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I. INTRODUCTION

A variety of laboratory tests uéing saliva have been
devised to estimste caries susceptibility or to predict
clinical change at periods of six months to a year after
sampling. These tests may be divided into those measuring
either some form of bacterial activity or some component or
property of saliva (pH, NHa, Ca/P, buffering and CO,
capacity, and amylase content). The bacteriological tests
include the assessment of numbers of lactobacilli rer milli-
1iter of salival’a, acid formation in gelective culture
media3’4, and rate of acid production in glucose or su-
croses’s’v. Bickles8 in 1953 described a method for the
colorimetric determination of acid production in sucrose
solutions contalning two indicators. The extent of acid
formation in 4 hours by sallvary action was correlated di-
rectly with clinical change mezsured 12-14 months later:
namely, the greater the amount of acid, the greater the in-
crease in new carious surfaces in this time interval. Be-
cause of the slmplicity and degree of correlation of this
test with eliniecal change, 1t was deemed sufficiently im-
portant to evaluate this test in a clinicsl program.

Fosdick, Epple, and Hansen5 in 1937 were the first to

introduce a test based on acid production in carbohydrate



alone. It was conducted in the following mammer: 25 milli-
liters of saliva were collected from a patient. Chewing gum
with 1ts usual sugar content provided stimulation as well as
the carbohydrate needed for the test. A prortion of the
Specimen was analyzed for calcium (mg./100 ml. saliva);
powdered human enamel (0.1 gm.) was added to the balance and
the mixture shaken 4 hours at 37.5° C. After centrifugation
to remove the undissolved enamel, the supernatant was ans-
lyzed for caleium. The difference in the calcium content
between the control and incubated salivs represented the
amount of enamel dissolved by the acid formed in the saliva-
glucose mixture, Although the hydrogen-ion concentration of-
the mixture was measured before and after incubation, 1t was
neither included in the recommended procedure nor suggested
to be related to caries activity. Preliminary tests showed
the calcium dissolving power of saliva from 10 caries-
susceptible cases to be much greater than that of the saliva
from 7 caries-immune subjects. On the basis of at least 2
checks for each of 325 patients, the authors concluded there
was correlation with clinical evidence in 85 per cent of
cases, No data were provided to substantiate this clainm.

In 1943 Wach, Kesel, Hine, and O’Donnell6 described a
test which measured the pH and total acidity of a saliva-
glucose mixture. Ten milliliters of unstimulated saliva

were divided equally into 3 tubes. One was used as the



3

control; of this, 1 ml. was titrated for total acidity with
N/100 NaOH uging phenolphthalein as the indicator, while one
drop was used to determine pH by means of comparison with
colorimetric indicator standards (LaMotte). (lucose (0.4
ml. of a 1 per cent solution) was added to the other tubes
which were incubated for 24 hours. The same measurements
were made at 2, 4, and 24 hours with i ml. and 1 drop of
each sample, In preliminary tests the caries-sctive in-
dividuals showed a drop of pH from 6.8 to 4,8 in 2 hours,
b.l4 in & nours, and 3.9 in 24 hours, while total titratable
acid (in terms of ml, of N/100 NaOH) increased from O.% ml.
to 1.35 ml. in 2 hours, 1.8 ml, in 4 hours, and 2.9 ml, in
24 hours. With the slightly caries-active patients, however,
the pH dropped from 6.8 to 5.6 in 2 hours, to 5.1 in 4 hours,
and 4.4 in 24 hours, while the total titratable scid rose
from 0.2 ml. to 0.6 ml. in 2 hours, 0.8 ml. in &4 hours, and
2,2 ml. in 24 hours. The greatest rate of production in the
caries-active cases occurred in the first 2 hours; in the
slightly caries-active cases there was a glow increase in
acidity for 4 hours, followed by an increase in rate. At
the end of 4 hours the acidity produced by the saliva from
caries-active patiente was approximately twice that by the
saliva from slightly caries-active.patients. The difference
in acidity at 24 hours between the two groups was essential-

ly insignificant. Consequently, the asuthors selected the



4 hour reading for their study. Tests were made upon 818
saliva samples from 50 young adult dentel students carefully
followed for caries activity over a period of 2 years or
more. From the laboratory standpoint the degree of caries

activity was estimated as follows:

DEGREE OF CARIES ACTIVITY

pH Total acid T ] va
Inactive 7.0=6,0 .50 ce. of N/100 acid
Active + 5.9-5.5 e51~-.75 » = “ "
Active ++ 5.4=5,0 .76=-1,00 pe M L
Active +++ L,9=4 5 1,0 =1.4 » L i 0
Active ++i+ h,4-3,9 1.41-up A "

'Classification of these 50 patients ﬁas made according to
clinical observation of new cavities developing and also ac-
cording to the above scale. In 86 per cent of these in-
dividuals the results of the test coincided with the presence
or absence of carles. However, the amount of acid formed in
the test was not indicative, necessarily, of the extent of
clinical caries activity.* That is, there was complete agree-
ment between laboratory estimate and elinical measurement in
only 11 (22 per cent) of patients, in greater or lesser
agreement in 32 (64 per cent) of the group, and no correla-
tion in 7 (14 per cent) of the subjects.

