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Introduction.

BBy (1942) and CHEYNE (1942) were the first to demonstrate
that the application of fluoride solutions to the teeth of children
may result in a reduction in the caries incidence. Subsequent
investigations have in general served but to confirm these findings
(KxuTsoN and ARMSTRONG, 1943, et al.). If the result of the topical
application of fluorides is now fairly established there still prevails
some uncertainty about the mechanism underlying the checking
of the caries process by fluorine. Two main possibilities have been
recognized:

(1) Floorine enters into combination with the hydroxy apatite
in the surface layer of enamel to form calcium fluoride and fluor-
apatite, compounds which have low solubility and increase the
resistance of the enamel to dissolution in acid.

(2) Fluorine checks the formation of acid in the plaque through
its antienzymatic effect.

It has been a fairly simple matter to show by in wiwo experi-
ments that sodium fluoride reduces the solubility of enamel
(VoLkER, 1939; Bisry, 1944; RAE and CLEca, 1945; Priviips
and MUHLER, 1947; et al.). It has also been demonstrated that the
supply of fluorides to the plaque ¢n vivo restricts the acid fer-
mentation in it (STrRALFORS, 1950). BieBy (1941) states that so

1 This investigation forms part of co-ordinated work on dental caries spon-

sored by the Swedish Medical Research Council through its Sub-committee for
Caries Research.
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low a concentration of fluorine as one p. p. m. will arrest the pro-
duction of acid by oral bacteria. He infers that the caries-inhibi-
ting effect is due in part to the anti-enzymatic influence.

WaRBURG and CHRISTIAN (1942) are of he opinion that enolase,
the enzyme discovered by Lommann and MeveErmoF (1934) is
the most fluoride-sensitive in the fermentation process. The
inhibition of fermentation by fluorides is essentially due to their
effect on the enolase. The conversion of phosphoglyceric acid to
phospho-pyrodruvic acid is blocked. At strengths of N/100 to
N/200 the fluoride completely checks the reaction

phospho-glyceric acid = phospho-pyrodruvie acid

(Loumaxy and Meveruor, 1934). This is due to the formation
of inert magnesium fluoro-phospho-enolase (Warsure and
CurisTiay, 1942). Borer (1945) provides an interesting survey
of enzymes that are attacked by fluorides.

Original investigation.
The object of the experiments.

The aim of the investigation was to determine whether, using
STEPHAN’s (1940, 1944) method, it was possible to reveal a differ-
ence between plaques on teeth treated and untreated with
fluorides in respect of changes in the pH value after rinsing the
mouth with a 10 9 glucose solution.

The material and method.

The case series comprised 30 children of 1213 years, 14 of
them boys. All were pupils at the Sofia Elementary School ir
Stockholm and were selected cases of high caries frequency,
having carious lesions on an average of 38.6 %, of the caries-
susceptible surfaces of the permanent teeth,

These 30 children comprised a group from a large case series
of 114, of whom on three previous occasions (May and October
1949 and February 1950) the teeth of one half of the dentition
had been treated with a 2 9%, solution of sodium fluoride. Fox treat-
ment the teeth were isolated with rubber dams. After careful
cleansing the solution was applied for five minutes. A year after
the beginning of the experiment the fluoride treatment of the 114
children was accompanied by a 50 9, decrease in newly appearing
caries {BEreMAN, 1951).
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The plaque test was performed in the following manner. The
subjects were instructed after the third application to refrain
from brushing their teeth. After 4--8 days sufficient coating
had accumulated on the teeth for the purpose of the tests. STRAL-
FORS (1948) used three brushless days previous to the plaque test.
This must be considered insufficient in view of the careful clean-
ing associated with the application of the fluoride. The children
were instructed not to eat during the four hours preceding
the test.

The apparatus for the pH determinations was in prineiple the
same as that used by STrRALFORs (1948). The reference electrode
was in contact with the floor of the mouth via a transparent
rubber tube filled with a saturated solution of potassium chloride.
The pH of the plaque was measured in the mouth with an anti-
mony electrode which was placed directly in the plaque. In ac-
cordance with Stralfors’s analysis (1948) of the potential between
saliva and plaque the pH values obtained were increased by 0.1 pH
unit. The plaque was blown dry immediately before each deter-
mination but between determinations the saliva was allowed to
flow freely. All the readings were made for the upper jaw and
always on two symmetrically located teeth, one of them on the
treated and the other on the untreated side. After measuring the
initial pH of the plaque the child was instructed to rinse the mouth
with a 10 9% solution of glucose (Dextropur) for one minute.
Counting from the beginning of the rinsing the determinations
were made at the intervals given in the example below (Table 1).

Tahle 1.
Intervals (in minutes) at which the pH readings were taken in the plague.

Treated Untreated
side side i
I
2 2.5 !
B.5 b)
10 10.5 :
15.5 : 15 i
20 20.5 |
25.5 ‘ 25 :
30 ‘ 30.5
40,5 } 40
60 | 60.5

In practice it was not possible to take readings on both sides
at the same moment, hence the half-minute difference between
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them. The example quoted covers one half of the cases. The interval
figures for the other half of the case series are obtained by inter-
changing the column headings.

Results.
Table 2 provides a record of the pH values obtained.

