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Previous studies have indicated that TiF, and SnF, differ in their demineralizing effect when
applied topically to root surfaces at the same acidity. The aim of this study was to examine
in more detail the outermost layer of root surface specimens by transmission electron
microscopy (TEM) after short-term exposure to these acidic fluoride solutions. Root surface
specimens were exposed for 1 min and 4 min to equimolar (1.1 MF) solutions of a) TiF,,
native pH 1.0; b) SnF,, acidified to pH1.0; and ¢) SnF,, native pH2.5. The specimens
were then rinsed in saline and processed for TEM. Exposure to TiF, resulted in a partly
demineralized zone 8-10 um deep after 1 min and 5-27 um deep after 4 min of application. A
0.1-um-thick, electron-dense coating was present in all TiF -treated specimens. Acidified SnF,
resulted in a completely demineralized zone, 4-7 um deep, when applied for 1 min and 4 min,
whereas SnF, at native pH produced a 0.5- to 1.0-um-wide partially demineralized zone.
Unevenly distributed crystalline deposits were a frequent finding on SnF,-treated surfaces.
The results indicate that solutions of TiF, and SnF, at native pH will cause only slight
demineralization when applied topically to root surfaces. O Cariology; demineralization;
fluorides, topical; transmission electron microscopy
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Among different fluorides proposed as top-
ical agents in caries prophylaxis are titanium
tetrafluoride (TiF,) and tin fluoride (SnF,).
The rationale for combining fluoride with
Ti and Sn ions is, first, that the complex-
binding ability of the metal ions enables
them to bind concomitantly to fluoride and
tooth tissue, thereby enhancing fluoride re-
tention (1,2). Second, acidic fluoride sol-
utions may produce a slight surface demin-
eralization and promote formation of HF
and thereby facilitate penetration of flu-
oride into the tooth tissues (2, 3). Third,
fluoride-metal complexes form surtace coat-
ings that are thought to give an additional
caries-protective effect to treated tooth sur-
faces (4-10).

After application of aqueous TiF, and
SnF, to root surfaces, considerable depo-
sition of fluoride in the outer 50 pym has been

observed (7, 9-13). The demineralizing po-
tential, however, seems to be different for
the two agents. Even at the native pH 1 of
the TiF, solution, demineralization of the
root tissue has not been observed by the
analytic method used, whereas the SnF,
solution, when adjusted to the same pH,
seems to produce considerable deminer-
alization (7, 11).

In previous studies microradiography,
polarized light microscopy, and electron
microprobe analysis have been used. These
methods to not enable a detailed exam-
ination of the outermost few micrometers of
the root surface. Therefore, the aim of the
present study was to examine in greater
detail the very surface layer of root surface
specimens by transmission electron mi-
croscopy (TEM) after exposure to TiF, and
SnF, solutions.
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Materials and methods

Five premolars extracted for orthodontic
reasons were collected for the study and
stored in 100% humidity in glass vials con-
taining wet cotton and crystals of thymol.
The teeth were scaled with curettes to
remove soft tissue remnants, polished with
pumice in a rubber cup, and rinsed in tap
water. The crowns were discarded, and the
roots divided in seven parts, each having
original root surface on one side. One speci-
men from each root was immersed in equi-
molar solutions of either TiF, or SnF, at
various pHs and for various periods of time
(Table 1).

The solutions were prepared by dissolving
the fluorides in distilled water to a molarity
of 1.1 MF. Thus, the concentrations were
3.4% TiF, and 8.6% SnF,, giving native
pHs of 1.0 and 2.5, respectively. For speci-
men groups E and F the SnF, solution was
adjusted to pH 1.0 by adding HCl. After
fluoride exposure the specimens were im-
mersed three times in baths of 100 ml saline
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for 2 min under continuous stirring and im-
mediately processed for TEM. The pH of
the saline was recorded before the washing
procedure and after each bath.

The specimens were dehydrated in in-
creasing concentrations of acetone, embed-
ded in epoxy resin, and sectioned with dia-
mond knives perpendicular to the root
surface. Thin sections were collected on cop-
per grids and examined unstained in a Jeol
JEM-100 electron microscope. Micrographs
were taken at magnifications of 6000 to
40,000 diameters from each specimen. The
width of the demineralized surface zone was
measured on photographic prints.