Dewar’ in 1949 modified the calcium dissolution test by
substituting the hydrogen-ion conecentration measurement.,
Her procedure was to determine the pH of the activated saliva

with a glass electrode potentiometer and place 10 ml. of the
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specimen with O.4 gram of glucose and 0.1 gram of powdered
enamel in & large test tube (1 x 8 inches). This tube was
sealed and agitated at 37° C. for 4 hours at which time the
PH was measured again. She averaged the pH values, calcium
dissolving power, buffering capacity, and lactobacillus
counts for 1-12 specimens of saliva (average of 3 specimens)
for each of 86 subjectsg. Arbltrary groupings of the DMF
(decayed, missing, and filled) teeth of these people were
established. Relatively high pH values (> pH 5.61) and
buffering capacity but low lactobacillue counts and calcium
dissolving power were associsted witﬁ low DMF. Conversely,
lower pH values and buffering capacity but increasing lacto-
bacillus counts and calcium dissolving power were associated
with higher DMF scores. A *%ood* correlation wag obtained
in 45 to 58 per cemt, *fair® in 35-40 per cent, and *poor*
in 9-15 per cent of these cases.

The test described by Ricklesa in 1953 utilized sucrose
instead of glucose, and two indicators to allow comparisons
over a greater pH range than by either alone, BEqual volﬁmes
(0.5 ml.) of saliva and 8 per cent sucrose containing 0.004
ber cent each of bromcresol green and bromeresol purple were
placed in 100 x 13 mm. culture tubes. After 4 hours incuba-~
tion at 37° C. the changes in color resulting from acid
formation were compared with a series of indicator standards
over a range of pH 6.6 to 4.2 in 0.4 pH increments. Rickles
evaluated his test clinically by obtaining single samples of
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saliva from 129 subjects 18-34 years of age with a mean age
of 22 years. These specimens (48-96 hours old) were analyzed
for pH change in sucrose, total titratable scidity (in terms
of 0.2 N NaOH) and lactobacillus counts. These filgures were
compared with the increase in new carious surfaces for each
individual established through clinical and radiological
examinations 12-14 months later by an examiner unsware of

the laboratory study. Statistical methods showed a direct
correlation, not only between amount of acid formation in
sucrose and the lactobacillus count with new caries experi-
ence, but also between the tests themselves., However, while
the tests were correlated, successful prediction of new
caries could be made only with pH change and total titrat-
able acidity; such prediction could not be made with the
lactobacillus count alone. Rickles then prepared a classifi-
catlon of this colorimetric test at the 68 per cent confi-
dence level. He emphasized that while this grouping was

made with single specimens an average of several tests might
be more precise for predictive value. His classification

was as follows:



PREDICTED NEW DENTAL DEGREE OF
pH#* CARIES AFTER ONE YEAR ACTIVITY
~ . {68 Per Cent Confidence Limit)
6.6 0 (0-3) Low
6.2 1 (0-4)
5.8 3 (0-5) MODERATE
5.4 L (1-6)
5.0 5 (3-8) HIGH
b,6 7 (4-9)
h,2 8 (5-11)

¥pH of ‘'saliva-sucrose* mixture after 4 hours

of incubation.

The purpose of this thegis was to evaluate the rate of
acid formation in sucrose by salivary action as a means of
estimating or predicting caries activity, compared with
caries experience established by clinical and radiological
examlnations 1 year after sampling. Another laboratory test,

the lactobacillus count, was also included for reference

velue,



IX. RATERIALS AND METHODS

A, Study Sublegts

The children used as subjeots in this study u-ru\loontnd
at the Washington Sohool for the Deaf, Vancouver, Waeshington.
The same ohlldren were also being followed by periodiesl
clinionl and laboratory examlustions over & 5 yssr period
for evaluation of lactobsecillus ocount, meid production in
selective oulture medis, and salivery smyluse es predlctors
of ocaries sctivity. The members of this school represented
about as stable m population as could be obtained for a
longitudinal study. The greatest shortooming was that their
residence was limited to the ususl sohool year.

The ohildren were housed in dormitories and ate in a
common dining room. Their diet appeared adeogquute and there
was excellent supsrvision both for health and education. Of
a total of 175 ohildren imn the study group, only 134 were
ineluded in this phuse of the investigetion. They ranged in
age froe 5 years snd 8 uanih' to 16 years and 11 months.

The mean sge was 11 years and & months. The others were
eliminated on the following grounds: (i) not being present
for the three sucoessive clinlosl exeminstions on which this



study was based, and (2) not having a specimen of saliva

collected within 60 days of the initial clinical examina-

tion.
B. (Clinical Exsminations

Clinical examinations were performed at 6 month inter-
vals by one examiner who dictated his findings to a recorder.
Bite-wing roentgenograms were taken by a technician., The
films were developed each night during the examination
perlod for recall of faulty results. The dentist also
examined the bite-wing radiogrephs snd resd his findings to
the same recorder. The recorder Prepared all records, sum-
marized the results on standardized record sheets, and
transcribed the results to IBM punch cards for listing and
analysis.

New carious surfaces were considered those which, be-
tween examinstion periods, changed from sound to carious,
doubtful to carious, and not present (tooth not yet erupted)
to erupted and carious. Other possibilities, such as a
sound surface to filled, and sound to filled snd carious,

were not included.

C. Test Material
1., BSaliva Samples. Since specimens of saliva were
routinely being collected st monthly and semi-monthly in-

tervals as part of = longitudinal program, this investigation
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was designed to obtein a series of values for acid formation
in sucrose and lactobacillus counts over a 6 month period
with new caries experience observed 12 and 18 months later.
The base line clinical examination selected was that of
September 1954. The last was the one scheduled for March
1956 (18 months). Unfortunately, the last examination was
deleyed by illness in the school; this date is not avsilable
for correlation purposes in this thesis. Therefore, the
predictive value of acid formation in sucrose and the lacto-
bacillus count of a single specimen of saliva in respect to
new carles experience 12 months later was studied in the
manner described by Ricklesa. As the predictive value of
any test diminishes as the time of clinical measurement
approaches, correlation was limited to the first specimen of
saliva collected within 60 days after the September‘1954'

examination.

