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The present study showed that the plaque inhibiting effect of aqueous
solutions of stannous fluoride can be maintained in toothpastes. A
commercial toothpaste containing 0.14 per cent of water soluble tin was
effective whereas one containing 0.03 per cent showed no effect. The
plaque inhibiting effect was shown in one study where the toothpastes
were applied in cap splints and the plaque was scored after four days by
the Plaque Index of Loe, and in another where the effect of locally
applied pastes was monitored 24 hours later by the Gingival margin
P,%que Index of Hamap. The present investigation supports the view
that the stannous ion is essential in the plaque inhibjtion caused by
stannous fluoride preparation. The excact mechanism is unknown but it
is speculated that a change in the surface potential of oral bacteria

through interaction with the stannous ion may be important.
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Recent research has shown that stannous
fluoride applied as mouthrinses is effective
in preventing plaque formation. In one study
(24) this effect was evaluated by electron
microscopy of pieces of enamel which had
been carried in a device in the mouth. An-
other study, where microbiologic and elec-
tron microscopic techniques were used,
demonstrated a marked reduction of bac-
terial accumulation following stannous
fluoride mouthrinsing (9). Traditional clin-
ical trials have confirmed that solutions of
stannous fluoride (0.2 per cent and 0.3 per
cent) prevented plaque formation when
applied as mouthrinses twice a day (21, 22).
However, when aqueous solutions were
used, side effects such as a strong metallic
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taste and a yellowish-brown discoloration
of the tongue and the teeth were reported.
The 03 per cent solution also induced a
desquamative lesion of the oral mucosa in
one of the test persons (22). Another
disadvantage was that the solutions had to
be prepared immediately before the use to
avoid hydrolysis and oxidation (12, 14).
Commercial dentifrices containing stan-
nous fluoride have been used in some coun-
tries for several years. It is well established
that a reduction in the caries increment
can be obtained by regular use of this type
of toothpaste (4). Except for occasionally
reported dental pigmentation (5, 17) no un-
toward side effects have been observed. It
seemed, therefore, of interest to test the
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plaque-inhibiting effect of stannous fluoride
in toothpastes. As the plaque-inhibiting ef-
fect of stannous fluoride may be caused by
stannous ions, the content of water soluble
tin in the dentifrices was measured.

MATERIAL AND METHODS
Clinical test
Experiment 1. Four dentifrices were tested:

1. Toothpaste “A™, a commercial denti-
frice containing 0.4 per cent stannous
fluoride.

2. Toothpaste ”B” was identical with "A”
but without stannous fluoride.

3. Toothpaste ”C”, a commercial denti-
frice containing 0.4 per cent stannous
fluoride and 1 per cent stannous pyro-
phosphate.

4. Toothpaste ’D” eontained 0.8 per cent
chlorhexidine digluconate.

The test panel consisted of 12 female den-
tal hygienist students. Nine of them had
previously participated in a clinical test
concerning the plaque-inhibiting effect of
stannous fluoride mouthrinses. Cap splints
were used for studying the plaque-inhibiting
effect of dentifrices in vivo as described by
Stralfors (23) and Gjermo & Rélla (6). The
test was performed according to a double
blind design and the different dentifrices
were randomly distributed among the test
panel in each of four experimental series.
The test periods lasted for four days and the
students received a thorough prophylaxis
with total removal of plaque and calculus
at the start of each period. The students
rinsed with 10 ml of a 15 per cent (w/v)
sucrose solution for one minute every
second hour to enhance plaque formation.
The cap splints were made of 2 mm thick
polyvinyl plates and adjusted to cover the
teeth only. They were kept in situ every
morning an every evening for two minutes,
each containing approximately 11/2 g of

the dentifrice to be tested. No mechanical
oral hygiene was permitted during the test
period, but the students had three days of
habitual oral hygiene between each experi-
ment. Each series was concluded with re-
cording of the Plaque Index (P1.1) as described
by Lée (15). Student’s t-test was used to
evaluate statistical significance.

