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SURVEY OF THE LITERATURE

Introduction

There are two major theories dealing with the mechanism whereby
the fluoride ion aids in reducing the incidence of caries. One theory
states that the fluoride ion reacts chemically with the inorganic
material of the tooth enamel, rendering it less soluble in acid solu-
tions. The second theory deals with the action of the fluoride ijon
upon the oral microflora rather than on the tooth itself, and states
that the fluoride ion affects the acid-producing organisms in such a
way that less acid is produced. Although the major effect of fluoride
appears to be related to its reactién with the inorganic material of
the tooth, the ability of fluoride to reduce acid production in the
plaque may be of significance in reducing decay.

This study of the second theory was undertaken to evaluate the
following parameters relating to the effect of fluoride on the acid
production of dental plaque: 1) the ability of dental plaque to produce
acid in response to a sugar rinse; and 2) the alteration of this ability
to produce acid after topical fluoride has been applied. As a part of
this study it was proposed to compare the resting state and the sugar-
stimulated electropotentials existing through the plaque (that is, from
the tooth surface to the'saliva-plaque interface) and the alteration of

these potentials after the application of topical fluoride. This



proposal was based on the findings of Parker and Snyder (1) who demon-
strated the existence of such a potential gradient. Unfortunately, an
insufficient number of patients and a lack of standardization of the

techniques involved precluded the inclusion of the data in this study.

Fluoride Inhibition of Acidogenesis

Fluoride has long been known to inhibit certain enzyme reactions.
As early as 1934 Lohmann and Meyerhoff (2) demonstrated that enolase,
which catalyzes the conversion of 2-phosphoglyceric acid to 2-phosphoenol -
pyruvic acid, is the most sensitive enzyme in the glycolytic chain to
the action of fluoride ions. Warburg and Christian (3) isolated the
enzyme and found that magnesium was required for its maximum activity.
It was postulated that the fluoride ion formed a complex with the
magnes ium and phosphate present, which inhibited the enzyme's catalytic
properties.(4) Other enzymes are also known to be sensitive to
fluoride (4), but it remains to be demonstrated which enzymes are

actually involved in fluoride inhibition of acidogenesis in vivo.

iy

Bibby and Van Kesteren (5) found that as little as | ppm of fluoride
was sufficient to inhibit acid formation in vitro. Lilianthal (6)
challenged this finding and reported that at least 19 ppm were required.
Jenkins (7) demonstrated an inhibitory effect at about 6 ppm when the
pH of the mixture was 5.0 or below. He also showed increasing inhibi-
tion of acid production by a constant concentrafion ot fluoride as the
- pH was lowered. The concentration of fluoride in saliva is ébout 0.1
ppm (8), while the recommended level of fluoride in drinking water is
only 1.0 ppm. Both concentrations are far too small to inhibit acido-
genesis directly. Zwemer (9) suggested that surface enamel could serve

as the fluoride source; however, Leach (10) argued that fluoride was



too fTirmly bound to the enamel to be useful in inhibition of acidogenesis.
Therefore, attention has been primarily directed to the dental plaque
as the fluoride reservoir.

Hardwick and Leach (11) found that pooled plaque samples from
thirty individuals had a mean fluoride concentration of 34.2 ppm with
& standard deviation of 16.9 and a range of 9.3 to 93.8 ppm. These
individuals were selected on the basis of heavy plaque being present in
the mouth. Another group of 51 subjects selected at random showed a
mean concentration of 66.9 ppm with a standard deviation of 45.7 and a
range of 6.4 to 179 ppm. Kudahl (12) made use of the adsorption-
isotope~-dilution method for determining fluoride concentration, and
obtained values ranging from 0 to above 20 ppm. He stated, "These
measurements have shown that plaque sometimes contains fluoride at a
level where it may inhibit the metabolic systems of oral micro~organisms,
but the plaques which were analyzed came from people who 1ive in a-low
fluoride area, so a further requirement of the anti-enzymatic theory of
the action of fluoride is that still higher concentrations of fluoride
be found in some or all plaques in a high filuoride area.' Recently,
Dawes, Jenkins, Hardwick and Leach (13) studied plaque fluoride concen-
trations in correlation with the concentrations of fluoride in the
drinking water. They reported that '... the mean fluoride concentration
of plaque collecfed from eleven-year-old school children living in
North Shields (low fluoride) and West Hartlepool (F=2 ppm) was found to
be 26 and 47 ppm respectively, the difference being statistically
significant (P <0.001)."

The forms in which the fluoride is present in plaque have not been

determined. Hardwick (14) suggested that the fluoride was present in
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an immobile form at pH 7, but was released in ionic form at about 5...
Ferguson and Jenkins (15) reported a study in 1965 in which they found
that the fluoride in the plaque was indeed released in a soluble form
when it was washed with equal volumes of saliva at pH 8.5 and 5.0. Thus
it would seem from these studies that there is sufficient fluoride
present in the dental plaque to inhibit acidogenesis. Furthermore, the
fluoride is apparently available in increasing amounts as the pH is
lowered. The variability of available fluoride in the plaques of individ-
uals residing in fluoridated areas could help explain the variability of
fluoride's caries preventive activity.

Russell (16) suggested that the inhibitory effect of fluoride
persisted as long as exposure remained constant, but the effect slowly
diminished after fluoride exposure was discontinued. He further
theorized that continuous renewal of the fluoride content of tooth
enamel was required for maintenance of the maximum caries-inhibitory
effect. It is possible that part of this inhibitory effect is exerted
through the plaque-fluoride concentration, which also must be periodi-
cally replenished in order to maintain levels inhibitory to acidogenesis.

Steiger, et al (17) reported a study in 1962 dealing with the
effect of stannous fluoride on the inhibition of acidogenesis in vivo.
Their study made use of a modified sugar rinse and Kleinberg's antimony
electrode.(18) They employed thirteen five-year-old children with
moderate to extensive caries experience. They determined the ability of
the plaque to produce acid by measuring the pH values before and after
sucrose application. This was followed by a prophylaxis on all thirteen
children and a stannous fluoride treatment to seven of the children. Re-

evaluation of the ability of the plaques to produce acid after one-week
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and one-month intervals indicated that there was less acid response to
sucrose in both groups of children, those receiving prophylaxis only and
those receiving prophylaxis plus stannous fluoride. The differences were
significant after both the one-week and the one-month intervals, but the
investigators were unable to determine whether the change was due to the

fluoride treatment, the prophylaxis or a combination of both.



METHODS AND MATERIALS

Assembly for measuring pH: The antimony electrode and potassium

chloride bridge used in this study were constructed according to
Kleinberg's description.(18) The antimony used in the construction of
the electrode was obtained from Fisher Scientific Company, Fair Lawn,

New Jersey, and was certified 99.8% pure. The antimony electrode was
attached to a Corning model 7 pH meter with an impedance of over 1012
ohms. The potassium chloride bridge was connected to a calomel reference
electrode which was supplied with the pH meter.

The antimony electrode-pH meter assembly was standardized against
three buffer systems in the following manner: ‘Each buffer solution pH
was measured three times using the glass electrode supplied with the
meter. The average of the three readings was considered to be the pH
of the solution. The meter was recalibrated before each solution was
tested, using an appropriate standard buffer at pH 7 or pH 4. The glass
electrode was then exchanged for the antimony electrode, and at least
five readings were made with each solution. The readings were taken
from the negative millivolt scale. The average of the five or more
readings was used in computing a regression line.

The first buffer system used was the pHydrion system. These buffers
were purchased from Van Waters and Rogers, Inc., Portland, Oregon, and

were of unknown composition. Table A shows the computation of the
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regression line using this buffer system. Figure A shows the line between
PH 4.2 and 6.5. It will be noted that a slight deviation from linearity
occurs for values above 6.5. Other investigators have observed such a
deviation, and Kleinberg (18) found it necessary to use a correction
factor for values above 6.7. The observed deviations below L.2 are
attributed to a change in buffer composition.

It was felt that a buffer system of known composition should be used;
and, therefore, a series of buffers was made according'to Kolthoff.(19) The
standardization procedure described above was employed. The findings are
illustrated in Table B and Figure A. A third system was also used, being
made according to Macllvaine (20), and the findings are illustrated in
Table € and Figure A. Varying amounts of sodium lactate were then added
to the Macllivaine buffers to determine whether or not the presence of
lactate would affect the millivoltage readings. No appreciable difference
was noted. The formula for the regression line obtained from the citrate-
phosphate-lactate buffers was used for the final standardization of the

electrode.

sugar rinse solution. Several sugar solutions of varying concentra-

tions were tested in an attempt to find one which would lead to low,
stable, reproducible pH readings. Kleinberg (21) found that the maximum
PH drop occurred when a 5% glucose solution was used. Higher concentra-
tions did not lower the pH further. Furthermore, she reported an inhibi-
tory effect on acid production when concentrations of above 50% were
employed. Based upon these fihdings,.all of the solutions tested in

this experiment varied in concentration between 5% and 50%. The weaker
Solutions of glucose and sucrose tended to give a rapid pH drop with

wide deviations from the mean on different days. On the other hand,

somewhat more consistent results were obtained by using a "type 50 invert



sugar'' obtained from a sugar refinery in Portiand.! This combination
sugar is used chiefly by soft drink companies and bakeries. It is a
syrup consisting of 77% sugar, being 25% glucose, 25% fructose and 50%
sucrose by dry weight. 1In syrup form, the pH is between 5.0 and 5.5.
Before use in this study, the sugar was diluted to approximately 25%
sugar concentration and adjusted to pH 6.8 using 1.0 N NaOH. The syrup
had an additional advantage of having a prolonged shelf 1ife and

requiring less time for mixing than the crystalline forms.

Experiment
Subjects. Seventy-eight girls ranging in age from 13 to 17 vears
were selected for this study. All were residents of the Louise Home for
Girls in Portland, Oregon, where their daily routine was subject to
considerable adult supervision.

Initial Examination. The mouth of each girl was examined. X-ray

films were taken, and the decayed, missing, and filled teeth were charted.
Each girl was instructed to refrain from eating and from brushing her
teeth on the mornings of her appointments. They were questioned to
determine their previous exposure to topical fluorides, and it was

found that about one-third of the girls were using fluoride tooth paste.
These girls were instructed to change their dentifrice for the experi-
mental period, which was postponed for at least one month to minimize
the effects of extraneous fluoride in the study. Those who had received
fluoridevtreatments from a dentist within three years of the study were

not used.

]
The name of the company will be supplied upon request.
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Pre-fluoride determinations. Each girl was seen three times over

a period of two weeks, and on each occasion the following procedures
were carried out: The E.M.F. millivoltages of the embrasure plaques

of the maxillary molars, bicuspids and cuspids were measured with the
antimony electrode. This was done systematically to insure that the
same area of each plague was measured each time. The subject was. then
given a cup of sugar solution and was instructed to rinse her mouth each
minute for a period of ten to fifteen minutes. Initially the sugar
solution was applied topically to the teeth, which had been isolated by
cotton rolls, but this procedure soon became too tedious for both
subject and operator, so the procedure was abandoned. No appreciable
differences were noted between the results of the two methods. After
the sugar rinse, the E.M.F. millivoltages were again measured and
recorded.

Fluoride treatment. A 2% sodium fluoride solution was applied

topically to one-half of the maxillary arch of 63 girls. A 2% sodium
chioride solution was applied to the remaining maxillary teeth of the
63 girls and to the entire maxillary arch of 15 "double control' girls.
The "ion cushion fluoridator' method was employed. Daily applications
were made for a period of cne week with the final treatment being made
the night before the subject's nexf appointment.