2. Collection of Saliva. Saliva was collected semi-

monthly and at a constant time (1-3 hours) after breskfast,

since it was impossible to obtain pre-breakfast samples.

Each child had been instructed to chew on s pellet of
raraffin for 3-5 minutes and exXpectorate all the saliva
stimulated into a labeled sterile bottle. The specimens
were placed in an insulated box previously cooled to 5° C.
with frézen plastic gel. The temperature of this box did not

exceed 10° C. before it reached the laboratory some 30
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minutes after all specimens were collected. Storage in the
laboratory was maintained at 5° C. All laborstory tests

were completed within 24 hours.
D. Tests

1. Ihe Lactobacillus Count. ILactobacillus counts were

done after the method of Hadleyz as modified by Jaylo. In
the present study the tomato juice agar was adjusted to

PH 5.0 with lactic acid after being brought to pH 7.0 with
40 per cent sodium hydroxide. This procedure assured a
lactate content within the limits of 3.3-5.6 grams per liter,
oonsidered by Dewar11 as desirable for this medium. Yeast-
like organisms of the>oral flora were inhibited by a
1:20,000 concentration of sodium azide. This medium was al-
most completely selective for lactobscilli when freshly
preparedla. The routine inoculum for each plate was 0.1 ml.
of a 1:10 dilution of the specimen of saliva in distilled
water. It was spread over the surface of a tomato Julce
peptone agar plate by mesns of a sterile bent glass rod
while the plate was being rotated on a turntablela. Colony
counts were made after 4 or 5 days of incubation at 37% 8,
with a binocular dissecting microscope (7x) and a Frost
counting card (No. 4099). The results were expressed asg the
number of lactobacilli per milliliter of the specimen of
saliva, This count was recorded as = 3 place logarithm to

the nearest 5 on IBM punch cards; that 1s, a lactobacillus
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count of 1300/ml. saliva was recorded as the logarithm of
1500, and so forth. Because the final dilution of saliva
was 1:100, any count below 100 per ml. of saliva was impog=-
sible to determine. The log of O is infinity; the log of 1
is O; and the log of 10 is 1. Thus, all negative counts
were arbitrarily given a lactobacillus count of 10 so that

the log 1 would be in consecutive order for comparison.

2, The Colorimetric Test. This test at first was con-
ducted precisely as Rickles described: 0.5 ce. of the
saliva was added to C.5 cc. of a sucrose=indicator solution
in a precipitation tube, bringing the concentration of
sucrose to approximetely 3.9 per cent. The sucrose-indicator
solution was made up by adding to 1000 ce. of distilled
water, 80 gm., of sucrose, 10 cc. bromecresol purple, and 10
cc. bromeresol green (both were 0.4 bPer cent indicator solu~
tions made up with 95 per cent ethyl aleohol); the pH of the
solution was adjusted to 6.6 with 4 cc. N/20 NaOH. This
made sufficilent suerose availsble for degradation, yet did
not produce & great enough osmotiec pressure to inhibit the
metabolism of these microorganisms. Then the saliva-sucrose-
indicator mixture (hereafter referred to as the ‘saliva-
sucrose' mixture) was incubated at 37° ¢. for four hours and
after gentle agitation of the tube contents, the pH was
determined by comparison with standard buffer-indicator

solutions (pH values 6.4 and 6.0 were estimated by
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interpolation). These standard phosphate and phthalate-~HC1
buffer solutions were made up at 0.4 pH intervals, ranging
from pH 6.6 to pH 4.2, One cubic centimeter of each of
these buffers was placed into small precipitation tubes to
which O.1 ce. of bromeresol purple and O.1 cc. of bromeresgol
green were added (both 0.04 per cent indicator solutions made
up with 95 per cent ethyl alcohol; then the standard buffer
solutions renged in color from deep blue to a bright yellow),
Sharp color changes in these standard solutions at the 0.4
intervals 3:*esu].1:ed.“s

Two difficulties were encountered. The first was the
formation of an excessive amount of sediment which obscured
comparison with the color standards. It was learned later
that Rickles allowed his tubes to set 10 minutes after mix-
ing before final pH comparisons were made with the super-
natant. The second problem was that the 100 x 13 mm. ecul-
ture tubes required inversion for satisfactory mixing; this
was both cumbersome and time-consuming with a large series
of readings. To meet the first objection, a small amount of
agar (0.2 per cent) was added to the sucrose solution. This
gel was sufficiently fluid to allow ready mixing of the
saliva with the sucrose, yet was viscous enough to prevent
objectionable sedimentation. Color changes in the solutions
containing agar not only permitted more accurate comparisons
than the original, but the rate of acid formation was ac-

celerated. To overcome the need for inversion of the tubes
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resort was made to larger tubes which could be twirled in-
stead of inverted. The final volume selected was 2.0 ml.,
of which one milliliter was 8 per cent sucrose with the
double indicator system and the other milliliter saliva,

The ratio of components remained the same at 1:1. No dif-
ference was noted in pH change per hour with tests conducted
in Wassermann (100 x 13 mm.) and standard 150 x 16 mm. cul-
ture tubes for 35 specimens of saliva. Therefore, all sub-
sequent tests were made with 2.0 ml. volumes in 150 x 16 mm.
culture tubes incubated 4 hours at 37° C. The buffered
standard solutions with indicators in 5 ml. volumes were in
8imilar tubes.