Results

The results are summarized in Table 2.
Application of 3.4% TiF, (1.1MF) pro-
duced a partly demineralized zone in the
outermost 5-27 pm of the root surface in all
specimens (Fig. 1). After 1 min application

Table 1. Distribution of experimental material in accordance with fluoride agent,

pH. and fluoride application period

Specimen Application No. of
group Agent pH period specimens
A TiF, 1.0 4 min 5
B TiF, 1.0 1 min 5
C SnF, 2.5 4 min 5
D SnF, 2.5 1 min 5
E SnF, 1.0 4 min 3
F SnF, 1.0 1 min 3
G Control No treatment 3

Table 2. Number of specimens with surface changes,

in relation to number of

specimens treated and the character and depth of demineralization

No. of specimens

demineralized/ Character of

Depth (um) of
demineralized

Group treated demineralization zone
A 5/5 Partial 5-27
B 5/5 Partial 8-10
C 1/5 Partial 3-5
D 0/5 — —
E 3/3 Total 47
3 3/3 Total 47
G 0/3 — —_—
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Fig. 1. Root surface
specimen treated with
3.4% TiF, for 1 min. A
partly demineralized
surface zone 6-7 pm
wide, and an outer
electron-dense coating
are present (arrow).
Subjacent to the
demineralized zone is a
hypermineralized zone
(arrow). (Electron
micrograph;
magnification, X6000.)

the demineralization zone did not exceed
10um in depth, whereas after 4min de-
mineralization up to 27 um in depth was
recorded.

An approximately 0.1-um-thick, electron-
dense coating along the surface of the de-
mineralized layer was a constant finding in
the TiF,-treated specimens. Subjacent to the
demineralized zone a highly electron-dense
layer was often present (Fig. 1).

When applied for either 1 min or 4 min,
8.6% SnF, (1.1 M F) acidified to pH 1.0 re-
sulted in almost complete demineralization

Fig. 2. Root surface
specimen treated with
8.6% SnF, acidified to
pH 1.0 for 1 min. A
nearly completely
demineralized zone, 5-
6 um wide, is present.
Fragmented electron-
dense material is
present at the surface
of the demineralized
zone (arrow).
(Electron micrograph;
magnification, X6000.)
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in a 4- to 7-um-wide zone. An example is
shown in Fig. 2. At the border zone between
normal and affected dentin, partial removal
of mineral crystals resulted in enhanced
appearance of collagen cross-banding (Fig.
3). Closer to the surface very few mineral
crystals could be distinguished.

SnF, solutions at native pH resulted in
minimal change in the root surface when
compared with controls (Figs. 4 and 3). In
one specimen, however, a demineralized
zone of 3-5um was observed (Fig. 6). At
high magnifications partial dissolution of
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mineral crystals was observed in the outer-
most 0.5-1.0 um in some areas (Fig. 7), but
no distinct zone of demineralization could be
observed.

Unevenly distributed aggregates of elec-
tron-dense material were often present on
surfaces treated with native or with acidified
SnF. solutions (Figs. 2, 4, and 6). The
particles were somewhat fragmented by
the sectioning procedure, and their true
configuration could, therefore, not be ascer-
tained.
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Fig. 3. Border between
normal and
demineralized dentin in
a root surface specimen
treated with 8.6% SnF,
acidified to pH 1.0 for
1 min. Remaining
mineral crystals in the
demineralized zone
enhance collagen
periodicity (arrow).
(Electron micrograph;
magnification, X40,000.)

The saline used for washing ot the speci-
mens in all groups showed a lowering in pH,
with return towards base-line value after the
third washing (Table 3).

Discussion

The results showed that topical application
of TiF, or SnF, solutions at pH 1.0 had a
demineralizing effect on root surfaces; the
character of the demineralization. however,

Fig. 4. Root surface
specimen treated with
8.6% SnF, for | min.
Electron-dense
material is present on
the surface (arrow).
No distinct
deminerahized zone.
(Electron micrograph:
magnification, xX6000.}
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Fig. 5. Control
specimen illustrating
unaltered root dentin
surface. (Electron
micrograph;
magnification, X6000.)

Fig. 6. Root surface
specimen treated with
8.6% SnF, for 4 min.
A partially
demineralized surface
zone 3-5 um wide and
subjacent
hypermineralized zone
(arrow) are present.
(Electron micrograph;
magnification, x6000.)

differed between the two agents. The com-
plete demineralization resulting after appli-
cation of acidified SnF, explains why this
is more readily detectable by the electron
microprobe technique as well as by micro-
radiography (7, 11, 13).

