interesting
research area. The aim of this paper is to investigate systematically the
uptake of tin ionic species on the human teeth. However, tin ions are
added in the form of SnF2 to many types of dentifrices to reduce the
incidence of dental caries (2).

Materials and Methods

Tracer
The isotope Sn-113 (Ti/2 = 115 1 d) was prepared by irradiation of

about 50 mg of tin metal granules in the Egyptian Research Reactor, ERR-
1, at Inshas (neutron flux ~1013n cm'2 sec'1) for 48 hours The metal was
then dissolved in concentrated hydrochloric acid and then diluted to 6M in
HC1 and kept in a dark bottle as a stock chloride solution in the form of
Sn(TI).

Gamma Spectrometer
A multichannel analyser (a gamma ray spectrometer) Model 800A

from Nucleus INC connected to a well-type 3x3 inches Nal(Tl) detector,
(Bicron) was used to count the gamma photopeak of Sn-113 at 398 KeV in
order to avoid errors due to the presence of Sb-125 formed in pile-
irradiated tin targets The apparatus is supplied with a Magnacom display
monitor

Experiments
Each investigation experiment was carried out in two similar 20-ml

plastic vials supplied with covers, A tooth of known weight was placed in
one vial while the other vial was used as blank. Ten ml of the studied
liquid (water, drink, etc.), previously spiked with a suitable amount of the
radioactive tracer were transfered to each vial. The activity of one ml of
the liquids at the start of the experiment (Ao) was 30,000-50,000 counts
per minute. The activity (A) was followed with the elapse of time, usually
by measuring one ml taken from each vial every half an hour till end of the
first working day and then two-three times on the next day. Each
experiment was done in duplicate and the average of the two readings was
evaluated After each reading, the liquid was returned to the respective
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vial, which was then tightly covered to prevent evaporation. The percent
uptake, U(%) is given by

A o -A
U(%) = . 100

Ao

The distribution coefficient, KD is given by

A o-A V
K D = •

A m
where V is the liquid volume and m is mass of the tooth.

Results

Sorption of Tin on the Teeth

In Fig. 1 are shown the results of the effect of time on the depletion
of Sn-113 activity in drinking water (tap water) due to the uptake of the tin
species on the tooth. The upper curve represents the blank, i.e. in the
absence of the tooth. A blank experiment is essential here to show any
uptake of tin on the walls of the plastic vial. The depletion of tin activity
from more the 30,000 counts/(ml. 60s) to less than 10,000 counts/(ml. 60s)
within two hours implies that teeth act as a natural sieve for hindering the
swallowing of the tin species as one of the main corrosion products of the
dental amalgam As mentioned before tin might be useful in presence of
fluoride ions in the tooth paste . Of course the use of an efficient paste for
cleaning' the teeth at least twice a day is evidently essential for freeing the
teeth from undesirable metallic species produced due to amalgam
corrosion. In Fig.2 is shown the percent uptake of tin on the tooth as
evaluated from the same results. From these results the rate constant for tin
sorption by the tooth might be calculated assuming that sorption takes
place through a first order process.

The kinetic equation for such process is given by:

1 Ao 2.303 Ao

k = — I n = log (1)
t A, t A,

where Ao is the initial activity and A, is the activity at time t. At two time
intervals ti and t2 relation (1) becomes:
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2.303 At,
k = T~T~ [ogy~ (2)

h - ti t2

Relation (1) may be also rearranged to cover the whole reaction period:

2.303 2.303
log AT" log A, (3)

and since the first term on the right-hand side is constant, the plot of t
against log At should give a straight line the slope of which is equal to -
2.303/k, thus enabling the specific sorption rate to be evaluated.