All specimens of saliva were tested in sucrose solu-
tions with and without agar. Changes in the indicators were
read hourly to obtain maximum amount of information on rate
of acid formation within the 4 hour limit commonly specified
for these testss’s’v. Color comparison was best made by re-
flected light with the tubes slanted over a white back-
ground. Changes estimated to be halfway between a 0,4 pH
increment were not interpolated but recorded at the next
higher value, The hourly readings for the saliva-sucrose
mixtures (with and without agar) were recorded in terms of

PH and transcribed to IBM punch cards.
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E. Statistical Analysis

Standard methods of calculation were applied for evalua-

tlon of the test results. They were as follows:

1. gCorrelation Coefficients. These were computed as a
measure of the fit of grouped data to a straight linel4.
Those values for the degree of linesr relationship in a
range of less than ~0.4 to O, and O to less than +0.4 in-
dicated that the comparisons were of no consequence. (o~
efficients of -0.4 to -1.0 and of +0.4 to +1.0 were desired

for validity of correlation.

2. Straight Line of Best Fit. This wasg computed for
the given hour for which the graphical comparisons appeared
to be close to a straight line, or was the closest compari-
son of a group of graphs to a straight line. This yielded
the value of predicted caries for each of the 7 PH values at
a given hour. The computation was done according to the

14
criterion of least squares .



III. RESULTS

A. Acid Formation (pH) in Suerose Solutions by Salivary
Action '

The distribution of pH change per hour for 4 hours in-
duced in sucrose solutions with and without agar by single
specimens of saliva from 134 children is given in Table I
(page 17). This table illustrstes that acid formation, as
reflected by pH change, increased steadily with time. The
rate was markedly accelerated by the addition of agar to the
sucrose solution. Thus, 76.1 per cent of the specimens
failed to alter the pH of sucrose solutions containing agar
at the end of the first hour and only 7.5 per cent in four
hours, compared to 97.8 per cent and 18.7 per cent, respec-
tively, for the same specimens in sucrose solutions without
agar. This effect was even more striking in respect to
PH 5.0. Approximately the same number of specimens, H j+
per cent, were observed to be at PH 5.0 or lower in 2 hours
in the presence of agar as in 4 hours without agar (23.9 per
cent ),

Although the correlation of laboratory data with
clinical change was limited to the results obtained with

single specimens of saliva, it was thought of interest to

16
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tabulate the hourly pH change for all specimens (1076) of
salive to allow comparison with similsr readings for the
single specimens as given in Table I, The distribution of
these pH changes for the total is listed in Table II (page
19). This listing shows there were no slgnificant differ-
ences between pH recordings per hour for 4 hours in sucrose
solutions with and without agar by all and those resd for
single specimens. Thus, the arbitrary selection of the
first specimens of seliva for correlative studies actually
gave a representative sample of the whole in terms of acide
forming potential.

A few tests became discolored with a muddy brown hue
which made color comparison impossible. Because the majority
of these were observed to reach pH 5.0 before this occurred,
they were all recorded below this level,

Since pH 5.0 is held to be a critical value for the
decalcification of enamells’le’lv’ls’ls, it seemed of in-
terest to compare the rate of time necessary to reach this
acidity in sucrose solutions by the group of single speci-
mens and the total, The rercentages of both sets reaching
PH 5.0 or lower in 8 per cent sucrose solutions with and
without agar is shown graphically in Figure 1 (page 20),

Figure 1 shows that for all bractical purposes the small
amount of agar in the sucrose solutions resulted in halving

the time of incubation; that is, Just about the same
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TABLE II

Acid formation per hour for 4 hours at 37° C. in 8 per
cent sucrose solutions with and without agar (0.2%) by 1076
specimens from 134 children.

8% Sucrose

1 hour 2 hours  _3 hours 4 hours

DOH  No, _ %  No. %Z_  No, Z_  No., _%
6.6 1001 93.0 670 62.3 344 32.0 160 14,9
6.2 53 4. 9 215 20.0 248 23.1 152 14,1
5.8 12 i 111 10.3 187 17.4 169 157
5.4 6 0.6 66 6.1 249 23.1 371 34,5
5.0 2 0.2 6 0.6 39 3.6 208 19,3
b4.6 4 0.4
4,2

Discolored 2 0.2 8 0.7 9 0.8 12 13

8% Sucrose with 0.2% Agar
1 hour 2 hours 3 _hours 4 hours

PH  No. % No. % No. _ & No. . Z
6.6 825 76.7 358 33.3 156 14,5 74 6.9
6.2 110 10,2 154 14.3 93 8.6 48 4,5
58 73 6.8 150 13.9 113 10.5 55 Sl
5.4 7 L, 4 219 20,4 195 18.1 130 19" 3 W
5.0 17 1.6 176 16.4 467 43,4 584 54,3
4,6 1 0.1 9 0.8 40 3.7 167 19:5
4,2 | 0.1

Discolored 3 0.3 10 0.9 12 1.4 17 1.6



Figure 1

(a). Percentage of specimens recorded as
positive (pH 5.0 and below) per hour in
8 per cent sucrose solutions with and
without 0.2 per cent agar for single ssliva
samples from 134 children.

without agar

- - - with agar

(b). Percentzge of specimens recorded as
positive (pH 5.0 and below) per hour in
8 per cent sucrose solutions with and
without 0.2 per cent agar for a total of
1076 ssliva samples from 134 children.