Post-fluoride determinations. Approximately eight to ten hours

after the last fluoride application, each girl was seen again, and the
E.M.F. millivoltages were recorded both before and affer the sugar rinse.
Repeated determinations were made on each girl after intervals of eight
hours, three days, one week, two weeks and one month. The number of

girls who completed the experiment as double controls was inadequate
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for statistical analysis. The following is a resume of the number of
girls who completed each phase of the experiment:
50 girls completed the pre-fluoride determinations
42 girls completed the first post-fluoride determination (8 hours)
32 girls completed the second post-fluoride determination (3-4 days)
3L girls completed the third post-fluoride determination (1 week)
17 girls completed the fourth post-fluoride determination (2 weeks)
13 girls completed the fifth post-fluoride determination (1 month)
An attempt was made to determine the fluoride concentration of the
plaques before and after treatment; however, it was found that sufficient

plague material could not be obtained even in pooled samples.



RESULTS AND DISCUSSION

It was the purpose of this investigation to determine whether the

addition of topical fluoride to dental plaques would have any effect

upon acidogenesis in situ.

The hydrogen ion concentration of the dental plaques of the maxil-
lary posterior teeth of forty-two teenage girls was determined both
before and after a sugar rinse. These values were compared with similar
values obtained at intefva]s of’eight hours, three-to-four days and one
week after a 2% topical sodium fluoride treatment on one-half of the max-
illary arch. The other half of the arch served as an internal control
with 2% sodium chloride rather than sodium fluoride.

The findings of the initial examination of each subject's ﬁouth
are summarized in Table‘l. In this as in other appropriate tables the
test subjects are listed by identification number. The table shows the
number of carious tooth surfaces present in each girl's mouth and the
total number of tooth surfaces present, whether the surfaces are carious,
filled or intact. There are no significant differences over-all between
the two sides of the mouth with respect to the numbers of carious
surfaces or to the total number of tooth surfaces. Tables D and E in
the appendix give the details of the statistical comparison of the two

sides.
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The mean resting state and sugar-stimulated hydrogen ion concentra-
tions for the test and control sides of each subject are given in Table 2.
This table also shows the ''differences' between the resting state and
sugar-stimulated means. These ''differences'’ are believed to be related
to the ability of the plaques to produce acid under the conditions of this
experiment. The statistical analyses which follow, therefore, deal
primarily with these "differences' and with the corresponding ''differences'
after treatments with sodium fluoride or sodium chloride. The test and
control sides were compared and found to have no significant differences
between them with respect to resting state or sugar-stimulated hydrogen
ion concentrations. Figure 1 shows the comparison of the grand means of
the resting state and sugar-stimulated pH values on the test and control
sides. Details of the analyses are given in Tables F, G and H in the
appendix.

Tables 3 through 7 give the mean hydrogen ion concentrations for
the eight-hour, three-to-four days, one-week, two-weeks and one-month
post-treatment periods. The following statistical discussion demonstrates
the apparent marked inhibition of acidogenesis by 2% sodium fluoride
eight hours post-treatment, the somewhat lessened effect three~to-four
days later, and the return to pre-treatment levels at one-week and
subsequent intervals.

Figures 2 through 7 are histograms showing the distributions of the
various hydrogen ion concentrations given in Tables 2 and 3. It can be
seen from these figures that the distributions are markedly skewed.
Inasmuch as it is difficult to analyze directly the data taken from
populations with skewed distributions, it was important to transform the

mean hydrogen ion concentrations into values possessing a more normal
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distribution. Most investigators are familiar with the negative loga-
rithms of hydrogen ion concentrations (pH), and since these values had

a more normal distribution in this experiment, they were used in most of
the computations. 1t should be noted, however, that when an average of

a series of logs is taken directly, some error is introduced into the
mean. A more correct method is to average the hydrogen ion concentra-
tions and then take the negative logs of the mean.(22) Whenever possible,

therefore, the means were determined from the hydrogen ion concentrations.

‘Statistical Procedures

The assumption was made that if the fluoride appTications had no
effect upon the ability of the plaques to produce acid, then the grand
mean of the ''differences' before treatment with sodium fluoride would
equal the grand mean of the ''differences' after treatment with sodium
fluoride. Stated in another way, the grand mean of the 'differences'
after treatment with sodium fluoride MINUS the grand mean of the
'differences' before treatment with sodium fluoride would equal zero
(Ho: Mg after treatment — Mgz before treatment = 0). The following
analyses were performed to test this hypothesis:

1) A test of the difference between the eight-hour post-sodium
fluoride treatment mean and the pre-sodium fluoride treatment
mean on the test side (Ho: Hgg — g3 =0).

2) A test of the difference between the eight-hour post-sodium
chloride treatment mean and the pre-sodium chloride treatment
mean on the control side (Hy: Mz, — Hge = 0).

3) A test of the difference between the three-to-fourday post-
sodium fluoride treatment mean and the pre-sodium fluoride

treatment mean on the test side (Ho: HMg1c — Hgo = 0).
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L) A test of the difference between the three-to-four day post-
sodium chloride treatment mean and the pre-sodium chloride
treatment mean on the control side (Ho: Hgjg — Bz = 0).

5) A test of the diffefence between the one-week post-sodium
fluoride treatment mean and the pre-sodium fluoride treatment
mean on the test side (Ho: M35, — “'23 = 0).

6) A test of the difference between the one-week post-sodium
chloride treatment mean and the pre-sodium chloride treatment
mean on the control side (Hj: Hgzoy — Mg = 0).

Table 8 gives the results of the analyses, and Tables I through N

in the appendix show the details of the computations.

The results are consistent with the stated hypotheses for all
control side tests and for the one-week post-treatment analyses on the
test side. However, significant differences exist between the pre-
treatment means and the post-treatment means for the eight-hour and
three-to-four day periods on the test sides.

It was of interest to consider the effects of two covariables upon
the ability of the plaques to produce acid. These variables were the
number of carious surfaces present in each subject's mouth and the total
number of surtaces pfeseﬁt, whether carious, filled, or intact. Multiple
correlation and regression studies were therefore performed as follows:

1. A multiple regression analysis on the test side with the

following variables:
1.1 Dependent variable
1.1.1 Increased hydrogen ion concentrations in response to

a sugar rinse on the test side eight hours after

treatment with sodium fluoride (identification

symbol Xg).
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1.2 Independent variables
1.2.1 Total number of carious surfaces present in the
entire mouth (symbol Xj).
1.2.2 Total number of tooth surfaces present in the
entire mouth, whether carious, filled or intact.
(symbol X7).
1.2.3 Increased hydrogen ion concentration in response to
a sugar rinse on the test side before treatment
with sodium fluoride (symbol X3) .
A path coefficient analysis on the test side with the following
variables:
2.1 Dependent variable
2.1.1 Increased hydrogen ion conﬁentration in response to
a sugar rinse on the test side before treatment
with sodium fluroide (symbol X3).
2.2 Independent variable
2.2.1 Same as 1.2.1 (symbol Xj).
2.2.2 Same as 1.2.2 (symbol Xs).
A multiple regression analysis on the control side with the
following variables:
3.1 Dependent variable
3.1.1 Increased hydrogen ion concentration in response to
a sugar rinse on the control side eight hours after
treatment with sodium chloride (symbol XS)‘
3.2 Independent variables

3.2.1 The same as 1.2.1 (symbol X;).
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3.2.2 The same as 1.2.2 (symbol X,).

3.2.3 increased hydrogen ion concentration in response
to a sugar rinse on the control side before treat-
ment with sodium chloride (symbol X ).

L. A path coefficient analysis on the control side with the

following variables:
L.1 Dependent variables

L.1.1 Increased hydrogen ion concentration in response
to a sugar rinse on the control side before treat-
ment with sodium chloride (symbol X,).

L.2 Independent variables

L.2.1 The same as 1.2.1 (symbol X;).

L.2.2 The same as 1.2.2 (symbol X,).

The coefficients of determination and F-test values of these studies
are given in Table 9 for purposes of comparison. The details of the
analyses are given in the appendix in Table 0.

The coefficients of determination on the control side (Rﬁ_]z,
before treatment with sodium chloride and R%.]ZS’ after treatment with
sodium chloride) are similar, and both are significant. This is to
.say that there is a significant correlation between the dependent
variable (increased hydrogen ion concentration after a sugar rinse)
and the independent variables (number of carious surfaces and total
number of tooth surfaces considered together).

The coefficients of determination on the test side (Rg.]Z’ before
treatment with sodium fluoride and R%_}23, after treatment with sodium
fluoride) are different. The coefficient of determination before treat-

ment with sodium fluoride is significant, whereas the coefficient of
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determination after treatment with sodium fluoride is not significant.
Thus, a significant correlation existed between the dependent and
independent variables before fluoride application, but it no longer
existed after the application. This suggests an inhibitory influence
on the sugar-stimulated increase in hydrogen ion concentration by the

sodium fluoride, but not by the sodium chloride.

Comments

It is well established that when sodium fluoride is added to the
community water supply in recommended amounts, a reduction in the inci-
dence of caries results. Davies (23) pointed out that this reduction
... has been demonstrated throughout the world; in different ethnic
groups; in different countries; in people with high and low standards
of nutrition, and in people with high and low intakes of refined
carbohydrate.'!

There are two theories dealing with the action of fluoride ions
in the prevention of tooth decay. The first theory states that the
fluoride ion, whether administered during tooth formation or by topical
application after eruption, combines with the tooth enamel, rendering
it less soluble in acid solutions. The second theory states that the
fluoride affects the acid-producing organisms in such a way that acid
production is inhibited. Both of these theories may, of course, be
operative. |If the acid inhibition theory is operative to an appreciable
degree, then it seems reasonable to predict that:

1) Persons who livebin areas of low water fluoride concentration
while their teeth form and erupt, and who then move into areas of high

fluoride concentration will experience a reduction in caries incidence.
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2) Persons who move from areas of high water fluoride concentra-
tion into areas of low concentration will lose some of the caries
inhibitory effects.

3) The dental plaques of those persons living in areas of high
water fluoride concentration will contain more fluoride than the plaques
of individuals residing in areas of low water fluoride concentration.

L) The fluoride in dental plaques is present in a form which is
capable of inhibiting acidogenesis.

5) Less acid is produced in the plagues of persons after topical
application of sodium fluoride than before such application.

6) Less acid is produced in the plaques of persons residing in
areas of high water fluoride concentration than in those living in
areas of low water fluoride concentration.

The validity of five of the above six predictions has been documented
in recent literature, including this report.

1) The studies of Hill and Blayney (24, 25) show that some anti-
caries activity was present in persons whose teeth had formed and erupted
prior to any exposure to fluoride in the water supply, but who had
received such exposure after tooth eruption.

Klein (26) reported on some Japanese children who were relocated
durfng World War Il. Some were sent to an area of high water fluoride
concentration and some to an area of low watef fluoride concentration.
Those residing in the area of high fluoride concentration had a signi-
ficantly lower caries incidence than those living in the area of low
concentration.

2) Russell (16) studied the effects of removal of fluoride from the

water supply as well as the removal of individuals from areas of high
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water fluoride concentration. He stated, '"This inhibitory effect tends
to persist so long as fluoride exposure is continued, but tends slowly
to be lost after fluoride exposure is discontinued; hence periodic or
continuous renewal of the fluoride content of tooth enamel is required
for maintenance of the maximum caries-inhibitory effect." It is
possible that this could also be true with respect to the fluoride
content of the plaques.

3) Dawes, Jenkins, Hardwick and Leach (13) found a statistically
significant difference between the fluoride content of plaques (47 ppm)
in the mouths of ll-year-old children residing in an area of high
fluoridation as opposed to the plaques (26 ppm) of children living in
an area of low fluoridation.

L) Jenkins (27) demonstrated that minimal amounts of soluble fluoride
was extracted from in vitro plaques when they were washed with equal volumes
of saliva at pH 8.5. When the pH was lowered to 5.0, almost complete
extraction occurred. It would seem, therefore, that the fluoride
probably was available for inhibition of acidogenesis.