The nearly complete lack of deminer-
alization observed after application of the
SnF, solution at native pH was more unex-
pected, since signs of demineralization of
enamel] and of dentin have previously been
reported (13, 14), and root dentin is the more
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Table 3. pH of washing solution after subsequent wash-
ings of three fluoride-treated specimens in 100 mi saline.
Saline pH before bath was 5.4

Saline pH
Specimen
group Lst bath 2nd bath 3rd bath
A 3.45 4.92 5.00
B 3.46 4.66 4.80
C 331 5.01 5.00
D 3.30 4.95 5.05
E 3.30 5.21 5.24
F 3.34 5.01 5.05
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vulnerable of the two tissues (15). Theoretic
considerations that may lend credence to
the present findings have, however, been
presented (7). Compared with the pro-
nounced power of the Ti ion to expel a
proton from water and thereby cause a low
pH of the hydrolyzed TiF, solution, the Sn
ion is assumed to have a limited affinity for
the oxygen atom of water. This is reflected
in the higher pH of the hydrolyzed SnF,
solution than in the very acidic TiF,. When
hydrolysis of metal fluorides results in a low
pH, the metal is also expected to have a
strong tendency to complex with phosphate
on the tooth surface. Consequently, the
titanium compounds formed are so tightly
bound that they are not easily substituted
with protons even at the high proton con-
centration present at pH 1.0. The binding of
tin to phosphate is not as strong as that of
titanium, but since the affinity for the oxygen
atom of water is limited as well, the amount
of dissociated protons will be too small to
displace tin during a competition for the
oxygen atom of the phosphate group. Tin
ions will, consequently, adhere nearly per-
manently to mineral on the root surface at
native pH. When the pH of the solution is
reduced io 1.0, however, the more plentiful
protons will displace tin, and the protonated
phosphate groups on the root surface will
go into solution and leave a demineralized
surface.
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Fig. 7. Root surface
specimen treated with
8.6% SnF, for 1 min
llustrating partial
dissolution of mineral
crystals in the outer
0.5-1.0 um. (Electron
micrograph;
magnification, x45.000. }

Small surface craters characteristic of acid
etch patterns have been reported after appli-
cation of a 10% SnF, solution to enamel for
8min (16). Apparently, the much shorter
application periods used in the present study
were not sufficient to produce a similar
effect. The observed lowering of the pH in
the saline used to wash the treated speci-
mens, however, indicates that acid remained
in the dentin and that both demineralization
and remineralization processes may continue
for a period of time after exposure to an
acidic fluoride solution.

No attempt was made to identify the large
crystalline structures observed on the surface
of SnF,-treated specimens (Figs. 2 and 4).
Most likely they represent a tin phosphate,
possibly Sn;F;Poy,, since this substance has
previously been proposed to occur together
with calcium fluoride on enamel and dentin
surfaces treated with SnF, (4, 14, 16-18).
The uneven distribution of surface pre-
cipitates after SnF, application has also been
noted previously (4, 16).

The acid-resistant Ti-containing coating
consistently present on tooth surfaces after
TiF, application (6, 19-21} may involve
organo-metallic complexes. and its forma-
tion is probably favored by the rich organic
matrix of the root tissues (19,22). Hence,
this coating possibly imparts an additional
protective effect after topical application of
TiF, to root surfaces.
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Penetration of fluorides into dental hard
tissues is enhanced if the surface is slightly
demineralized before or in conjunction with
the topical application (3). The minute sur-
face changes observed after exposure to SnF,
at native pH may therefore be considered
advantageous. Acidified SnF,, by contrast,
has a more marked demineralizing effect on
the surface. Although a high fluoride uptake
has been reported after topical application
of acidified SnF, to roots in vitro (7), this
agent may thus be less appropriate for clini-
cal use. In the present study the acidified
solution of SnF, was included to enable
examination of the interaction of the two
metal ions Sn and Ti with the root tissue at
the same pH.

TiF, solutions, even at a pH as low as 1.0,
produced only partial demineralization of a
fine surface layer. This condition probably
reflects the situation when Ti strongly com-
petes for both the oxygen atom of water and
the phosphate group of the mineral com-
ponent. Apparently, the protons penetrate
into the hard tissue only to a limited extent.
This probably explains why the affected sur-
face zone has not previously been detected
by electron microprobe analysis or micro-
radiography (7, 11, 13). The depth of the
demineralized zones varied among speci-
mens within each specimen group, presum-
ably because of variations in the cementum
thickness and in the width and number of
dentinal tubules.

Even if the slight demineralization
brought about by TiF, application under
appropriate conditions may be expected to
remineralize within a few weeks in the oral
cavity (23-25), surface demineralization
should in principle be kept at a minimum.
The lowest concentration of acidic fluoride
commensurate with a high reactivity with the
root surface would therefore be preferable
for clinical use. A 1.0% solution of TiF,
produces a high and long-lasting fluoride
concentration in root surfaces after an appli-
cation period as short as 10 sec (10). Caries-
inhibitory effects of TiF, at this con-
centration have been demonstrated both in
rats and in a clinical study (26, 27). The rapid
reaction with root tissues and the promising
effect on enamel caries encourage further
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investigation of TiF, as a topical caries-
inhibitory agent in the clinical situation.

References

1. McCann HG. The effect of fluoride complex for-
mation on fluoride uptake and retention in human
enamel. Arch Oral Biol 1969;14:521-31.