without agar

- - - with agar
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percentages were positive (pH 5.0 and below) in 2 houre 28
at the conventional reading time of 4 hours, However, on an
hour for hour basis, the incidence of positive recordings
after the first hour increassed at a steady three to four
fold rate in sucrose solutions without agar, in contrast to
the nine fold Jjump from the first to the second hour in
sucrose solutions containing 0.2 per cent agar. The precise
role of agar was not determined; it was thought that it
probably acted by dispersing clumps of bacteria, which in
turn rapidly formed local scid, instead of prompt sedimenta-
tion in the liquid medium with slower diffusion of the acid,
It did not seem these alterations could be ascribed to
variations in numbers of bacteria in the constant volume of

the inoculum (1.0 ml.) of salivs.

B, Comparison of Acid Formation in Sucrose with Caries
Expverience

The raw data from which subsequent correlations and
comparisons were @ade with clinical findings are listed in
Appendix I (page 44). Here the reader will find the results
of acld formation (pH change) per hour for & hours in 8 per
cent sucrose solutions with and without agar, the lacto-
‘bacillus count, and the caries experience (new carious sur-
faces) observed one year after the initial oliniecal examina-

tion for each of the 134 subjects.
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The first step in the computation of correlation co-
efficients was to tabulate the data in order to obtain the
statlstlical units needed. These were as follows, for each
PH value per hour: total number of new carious surfaces
(), total number of individuals (N), and mean caries ex-
perience (X = %). These were calculated for reactions in
sucrose solutions with and without agar. The results are to
be found in Appendix II (page 48). An example of this
tabulation for the acid formed in 8 per eent sucrose at the
end of the first hour is given in Table III (page 23).

The lack of correlation between pH change and mean
caries experience as shown in Table III was of course to be
expected, since 98.7 per cent of the specimens of szliva
were negative at the end of the first hour.
| The comparison of hourly pH changes for each test
method with mean caries experience as given in Appendix II
1s portrayed graphically in Figures 2 and 3 (pages 24 and
25). It is clear from these plotted values that 1ittle or
no relationship can be found between extent and rate of acid
formation by salivary action in 8 per cent sucrose with and
without agaer and the mean caries experience in the children
under study. The sharp rise to a mean caries value of 1ii
at 1 hour in Plgure 2 is of no consequence since it was
plotted for one of the only 3 pH changes of the 134 tests.
These results were of interest since they were contrary to

the theory normally accepted; that is, increased caries
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TABLE III

Tabulation of data for statistical units., Listing of
PH changes at end of 1 hour in 8 per cent sucrose and new
caries experience in 134 subjects over a 10-12 month period.

No. of
No. of Individuals
New pH at End of 1 Hour Incubation with Given
Dental Number

Caries 6.6 6,2 5.8 5.4% 5.0 4,6 4,2 _of Caries

0 7 7

i i5 i5

2 i3 13

3 14 ' 14

L 15 1 16

5 21 1 22

6 14 14

7 8 8

8 12 12

9 4 b

10 iy L

11 1 1

13 1 i

15 | i

i6 i i

17 1 1

¢ 621 1A 5 L
N 131 i i
p g I, 7k 1.0 5.0 4,0



Figure 2

Comparison of pH values (1, 2, 3,
and 4 hours) induced by single specimens
of saliva in 8 per cent sucrose compared
with the mean caries experience of 134
children 10-12 months after sampling.

*Linear relationship of the values
which Rickles® obtained at 4 hours.






Figure 3

Comparison of pH values (1, 2, 3,
and 4 hours) induced by single specimens
of saliva in 8 per cent sucrose with
0.2 per cent ager compared with the mean
caries experience of 134 children 10-12
months after sampling.
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activity is associated with 1ncreased\acid production. In
no case was there less than a mean caries experience of 4.5
surfaces with completely negative laboratory findings. Sim-
llarly, the plotted values show Blight linearity. No satig-
factory explanation can be provided for the marked dis-
crepancy between these results and those recorded by BicklesB
at the end of the 4 hour incubation in 8 ber cent sucrose,
The disparity between clinical experience and laborag-
tory data was further emphasized when the correlation co-
efficients for these relationships were computed. These are

given in Table IV.
TABLE IV

Correlation coefficients for hourly acid
formation in 8 per cent sucrose wlth and without
agar compared with mean caries experience in 134
children (from data in Appendix II).

TIME 8% SUCROSE 8% SUCROSE
(hours) WITHOUT AGAR WITH AGAR
il -0.05 -0.02
2 -0, 14 -0.03
3 ~0.05 -0.002
iy -0.02 (-0.56)# +0.02

#Correlation coefficient obtalned
by Rickless
The correlation coefficients ligted in Table IV are
well within the zone of ineignificance; therefore, it was
obvious that acid formation in sucrose by salivary action

in this study was not correlated with an increased number
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of new carlous surfaces,

Since Bioklese obtained an excellent linesl response
(see 4 hour graph in Fig. 2, page 24), it was thought of in-
terest to compare the line of best fit for the dats recorded
in this study at the same time and in the same medium. The
line of best fit for the 2 hour reading in sucrose solutions
with agar was also included. The comparative predictive

values for the 3 lines are given in Tsble V.
TABLE V

Comparison of predictive values of lines of
best fit for acid production by salivary actign in
sucrose solutions at 4 hours (both by Rickles® and
present study) and 2 hours in sucrose solutions
with agar, with mean caries experlence.