5) The present study is consistent with the acid-inhibition
hypothesis since it demonstrates such inhibition for periods of up to
one week. The eight-hour effect is strongly significant with a high
degfee of confidence (Hgzg — Hz3 = 0.85; p= <0.001). The three-to-
four day post-treatment effect is still strongly significant even though
it has decreased ( “2]5 — u§3 = 0.25; p= <0.005). After one week
post-treatment, the effect is no longer demonstrable by a test of the
difference of the means. However, because of the increased variance
after the one-week period, it is possible that the reduction might

extend beyond one week in some of the subjects. |t should also be
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pointed out that only the outer surface of the plaque was tested with
respect to acidogenesis., lnasﬁuch as the outer surface probably loses
its fluoride much more rapidly, it is possible that the fluoride
effect lasted for longer periods in the deeper layers of the plaque.

It is not known how much or in what form the topically applied
sodium fluoride was eventually incorporated into the plaque. An
‘attempt was made to determine the fluoride concentrations in pooled
plaque material before and after treatments, but, unfortunately,
sufffcient plaque was not available for the analyses. Jenkins (28)
pointed out that with the high concentrations of fluoride used in
topical applications, calcium fluoride forms on the enamel surface.

He believes that calcium fluoride gradually dissolves from.the tooth
surface to become incorporated into the plaque in a bound form. He

concluded that with topical applications, reduction in enamel solu-

bility as well as anti-enzyme effects in the plaque may occur.

6) Although the sixth prediction, 'Less acid is produced in the
plaques of persons residing in areas of high water fluoride concentra-
tion than in those living in areas of low water fluoride concentration,"
has not been well documented, the assumption that fluoride does exert

an inhibitory effect on acidogenesis within the plaque seems justified.
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SUMMARY

It was the purpose of this investigation to determine whether the
addition of 2% topical sodium fluoride to dental plaques would have any

effect upon acid production in situ.

The maxillary arches of forty-two teenage girls were divided
into test and control sides so that each girl would serve as her own
control. The mean hydrogen ion concentrations of the dental plaques
of the maxillary posterior feeth were determined both before and
after a sugar rinse by the use of an antimony calomel electrode system
attached to a Corning pH meter. The test and control sides were found
to be statistically similar with respect to the number of carious tooth
surfaces present, the total number of tooth surfaces present, the mean
hydrogen ion concentration before a sugar rinse, and the mean hydrogen
fon concentration after a sugar rinse.

The ''differences'' between the pre-sugar and post-sugar hydrogen
ion concentrations were determined. These ''differences' are believed
to be related to the ability of the dental plaques to produce acid in
response to a sugar rinse; and for this reason, the ''differences'’
constitute the data evaluated in the statistical procedures.

A 2% solution of sodium fluoride was applied to the teeth of the
test side, and, at the same time, a 2% solution of sodium chloride was

applied to the teeth on the control side. At intervals of eight hours,
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three-to-four days, one week, two weeks and one month after the sodium
fluoride or sodium chloride treatment, the pre-sugar and post-sugar
hydrogen ion concentrations were again determined. The post-treatment
"differences' (sugar-stimulated hydrogen ion concentrations minus
resting state hydrogen ion concentrations) were statistically compared
with the comparable pre-treatment ''differences'.

Fewer free hydrogen ions were produced by the plaques in response
to a sugar rinse on the test side eight hours after treatment with
sodium fluoride than were produced by the same plaques before sodium
fluoride treatment, or by the contralateral sodium chloride treated
plaques, (statistically significant p < 0.001). The three-to-%our
day post sodium fluoride ''differences't were also significantly decreased
but at a lower level of confidence (p <0.005). The one-week 'differ-
ences'' were not significantly changed from the pre~sodium fluoride "
""differences," and the control side was left unaffected by the sodium
chloride applications.

Multiple regression analyses were also performed to determine what
effects the presence of caries and the total number of tooth surfaces
present would have on the outcome of the experiment. A significant
correlation existed between hydrogen ion production as estimated by the
""differences' between pre-and post-sugar rinse hydrogen ion concentra-
tions and the combined effect of the two independent variables (carious
surfaces and total number of surfaces) before the application of sodium
fluoride or sodium chloride. After the sodium fluoride or sodium
chloride treatment the correlation became insignificant on the test side
but remained significant on the control side. This finding suggests

the inhibition of acid production on the test side since the number of
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carious surfaces and the total number of tooth surfaces were not
altered by the test procedures.
It was concluded that the topical application of 2% sodium fluoride

to the dental plaques in situ resulted in the decreased production of

free hydrogen ions for periods of up to one week. A reduction for
longer periods of time could not be demonstrated under the conditions
of this experiment; however, the possibility of its occurrence has been

suggested in the ''Discussion''.
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TABLE 1: COMPARISON OF CARIOUS SURFACES AND TOTAL SURFACES, CARTOUS
OR OTHERWISE, ON TEST AND CONTROL SIDES
Carious Surfaces Total Surfaces
Ident,
Test Control Total Test Control Total
number Side S5ide Side Side
7, T, T, Zy Zs, Zq
1 L d 5 6l 59 123
b 0 0 0 6l 6l 128
5 10 2 12 6l o 128
6 1 8 9 50 59 109
7 0 0 6l 6l 128
8 é 9 15 6l 6l 128
9 5 10 15 6l 59 123
10 9 7 16 60 6l 12l
i A 1 0 1 6l N 128
12 0 2 59 5L 113
13 6 7 13 59 59 118
1y 2 7 9 54 59 113
15 0 2 2 59 6L, 123
16 9 17 26 6l 8l 128
&7 9 2 i, N 59 123
18 5 0 5 6l 6l 128
20 L 7 il 59 59 118
21 8 s ¥ 59 59 118
22 0 0 0 N 6l 128
2l 10 20 30 5h 59 113
25 16 11 27 6l 59 123
26 2 1 3 6l 6l 128
28 0 49 L9 98
30 0 &L 6l 128
31 10 i 2l 59 59 118
32 bt i 6l 6l 128
33 0 3 6l 59 123
3L 17 20 37 6l 6l 128
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COMPARISNAN OF CARIQUS SURFACES AND TOTAT, SURFACES, CARIOUS

TABIE 1: :
OR OTHERWISE, ON TEST AND CONTROT, SIDES (Continued)
Carious Surfaces Total Surfaces
Ident.
Test Control Total Test Control Total
number Side Side Side Side
Yl Y2 YS Z1 22 Z3
35 3 2 b 6l 6L 128
36 L 1 5 6l 6ly 128
37 8 7 IE 6l 6L 128
38 5 5 10 5k 54 108
Lo L 7 11 59 &L 123
L2 i 2 6 6l 6l 128
L3 12 10 22 5k Lo 103
L5 3 L 7 6l 6l 128
L6 0 0 : 6ly 6l 128
L7 21 20 L1 59 6l 123
48 6 7 A3 54 L9 103
Lo 1 6l 6l 128
50 2 2 3 Bly 59 123
51 6 11 A7 6L 6l 128
Totals 21l 229 Lli3 2565 2558 5123
Means 5.09 5.45 10,55 61.07 60.90 121,98
There is nc significant There is no significant
difference between test and difference between test and
control sides at the 90% control sides at the 90%

level of significance. level of significance.
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TABIE 2 : COMPARTSON OF MEAN HYDROGEN TON CONCENTRATIOWS OF TEST AND
CONTROL PLAQUES IN SITU before and after a sugar rinse and
before topical application of sodium fluoride or sodium
chloride

Test Side [H'] X 1077 Control Side [H'] X 107/
Ident. - :
number Rzizigg stiiﬁ%iged 5 frepanpe Rzizigg st?iiiZted Pliference
X, X, 1, X, Xz Xg

1 1.027 2.339 1.312 1.h92 5.32h 3.832
L 1.1h61 113,238 L1777 1.280 32.2h1 30,961
& 1.173 27.186 26.313 4.218 9.776 5.558
6 1,205 7.540 6.335 1.126 8.909 7.783
7 1.08L 18.84L 17.780 1473 27.256 25,783
8 .631 22.689 22.058 876 34,716 33.8L0
9 5.116 31.356 26,20 L .522 25.21) 20,692
10 2.910 1h.323 11.413 3.819 15.8L7 12,028
i3 .686 6,066 56360 561 12,65k 12.093
12 1.892 9.032 7.140 2,156 6.653 L.LoT
13 1.999 13.C67 11,068 1.L493 9.085 7.592
1k <506 20.170 19.264 .639 37.170 36.53L
15 29.633 66,577 36.94L  19.370 51.023 31,653
16 2,140 14.620 12,480 2.922 15.061 12,139
17 .700 28,815 28,115 1186 13.9L5 13.459
18 4,140 13.36L 9.22L . 530 1h.803 10.093
20 .653 12,719 12,066 A7 20,225 19,354
21 1.4438 7.830 64382 1.458 11.932 10.474
2g 3.263 37.L77 34,21k 2.266 32.255 29.989
2l 5.56L L3.L66 37.902 3,910 42,913 39.003
25 1.766 57.966 56,200 2,119 75477 73.358
26 3.339 L6166 43.127 3.118 20.h2k 17.306
28 1.571 7.930 64359 1.236 7.874 6.638
30 1.005 19.122 18.117 1.505 22.008 20.583
31 3127 Th 100 T1.873 2,388 99.611 97.223
32 10,156 o 0 1L.899 6161 21.939 15.478

33 1.088 8.158 7.070 1.435 5.8L6 Lo oLl
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TABLE 2 : COMPARISON OF MEAN HYDROGEN TON CONCENTRATIONS OF TEST AND
CONTROL PTLATMWES IN GITU before and after a sugar rinse and
before topical application of sodium fluoride or sodium

chloride
Test Side [HT] X 1077 Control Side [H*] X 1077
Ident. SSoP
number Riziigg stiziizted Uaiferency hg:;%gg st?ggizted Difference
X X, X X, Xy X
3L 1.716 32.623 30,507 1374 50.856 49.L81
35 1.018 14.883 13.865 125 28.325 27.900
36 2. 7E% 12,5453 F, T2 3.211 9,203 5.992
37 2.507 25,2kl 22,137 2.979 27.305 24,326
38 1.972 23.807 21.835 1.Lho &L T 21.333
10 .995 19.580 18.585 .522 14216 13.72h
L2 2.213 37.712 35.1499 1.76k 5,255 h3.491
L3 L.073 20,595 16.522 3.883 7753 73.631
45 .881 Sh.722 53,811 1.282 1;8.858 L7.576
16 1.050 20.869 19.819 3.206 11.354 8,148
L7 1.68L ho.2hl 47.560 2.160 76571 Th.l17
18 2.436 48.c88 5,652 1.677 59,055 57.378
L9 1.875 7.821 5.9L46 1.027 8.705 7.678
50 1.216 . 29.907 28.691 1.361 25,303 23,942
51 2.26l 32,033 29,769 2.858 111,289 38.4L31

Totals 118.57L 1109.996 991.422 107.080 1226.879 1119.799

Means 2.823 26,128 23.605 2.550 29212 26,662

There is no significant difference between Xi and ih at the 90% level of
significance. I o

There is no significant difference between X2 and X5 at the 90% level of
significance. = =

There is a significant difference between X, and Xg at the 90% level of
significance but not at the 95% level. ?
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TABLE 3 : COMPARISON OF MEAN HYDROGEN ION CONCENTRATIONS OF TEST AND
CONTROL PLARJUES IN SITU before and after a sugar rinse and
eight hours after topical application of sodium fluoride
or sodium chloride

