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The uptake of fluoride in enamel and dentin after application of an experimental fiuoride
varnish has been studied and compared with the uptake from a commercially available varnish
(Duraphat®). Each varnish was applied to 10 extracted human cuspid teeth. Successive
etchings with perchloric acid were carried out separately in enamel and root dentin to obtain
samples at three different depths. The concentrations of fluoride and calcium in the samples
were determined, and the fluoride uptake was calculated. The experimental varnish gave a
significantly greater fluoride uptake at all three sample depths in both enamel and dentin.
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Application of fluoride varnish has been an
accepted routine in Sweden for many years.
Duraphat®, the fluoride varnish commonly
used, contains sodium fluoride (2.26 mg F/
1), ethanol, and colophonium and effectively
reduces caries under optimal conditions
(1-5). The caries inhibition is attributed to
the deposition of fluoride apatite in enamel
and the formation of surface reservoirs of
calcium fluoride (6, 7). Greater fluoride up-
take has been shown from varnish than from
gel or solution (8, 9).

The above studies have generally con-
cerned fluoride uptake in enamel and effect
on enamel caries. However, adults with
exposed root surfaces require a cariostatic
agent effective on both dentin and enamel.

A new fluoride varnish with improved
adhesive properties has recently been devel-
oped at the Center for Dental Technology
and Biomaterials (CDB), Karolinska Insti-
tutet, Stockholm. Clinical pilot studies at the
Faculty of Dentistry, Stockholm, and the
Preventive Dentistry Service of the Stock-
holm County Council have confirmed its
excellent adhesive properties, and patient
acceptance of the appearance of the teeth
after application has been high. The aim of
the present study was to compare in vitro
fluoride uptake by enamel and root dentin

from Duraphat and the new fluoride varnish
(CDB).

Materials and methods

~ The material for the investigation comprised

20 extracted human canine teeth, stored in
saline. The teeth were randomly allotted to
one of two groups for treatment with Dura-
phat or with the new varnish (CDB). The
CDB varnish contains sodium fluoride, etha-
nol, modified colophonium, zinc chloride,
and stabilizing and flavoring agents.

The teeth were longitudinally sectioned
buccolingually with a diamond disc, giving a
control half and an experimental half. The
root dentin was carefully exposed by removal
of the cementum with a sharp instrument
and polished with pumice and whiting. The
specimens were dried with ethyl alcohol. Flu-
oride varnish was then applied for 10 sec,
with a brush of the type routinely used for
clinical application, to both the enamel and
the root dentin of the experimental halves.
After 4 min of drying in air at room tem-
perature the experimental halves were sus-
pended in artificial saliva (10). Four hours
later the film of varnish was removed with
acetone applied on a gauze swab. The exper-
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imental halves were resuspended in artificial
saliva for 12 days. The specimens were then
immersed in potassium hydroxide for 24 h,
to remove CaF, from the surfaces. Samples
of enamel and dentin were obtained by etch-
ing away three successive layers from the
surface with perchloric acid (10). The surface
area of the biopsy layer was around 7.2 mm™.

The control specimens were stored in
physiologic saline solution throughout the
experiment. Samples were obtained by etch-
ing as described above.

The sample solution was analyzed for flu-
oride with a combination fluoride electrode
{Orion 910900). Calcium content was deter-
mined by atomic absorption spectropho-
tometry (Pye Unicam SP9). The following
values were used for calculation of enamel
and dentin mass released into the sample
solution: calcium concentration in enamel,
37.03%: in dentin, 26.24% (11); enamel
density, 2.95 g/cm? (12); and dentin density,
1.9 g/cm® (13).

The sample depth obtained with per-
chloric acid varies from tooth to tooth and
from layer to layer. To enable comparison
of fluoride content in different etched layers,
the fluoride concentration was corrected to
the following standard sample depths: 3.5
wim, 7.0 um, and 10.5 um for enamel and 6.0
um, 12.0 pm, and 18.0 um for dentin. The
following regression curve was used (10):

In(F mass) =
A + B In{enamel or dentin mass).

The factors A and B were determined by
the method of least squares. The curve ob-
tained was used as a three-point calibration
curve. The adjusted F mass was calculated
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from the enamel or dentin mass corre-
sponding to the standardized sample depths
—that is, 73.0 ug, 146.0ug, and 219.0 ug
for enamel and 80.6 pg, 161.0 pg, and 242.8
ug for dentin.