Table 2.
pH values for the plaques after rinsing with a 10 9, solution of glucose.

Initial pH Lowest pH ‘ Final pH
i H |

Case un- un- n-

brz‘%.ated treated tr(??,ted treated trelated treated
side o side . side | 7

side | side ’ side
; t | | v
18 73 1 7.4 b.o b3 6.6 6.6 |

23 i 6.8 6.8 | 44 5.0 6.0 | 6.1
B3 67 | 66 ' Ba 4.7 65 | 61 |

e G.1 6.1 5.4 5.1 6.6 6.6
1 N0 (U 6.7 1 67 5.4 H.d 6.5 6.6 \
63 .o 6.9 1 6.8 54 ¢ B3 6.8 6.8
(A b.5 6.1 5.3 5.3 6.5 6.5

83 ceieiinnn... 6.8 6.8 5.8 5.2 7.3 T4

9@ i 6.9 6.8 5.2 5.2 6.4 6.3

108 0. 6.6 6.6 5.2 5.1 6.1 G.4

D 6.3 6.7 5.1 5.1 6.9 6.9

1238 .00, 7.6 7.1 H.6 5.6 7.2 6.8
B3 .. 7.0 ¢+ 6.9 b5 H.2 6.8 6.7 |
U 6.9 7.1 5.1 5.1 6.8 6.8 |

35 5.9 5.9 4.7 4.7 5.4 5.8
162 e, 6.8 6.8 | 4.9 4.8 6.8 6.8 |

179 veeieeeinn. 6.6 6.5 } 4.8 4.5 6.8 6.6
189 e, 6.4 6.5 ' 4.8 4.6 6.1 6.0 |
198 ciiieeinnnn.. 7.7 7.5 | b4 5.4 7.5 7.4 \

209 coiiiiiin.., 7.1 71| 4.9 4.9 6.6 6.5
2 e R 6.3 6.3 | Ba 5.0 6.2 6.0 |
2 0 L 71 70 | b3 | b2 | G2 | 61 |

98 Q e, 6.7 70 | B3 5.5 7.0 7.0
L2409 e 6.5 6.7 | 4.8 4.9 7.1 7.1
2T T 6.5 6.5 4.8 4.7 6.3 6.3 ‘

26 Q cieieinnn. | 6.8 6.8 5.1 5.3 6.7 6.8
27 Q i C%s 7.4 5.1 5.0 6.9 6.9 |
98 Q i 6.6 6.4 5.0 5.1 6.8 6.6 |
29Q Liiiiiiiin, ‘ 67 1 7 ’ 5.0 5.2 6.8 6.9 |
302 coiieiiian, 6.3 6.3 5.3 5.1 6.6 6.3

|
Mean | 6.72 | .76 \ 5.11 \ 508 | 6.62 | 6.59

Statistical analysis disclosed no difference between treated
and untreated sides. See Table 3.
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Table 3.
} n % d; Sli i t P i
[ | | | ‘
Initial pH .......... ;80 0 —0.043 (10324 —1l29 & 002 |
Lowest pH ......... i 30 0.030 0.0381 0.81 ~ 0.2
Final pH ........... {80 0 frheso 00274 1 095 1 o015 |

d is unable to exceed (.15 (with a probability of 99 %)
d; = pH (treated side) — pH (untreated side) per subject
@ 2 — ) a-Vn—1

By T b
n h.l

(student)

The result certainly does not exclude the possibility that the
caries-inhibiting effect of fluorine application might be due in
part to a restriction of fermentation. It is manifest, however,
that any such effect is not of the type nor of the magnitude that
Is measurable by the described method.

By way of illustration two curves are reproduced in Fig. 1
referring to one of the children to which the test was applied.
(In Figs. 1 and 2 the unbroken line represents the treated side
and the broken lime the untreated side.)

25 6 i5 20 25 30 40 60 MIN.

Fig. 1. The plaque test for teeth treated and untreated with fluoride.

If a drop of 2 9, sodium fluoride was placed on a plaque on
one side of the mouth immediately before rinsing with glucose a
clear difference in the curves was evident (Fig. 2). The excess
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25 [0 I5 20 25 30 40 60 MIN.

Fig. 2. The cffeet of one drop of 2 9 sodium fluoride placed on a plaque
immediately before rinsing with glucose solution.

liquid was absorbed on filter-paper 30 seconds after the application
of the drop.

It is evident that the concentration of fluoride in the latter case
was so high that it checked the fermentation process in the plaque
and gave a flatter Stephan curve.

Summary.

The plaque test with antimony electrodes was carried out on
30 children. A 2 9, solution of sodium fluoride was applied topi-
cally to one half of the dentition on three occasions. Before the
plaque test the children rinsed with 10 9% glucose. It was not
possible to demonstrate any difference between the treated and
untreated teeth in respect of initial, lowest and final pH. The
possibility that the caries-inhibiting effect of fluorine application
is due to the checking of fermentation cannot be ruled out. It is
evident, however, that any such effect would not be detectable
nor would it be measurable with an antimony electrode.

One drop of a 2 9, solution of sodium fluoride on the plaque
immediately before rinsing with glucose resulted in a flatter
Stephan curve.
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