Test Side (%] X 1077 Control Side [H*] X 1077
Tdent,.
X X X o A1 IS,
k 1.047 1.320 «273 1.273 10.340 9.067
L +TTE 5.180 L.lo2 661 73633 V24972
5 1.767 2.090 <323 L.567 22.900 18.333
6 887 4.567 3.680 Tohhidy 153 3.709
7 1.716 7.803 6.087 H61 1106 13.445
8 518 1.320 802 1.047 29.600 28,553
9 1.953 11,780 2.827 L.5L3 20.470 15 5T
10 L.623 5.153 «530 2.326 18.533 A BN TR
11 .518 3.230 2,712 Aily7 L8383 16.786
12 4.250 6,83 2.593 2.936 7.020 L.oL8
13 1.h480 5153 3.573 .887 5.683 4796
1 1.320 2.830 1.510 661 13.1N7 12.486
15 21.163 2,597 3.h34 L.127 11,803 10.676
16 1.953 Gy 6.18L 1.480 11,340 9.860
17 1.218 2,93 1.105 1.207 21,203 19.996
18 13.770 29.600 15.830  16.200 46,733 30.533
20 1.593 13.467 11.874 w031 40.983 40,352
21 2327 5.707 3.380 1.557 13.553 11.996
22 3,166 14,107 10,641 1,953 10,223 8.280
2l T. 24T L.780 1.313 4.383 34.837 30.454
25 1.544 11.340 9.796 887 50.167 119.280
26 2,857 Le623 1.766 2,857 19.917 17,060
28 1.930 10.510 8.580 L.750 38,566 33.816
30 .702 11,000 10,298 1.320 23.933 22.613
31 1.953 10.233 8.280 .93h 18,967 18.033
32 By 700 5.683 ~. 02l 9.450 32.817 23,367

33 R87 2.563 1.576 LJAOL 11,370 3.709



35

TABLE 3 ¢ COMPARISON OF MEAN HYDRCGEYW TON CONCENTRATIONS OF TEST AND
CONTROL PLAQUES IN SITU before and after a sugar rinse and
eight hours after topical application of sodium fluoride
or sodium chloride

Test Side [H'] X 1077 gontrel Side [E'] x 1077
Ident.

Ry 3 % X0 51 X12
3l .57 h.217 2.660 2.58 211,500 21.916
35 «93h 2.40L3 1.509 .90k 19.663 18.759
36 1.484 3.997 2.513 1.593 16.200 1L.607
37 .B87 3.8l0 2.9%3 1.hu3 13.770 12.327
38 k227 3.877 2. 790 .921 16.200 15.279
1o 259 1.320 1.061 192 13.893 13.6L7
12 2.07h 13.770 11.696 1.047 48.700 L7.653
143 1,557 3.310 1.753 1925 5.687 L. 367
L5 1.652 4.233 2.581 2.203 32,366 30.163
L6 2,333 3.860 1.527 1.480 }1a 360 2.880
L7 9.233 14.107 1187k 10.810 96,300 85,490
148 1.283 6.166 5.183 n L. 766 113,992
L9 2.937 3.803 866 129545 15,366 13.413
50 1.047 5,937 14.890  1.047 16.537 15,1490
51 1,727 5.683 3.966 2.563 25,667 23,104

Totals 115.465 289.792 17h.327  10L.684 - 1008.105 903,341

¥eans 2.9 6.90 .15 2.9 2l 002 21,508
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TABLE & : COMPARISON OF MEAN HYDROGEMN TON CONCENTRATIONS OF TEST AND
CONTROL PLAQUES IN STIU before and after a sugar rinse and
3- days after topical application of sodium fluoride or
sodium chloride

Test Side [H*] X 1077 Contray S%ae (B™] X 1677
Ident.,
number Rz:s%zg stiié%iied Difference Riizégg stiiiigted Difference
43 A, Y5 6 247 *18

1 1.047 .93 -.113 975 13,200 12,229
L .93l 3.840 2.906 1.047 7.803 6.756
5 1.657 8,910 7.253 1.610 19.470 17.860
6 2,937 5.153 2.216 E50T 10.233 8.676
7 1.320 18,967 17.6L7 1.k 40,033 38,589
8 631 10.170 9.539 .589 FAs77T 21,188
9 4.370 31.867 27.497 3.8l:0 7.250 3L10
10 2.327 18,967 16.6L0 11.250 21733 17.1.83
11 Ll7 1.717 1.270 .5h1 11.903 11,362
12 2,090 7.803 5.713 1.953 11,687 9.73L
13 1.320 6.167 BoddiT 1.160 7.803 6,643
1 34 T25 6.193 2,468 1.249 21,593 20,3404
15 3.513 17.603 14.090 3.513 10,340 6,827
& .887 13.216 12.329 1.063 15,983 14,920
22 1.544 215733 20,189 1.793 19.917 18.124
28 2703 12,500 39.797 11,183 20.733 16.550
30 .862 24500 23.638 1.397 140,033 38.636
33 887 13,653 12,666 93L AT, T30 12,836
3l 1.443 35.800 3k4. 357 1.283 5k.070 52,787
35 1.643 8.197 6.554 398 2,690 2,292
36 1.170 10.170 9,000 2,347 9,450 T-103
37 1,047 211,500 23.453 1.283 22,900 21,617
38 1.047 62.700 61.653 1372 18.967 17.595
10 .72k 3,240 2.516 975 11.770 10.795
L2 ST7h 14.750 13.976 1.350 31,866 30.516
b3 1.047 16.536  15.489  1.047  67.700 66.653

L5 1.h33 5,687 .15k 2,287 17.803 15.516
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TABLE L4: COMPARISON OF MEAN HYDROGEN ION CONCENTRATIONS OF TEST AND
CONTROL PLAQUES IN SITU before and after a sugar rinse and
3-4 days after topical application of sodium fluoride or
sodium chloride

Test Side [EY] X 10‘7 Control Side [H'] X 10‘7
Tdent. o - 2
Resting Sugar . esting ugar q
number state stimulated Difference state stimulated Difference
X3 by 32 278 Lo %18
L6 L.783 8,713 3.930 5,623 12,120 6497
1,8 .887 28,133 27.5L6 1.047 58.500 57.453
L9 1.54k 16,703 15.159 1.160 20,470 19.310
50 <77k 6.h33 5,659 LTk 19.303 18.529
51 L.370 21.733 17.363 2.7 35,800 33.473

Totals 55.887 517.588 161,701 56,371 698,670 612,299

Veans 1.746 16,175 1 .428 1.762 21.833 20,072
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TABLE 5 : COMPARISON OF MEAN HYDROGEN ION CONCENTRATINNS OF TEST AND
CONTROL PLAQUES IN SITU before and after a sugar rinse and
one week after topical application of sodium fluoride or
sodium chloride

Test Side [H'] X 1077 Control Side [H'] X 1077
Ident.
19 %20 Lo X0 X33 o),

1 934 6.060 5.126 1.557 13710 10.213
L L7183 13,553 11.760 . 7TH 22.683 21.909
5 1.L43 G313 3.870 1.089 16.397 15.308
6 1.480 11.340 9.860 2,167 13,553 11.386
7 LT Ba357 7583 .887 13.000 17.113
8 +339 17-233% 16,89 93k 3.760 2.826
9 2. 703 6.L67 3.76L 1.680 5707 1.027
10 2.857 28.433 20 3.243  69.400 66,157
11 518 1.717 1.199 T2 11,250 3.548
12 25 327 5.177 2.850 1.160 L.780 3.620
pix, 1.953 14.803 12.850 1.450 5.L67 L.987
17 .808 11,770 10,962 .522 T.770 7.2i48
18 5.937 20.000 14.063 10.787 8L.367 73.580
20 Ll 29.436 28,003 .976 211,500 23.524
21 1.160 18.967 17.807 1.320 17.233 15.913
2 1.680 63.066 61.386 1.286 29.600 28,314
2l 2.326 22.903 20,577 3.230 26,616 23.386
25 887 38.567 37.680 1.207 37.267 36.060
26 2,127 31.867 29,140 2.326 1,0.033 37707
28 976 7.267 6.291 2,013 10,340 8.327
30 .518 5.103 1.585 1.000 17.400 16,400
31 1.099 31.867 30,768 702 40.033 39.331
33 <T7h 10,787 10.013 702 6.1467 5.765
3k 3.083 38,567 35.L8L 1.556 63.067 61.511
35 1.593 28.133 26,840 .81 16.967 16.153
e .995 1.070 3.075 LT07 19.305 18.603

L2 661 112,000 1,339 1.930 25,666 23,736

.
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TABIE 5: COMPARISON OF MEAN HYDROGEN ION CONCENTRATINNS OF TEST AND
CONTROT, PLAQUES TN SITU before and after a sugar rinse and
one week after topical application of sodium fluoride or
sodium chloride

Test Side [H'] X 1077 Gontrol Side [R*] X 2077
Ident.,
nunber Rii:%gg stii&%ized Difference Rizgizg stixgigted Difference
19 X520 ag X2 %53 LR
L3 1.047 31.866 30.819 2.802 73.633 70.831
L5 1.160 21.593 20.1433 3.803 42,500 38.697
L6 1.320 1;.983 13.663 3.550 21.593 18.043
L7 1.930 126,133 12L.203 23k 12,216 11,282
18 661 83.766 83.105 .887 160.333 159, L6
119 3.L66 28,433 2967 2.326 23,733 19.407
Sl 3.840 L. 766 10,926 5.500 65.466 59.966

Totals 56.902 874 .663 817.761 66,548  1035,.872 969.32

Means 1.67L 25,725 21,05 1.957 30,167 28,510
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TABLE 6 : COMPARISON OF MEAN HYDROGEN ION CONCENTRATIONS OF TEST AND
CONTROI, PLAQUES IN SITU before and after a sugar rinse and
two weeks after topical application of sodium fluoride or
sodium chloride

Test Side [H'] X 1077 Control Side [H'] X 1077
Ident.
number Rii:égg stirig%iged G ann Rii;%g ¢ st?ggigted Biffayente
Xog %6 Xor Xog %59 %30

1 1.320 3.260 1.940 1.320 213 1,553
5 1.817 13.493 11.676 2.837 8.697 5.860
13 .518 2.327 1.809 .399 2.327 1.928
1 <0 17.660 17,329 1.009 15.536 1L.527
15 17.967 69,500 51.433 12,770 3L.633 21.863
7 a3 19.303 18,566 501 31.867 31.326
18 L.oL7 13,000 8.053 5.707 53.517 L7.810
25 1.657 56,500 5L.8L3 1.207 59.267 58.C60
26 L L06 32,367 27.961 4.567 28.433 23.866
28 1.706 5.473 3.767 2.327 12.163 10.136
30 1.160 L6.735 L5575 1.207 29,100 27.893
3L 2.700 113.600 11.0.900 1.207 113,767 110,560
36 2.563 12.733 10.170 2.700 7080 4.320
37 1.000 21,167 20,167 1.270 25,667 24197
38 .93k 21.733 20,799 1.557 16,537 14.980
L7 1.000 25,666 21,666  1.283 16.536 15,253
51 2.326 36.300 33.97L 2.937 23,933 20.996

Totals U47.089 510,717 163,628 Lk, 745 180,173 435,428

Means 2,77 30.0L 2Peny 2.63 28.25 25 .61
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TABLE 7 : COMPARISON OF MEAN HYDROGEN TON CONCENTRATIONS OF TEST AND
CONTROL PLAGUES IN SITU before and after a sugar rinse and
one month after topical application of sodium fluoride or
sodium chloride

Test Side [H'] X 1077 Control Side [H'] X 1077
Ident. :
number Riiiiig stiiiﬁiied Pt gremte Hiiiiig st?igigted Dif ference
31 X32 X33 X3l X35 %36
7 1.160 29.100 27.940 1.160 32,367 31,207
16 .589 5.333 Lo 7hiy 887 7.763 6.876
18 1.953 5153 3.200 934 7.020 6.086
20 7L 13770 12.996 518 16,537 16.019
25 1,413 32,366 30.923 1.320 26,133 2,813
3L 1.135 18,750 17.615 1.207 19.303 18.096
35 7L 8.910 8,136 .518 18,967 18.L49
36 2,327 9.473 7.1L6 2,957 7503 L.5Lé
X 1.556 25,667 2L.111 1.953 13.770 15837 .
38 1,930 18.967 17037 1793 15.983 14.190
LO .370 7.020 6.650 975 20,733 19.758
L6 2.203 19.917 17.71k 3.L66 22.903 19.4L37
L7 2.856 29,600 26.74b 5.153 21,733 16.580