The adjusted F mass in the first sample
layer and the differences between the ad-
justed F masses of the second and the first
and the third and the second sample layers
were used to calculate the adjusted fluoride
concentration for each sample layer. The
difference between the adjusted F con-
centration in the experimental specimen and
the corresponding control half was used to
calculate the fluoride uptake in enamel and
dentin after treatment with varnish.

The concentration of fluoride in each
sampie layer was compared with regard to
uptake from the two varnishes and dif-
ferences in uptake for enamel and dentin,
using a two-way analysis of variance. The
statistical analysis was done with Stat-
graphics statistical program.

Results

At all three etched levels, specimens treated
with CDB fluoride varnish showed sig-
nificantly greater fluoride uptake than speci-
mens treated with Duraphat (p < 0.005 at
all three layers).

The uptake of fluoride was greater in den-
tin than in enamel for both varnishes and in
all layers. The difference in fluoride uptake
between enamel and dentin was significant
for all etched depths, with the same level of
significance (p < 0.001) (Table | and 2).

The partial coefficients of correlation be-

Table 1. Mean values and standard deviation (SD) of in vitro net increase of fluoride (ppm) in

consecutive enamel layers

Layer 1, Layer 2, Layer 3
Depth, 3.5 um* Depth, 7.0 pm Depth, 10.5 um
Varnish Mean SD Mean SD Mean SD
Duraphat® (n = 10) 1345 811 765 485 657 390
2303 1541 1035 808 779 690

CDB (n = 10)

” Referred depth.
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Table 2. Mean values and standard deviation (SD) of in vitro net increase of fluoride (ppm) in

consecutive dentin layers

Layer 1, Layer 2, Layer 3,
Depth, 6.0 um* Depth, 12.0 um Depth, 18.0 pm
Varnish Mean SD Mean SD Mean SD
Duraphat® (n = 10) 3575 2172 2634 735 2367 628
CDB (n=10) 6289 3196 5307 3045 5044 3112

* Referred depth.

tween fluoride concentration in the enamel
and dentin layers of the control specimens
and the fluoride uptake by enamel and den-
tin layers in the experimental specimens
treated with fluoride varnish were cal-
culated. The coefficients for enamel were
0.14 in the first etched depth and —0.17 and
—0.11, respectively, in the second and third
etched depths. The corresponding coef-
ficients of correlation for dentin were —0.43,
—0.06, and —0.18. With the exception of the
first layer depth in enamel, fluoride uptake
in enamel and dentin in this experiment was
thus in inverse relation to the original flu-
oride concentrations in the teeth.

Discussion

In this study fluoride retention in the out-
ermost layers of enamel and exposed root
dentin after treatment with the two varnishes
was compared. As a base-line value the
initial fluoride concentration in each tooth
was determined. It has been shown that the
fluoride concentrations in symmetrical buc-
cal and lingual etched samples of a tooth
are almost identical (14, 15). This procedure
_minimizes errors due to variation of initial
fluoride concentration in different teeth.

Some variation may, however, still exist
because of variation in sample depth. The
fluoride-rich enamel may be expected to give
a shallower depth of etching. The fluoride
concentration decreases with depth, and the
fluoride values obtained will therefore be
influenced by the thickness of the sample
layer.

The CDB varnish gave a markedly greater
fluoride uptake than Duraphat in both

enamel and root dentin. Although the num-
ber of teeth in the experiment was relatively
small, statistical analysis showed that the dif-
ference was significant. This may be due
to the dissimilarities in composition of the
varnishes, although the principal ingredients
were the same.

Fluoride retention by enamel is in itself no
longer considered the only important factor
for caries-inhibiting potential. The cario-
static effect is now mainly attributed to the
fluoride in the liquid phase within and
around the outer enamel layer (16). The
fluoride concentration in this phase is con-
sidered to be dependent on availability of
soluble fluorides at the tooth surface, par-
ticularly calcium fluoride. With currently
available methods it is, however, difficult to
determine the quantity of calcium fluoride
deposited during treatment with fluoride
varnish.