Predlicted Caries Predicted Caries
(New Surfaces) (New Surfaces)

Presgent §tudz Rickleg! Studx

PH_ Without Agar With Agar

6.6 4,68 4,69 0 (0-3)=
6'2 4078 4.75 1 (0"'4)
508 4.79 l"081 3 (0‘5)
g.g 2.84 - ﬁ.sg Ly 51-6;

. 090 '9 5 3“8

L,6 k.95 5.00 7 (4=9)
h.2 5.01 5.07 8 (5-11)

*Range of caries prediction after calculation of
standard errors of prediction.
It 1s clearly apparent that the 8lopes derived for the
present study, while close to each other, differ sharply
8
from that computed by Rickles . The spread of observed

lesions developing over a year in the children under study
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was essentially the same at pH 6.6 and pH 4.2 (0-10 surfaces).
Therefore, pH change in sucrose solutions in this study had
no predictive importance. For this reason, further statis-
tical computations, such as standard errors of prediction,

were not mede,

C. COmgagisonmgipLagzobagilggs‘Coggt,wi;h"Caries,E;gggienge

Comparison was made in a menner similar to that already
described; the logarithms of the lactobacillus counts for
each of the specimens of saliva from the 134 children were
tabulated in respect to total caries experience observed
10-12 months later. New mean caries values were then cale
culated, The results are given in Table VI (page 29).

Analysls of these data was made by plotting the
logarithms of the lactobacillus counts against the mesan
caries experience as computed in Table VI. The resultant
graph is shown as Figure 4 (page 30).

The curve line in Figure 4 again indicated 1ittle re-~
lationship between lactobacillus count snd mean caries ex-
perience. The correlation coefficient or degree of linear
relationship was +0, 27 which, while consliderably better than
any computed value for ascid formation in sucrose, was still
short of a significant coefficient (0.4) for group correla-
tion. Nevertheless, a line of best fit to a straight line
was computed; the calculated values are listed in Table VII

(page 31).
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TABLE VI

Tabulation of data for statistical units., Listing of
logarithms of lactobacillus count and new caries experience
in 134 subjects over a 10-12 month period.

No. of
No, of Individuale
New logarithm of Lactobacillus Count with Given
Dental Number
Caries J 2 2 '3 5 of Caries
0 i 3 2 7
1 6 2 3 3 % 15
2 7 3 1 2 13
3 6 3 3 14
b s 2 8 i 16
5 7 2 2 8 3 22
6 2 3 3 5 1 14
% 2 i A 3 8
8 3 2 1 5 1 12
9 1 1 2 4
10 : 3 1 2 L
11 1 1
13 1 )
AES 1 i
16 1 1
17 1 1

WMM
c 152 68 80 272 69 ’
N 43 14 18 45 14

3.5 4,9 4. L 6.04 4,93

>l



Figure 4

Comparison of logarithms of lactobacillus
counts from single specimens of ssliva
with the mean caries experience of 134
children determined 10-12 months after
sampling.
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TABLE VII

Comparison of line of best fit to a strailght
line for the logarithm of the lactobascillus count
with mean caries experience.

Logarithm of Predicted Caries

Lactobacillus Count (New Surfaces)

AU P~ WA\
O\\J\F-{Z"\.ﬁ)
S

®

The slope of.the line in Table VII, derived from the
statistical analysis of observed mean caries, has no prac-
tical application in prediction of new carious surfeces.
This wes in agreement with the coefficient of low signifi-

cance for group correlation.

D. Correlation of Both Laboratory Tests

The correlation of laboratory teste with each other was
done. The hourly pH valueg of single specimens of saliva in
8 per cent sucrose with and without agar were tabulsted
against the logarithms of lactobacillus counts of respective
specimens from 134 children. Calculations-for the mean‘
logarithmic values were made for each hourly pH level,

These values were Plotted against the PH increments for the
hourly determinations in 8 per cent sucrose with and with-

out agar.
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The mean logarithmic value for the negative reactions
(pH 6.6) in 8 per cent sucrose with and without agar was
2,05 or slightly more than 100 lactobacilli/ml. of saliva;
the same index for the lowest pH reading (pH 4.2) was 4.0
or 10,000 lactobacilli/ml, of saliva. Although there were
higher values for some pH changes in the range of the test,
the curve was considered to show the tests to have little
relationship. This was borne out by the correlation coef-
ficients calculated from these data. These ranged from
-0.19 at the first hour to a maximum of =0,28 at 3 hours for
sucrose solutions without agar and -0,.24 at 2 hours for
sucrose with agar. Thus, acid formation in sucrose was not
held to be significantly correlated with numbers of lacto-
baelilli in the saliva, In view of these results, further

statistical analysis was not made.