The results on the sorption of tin species on a tooth from tea with
and without sugar are shown in Figs.3 and 4, respectively. The depletion
of tin activity in tea with sugar with elapse of time is seen to be greater
than its depletion in tea without sugar. This implies that the presence of
sugar in tea enhances the sorption of the tin species on the teeth and hence
promotes higher sieving power of teeth for these species. The sieving
power is still, however, slightly less than in case of water (compare with
Fig. 1). This is demonstrated also in Fig. 5 showing the % uptake-time
relationships for tea with sugar (upper curve) and without sugar (lower
curve). Figs.6 and 7 show the depletion of tin activity with time for
experiments in which coffee with and without sugar, were used,
respectively The results indicate less sorption of the tin species, compared
to water and tea. The effect of the presence of sugar here is not evident as
in case of tea. If milk is added to coffee, this decreases remarkably the tin
sorption on the teeth as is clear from the results shown in Figs.8 and 9 for
the dnnk with and without sugar, respectively. In this case, sugar addition
does not influence tin sorption on teeth to any remarkable extent. This is
clear from Fig. 10 demonstrating the % uptake-time relationships. The
depletion of the radioactivity of tin species in red tea with the elapse of
time is shown in Figs 11 and 12 for the drink with and without sugar,
respectively The effect of sugar here is also small. Finally the depletion of
the radioactivity of tin-113 in chicken soup is rather similar to the
behaviour in water (Fig. 13).

Desorption of Tin from the Teeth

The radioactive tracer technique was also utilized to study the
desorption of tin already taken up on the teeth. It has been found that



sorbed tin is hardly desorbed from the teeth specimens. Thus, when the
tooth taken after the end of the sorption experiment is vigorously rinsed
with tap water for about 3 minutes and subsequently counted in the
scintillation detector, its activity remains almost constant This indicates
that sorbed tin is firmly attached to the tooth and its elution should be tried
using other means. It Table 1 is shown the activity of the teeth obtained
from the various sorption experiments after being well washed with tap
water.

Table 1. Activity of teeth obtained from the various sorption
experiments. (Counts/min)

Medium of serption
mpsmamk

tap water
tea with sugar
tea without sugar
coffee with sugar
coffee without sugar
coffee with sugar and milk
red tea with sugar
red tea without sugar
chicken stock soup

Activity before
washing
39668
24330
23338
14558
15212
10826
29454
45293
24127

Activity after
washsKg
38350
21020
20123
12371
10980
7234
27953
43977
22892

Discussion

Important questions related to the biocompatibility of dental
amalgams involve the amount of the material released into the mouth, its
form and the percentage retained. Corrosion of amalgam restorations is
clinically manifested by post-operative pain, pitting and protrusion. These
phenomena are further promoted by the galvanic action between the
various phases (yi and y2) of the amalgam itself or the amalgam and other
metallic restorative materials in the mouth (1,2) Other authors investigated
the corrosion of the amalgam using a novel method based on neutron
activation and gamma ray spectrometry (3,4) Neutron activation of the
amalgam gives rise mainly to the radioactive isotopes Zn-65 (t|/2 =243 8d).
Ag-llOm (tm = 253 d), Sn-1 13 (t,,2 = I 1 < dUnd Hg-203 (t,,2 = 46 6d )
The principle of the method is to measure the ratio of the radioactivity of
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each isotope to that of Hg-203 in the amalgam and in its corrosion
products. The "corrosion factor" for each element could thus easily be
evaluated by dividing the value of this ratio for the corrosion product by its
value for the amalgam. From a knowledge of the ratio of the concentration
of each element to that of mercury in the amalgam: (CM/CHB arnalg), the
corresponding concentration ratio for the corrosion product (cp) can be
evaluated:

CM CM
cp = amalg X corrosion factor

CHg

The same authors studied the effect of various oral environments on
the corrosion of various types of dental amalgams. The method was also
used for the investigation of galvanic degradation of dental amalgams in
presence of dissimilar electrodes from other restorative materials in
various oral environments (5). Severe corrosion of amalgam occured when
it is coupled with gold electrodes. In this series of studies the same
isotopes produced as a result of the neutron activation of the amalgam are
used as radiotracers for investigation of the sorption of these components
on teeth and other restorative materials.