2. Grgn P. Chemistry of topical fluorides. Caries Res
1977;11(suppl 1):172-204.

3. Aasenden R, Brudevold F, McCann HG. The
response of intact and experimentally altered
human enamel to topical fluoride. Arch Oral Biol
1968;13:543-52.

4. Wei SHY. Scanning electron microscope study of
stannous fluoride-treated enamel surfaces. J Dent
Res 1974,52:57-63.

5. Wei SHY. Effect of topical fluoride solutions on
the enamel surface as studied by scanning electron
microscopy. Caries Res 1975;9:445-8.

6. Wefel JS, Harless JD. The effect of topical fluoride
agents on fluoride uptake and surface morphology.
J Dent Res 1981;60:1842-8.

7. Tveit AB, Hals E, Isrenn R, Tgtdal B. Highly acid
SnF, and TiF, solutions. Effects on and reactions
with root surfaces in vitro. Caries Res 1983;17:412-
8.

8. Ellingsen JE. Scanning electron microscope and
electron microprobe study of reactions of stannous
fluoride and stannous chloride with dental enamel.
Scand J Dent Res 1986;94:299-305.

9. Skartveit L, Tveit AB, Tgtdal B, Selvig KA. Effects
of TiF, solutions on root surfaces in vitro after
different application periods. Acta Odontol Scand
1989;47:25-30.

10. Skartveit L, Tveit AB, Klinge B, Tgtdal B, Selvig
KA. In vivo uptake and retention of fluoride after
a brief application of TiF, to dentin. Acta Odontol
Scand 1989;47:65-8.

11. Hals E, Tveit AB, Te¢tdal B, Isrenn R. Effect of
NaF, TiF, and APF solutions on root surfaces in
vitro, with special reference to uptake of fluoride.
Caries Res 1981;15:468-76.

12. Tveit AB, Tegtdal B, Klinge B, Nilvéus R, Selvig
KA. Fluoride uptake by dentin surfaces following
topical application of TiF,, NaF and fluoride var-
nishes in vivo. Caries Res 1985;19:240-7.

13. Tveit AB, Klinge B, Tetdal B, Selvig KA. Long-
term retention of TiF, and SnF, after topical appli-
cation to dentin. Scand J Dent Res 1988;97:536—40.

14. Wei SHY, Forbes WC. Electron microprobe inves-
tigations of stannous fluoride reactions with enamel
surfaces. J Dent Res 1974;53:51-6.

15. Hoppenbrouwers PMM, Driessens FCM, Borg-
greven JMPM. The vulnerability of unexposed
human dental roots to demineralization. J Dent Res
1986;65:955-8.

16. Nordquist WD, Krutchkoff DJ, Wei SHY. Effect
of prior acid etch on rate of Sn;F;Po, formation
subsequent to topical application of SnF,. J Dent
Res 1975;54:1154-60.



190 L.

i7.

Skartveit et al.

Jordan TH, Wei SHY, Bromberger SH, King JC.
Sn;F3PO,: the product of the reaction between stan-
nous fluoride and hydroxyapatite. Arch Oral Biol
1971;16:241-6.

. Krutchkoff DJ, Jordan TH, Wei SHY, Nordquist

WD. Surface characterization of the stannous flu-
oride-enamel interaction. Arch Oral Biol 1972;17:
923-30.

. Mundorff SA, Little MF, Bibby BG. Enamel dis-

solution. TI. Action of titanium tetrafluoride. J Dent
Res 1972:51:1567-71.

. Wei SHY, Soboroff DM, Wefel JS. Effects of

titanium tetrafluoride on human enamel. J Dent
Res 1976;55:426-31.

. Clarkson BH, Wefel J, Edie J, Wilson M. SEM

and microprobe analyses of enamel-metal-fluoride
interactions. J Dent Res 1981;60:1912-20.

Received for publication 14 May 1990

22.

23.

24.

25.

26.

27.

ACTA ODONTOL SCAND 49 (1991)

Bibby B, Little LF. Fluoride and titanium and the
organic material of dental enamel. J Dent Res
1975;54(spec issue B):137-42.

Selvig KA. Biological changes in the tooth-saliva
interface in periodontal disease. J Dent Res 1969;
48:846-55.

Kato S, Fusayama T. Recalcification of artificially
decalcified dentin in vivo. J Dent Res 1970:49:
1060-7.

Tveit AB, Selvig KA. In vivo recalcification of den-
tin demineralized by citric acid. Scand J Dent Res
1981;89:38-42.

Skartveit L, Spak CJ, Tveit AB, Selvig KA. Caries-
inhibitory effect of titanium tetrafluoride in rats.
Acta Odontol Scand 1991,49:85-8.

Reed AJ, Bibby BG. Preliminary report on the
effect of topical applications of titanium tetrafluo-
ride on dental caries. J Dent Res 1976;55:357-8.