IV, DISCUSSION

Before discussing acid formation by saliva in sucrose
golutions as a predictor of caries experience, some comment
should be made about the test itself. It is a very simple
test. There are only four variables: the sucrose, the in-
dicators, the saliva broper, and the bacteria of the saliva,
As part of preliminary experimentation, it was found that
sucrose was superior to glucose as it wes more stable both
to sutoolaving and to storsge. Thus, autoclaving 8 per cent
glucose in the presence of indicators lowered the PH below
6.6, while 8 per cent sucrose remained unchanged., Unster-
ilized sucrose solutions in tubes with metal caps could be
kept in the refrigerator for weeks without showlng evidence
of alteration, whereas molds were soon found in the glucose
solutions. Perhaps it should be mentioned here that in a
test completed in 4 hours, growth and multiplication of basc-
teria as contaminants of the glassware and reagents were of
little consequence; so sterilization of glassware and re-
agents was not done. In other words, sterility was of no im-
portance,

The introduction of a double indicator system by

8
Bickles was an innovation to laboratory tests in this field.

33
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Both Snydera and Rogosa and Wiseman4 used only single in-
dicators, bromcresol green and aiizarin red S, respectively,
which were satisfactory for the range used. However, in the
present test the two indicators, bromcresol green and brom-
cresol purple, gave a wider range of pH than either alone.
The colors went from bluish-purple at pH 6.6 to blue, blue-
green, green, green-yellow, and yellow at pH 4,2. Efforts
were made to standardize the readings by mesns of a colorim-
eter. Between sedimentation in the sucrose solutions, ef-
fect of agar on light trensmission, the necessity of using
sufficient volumes in standardized tubes for reading, and
two wave lengths of maximum absorption (one each for the pH
range of greatest influence for each indicator), it proved
impractical to use such an instrument, Therefore, all
observations were visual. The shortcomings of this type of
observation are sufficiently well known to need no comment.
Suffice it to say, every effort was made to keep the estima-
tion of color change as constent as possible by using the
gsame light source and background.

Some experiments were done with the sediments and
supernatants of centrifuged saliva. The sediment produced
acld in 8 per cent sucrose at a fairly repid rate, whereas
the supernatant of saliva produced absolutely no change in
the pH of sucrose solutions in 4 hours, which is in agree-
ment with what is known: there are no enzymes in the salivs

20
ber se which are capable of hydrolysing sucrose . It would
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seem, therefore, that saliva plays no active role in the
utilization of sucrose, but rather acts as a carrier of bac-
teria removed from the teeth and mucous membranes of the
oral ocavity.

The role of bacteria in this test was investigated only
on a small scale. However, the findings were interesting.
Streins of lasctobacilli, streptococei, staphylococeli, gram-
negative diplococei, and yeast-like organisms selected at
random from cultures of saliva were added to sucrose solu-
tions in the form of washed cells to give approximately 5 per
cent by volume. Despite some disparity in the cell/volume
ratio, it was obvious that streptococei produced acid in the
sucrose at a faster rate than any of the others, Thus, the
prompt acid formation in sucrose by specimens of saliva could
be attributed to streptococcal sction rather than that of
other forms; this is in line with the fact that sucrose-
fermenting streptococci (S. salivarius) are the dominant
culturable aerobic forms in the salivazl. It would also help
to explain why there was no correlation with caries aétivity
slnce no specific streptococcus typre has been convinecingly
demonstrated to be associated with human caries. The test as
conducted reflects acid formation by all the viable bacteria
in the specimen, and as the time of incubation continues it
is probably greatly influenced by symbiotic and g8ynergistic

relationships amongst these cells.
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The purpose of this study was, however, not to study
acid formation in sucrose solutions as a problem, but what 1t
meant in respect to estimating or predicting caries activity.
Bicklessdbtained a reasonably clear cut relationship which
supported the generally accepted theory of increased caries
actlivity with increased acid formation. We were unsble to
confirm his findings; there was no relation between rate and
extent of acid formation in sucrose and new caries experience
in the group of children under study. |

In seeking explanations for the markedly different cor-
relations between the two investigstions, an analysis of the
factors was made. There were three apparent discrepancies:
the test procedure, the age of the subjects, and age of the
test material (saliva). Although we modified the procedure
in respect to volume and tube 8ize, enough tests (35) were
done to convince us that the rate of acid formstion was the
same per hour in the larger volume and tube as in the
smaller. The ratio of saliva to sucrose was the same.
Therefore, the test itself would not appear to be involved.
The mean age of the group studied by Rickles8 was 22 years,
compared to the mean age of 11 years and 4 months in the
present study. This meant that the older group had perma-
nent dentition and the younger one mixed dentition. Although
only 29 of our 134 children were 14 yJears or older and with
all permanent dentition, correlation coefficients computed

for this group were no different than those for the total.
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Thus 1t would appear that the state of dentition was not a
determining faetor. This would apparently reduce the prob-
lem to the age of the specimen of saliva, Rickles8 used
specimens of saliva 48-96 hours of age, while all our tests
were completed within 24 hours. This discrepancy missed our
attention until it was too late to evaluate it, but it was a
point about which a few tests had been done early in the in-
vestlgation. In our hands we observed no difference in
specimens held 24 and 48 hours at either room or refrigera-
tor temperatures, The number of the specimens tested was
admittedly too few (17) to be convinecing, but in view of the
rapid deterioration (putrefaction) of saliva at room tempersa-
ture 1t was held preferable to perform the test as rapldly
a8 possible after collection. Since we did not conduct tests
with specimens of ssliva older than 48 hours, we cannot pro-
vide any information on this point. It may be of critical
importance. '

In both studies clinieal examinations were carried out
by independent personnel so that bias would be reduced to a
minimum. Both were measured in terms of new carious sur-
faces, but there may be a difference in the ratio between
new carious surfaces and the total number of surfaces ex-
posed. While an index bésed on this relationship, which al-
lows for the deciduous dentition, has been developed for the
major program, it was not used in this study because the com-

putations based on the recording of the most recent clinical
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examination were incomplete. Still, it would not appear
that thils method of clinical messurement will account in a
ma jor way for the lack of correlstion observed.

