Caries-inhibitory effect of titanium tetrafluoride in rats
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The purpose of this study was to evaluate the caries-inhibitory effect of TiF, as compared
with equimolar solutions of neutral and acidified NaF. Sixty Sprague-Dawley rats were
weaned 19 days after birth and given a cariogenic diet. They were randomly divided into four
groups and given a 1-min topical treatment of the molar teeth on day 1 and day 17 of the
experiment with the following solutions: group 1: 1% TiF,, pH1.5; group 2: 1.3% NaF,
pH 7.0; group 3: 1.3% NaF, pH 1.5; and group 4: control, distilled water. From day 2 the
rats were inoculated with Streptococcus mutans twice weekly. On day 55 the rats were killed,
and caries scored in accordance with Keyes. Total caries scored were (mean * SD): group 1,
12.7 £9.5; group 2, 17.4 = 8.6; group 3, 14.3 £ 9.7; and group 4, 29.5 + 9.0. There were
significantly (p < 0.05) reduced caries scores for total caries and for buccal + lingual and
sulcal areas for all test groups as compared with the control group. Differences between
control and test groups in proximal surfaces and between fluoride groups were non-significant.
The results showed that the caries-inhibitory effect of TiF, is at least as good as that of NaF
in rats. O Animal study; preventive dentistry; topical fluoride application
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In comparison with various other fluoride
compounds used for topical application to
tooth surfaces, titanium tetrafluoride (TiF,)
has shown some interesting effects. A 4-min
topical application of a 3.4% solution in vitro
results in a fluoride uptake in enamel and
root surfaces similar to that from fluoride
varnishes and much higher than from a 2%
NaF solution (1-3). The concentration of the
TiF, solution can be reduced to 1% (0.32M
F) and the application period to 10 sec, and
the TiF, still gives a substantial fluoride
uptake in root surfaces (4). An in vivo study
in dogs has shown that after a 10-sec appli-
cation of 1% TiF,, large amounts of fluoride
remain in the dentin surfaces after 22 weeks
of exposure to intraoral conditions (5). Top-
ical application of TiF, results in reduction of
enamel solubility and inhibition of artificial
lesion formation (3, 6, 7). In a clinical trial
in which an annual application of TiF, was
compared with the effect of acidulated phos-
phate fluoride (APF), TiF, showed the best
caries-prophylactic effect after 3 years (8).

In rats the caries-inhibiting effect of TiF,
has been found to be similar to that of NaF
(6). In that study the fluoride agents, both
containing 0.2%F, were applied daily for 5
days before a 10-day cariogenic period.

The purpose of the present study was to
assess the caries-inhibitory effect of TiF, as
compared with an equimolar solution of NaF
when applied under a regimen more similar
to clinical procedures. Thus, the fluoride
agents were applied twice during the exper-
imental period, and an extended cariogenic
period was chosen. An acidified NaF sol-
ution, adjusted to the same pH as native
TiF, (pH 1.5), was also included in the com-
parison.

Materials and methods

Sixty Spraguc—-Dawley rats were taken from
their dams and weaned on day 19 after birth.
They were given a fluoride-free, carcino-
genic diet containing 56% sucrose (9), and
de-ionized water ad libitum. The following
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day, day 1 of the experiment, the rats were
randomly divided into four groups, which
were assigned to the following topical treat-
ments: group 1: 1% TiFa, (0.32M F),
pH 1.5; group 2: 1.3% NaF (0.32M F),
pH7.0; group 3: 1.3% NaF (0.32M F),
pH 1.5; and group 4: control, distilled water.

Test and control solutions were applied
for 1 min to the molar teeth with a cotton
swab saturated with fluid. The treatments
were repeated on day 17.

On day 2 of the experiment all rats were
inoculated orally with Streprococcus mutans,
strain E 49. Inoculation was repeated twice
weekly throughout the experimental period,
and the level of infection was confirmed by
taking oral bacterial samples for culturing
regularly. The rats were housed in stainless
steel, screen-bottom cages. They were
weighed weekly, and their physical condition
noted. After 55 days the animals were killed
in an excess CO, atmosphere, and the jaws
dissected from the animals and defleshed.