Experiment 2. A study on the influence
of stannous fluoride on plaque growth in a
24 hours period was conducted in a group of
mentally subnormal persons consisting of
eight day home patients. They had all parti-
cipated in a controlled oral hygiene program
for one year with a thorough professional
prophylaxis every second week. This pro-
gram was concluded just prior to the experi-
ment and their gingival conditions were
good. Their teeth were pumiced and then
polished with either a commercial abrasive
paste containing 3 per cent monofluoro-
phosphate or with the stannous fluoride/
stannous pyrophosphate dentifrice “C”.
Both pastes were used in all persons. Mecha-
nical oral hygiene was suspended for 24
hours and plaque was scored using the Gin-
gival margin Plaque Index (GmPIl) described
by Harrap (11): Plaque was disclosed by the
use of Diaplaque® after spraying the teeth
with water. Excess disclosing agent was
removed by further water spraying. The
examiner then estimated the percentage of
the length of the buccal gingival margin in
contact with plaque on the surface of each
tooth after the teeth had been dried with
air and cotton rolls. The buccal gingival
margin was defined to extend into the inter-
proximal region as far as visible when a
complete dentition was present. When the
next tooth was missing the measurements
were made to the midpoint of the proximal
surface of the tooth. All teeth except the
second and third molars in each quadrant
were scored. The scores of the individual
teeth were averaged to give a plaque score
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for the whole mouth. Student’s t-test was
used to evaluate statistical significance.

In addition, a pilot study was performed
in mentally subnormal persons with poor
oral hygiene and established periodontal
disease, using toothpaste "C” in cap splints.

Determination of tin

Water soluble tin was determined by means
of atomic absorption spectroscopy (AAS).
Suspensions of toothpaste in deionized
water (1g/10 ml) was stirred for one hour,
centrifuged and filtered and the water phase
analyzed for tin. For analyses of solutions
containing more than 1 ug Sn ml~! conven-
tional AAS was used, aspirating the sample
directly into the airfacetylene flame. When
the content of tin was lower than 1 ug ml™
a modified technique, the hydride generating
method, was used. The acidified sample was
added to a sodiumborohydride solution in a
hydride generator and the evolved hydride
was swept by a carrier gas into an argon/
hydrogen flame. In this way tin is separated
from its matrix, which can often be com-
plex, and a lower detection limit is obtained,
in this case 1 ng tin.

Two different atomic absorption spectro-
photometers (Perkin Elmer models 303 and
503) equipped with recorders were used for
the measurements. An electrodeless dis-
charge lamp was used as a light source and
all determinations were made with a
deuterium background corrector. The most
sensitive wavelength for tin (225 nm) was
chosen. The samples and standards con-
tained the same amount of hydrochloric
acid which is important especially for the
hydride generation technique. The hydro-
chloric acid was of suprapure quality
(A.G. Merck, Darmstadt), while all the other
chemicals were reagent grade. Distilled water
was used for all preparation and dilution
purposes of solutions. The analyses were
performed in cooperation with The Institute
of Industrial Research (SIF), Oslo.
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RESULTS

The individual and mean P1. 1. values of the
participants through all the series are shown
in Table 1. The highest P1. 1. values were ob-
served in the placebo dentifrice B group,
but the mean Pl. I. after employment of
toothpaste “A” was only slightly lower
than for ”B”. All participants showed their
lowest scores when the chlorhexidine-
containing toothpaste was used, but tooth-
paste “C” also gave markedly lower mean
Pl. I. values than did pastes ”A” and “B”.
The differences were statistically significant
(P <0.001). The range of the observations
was relatively large in group "C” (Fig. 1).
However, this was mainly due to a high P1. L.
value of two individuals (A.E.A. and
A.C.L). The study of the Pl. I. values of
the different tooth surfaces separately re-
vealed that the interproximal surfaces scored
highest and the lingual surfaces lowest in
all tests.

PL I
157
] -
A"
05} 3,8
Za.cr
.o
1
%
Y h
/]

Fig. 1. The mean Plaque Index values for the denti-
frices tested. The range of observations is indicated
by the vertical lines
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Table 1. The Plaque Index values after the use of

the dentifrices

Test person npAn ng» e | vp
ABH. 083 { 0,66 | 028 | 0,07
EH. 044 | 055 | 0,19 | 0,05
G.B. 051 | 045 | 0,15 | 0,09
JB. 0,83 | 1,10 | 0,05 | 0,02
K.B. 092 | 063 | 0,36 | 0,04
BJ. 0,30 { 1,00 { 041 | 0,17
ACL. 0,73 { 0,75 | 056 | 0,67
KX. 048 | 036 | 0,17 | 0,04
TR. 060 | 0,79 | 0,10 | 0,06
EG. 095 1,16 | 0,15 | 0,13
AEA. 104 | 123 | 086 | 0,14
AH. 1,13 | 0,78 | 0,22 | 0,06
Mean 073 | 0,79 | 029 | 0,08
SD. 026 | 028 | 022 | 0,05

The zesults of tha 24 hour plaque growth

study in mentally subnormal persons are pre-
sented in Table 2. All subjects showed signi-
ficantly lower GmPll values when tooth-
paste "C” was used, compared with the
monofluorophosphate. paste (P < 0.001).

The plaque present on teeth after use of
stannous fluoride toothpaste “C” seemed to
adsorb less strongly to the tooth surfaces
and had a more granular appearance than
ordinary plaque. This was obvious in all the
experiments of the present studies.