Earlier studies measuring the fluoride con-
tent in the outer layer of enamel have shown
good uptake from Duraphat. Its caries-
reducing effect is also well documented.
Seppa et al. (17) found a positive correlation
between caries reduction and fluoride uptake
from Duraphat. Therefore in the present
study measurements were made in the same
manner, and the calcium fluoride that might
initially have been present on the teeth was
eliminated with potassium hydroxide.

In this initial comparative test of the CDB
varnish the fluoride uptake by root dentin
was considered of particular interest. Pre-
vious investigations have shown a positive
correlation between fluoride uptake in den-
tin and its ability to resist acid attack (18, 19).
The new varnish may therefore be expected
to have a good cariostatic effect on dentin.
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A clinical investigation has been designed to
evaluate the clinical effect of the new varnish
on root caries and enamel caries.

Acknowledgement.—~M. Caracatsanis is a Scholar of the
‘Alexander Onassis Public Benefit Foundation’.

References

1.

[ ]

AN

~1

Murray JJ, Winter GB, Hurst CP. Duraphat fiu-
oride varnish. A 2-year clinical trial in 5-year-old
children. Br Dent J 1977;143:11-7.

. Hetzer VG, Irmisch B. Karies Protection durch

Fluorlack {Duraphat)—Klinische Ergebnisse und
Erfahrungen. Dtsch Stomatol 1973;23:917-22.

. Koch G, Petersson LG. Caries preventive effect of

a fluoride-containing varnish (Duraphat) after 1
year's study. Community Dent Oral Epidemiol
1975;3:262-6.

. Von Lieser O, Schmidt HFM. Kariesprophy-

laktische Wirkung von Fluorlack nach Mehrjahriger
Anwendung in der Jugend Zahnpflege. Dtsch
Zahnarztl Z 1978:33:176-8.

. Seppia L. Pollanen L. Caries preventive effect of

two fluoride varnishes and a fluoride mouthrinse.
Caries Res 1987;21:375-9.

. Dijkman AG, Tak J, Arends J. Fluoride deposited

by topical applications in enamel. Caries Res
1982;16:147-55.

. Ogaard B, Rélla G, Helgeland K. Fluoride reten-

tion in sound and demineralized enamel in vivo
after treatment with a fluoride varnish (Duraphat).
Scand J Dent Res 1984;92:190-7.

. Koch G. Friberger P. Fluoride content of outermost

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ACTA ODONTOL SCAND 48 (1990)

enamel layers in teeth exposed to topical fluoride
application. Odontol Rev 1971;22:351-62.

. Retief DH, Sorvas EL, Taylor RE, Walker AR. In

vitro fluoride uptake, distribution and retention by
human enamel after 1- and 24-hour application of
various topical fluoride agents. J Dent Res 1982;
59:573-82.

Retief DH, Harris BE, Bradley EL. In vitro enamel
fluoride uptake from topical fluoride agents. Dent
Mater 1985;1:93-7.

Retief DH, Cleaton-Jones PE, Turkstra J. The
quantitative analysis of sixteen elements in normal
human enamel and dentine by neutron activation
analysis and high resolution gamma-spectrometry.
Arch Oral Biol 1971;16:1257-67.

Manly RS, Hodge HC, Ange LE. Density and
refractive index studies of dental hard tissues. J
Dent Res 1939;18:203.

Combe EC. Notes on dental materials. Sth ed.
Edinburgh: Churchill Livingstone, 1986:370.
Bruun C. Uptake and retention of fluoride by intact
enamel in vivo after application of neutral sodium
fluoride. Scand J Dent Res 1973;81:92-100.
Kirkegaard E, Madller 1J, Skov Jensen EA. Method
for in vitro studies of fluoride uptake in enamel
using single tooth surfaces. Caries Res 1976;10:370~
5

Featherstone JDB. Diffusion phenomena and
enamel caries development. In: Guggenheim B, ed.
Cariology today. Basel: Karger, 1984:259-68.
Seppd L, Hausen H, Luoma H. Relationship
between caries and fluoride uptake by enamel from
two fluoride varnishes in a community with flu-
oridated water. Caries Res 1982;16:404-12.

Hotz PR. Effect of fluorides on the demineralization
of dentine. Helv Odontol Acta 1981:2:31-7.

Tveit AB, Halse A. The effect of a NaF solution
and a fluoride varnish on the acid resistance of root
dentin. Acta Odontol Scand 1982:40:35-43.