The human tooth itself is made of the enamel, dentin and pulp.
Mature enamel is highly mineralized (96% by weight) with only 1% of its
weight being organic molecules (amelogenins and enamelins)and 3% being
water (1). The organic matrix supports the growth of the highly organized
hydroxyapatite crystals (Caio (PO4)6(OH)2). Dentin matrix (both calcified
and uncalcified dentinoid) forms the greatest bulk of the tooth. Calcified
dentin is about 20% organic (mostly collagen), 70 inorganic (mostly
hydroxyapatite) and 10% aqueous by weight. This matrix surrounds
dentinal tubules, which traverse the region between the dentoenamel
lunction (DEJ) and the pulp. A charged particle suspended in an
electrolytic solution attracts ions of opposite charge to those.at its surface.
The layer formed by these ions is called the stem layer (1). The sorption of
tin ions on the tooth might indicate that the charge of the latter is negative.
The attack on enamel by acids normally present in the mouth such as
acetic or lactic acids, tends to dissolve the enamel and produce caries. In
the presence of fluoride ion insoluble calcium fluoride, CaF2, forms and
also isomorphic substitution occurs to give a layer of fluorapatite, Cam
(PO<))6 F2 which is more resistant to acid attack.

Tin(II) fluoride, which is particulary effective in treating teeth is
therefore added to some toothpastes The increased protection in the
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presence of Sn2+ ions is attributed to the adsorption by the fluonde-treated
enamel of a very thin layer of basic tin(II) phosphates. Cooley exposed
extracted teeth to a buffered lactic acid solution and the rate of dissolution
of enamel was then measured. Different samples of teeth were then treated
with tin(II) or sodium(I) fluoride solutions of different concentrations and
the rate of dissolution was again measured. A reduction of dissolution rate
of the enamel of more than 80% was achieved at a fluoride ion
concentration of 0.02 moles/liter in case of using SnF2 and of only less
than 20% for the same fluoride concentration using NaF (6). In case of
topical application of fluoride, which is now frequently used in many
clinical cases the presence of tin ions within the teeth would promote the
formation of the protective fluoroapatite.

The fact that sorbed tin species are not eluted through vigorous
rinsing with water as was shown from desorption experiments and the
results of reduction of enamel dissolution in presence of Snf2 might
indicate that amalgam fillings in the mouth create a happy incidence
protecting the teeth from caries. A statistical investigation of the level of
canes is necessary, however, to confirm this finding by comparing an
adequate number of individuals with and without amalgam fillings.

Conclusions

1- The radioactive tracer technique can be used to study the sorption of
amalgam corrosion products on teeth and other restorative materials

2- Variable amounts of the tin species are sorbed on teeth from water and
other dnnks normally intaken by man; the addition of milk to coffee
remarkably decreases the amount of tin species sorbed on teeth.

3- Sorbed tin cannot be desorbed from the teeth even by vigorous rinsing
with tap water.
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Figure Captions

Fig.l. Effect of time on Sn activity in water containing a tooth

Fig.2. Percent uptake of Sn from water on a tooth as function of time.

Fig.3 Effect of time on Sn activity in tea with sugar containing a tooth.

Fig.4. Effect of time on Sn activity in tea without sugar containing a tooth.

Fig.5. Percent uptake of Sn from tea with and without sugar on a tooth as
function of time

Fig.6. Effect of time on Sn activity in coffee with sugar containing a tooth.

Fig.7. Effect of time on Sn activity in coffee without sugar containing a
tooth.

Fig.8 Effect of tune on Sn activity in coffee with sugar and milk
containing a tooth.

Fig. 9 Effect of time on Sn activity tn coffee with milk containing a tooth.

Fig. 10 Percent uptake of Sn from coffee (with milk) with and without
sugar on a tooth as a function of time

Fig. 11 Effect of tune on Sn activity in red tea with sugar containing a
tooth

Fig. 12. Effect of time on Sn activity in red tea without sugar containing a
tooth.

Fig. 13. Effect of time on Sn activity in chicken soup containing a tooth.

Fig. 14. Effect of time of immersion on log activity of Sn in red tea with
sugar.

Fig. 15. Effect of time of immersion on log activity of Sn in red tea without
sugar
