Totals 19,070 221,026 204,956 22.841 230,715 207.874

Means 1.4L7 17.23 15.76 1.76 1775 15.99




THE GRAND MEANS OF THE RESTING STATE AND SUGAR-STIMULATED pH VALUES ON TEST AND CONTROL SIDES.
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Figure 2. DISTRIBUTION OF MEAN HYDROGEN 1ON CONCENTRATIONS OF DENTAL
PLAQUES ON INDIVIDUAL TEST AND CONTROL SIDES IN SITU before
topical application of sodium fluoride or sodium chloride
and before sugar stimulation.
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Figure 3. DISTRIBUTION OF MEAN HYDROGEN 1ON CONCENTRATIONS OF DENTAL
PLAQUES ON INDIVIDUAL TEST AND CONTROL SIDES IN SITU before
topical application of sodium fluoride or sodium chloride
and after sugar stimulation.
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DISTRIBUTION OF THE DIFFERENCES BETWEEN THE MEANS OF THE RESTING
STATE AND SUGAR-STIMULATED HYDROGEN ION CONCENTRATIONS ON THE
TEST AND CONTROL SIDES before topical application of Sodium
Fluoride and Sodium Chloride.
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Figure 5. DISTRIBUTION OF MEAN HYDROGEN [ON CONCENTRATIONS OF DENTAL
PLAQUES ON INDIVIDUAL TEST AND CONTROL SIDES IN SITU eight
hours after topical application of sodium fluoride or sodium
chloride and before sugar stimulation.
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DISTRIBUTION OF MEAN HYDROGEN I0ON CONCENTRATIONS OF DENTAL

Figure 6.
PLAQUES ON INDIVIDUAL TEST AND CONTROL SIDES IN SITU eight
hours after topical application of sodium fluoride or sodium
chloride and after sugar stimulation.
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DISTRIBUTION OF THE DIFFERENCES BETWEEN THE MEANS OF THE RESTING

Figure 7.
STATE AND SUGAR-STIMULATED HYDROGEN ION CONCENTRATIONS ON THE
TEST AND CONTROL SIDES eight hours after topical application of
sodium fluoride and sodium chloride.
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TABIE 8 : RESULTS OF t-TESTS: DIFFRERENCES OF THE BEFORE TREATMENT AND
AFTER TREATMENT MEANS QN JH¥ TEST AND GONTROL SIDES

Tast Side Control Side

8 hours after treatment

gt “i9 = “23 =% s uglz o “ié = 0

-log 29 = 6.5’9 -log KB = 5.7h ~log %, = 5.81  -log R = 5.72
Sy = -522L Sy = .3535 S5, = #3507 Sg = «3735
(-log i9) - (-log X,) = 0.65 tlog %,,) - (-log %) = -0.08

b gg =% 0.286 d.f. = 41 b go =+ 0,102 d.f. = 1
<.reject Hy S aceept Hg

3-li days after treatment

H: pug =-puz =0 H: puo -y =20

~log’ XlS = 6,05 -log }23 = 5,80 ~-log ?18 = 5,81 ~log 5(6 = 5,77
(~log Xls) ~ (=log x3) = 0,25 (-log x18) - (=log Xé) = o.oh»
toorm = & 0.226 d.f. =31 t gq = £ 0.075

. reject Hy J.accept Hy

One week after treatment

He py =-uz =0 H: pus =-u3 =20
o] IfXZ]. X3 B o} —qu Xé _
_ N f = B = s e 2
~log X,y = 5.82 1oglk3 .75  =log X), 5.7h  ~log Xy = 5.72
821 = 011512 83 = 938)49 821.;. = .}J293 56 = ¢3962
(-Log X, )- (-log X;) = 0.07 (=log izh) - (-log ¥) = 0.02
t g =% 0132 d.f. =33 tgg = £ 0,085  d.f. =33

S accept By, © Jeaccept Hy
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TABLE 9 : COSFFICIENTS OF DETERMINATICON ON TEST AND CONTROL SIDES
REFORE AND AFTER TREATMENT WITH SODIUM FLUORIDE OR SODIUM

CHLORIDE
Test Side Conbtrol Side
Before After Before After
2 ' 2
R%5 10 0.1909 R 12 0.3250
T ' L.57 F 9.19
e 2
|
6,123 0.0939 R 5.124L 0.28%94
F 1.3125 F 5.1579
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TABLE A : STANDARDIZATION OF Sb FELRCTRODE AGATNST GLASS ETECTRODE

USING p HYDRTON BURWERS

54

Solution (pH) (M) 2
number x Y 28 X
3 .20 230.2 966,84 17.64
L L0 24l 7 1076.68 19.36
5 1.60 25743 1183,58 21.16
4 .80 270.1 1296.4L8 23,04
v 5.00 230.9 1L04.50 25,00
8 5,20 293.2 1524L.604 27.04
S 5.40 307.7 1661.58 2906
10 5,60 320, 2 1793.12 31,36
11 5.80 330.6 101Y 58 33,64
12 6.00 3L5.1 2070.60 36,00
13 6.20 354.9 2200, 38 38,44
1L 6.5:0 369,0 2361,60 L0.96
N =12
Totals 63.60 3603.9 195457.48 342,80
Z H - ZX 2-2. 19)4-57.}48 - 6306(360309)
B = n2 = 1
P 2
85 o A 2.8 - (83:6)
n _ 12
356,81
B = = 62,379
5,72
L o I -BIX  _ 3603.9 - 62,379(63.6)
e n 12
363.4
A 2 —— = 230,28 Y = -30,28 + 62.379%

12



TABLE B : STANDARDIZATION OF Sb ELECTRODE AGAINST GILASS EIECTRODE
USING KOLTHOFY VLEESCHHOUWER BUFTERS

Solution Glass Antimony »
number X ¥ XY Xz
1 L.00 235.0 91,0.0 16,00
2 .30 254h.0 1092.2 18.49
3 L.55 270,65 1230.8 20,70
N 14.80 282.,0 1353.6 23,0k
5 5,05 298.0 1504.9 25,50
6 5.30 311.0 16L8.3 28.09
7 5.50 325,0 1787.5 30.25
8 5.90 38,0 2053.2 3L.81
9 6.20 362,0 220l 38,40
10 6.70 390.0 2613.0 Ll.89
N = 10
Totals 52,30 3075.5 16L67.7 280,21
o X ZY
B x EJQ{ = n 16&67.7 - (52033_(()307505)
ey -
sx? o 2 280,21 - S22k
n 10
B = STOO)J-
2¥ - B 2X 3075.5 ~ 57.04(52.3)
A o= e et . = -
n 10
A= 9.23 Y =9.23 + 57.0lX S,. = 0,026
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TABLE € : STANDARDIZATION OF Sb ELECTRODE AGATNST GLASS ELECTRODE
USING MAC ILVAINE BUFFERS PLUS SODIUM LACTATE
Solution () (MV) Xy X2
number X ¥
1 4.25 252,0 1071.00 18.C6
2 5.50 323.0 1776.50 30.25
3 5.90 31,0 2029.60 3h.81
b 6,12 357.0 218l.84 37.45
5 6.55 388.0 254140 112,90
6 6.90 105, 0 2794.50 L6l
7 7.20 L20,0 302l;.00 51,84
N=7
Totals L2442 2189.0 15421.8L 262,92
E XY - ZXnZY l;th'ah e (h20u2%(2h8900>
e & p ™ 5
z 72 - 20 262,92 ~ 42:12)
n 7
B = 57075
ZY - B 2X 2189.0 - (57.75) (L2.L2)
) S — =
n 7
-— ,,J r—n
A = 5067 Y = 9067 it 5707)-‘— X SX.Y = 0039
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COMPARISON OF THE TEST AND CONTROL SIDES BEFORE

TREATMENT WITH SODIUM FLUORIDE OR SODIUM CHLORIDE
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TARLE D: COMPARISON OF TEST AND CONTROL SIDES BEFORE APPLICATION OF
SODTUM FLUORIDE OR SCDIUM GHLORIDE with respect to carious
tooth surfaces present

Taext, Test Side Control Side Differemce ¥ Y, (Yl_z-il_z)2

1 2 12

1 L 1 3 3.36 11,29
i ) 0 0 .36 old
5 10 2 8 8.36 69,89
6 1 8 -7 -6.6l Lh.09
7 0 0 0 .36 .13
8 & 9 -3 -2.6l 6.97
9 5 10 -5 4.6l 21,53
10 9 T 2 2.36 5.57
11 1 0 1 1a38 1.85
12 0 2 -p ~1.6L 2.69
13 6 7 -1 - 6l il
1 2 i -5 =l 6l 21,53
15 0 2 -2 ~1.64 2,69
16 9 17 -8 -7.6l 58,37
17 9 2 7 7.36 5L.17
18 5 0 5 5.356 28.73
20 L 7 -3 -2.6k 6.97
21 8 b L L.36 19.01
22 0 0 0 vl a3
2l 10 20 ~10 ~9.6l 92.93
25 16 11 5 5.36 2073
26 2 2 1 1¢36 1.85
28 0 .36 ol3
30 0 0 +36 w13
31 10 1L =k -3.64 18,98
32 0 1 -1 - W6l i1
33 1 0 % 1.36 1.85
3k 17 20 -3 -2.6L 6.97
35 3 a 1 1.36 1.85
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TABLE D: COMPARIZON OF THST AND CONTROL, STDRES BEFORS APPLICATION OF
SODTHM WLUORIDE OR S0ODIUM CHLORIDE with respect to carious
tooth surfaces present %

- % 2
Ident. Test Side Controi Side Difference Y, A~Y (.. s ...}
number Y Y g 1-2 12 1-2 712
i, 2 1-2
36 L 1 3 3.36 11.29
37 8 7 i 1.36 1.85
38 g 5 0 236 «13
L0 N 7 -3 -2.64 6.97
}_L2 ]_L 2 2 2.36 505?
143 12 10 p 2.36 By T
L5 3 ly -1 I A
L6 0 0 0 .36 .13
hr 21 20 g 1.36 1.85
18 6 7 -1 - W6l T
L9 1 1 T35 1.85
50 2 1 1.36 1.85
51 6 11 -5 ~l .6l 21.53
Totals 2 2 229 =15 563,66
Means ;-09 ECL’-S - e 36 3- 7
HO: uy = ouy = 0 ‘ defe = U1 t.QO = 1,302
1 2
il 2
1, 302 = "'-;? \// ug Y]_-Z = _‘*_‘_ 0. 7143

<. accept the hypothesis; not significantly different.