The pilot study in mentally subnormal
persons with poor oral hygiene and estab-
lished periodontal disease showed no im-
provement in these condition when tooth-
paste ”C” was applied in cap splints.

The water soluble content of tin in paste
”C”, measured as described, was determined
to be 0.14 per cent whereas paste “A”

only contained 0.03 per cent. The placebo -

paste contained less than 0.05 ppm tin.

DISCUSSION

Clinical trials on the plaque-removing or
plaque-inhibiting effect of dentifrices are

Table 2. The mean Gingival margin Plaque Index
(GmPil) after polishing with a monofluorophos-
phate abrasive paste or stannous fluoride/stannous

pyrophosphate dentifrice
Test Toothpaste MFP
person »c” abrasive paste
KJ. 25 54
OB. 26 69
PC.B. 20 55
E.G. 15 55
K.Q. 17 87
DM. 6 51
HPE. 33 81
KMP. 24 89
Mean 21 68
S.D. 82 16

usuwally complicated by the influence of
toothbrushing per se, a factor which shows

great individual variations and which is in-
clined to mask possible differences between
experimental toothpastes. The modification
of the cap splints applicator of Strilfors
(23) is thought to eliminate this problem
(7). This was confirmed in the present ex-
periment, as clear differences were observed
between the chlorhexidine paste and the
placebo.

The present study confirmed previous
reports claiming that stannous fluoride is
effective as a plaque inhibitor (8, 9, 13, 21,
22, 24), and showed furthermore that this
property can be maintained in toothpastes.
Since nine of the 12 dental hygienist stu-
dents had participated in the clinical test
using stannous fluoride mouthrinses (22),
and the scoring of plaque was performed by
the same examiner, it seems justified to com-
pare the results of the two studies. The mean
P1. 1. value when using toothpaste ”C” was
0.29 while 0.2 per cent and 0.3 per cent
aqueous stannous fluoride solutions gave
0.35 and 0.20 respectively.

The present plaque growth study showed
that stannous fluoride containing tooth-
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paste "C” applied directly on the teeth re-
duced the plaque growth for 24 hours. It
thus seems likely that this paste applied by
ordinary toothbrushing will exert plaque
inhibiting action. Application of stannous
fluoride toothpaste by cap splints in a group
of patients with poor oral hygiene and estab-
lished periodontal disease was insufficient
to prevent plaque formation. Stannous flu-
oride can probably not replace chlorhexidine
as plaque inhibitor in patients with poor
oral hygiene, but may help to maintain a
low plaque level in patients of average or
good oral hygiene.

The results of the present imvestigation
support the assumption that the stannous
ion is essential in the plaque inhibition
exerted by stannous fluoride. The recent
experiments of Skjoérland and co-workers
(21) and Olsson & Glantz (18) also support
'this concept.

The finding that the content of water-
soluble tin in the effective stannous fluoride
containing dentifrice was approximately five
times higher than in the non effective also
provides indirect evidence in this respect.
A reservation should be made, however,
because the total concentration of water-
soluble tin, rather than the concentration
of stannous ions, was measured by the
atomic absorption technique.

There are clear indications of parallel
mechanisms in the plaque inhibition of
chlorhexidine and stannous fluoride. Both
are strong cations and both are retained in
the oral cavity for many hours after appli-
cation (1, 2, 19). However, the clinical effect
of chlorhexidine is strongly reduced at about
pH 3, indicating that carboxyl groups are
essential binding sites (1, 7). Aqueous
solutions of stannous fluoride and tooth-
paste containing this agent exhibited plaque
inhibition and retention of tin at pH levels
where the clinical effect of chlorhexidine
would presumable be reduced. It seems
possible that more acidic groups, e.g. phos-
phate- or sulphate groups may be important

in the binding of the stannous ions in plaque
and on the oral mucosa.

It has been suggested recently that the
cell wall component lipoteichoic acid (LTA)
may be the “glue” which binds the first
bacterial colonizers to the tooth surface
through its influence of the surface potential
of the bacterial cells (3, 16, 20). The stan-
nous ion will obviously interact strongly
with this polyphosphate and change the
surface potential of the bacteria. It may be
speculated that this is one aspeet of the
plaque inhibition of the stannous fluoride
preparations. Binding of tin to acidic groups
on the pellicle surface may be another.

Significant caries reduction has been
demonstrated in numerous clinical trials
with stannous fluoride containing denti-
frices. The mechanism of this caries inhi-
bition is not fully understood (10). The
results of the present study indicate that
the plaque-inhibiting effect of stannous
fluoride/stannous pyrophosphate may be a
part of this mechanism.
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