To facilitate the assessment of the carious
lesions, the jaws were soaked in a Kern-
echtrot solution (Merck, art. no. 5189),
which gave the lesions a red appearance.
Enamel caries on buccal plus lingual, proxi-
mal, and sulcal areas was scored by one
person, in accordance with Keyes (10), as
modified by Larson (11), using a blind pro-
cedure. By this method the various types of
fesions are scored by using estimates of the
linear spread and the depth of penetration.
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Statistical analysis was done with the
Kruskall-Wallis test followed by non-para-
metric Tukey-type multiple comparisons
(12). The level of significance for differences
between groups was chosen as p < 0.05.

Results

The caries scores for the buccal plus lingual,
proximal, and sulcal areas and the total car-
ies score are presented in Table 1. There was
a statistically significant (p < 0.05) reduction
in the caries scores for the buccal plus lingual
surfaces, the sulcal areas, and the total car-
ies score for all fluoride groups when com-
pared with the control group, whereas the
caries scores for the proximal surfaces in the
fluoride groups were not different from those
in the control group. Differences between
the three fluoride groups were not stat-
istically significant.

Two rats in group 3 died for unknown
reasons. The experimental procedures did
not significantly affect the average weight
gain of the animals.

Discussion

The results showed that topical fluoride
treatment with NaF, acidulated NaF, and
TiF, inhibits carious lesion formation in
rats. Evidently, all fluoride treatments had

Table 1. Effect of topical fluoride application on caries scores for different tooth surfaces
after 55 days, mean = SD. Means that are not statistically different (p < 0.05) are

bracketed by vertical lines

Treatment Buccal+lingual Proximal Sulcal Total caries
group surfaces surfaces areas score
Water, —
n=15 43+35 47+15 20.5+6.5 295+9.0 ]
NaF,
pH 7, 0.8+1.1 45+22 12.1x6.5 17.4 £ 8.6
n=15
NaF,
pH 1.5, 09=*13 39=x2.6 9.5+6.7 143x97
n=13
TiF,,
pH L5, [0=1.5 26=29 | 9.1x64 127+9.5 ]

n=15
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significant effect only on the surfaces readily
available for the introduced fluoride,
whereas proximal surfaces seemed to get no
protection from the topical application. This
presumably demonstrates that insufficient
amounts of fluoride diffuse into the proximal
areas.

A tendency to more effective inhibition of
decay by acidic fluoride solutions compared
with neutral sodium fluoride can be ex-
plained by formation of more calcium flu-
oride on enamel (13-16) and by greater
fluoride uptake in the enamel (1, 17), which
will exert a caries-inhibitory effect by subse-
quent release of fluoride ions (15, 16).

A possible difference in the caries-
inhibiting effect between TiF, and NaF could
well be due to differences in pH of the native
solutions rather than to the specific metal
ions. We therefore thought it important to
examine the effect of acidulated NaF with
the same pH as the TiF, solution. At pH 1.5
and a fluoride concentration of 0.32 M, no
significant difference in caries-inhibiting ef-
fect between the two compounds was found.

Titanium forms very strong complexes
both with fluoride and with enamel (18-20),
which may influence the subsequent fluoride
release. A strongly retentive Ti-containing
surface coating has been observed after
treatment of enamel with TiF 4 solutions. The
coating is acid-insoluble and not readily
removed by washing in artificial saliva or
KOH (2, 3,21, 22). Consequently, this coat-
ing may act as a barrier for fluoride release,
even in the presence of an acidic environ-
ment. On the other hand, the acid-resistant
coating may have a protective effect during
caries challenge.

The present results are not immediately
comparable with those of Regolati et al. (6),
who used five daily topical applications of
TiF, and NaF solutions before a 10-day cari-
ogenic period. After that regimen the caries
incidence in the TiF, and neutral NaF groups
were identical, in spite of higher fluoride
content and lower dissolution rate of the
TiF -treated enamel surfaces. Conceivably,
a cariogenic period of 10 days was too short
for all fluoride incorporated in the enamel
to become reactive. The extended exper-
imental period used in the present study
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supplements these findings, and, although
not statistically significant, a tendency
toward lower caries incidence was seen in
the TiF, group, possibly reflecting greater
fluoride deposition by the TiF, agent as com-
pared with both neutral and acidified NaF.

It has been shown that fluoride uptake
from TiF, solutions occurs rapidly. A single
application of TiF, for 10 sec results in a high
fluoride content in root tissue (4). For this
reason, TiF,, in comparison with NaF and
varnish treatments, may be more con-
venient in the clinical situation. As the
caries-inhibiting effect of TiF, is at least as
good as that of NaF, TiF, may be the pre-

ferred topical prophylactic agent for clinical
use.
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