A,
[

See Table P for definition of notations.
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TABLE E : COMPARISON OF TEST AND CONTROL SIDES BEFORE APPLICATION OF
SODIUM FLUCRIDE OR SODIUM CHLORIDE with respect to total
tooth surfaces present

ig:S:; TestZSide Contr;l Side Diff;rence 21_2—21_2 (21_2-21_2)2
1 2 1=2
i 6l 59 5 L.833 23.358
L 6l 6l 0 .167 . 028
5 6l N 0 21617 .028
6 50 59 -9 9.167 8Ly, 03h
¥ &l &l 0 1B . 028
8 6l él 0 BT .028
9 6l 59 5 4.833 23.358
10 60 6L, -l L.167 17.36L
11 6l 6l 0 A .167 .028
12 59 5L 5 4.833 23,358
13 59 59 0 167 . »028
Hy ol 59 -5 5.167 26,698
15 59 i -5 5.167 26.698
16 6l 6l 0 .167 .028
117 6L 59 % L.833 33: 356
18 6L an 0 .167 .028
20 59 59 0 .167 .028
21 59 59 o} .167 .028
22 6L 6l 0 167 .028
2L 5L 59 -5 5.167 26.698
25 6l 59 5 L.833 23356
26 6l N C L167 .028
28 Lo L9 0 JHET .028
30 6l 6l 0 .167 .028
31 59 59 v 167 . 028
32 6y 6l 0 167 .028
33 6L 59 5 h.833 23.358
3k 8l on 0 L167 .028
35 6L 6l 0 SAST .028
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TABLE E: COMPARISOM OF TEST AND CONTROL SIDES REFORE APPLICATION OF
SODTIM FLUORIDE OR SODIUM CHLORIDE with respect to total

tooth surfaces present *

ig;g:; TestZSide Contr;l Side Diff;rence Zl~2-21—2 <Zl—2~21—2)2
1 2 1-2
36 6l 6l 0 .167 .028
37 o 6l o] .167 .028
38 5k 5L 0 167 .028
Lo 59 6l -5 5.167 26.698
L2 6l 6l 0 -167 .028
L3 5L L9 5 ' 11,833 23,308
L5 6L 6l o .167 .028
116 6L 6l 0 <167 .028
L7 59 N -5 5.167 256,698
L8 5L Lo 5 1.833 23.358
L 6l 6L 0 BT .028
50 6l 59 5 4.833 23.358
51’ N N 0 167 L028 -
Totals 2565 2558 7 LL5.838
” ) 5% 10.87
Means al.071 60.905 0,167
5 3.3
Hyt ugl - uzz d.f. = 41 | t 9o = 1.302
7 -
1.302 = *iff £ Zo p = + 0.663

<« accept the hypothesis; not significantly different.

M,

See Table P for definition of notations.
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TABIE P ¢ COMPARISON OF TEST AND CONTROL SIDES BEFORE APPLICATION OF
SODIUM FLUCRIDE OR SODIUM CHLORIDE with respect to resting
state acid production

= = 2
Ident. Test Side Control Side Difference X, ,~X (& =% 5]}
number 1= 1= Ma=L™1-h

Xﬂ157) 35167) %Afl§7>

1 1.027 1,492 -.L65 ~.738 JShl6
L 1.461 1.280 L1181 -.092 . 0085
5 1.173 .218 -3.045 -3.318 11.0091
6 1.205 1.126 .079 -.194 .0376
7 1.084 1.473 -.1409 -.682 L1651
8 .631 876 -.2Ls5 ~.518 .2683
9 5.166 h.522 LBlik 371 il il
10 2.910 3.819 ~-.909 -1.182 1.3971
11 686 561 .125 -.1048 .0219
12 1.892 2.156 -.206l -.537 .288L
13 1.999 1493 .506 .233 L0543
1 .906 .639 267 ~.00% L0000
15 294533 19.370 10.263 9.990 99.8001
16 2 .10 2.922 -.782 -1.055 133230
17 700 186 .21 -.059 .0035
18 i 140 L.710 -.570 -.843 L7106
20 .653 B71 -.218 -.491 S2UHT
21 1.L48 1.1458 -.010 -.283 . 0801
22 3.263 2.266 L997 .72l .52l2
2l 5.56l 3.910 1.65L 1.381 1.9072
B 1.766 2,119 ~+353 -.626 . 3919
26 3939 3.118 .221 -.052 L0027
28 1,571 1.236 335 L0562 .0038
30 1.005 1.505 -.500 -.773 5915
31 3.127 2.388 el 66 222
32 10.456 6,161 3.995 3,722 13.8533
33 1.088 1.1335 -.347 -.620 .38l
3L 1.716 1.375 ox 0l .068 .0oL6



TABIE 7

. TEVNT ST TN R N ! DR T TS T AT TR, A T
COMPARTSON OF TERST AND CONTRGTI. 3INES BEFORN ABPLICATION OF

SCDIUM FLUCRIDE OR SODIUM CHLORIDE

state acild production

(Continued)®

with respect to resting

64

.. , .. .. = = 2
Test Side  Control Side Difference Xlwh_'l~h <Xi-u_xl-h)

TIdent.
number s
-7 ; -7 =7
Xl(lO ) xh(lo ) Xl_h(lo )
35 1.018 125 .593 .320 1024
34 Pt 3,851 = 50K - 072 «5975
37 2.507 20979 “-h?z "'07}~'r5 OEE’,;O
35 1.972 1.0 .532 «259 Relyal
Lo .995 .522 Li73 .200 L0400
12 2,213 1,76k o L1176 .0310
L3 1.073 3.883 .190 -. 083 . 0059
L5 .281 1 ;288 - Lot -.67h LA5hL3
L6 1.050 3,206 -2.156 -2.,0L2% 5.9C00
47 1.68L P18 ~476 e «5610
L3 2,136 1.677 759 186 .2362
L9 1.875 1027 .88 575 .3306
50 1,216 1.361 -, 145 -.118 L1747
51 2,26l 2.858 -.59L -.867 » 7517
Totals  118.62L 107.080 11.54h 13,8761
823 5092
Means 2823 2,550 275 o
8 1.8733
B, 0 i =i P 1 | b g = 1302
3 L
1,302 =

ii = ?h = 0,275

Kl-—h = : On 3?6

S accept HO;

not statistically significant

S
See Table P for definition of notations.



TABLE G : COVPARISCN OF TEST AND CONTROL STDES BEFORE APPLICATLION OF
30DIUM PLUORIDE OR ‘OD*UN CHLORTDE with respect to sugar
stimulated acid production %

! ide trol Si r -X
Ident. Test Side Control Side Differerce X ¢ (XE-S KZ—S)

Tykgest X2(1o‘7) xg(lo‘?) 2_5(10“7) =3 2

1 2.339 5.342 -3.003 -.219 L0480
I 113,238 32,241 10.997 13,781 189.9160
5 27.1:86 9.776 17.710 20,94 L20.00L0
6 7.5h0 8.909 -1.369 1.435 2.0022
7 18.8Lk 27.256 -8.L12 -5.628 31.674h
8 22,689 34,716 -12.027 -9.213 85.1:330
9 31.356 25,21l 6.142 8,926 79.6735
10 14.323 15.847 ~1.52]; 1.260 1.5876
13 6.066 12,654 -6.588 -3.80L Li.li70h
12 9.032 6,653 2.379 5163 26,6566
13 13.067 9.085 3.982 6.766 13,7788
1 20.170 37.170 ~17.000  -1k.216  202.C9L7
15 66,577 51,032 15.545 18.329 335.9522
16 1.620 15.061 - b1 2,303 5.1:896
) 28,815 13.945 14.870 17.651 311.6637
18 13.36L 14.803 -1.L39 1.345 1.8090
20 12,719 20.225 ~7.506 -l.722 22,2973
21 7.830 11,932 iy, 202 -1,318 1. 7372
22 37.L77 32,255 5,222 8.0056 6. 0960
2l h3.L66 42,913 553 2.337 11.1356
25 57.966 TSTT -17.511 ~14.727 216.88L5
26 L6166 20,12 26.042 28,826 830,9383
28 7.930 7.876 .05l 2.838 " 8.054.2
30 19.122 22,088 ~2.966 -.182 .0331
31 7h. L0 99.611 -25.211 -22,427 502.970C3
32 25,355 21.939 3.1156 6,200 38,4400
33 8.158 5,816 24312 5.096 25,9692

3l 32,623 50,856 -18.233 -15.1:1:9 238,6716



TARIE G: COMPARISCN OF TEST AND CONTROL SIDES BEFORE ATPLICATION CF
SODIUM FLUORIDE OR SODIUM CHLORIDE with respect to sugar
stimulated acid production (Continued)

- - 2
4 g5 ; s pp W o F -
Ident. Test Side  Control Side Difference 05 X2_5 (AQ_S X2-5>

BT x2(10“7) Xg(30—7) xz_q(10‘7)
35 14,883 28.325 -13.h42 -10.658 113.5930
36 12,453 $.263 3.250 6.03L 36.4092
37 25, 2Ll 27,305 <2063 .723 L5227
38 23,807 22,773 1.034 3,818 L 5TTL
LO 19.580 1h.2L6 5.33L 8,118 65,9019
L2 37713 15,255 -7.543 ~11.759 22,6181
13 20.595 77.514 -54.919 -5h.,135  2930,5982
L5 5,722 1,8.858 5,88l 8,68 7h.7879
L6 20.869 11.354 9.515 12.299 151,265
h? h9.2hh 76.577 . ‘27-333 _2h05h9 602.653h
L8 1,8.088 59,055 -10.,967 =8.183 66,9615
L9 7.821 8.705 —Ln 1.900 3,6100
50 29.907 25,303 .60k T+388 51,5825
51 32,033 41,289 -9.256 60472 }1.8868

Totals 1109.996 1226,908 ~-116.912 7895,4786

‘ 32
Means 26.428 29.212 -2,78Y 192.5726
513,877
H s uﬁz - ui; = 0 dee = BiL t.90 = 1,302
1,302 = iz‘; L2 X oo 2, TED
13.877 =5 -
iZ - "5 =22 T8y s~ accept Hy

3%
See Table P for definition of notations.
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TABIE H: COMPARISON OF TEST AND CONTROL STDES BEFORE APPLICATION OF
SODTUM FLUORIDE OR SODIUM CHLORIDE with respect to the
difference between the resting state and sugar stimulated
acid production™®

iﬁgz; Test Si.?e Controi_?Side D:"ffere:-r-l’c(e XB- 6-3&}- 6 (X3- 6-5{3-6)2

x3(1o ) Xé(lO ) X3“6(1O )
1 1,312 3.832 -2.520 537 .288)
L L1.777 30,961 10.816 13.873 1924601
5 26.313 5.558 20,755 23,812 567.0113
6 6.33% T+083 -1.1:48 1.609 2.5889
7 17.780 25,787 ~8.007 ~11.950 2L.5025
8 22,058 33,840 -11.782 -8.725 76,1256
9 26,210 20,692 5.548 8.605 7h.CL60
10 - 11.L13 12.028 -.615 2.2 5.963L
11 5.380 12,093 ~6.713 ~3.656 13.3663
12 7.140 heb97 2.6h3 5.700 32.4900
13 11.068 7.592 3,476 6.533 12,6801
o 19,26l 36,531 ~17.267 -14.210 201.92h1
15 36.9kL 31.653 5.291 8.348 69,6891 .
16 12,480 12.139 3Bl 3.398 11.546L
17 28,115 13,459 14,656 17.713 313,7504
18 9.22) 10.093 =869 2.188 L7873
20 12,066 19.354 ~7.288 ~4.231 17.901k
21 6.382 10,474 -k.092 -1,035 1.0712
22 3h.21k 29.989 4.225 7.282 53.0275
2L 37.902 39,003 -1.101 1.956 3.8259
25 56,200 73.358 -17.158 -1k.101 198.8382
26 43,127 17,306 25,821 28,878 833.9389
28 6.359 6,638 -.279 2.778 7.7173
30 18,117 20.583 ~2.L66 2591 «3L93
31 7,273 97.233 -25,960  =-22.903 52507k
32 1L.899 15.478 -.579 2.478 6.1105
33 7.070 11 2.659 5.716 32,6727
3l 30.907 -18.574 =35, 507 2L0. 7773

llg nhal
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TABLE H: COMPARISON OF TEST AND CONTROT, SIDES BEFORE APPLICATION OF
SODTUM FLUORIDE OR SODIUM CHLORIDE with respect to the
difference between the resting state and sugar stimulated
acid production

i&i@;} Test Sige Contrf% Side Differefge X3~6‘i3-6 (X3‘6‘i3—6)2

X3(1O ) X6(10 ) x3_6<1o )
35 13.865 27.900 ~1L.035  10.978 120.5165
36 9.742 5.992 3.750 6.807 16,3352
37 - 2li.326 -1.589 1.468 2,1550
38 21.835 2%.,333 502 3.559 12.6665
;o 18.585 13.724 L.861 7.918 62,6947
L2 35.499 h3.491 -7.992 -1.935 2113502
I3 16,522 73,631 -57.109 ~5h.052 2921,6187
L5 - 53.841 117,576 6,265 9,322 86.8997
L6 19.819 8,148 11.671 14,728 216.91L0
L7 47.560 Th 417 -26,857 -23.800 566.41.00
L8 115,652 57.378 -11.726 ~8.669 75,1516
L9 5.9L6 7.678 -1.732 1,325 1.7556
50 28,691 23.942 4,749 7.806 60.9336
51 29,769 38,431 -8.662 -5.605 31.4160
Totals  991.L22 1119.813 ~-128,391 7783.8788
Means  23.605 26.662 -3,087 s 189.851
: S 13,774
Ho ug - uié = 0 s PN t.95 = 1,682
3
‘ XB_é ﬁ
1.682 = yare X3 g = 2 3.576

X3 - Xé =] ‘30057

13,778

’. accept Hy

\See Table P for definition of notations.
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TABLE T : TEST OF THE HYPOTHESIS ny =y = 0
e 3

b2

70

- log - log
Ident. = 5 =S )
number X9 K9 - x9 (X9 - X9) Ky 3 - Ky (X3 - X3)
1 7.56 .97 .9L09 6.88 1.14 1.2996
I 6,36 ~e23 .0529 5.38 -.36 .1296
5 7.149 90 .8100 5.58 =16 L0256
6 6.3 -.16 .0256 6.20 L6 LET1G
7 6.21 -.38 N 5.7% .01 .0001
8 7.09 .50 .2500 5.66 -.08 . 006l
9 6.55 -0k L0016 5.58 ~.16 . 0256
10 7.28 .69 761 5.94 .20 . 0L00
11 657 -.02 000k 6,27 .53 .2809
12 6.59 00 0000 6,15 . <1681
13 6.1l -.15 . 0225 5.96 .22 . 0li8lL
1 6.82 He3 . 0529 5,12 -.02 .000L
15 6.46 .13 L0169 Selt3 -.31 L0961
16 6.21 .38 Jhlh 5.91 B b .0289
17 6.94 .35 1225 5.55 -.19 . 0361
18 5.80 .79 6241 6.0 .30 . 0900
20 Sudd .66 L1356 5.92 .18 .032
21 6.47 .12 LOLlily 6,20 NIt .2116
22 5.97 562 3844 57 -o27 .0729
2l 6.88 .29 L0841 el -032 102l
25 6.01 5 336l 5425 -.19 2401
26 6.75 .16 . 0256 5.36 -.38 <1LLh
28 6.07 52 22704 6,20 L6 2116
30 5.99 .60 « 3600 5a7h 00 GO0O
31 6.08 W51 2601 5.15 . =.59 3481
32 8.62 2.03 1.1209 5.83 .09 . 0081
33 6.77 .18 .032h 6.15 il L1681



TABLE T: TEST OF THE MYPOTUESIS uz - pz = O (Continued)
9 3
- log - log
Tdent.
number 3 _% . 2 . T _ % \
% Xy By = %) X3 X=X (=X

1), 6,58 .01 L0001 5.5 -3 33 L0529
35 6.82 .23 .0529 5.86 T LO1hh
36 6.60 .01 . 0001 6,01 .27 L0729
37 6.53 06 L0036 5.6h ~.10 . 0100
38 6.56 .03 . 0009 5.66 -.08 . 006l
Lo 6.97 .38 Sl 5.73 -, 0L . 0001
hz 5-9& 065 .h225 Sohs "'-29 .081‘41
43 6.76 X5 .0289 5.78 .0 .0016
L5 6.59 00 0000 5.27 -7 £2209
L6 6,82 .23 L0529 5.70 -0 . 0016
L7 6.31 .28 ,078L 5.32 -.01i2 «176k
1,8 6.29 .30 «0900 5.34 R ITe »1600
L9 7.06 A7 .2209 6.23 49 2401
50 631 .28 .078l 5.5h =, 20 . 000
51 6,40 .19 L0361 5.53 rinil). Lokl

Totals 276.88 11,2196 2L1.26 5.1526

Means 6,59 5.74

Variance 2736 .1256

Standard 5

Deviation .5224 .3535

*See Table @ for definition of notations.

H s “X9 - pXB =0 df.u 82 - tog = 25390 S = Jul7

. s 2 N hi(.27h) + 41(.126) - 0.20

2.39 = 9-3 /77T P ™ .

S wUBLT

x9_3 = + 0.286

X - X, = 6.59 = 5.7l = 0.85 .. reject the hypothesis

b 3



TABLE J : TEST OF THE HYPOTHESTIS pi - pz o= OF
12 6

- log ~log
Ident. -
mmber Xy, K- Xy (- Ep)° X Xg = Xg o (X5 - X)?

1 6.0L .2l L0576 6.41 .69 761
L 5.1 -, 66 4356 5451, -.21 LOL41
% 5.7h ~.06 .0036 - 6,25 «53 .2809
6 6451 + T, 5041 6.11 <39 <1521
7 g7 .07 »00L9 5459 -.13 0169
8 6.05 .25 . 0625 el -.25 . 0625
9 5,80 00 .0000 5,69 -.03 . 0009
10 5.90 .09 . 0081 5.92 .20 .0L00
11 5.78 -.02 . 000k 5492 .20 . 000
12 6.39 59 .3L81 6.35 .63 3969
13 6.32 58 22704 6,12 L0 1600
1L 5.90 .10 . 0100 Solik -.28 .o78l
15 6.10 .30 .0900 5.50 .22 .ol
16 6,01 .21 Ol 5.92 «20 .0L00
17 5.70 -.10 .0100 5.87 15 .0225
18 501 -.29 0841 5.99 27 0729
20 539 -1 s 0 57l ~ 401 - 0001
21 5.92 .12 .01l 5.99 027 L0729
29 6.08 .28 L0784 5e52 -.20 .0L00
2, 5u52 ~.28 L0784 Bk -.31 L0961
a5 5.31 -.L9 2401 5.13 =459 .3L81
26 577 -.03 0009 5.76 ol .0016
28 Bl “a33 .1089 6.18 lb 2116
30 5.65 -.15 0225 5.69 -,03 . 0009
31 S.7h -.06 L0036 5,01 .7 .50l
32 5.63 =,17 L0289 - 5.4 09 .0081
33 6.543 .63 .3969 6,36 .6l 1096
3L 5.66 -1l .0196 B 30, - 41 .1681
35 Dol 3 -.07 .00L9 5.55 -.17 .0289

[§]
(921
o
O

36 5.8 o . 0016 6.27 .50
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TABLE J: TEST OF THE HYPOTHESIS g = by = 0 (Continued)
12 6
~log ~-log

Idént. o~ - 5 : = R

nutber Xy, Ky - Xyp (pm Xp) ke Ko - Xy (X~ Xg)
5 7 5.91 3 L0121 5.61 ~.11 L0121
38 5,82 .02 . 000k 5.67 ~.05 .0025
e 5.87 .07 . 009 5.86 ki L0196
12 5.32 -.L8 .230L 5.36 -.36 .1296
L3 6.36 .56 .3136 Fi13 -.59 3481
LS 5452 -.28 078l 5.32 -0 L1600
L6 6.5 7 5476 6.09 .37 .1369
L7 8,07 -.73 5329 5.13 -.59 3481
18 5.36 -l 1936 5.2L -.18 2304
L9 5.87 .07 .ooL9 5.2 10 .1600
50 5.81 Mg .0001 5.62 oD L0100
51 5.6L -.16 .0256 542 -.30 0900

Totals 243.99 5.0L52 2L0.28 5.72C0

Means 5.01 5.72

Variance .1230 .1395

Standard

Deviation .3507 .3735

%
See Table Q for definition of notations.

H_ 1 “i12 - uis =0 d.f. = 82 tog = .8L:8
_ 2 _ b1(.1230) + 11(.1395)
5, = 0.32?2 P 82
, 12-6 : ~
BL8 = s /21 X 5.6 = + 0.0670
X, - X, = =5.80 * 5.72 = -0.00 which is significant
b g = 1+89° |
' "12-6 b
1..296 '3(11 .\';’21 Alz—-é = ;{-_ 0,182

i ©

-0.C8 which is insignificant.

=1

A ~ Bg

= 0.1312
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TABLE K : TEST OF THE HYPOTHESIS pz - ug = OF
15 3
- log - log
Ident., = = 5 - . =
number XiS Xqe= XIS (Xi; - Xlg) KB X3 - XB iy - XB)
1 7.95 =1,90 3.6100 6.88 L.08 1.166L
L 6.5L =L .2lor 5,38 -~ 176k
5 6.1l -.09 .0081 5,58 - .08
6 6.65 -.60 «3600 6,20 Wit .1600
7 5.75 .30 .0900 5.75 ~.05 .0025
8 6.02 .03 . 0009 5.66 =i L0156
9 5.56 L9 L2401 5.58 “a22 .0L8L
10 5.78 .27 .0729 5.94 o1l L0196
11 6.90 -.85 .7225 6.27 M7 .2209
12 6.2l -.19 0361 6.15 «35 .1225
13 6.29 -.2L L0576 5.96 -,16 L0256
1 6.61 -.56 3136 5.72 ~-.08 .CO8Y
15 5,85  =.20 .0L00 5.13 2437 .1369
21 5.91 o1l L0196 6.20 Wite) .1600
22 5.69 3L L1156 5.L7 -.33 .1089
28 5.10 65 11225 6.20 W He; 1600
30 5.63 L2 .176L 5.7hL -.06 .0036
33 5.90 o 1} .0225 6.15 s .1225
3L 5.16 59 .3L81 b5 -.29 .08l
35 6.18 -.13 0169 5.86 .06 .0036
36 6.05 00 G000 6,01 .21 Lol
37 5.63 N L1760k 5.6k -.16 .0256
38 5.21 NN .7056 5.66 -1l . 0196
L0 6.60 -.55 .3025 5.73 -.07 L0049
L2 5.86 19 0361 5,145 -e35 .1225
43 5.81 .2 L0576 5.78 ~e02 .000l
L5 6.38 -.33 .1089 5.27 -.53 2809
L6 6.1 -.36 .1296 5.70 -.10 L0100
18 5.56 UL .2L01 1)) it L2116



15

TABLE K : TEST OF THE HYPOTHESIS s 0 {(Continued)
15 1&,3
- log - log
Ident. = = 5 = =%
o R - ;r '\ t: *7‘« - j" = -5

number g XlS g (le" G %y £y - g (AB KB)

L9 5.82 .23 L0529 6.23 -3 L1849

50 6.25 ~.20 .0L00 5.54 +26 L0676

51 5.76 .29 .08h1 5.53 =27 .0729
Totals 193,79 8.81:73 185.51 T+8LE3
leans 6.05 5.80
Variance .285L L1239
Standard
Deviation <5343 «3520
"‘See Table @ for definition of notations.
Ho: !J, CJ IJ.— == O d.f- = 62 t = 2.39

g T a3
g 2. 3(.288h) » 31(.3239) | o4
P 62

S = 0.4523

bol .

e S
2,39 = *ILE—;- v 16 X15*3 = + 0,270

6,05 - 5.80 = 0.25 .. accept at 99% level

_ t.975 = 2.0
%53 -
2,0 = 2.2 X = 4+ 0,226
152 V 16 e =

6.05 = 5.80 = 0.25 .. reject at 97.5% level
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TABLE L : TEST OF THE HYPOTHESIS pg = ug = 0¥
18 6
~ log - log
i = s S ==
namber  Xiq Mg - Xpg (Kgm dg) B, Rg - Xy (Xg = Xg)
1 5.91 10 . 0100 6.1 NN 11096
It 37 .36 .1296 5.51 =25 L0576
5 5,75 -.C6 0036 6.25 L8 .2304
6 6,06 <25 . 0625 6.11 .3k L1156
7 243 e .1600 5.58 -.18 .032)
8 5.68 -.13 .0169 5.7 -.30 0900
7 617 .66 11356 5.69 -.08 . 006l
10 5.76 -.05 .0025 5.92 .15 . 0225
11 5.88 .07 .00L9 5.92 .15 .0225
12 6.01 .20 .CLCo 6.35 .58 .336k
13 6,18 4 .1369 6.12 B 1 #1229
1k 5.69 B |- Ok SJLb =433 ~.1089
15 637 .36 .1296 5.50 e T L0729
21 5.8 .03 0009 5.99 oA .CcLslL
22 5.7h -.07 .00Ls9 5.52 -.25 .0625
28 5.78 -.03 0009 6.18 ol L1681
30 5.4l =.ho .1600 5,69 = 5B LCO8L
33 5.89 008 .008l 6.36 059 .3481
3L 5.28 -:53 .2809 5.31 -li6 .2116
35 6.6 .83 6689 5455 2P .0L8hL
36 6.15 b 1156 6.22 L5 .2025
37 567 -1k L0196 5.61 -.16 .0256
38 5.76 -.05 ,0025 5.67 -.10 L0100
e 5.97 .16 .0256 5.86 09 .0081
L2 5.52 -.29 .08L1 5.36 -4l L1681
L3 5.18 -.63 23969 5.13 -6l 1096
L5 5.81 00 0000 5,32 -5 .2025
Lé 6.19 .38 oLk 6.C9 .32 .1c2kL
L8 Bie 2l -.57 .32L9 5.2k 253 .2809



'F

TABIE T : TEST OF THE HYPOTHESIS py - uy = O (Continued)
18 6

- Jlog - log
Idento = = 5 = - ]
number g g~ g (Xza‘ xla)' Xg iy - X (xg - xé)
L9 P -.10 .0100 612 205 .1225
50 573 ~.08 008l 5.62 .15 . 0225
51 5.48 -433 . 1089 5.2 .35 .1225
Totals 186.13 3,5283 18.54 L.208L
Means 5.81  Thwi
Variance .1138 <1357
Standard
Deviation «337h . 368l
%See Table @ for definition of notations.
H : O dofo &z 62 . t 80 = O¢8LL.8

Her =My =
o0 g X
g 2. 31(.1138) + 33(.1357) _ g7
P &2

S = 0353

p —
%56 =
0.8}_‘8 B e = 4 0,0?S
353 V 16 Kiahs =2

5.81 - 5.77 = 0,04  therefore accept Hgp.
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TABLE M : TEST OF THE HYPOTHESIS py = up = OF
(51 1
- log - log
Idept. -~ S — - =
number Xo1 Koy = Kpq (le- le) XB KB - K3 (KB - XB)
1 6.29 A7 .2209 6,88 1.13 1.2769
L 5.93 4 ITEY, 5.38 -.37 .1369
5 6.41 .59 <3181 5,58 i, .0289
6 6.01 .19 L0361 6.20 i .2025
7 6.12 .30 .0900 5.75 0 0000
8 B:TT -.05 .0025 5.66 -.09 . 0081
9 6.2 60 . 3600 5.58 -7 .0289
10 559 -.23 L0529 5.9k .19 .0361
11 6.92 K 1.2100 Gu? 5 « 2704
12 6.5h e 5184 6.15 10 .1600
13 5.89 .07 .00L9 5.96 21 Lo Dink
3. 5.96 e .} 0196 11 -.20 .ckoo
18 5.85 .03 .0009 6.0L .29 L0841
20 555 -.27 .0729 5.92 W17 .0289
22 5.75 -.07 -00L9 6,20 U5 ,2025
22 B.0% -o61 + 3721 Bett7 -.28 .078L
2k 5.69 -.13 . 0LE9 Bl -233 .1089
25 5.h2 -.40 1600 £.25 -+50 2500
26 593 -.29 .08l 5,36 -e39 .1521
28 6.20 .38 N 6.20 L5 .2025
30 6.34 &2 £2704 5.7h ~. 0L . 0001
IR 5.51 -.31 L0961 5.15 ~.60 »3600
33 5.99 g 17 0289 6.15 Lo .1600
3 5.5 ~.37 1369 5.51 .2 .C576
35 5.57 ~.25 0625 5.86 J1 N up=ak
14O 6.51 .69 U761 5.73 -.02 .000k
L2 5.38 = lds .1936 5.45 -.30 .0900
i3 5.51 5 S L0961 5.78 .03 . 0009
us 5.69 515 L0169 5.27 -8 .230L
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TABLE M : TEST OF THE HYPOTHESIS py - uz = O (Continued)
K 3
- log - log
Tdent. = = ¥ = - 2
number X21 le = x21 (x21— 121) x3 x3 - g (x3 - xB)
L6 5.86 Ol . 0016 5.70 -,05 .0025
L7 .91 -.91 .8281 5.32 -3 .18L9
148 5.08 -7k 5476 .34 -2 L1681
L9 5.60 sl B3 .OLBL 6,23 418 .230L
51 5.39 -.43 189 5.53 -.22 LOL8L
Totals 197.8L 6.7198 195.52 L1 8860
Means 5.82 ' 5.75
Variance L2036 L1481
Standard
Deviation 21512 .38L9
*See Table Q for definition of notations. .
H: pz =puz =0 N =34 d.f. =66 % = 1,296
o Koy XB .90
S = 1193 g2 33(.2036) + 33(.14B1) _ ,1758
P _ p 66
X21_3 N
1.296 = g v/“;;“ x21ﬁ3 = + 0,132

5.82 - 5.75 = .07 which is insignificant .. accept the hypothesis.



TABIE N : TEST OF THE WYPOTHESTS pgy - ug = OF
“2h 76

~-log ~1.0g
Ifient. : 1 - 5 ; - =5
maber Xy Xy, - Ay (e Ky Kg Yo - Xg o (%5 - %)

1 5.99 .25 . 0625 6.4h1 .69 Ji761

L 5.66 -.08 .006L 5.51 -.21 .04l

5 5.82 .08 008l 6.25 ey .2809

6 5.95 a2l .Ohh1 6.11 .39 L1521

7 5 92 .18 .032} G5B -.13 0169
8 ey .81 .6561 Dstiich -.25 . 0625

9 6.39 .65 1228 5.69 -.03 . 0009
10 5.18 -.56 .3136 5.92 .20 .0L00
11 6.45 o Tl L5041 5.92 .20 eele)
12 6.4h .70 L1900 6.35 %03 .3969
13 6.30 56 «3136 6.12 w® .1600
T 6.14 L0 .1600 5. 87 15 ~.0225
18 5.13 -.61 3721 5.99 .17 L0289
20 5.63 -.11 L0121 5.71 =08 . 0001
21 5.80 .06 .003% 5.99 T .0289
22 PG -.19 L0361 5.52 -.20 .OLCOo
2l 5.63 .11 J0121 Bits s, -.31 0961
25 Selihs -.30 .0900 5al3 -.59 L3481
26 5.2 -,32 .02l 5.76 Mol .0016
28 6.08 o 3Lt L1156 6.18 L6 L2116
30 5479 .05 . 0025 5.69 ~.03 . 0009
31 S.ul -.33 .1089 5.0 -.71 .50h1
33 6.2l 50 .2500 6.36 Bl 1096
3k 5.21 ~e53 .2809 Sa ik -h1 .1681
35 B .79 05 .0025 Gubb a7 .0289
1,0 5.73 =01 .0001 - 5.86 - Ll .0196
12 5.63 L » 0L 7D 5.36 -.36 L1296
L3 5.1k -.50 .3600 p.18 -.59 381

IS 5.41 -.33 .1089 5.32 -.10 1600
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TABIE ¥ : TEST OF THE HYPOTHESTS pl -y =0 (Continued)
2l 6
- log - log
Ident. - = 5 _—
16 5.7h 00 0000 6.09 .37 L1369
L7 5.95 ol LOLh1 5,13 ~.59 .81
)—l8 )-logo "09»)4» .8836 5’0211‘ “cha 0230}"-
L9 5.71 =03 . 0009 6.12 0 .1600
51 5,22 -.52 L270L 5.2 ~.30 . 0900
Totals 195.2L 6.0806 19h .49 5.1825
Means 5.7k 5.72 .
Variance L1843 L1570
Standard
Deviation 11293 »3962

3

See Table Q for definition of notations.

Hot quh - uxé = 0 N = 3L d.f. = 66 b gg = 0,848
g 2 33018h3) + 33(.3570)  _ 4 706
P 66

sp = O.hlé

% -
2li-6 PN
0.8).].8 = i v g = 4 OaOSS
Sy VAT a6 " 2

5.7h - 5.72 = 0,02 . we accept the hypothesis.



TABIE 0 : MULTIPLFE REGRESSION: TEST AND CONTROI, SIDES AFTER SODIUM

FLUORIDE TREATMENT

82

Test Side

Regression coefficients

Variable

1 0.0000L

2 -,01111

3 L0687
Coefficient of determination 0.0939
Intercept ‘ -2.90069
Standard error 0.5182%
F Value 1.3%25

Control Side

Regression coefficients

Variable

1 0.00099

2 -.03131

3 0.1.0687
Coefficient of determination 0.289
Intercept . ~3.9216L
Standard Error 0.303L4

T Value ; 5.1579
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TABLE O : CORRETATION COEFFICTENTS FOR MULTIPLE REGRESIION AND
MULTIPLE CORREIATION ANALYSIS %
4 2 & 5 X %5
X1 1.00000 =0,19366 0.3807% 0.56517 0.28682  0,1387%
X, -.19366 1.00000 .12055 - Olh3h 12633 -.13920
XB .38075 .12055 1.00000 L78831 L15669 .25420
Xh 54617 -.0hL3l .78831 1.00000 51620 .31170
X 28682 .12633 16669 .51620  1.00000 .21115
Xg .13875  -.13920 .25420 .31170  .21115  1.00000

NSee Table R

for definition of notations.



APPENDIX

NOTATIONS

1V

8L



Tabie P :

NOTATIONS USED

IN STUDIES COMPARING THE TEST AND CONTROL SIDES

BEFORE TREATMENT WITH SODIUM FLUORIDE OR SODIUM CHLORIDE

Resting state hydrogen ion concentrations on the test side

Sugar-stimulated hydrogen ion concentrations on the test side

Differences between resting state and sugar-stimulated hydrogen

ion concentrations on the test side

Resting state hydrogen ion concentrations on the control side

Sugar-stimulated hydrogen ion concentrations on the control side

Differences between resting state
ion cohcentrations on the control
Number of carious surfaces on the
Number of carious surfaces on the
number of tooth surfaces on

Total

Total number of tooth surfaces on

and sugar-stimulated hydrogen

side
test side
control side

the test side

the control side
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TABLE R: NOTATIONS USED iIN MULTIPLE REGRESSION ANALYSES

X; = Total number of carious surfaces

Xo = Total number of tooth surfaces

X3 - Differences between resting state and sugar-stimulated hydrogen
ion concgntrations on the test side before treatment with NaF

X, = Differences between resting state and sugar-stimulated hydrogen
ion concentrations on the control side before treatment with NaCl

X- - Differences between resting state and sugar-stimulated hydrogen
ion concentrations on the control side eight hours post~treatment
with NaCl

X6 - Differences between resting state and sugar-stimulated hydrogen
ion concentrations on the test side eight hours post-treatment

with NaF