It was also interesting to note that there was no pre-
dictive value for the lactobacillus count in egstimating new
caries experience observed one year after sampling. This
finding is in agreement with Rickless. It is contrary to
studies which have shown caries activity incresses with in-

g 22 23 24 28
creasing numbers of lactobacilli > ¢ ¢ ¢

, although the
most ardent supporters of this theory claim best correlation
at the extremes; namely, no caries with negative counts and
active carles with the highest counts. None has ventured to
predict or estimate the actual numbers of surfaces to be in-
volved or for longer than 6 months in advance. Glassae
found absolutely no relationship between the lactobacillus
count of specimens of saliva and the number of surfaces
determined one year later in s group of children. At the
present time, we would appear to be in agreement with
Glassae.

Some comment should be made on the use of single speci-
mens. Both studies were based on the use of single specimens
of saliva for prediocting caries experience. Despite the
recognized shortcomings of a single sampling, for any pre-

dictive purpose, 1t was found the percentage of these speci-

mens forming acid in sucrose per hour was not slgnificantly

different for those of the total 1076 samples. There were
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marked varlations in the capacity of the saliva of the in-
dividual to form acid with specimens ecollected semi-monthly.
Whether averages of several successive samples would be
better predictors of caries activity than the single speci-
men remaing to be computed as a phase of the larger investi-
gation of which this is a part.

We can provide no rational explanation at the Present
time for our results diverging so from those of R.icklesa and
from those of many investigatorss’aa’as’“’35 who support
the important role of the lactobacilli in dental caries.



V. CONCLUSION

Evaluation of acid formation in 8 per cent sucrose by sali-
vary actlion and lactobacillus counts of the same specimens
as predictors of new caries experience led to the following
conclusion:

1. No relationship existed between the rate and amount
of acid formatlon by salivary action of single specimens in
8 per cent sucrose with and without agar and new caries ex-
perience of 134 children 10-12 months later.

2, No relationship existed between the lactobacillus
count of single specimens of saliva and new caries experi-
ence of 134 children 10-12 months later.

3. No relationship existed between the rate and extent
of acild formation by salivary action of single specimens in
8 per cent sucrose with and without agar with the lacto-

bacillus count of respective specimens.



2,

BIBLIOGRAPHY

Rodriguez, F. E. A. A method of determining quantita-
tively the incidence of lactobacillus acidophilus
odontolyticus in oral cavity. Journal of the Ameri-
can Dental Associstion. 17:1711-1719, Sept. 1930.

Hadley, F. P. A. A quantitative method for estimating
bacillus acidophilus in saliva. Journal of Dental
Besearch, 13:415-428. 0Oct. 1933.

Snyder, M. L. A simple colorimetric method for the
estimation of relative number of lactobacilli in the
saliva. Journsl of Dentsl Research. 19:349-355,
Aug. 1940,

Rogosa, M. L. and Wiseman, B. F. A colorimetric test
for relative abundance and acidogenic potential of
lactobacilli in saliva, Journal of Dental Research.
31:470. Aug. 1952, (Abstract.)

Fosdick, L. S.; Hansen, H. L.; and Epple, Charlotte.
Enamel deecalcification by mouth organisms and dental
caries: a suggested test for caries susceptibility.
Journal of the American Dental Association and Dental
Cosmos. 24:1275-1280. Aug. 1937.

Wach, E. C,, and others. Testing caries activity by
acid production in saliva. Journal of Dental Re-
search., 22:415-421. Oct. 1943,

Dewar, M. R. Laboratory methods for agsessing suscepti-
bility to dental caries, Dental Journal of Australia.
21:509-520. Dec. 1949,

Rickles, N. H., The estimation of dental caries activ-
ity by a new colorimetric laboratory test, Journal
of Dental Ressarch, 32:3-17. Peb. 1953,

Dewar, Margaret. Laboratory methods for assessing sus-
ceptibility to dental caries. II. Correlation of re-
sults obtained by clinical examination and by stand-
ardised laboratory methods. Dental Journal of Austra-
lia. 22:24-35. Jan. 1950,

Li



10.

11,

L2.

13.

14,

15.

16.

317

18,

19.

20.

21,

L2

Jay, Philip. Laboratory tests for caries activity, and
their application. In Pelton, W. J. and Wisan, J. M.
(eds.) Dentistry in public health. Saunders, Phila-
delphia, 1949. p. 110-135.

Dewar, M. R, and Parfitt, G. J. Research note on the
preparation of tomato peptone agar medium. British
Dental Journal. 90:150~154. Mar. 20, 1951,

Snyder, M. L., and others. Evaluation of laboratory
tests for the estimation of caries activity. Journal
of Dental Research. (In press)

Snyder, M. L. and Claycomb, C. K. A simple motorized
device to facilitate the spreading of inoculas over
agar plate surfaces. Journal of Bacteriology.
67:739. June 1954,

Dixon, W. J. znd Massey, F. J. Introduction to statis-
tical analysis. McGraw Hill, New York, 1951,
p. 153-160.

Enright, J. J.; Friesell, H. E.; and Treseher, M.O.
Studies of the cause and nature of dental caries.
Journal of Dental Research. 12:759-851. Oect, 1932,

Stephan, R. M. Hydrogen ion concentration of the
dental plaque. Journal of Dental Research.
17:251-256., June 1938,

Box, H. K. Hydrogen ion concentration of carious den-
tine. Oral Health. 29:363-366. May 1939.

Stephan, R, M. The pH of carious lesions. Journsl of
Dental Research. 24:202. June 1945. (Abstract.)

Muracciole, J. C., and others. Ortodoncia. 12:467; and
Publicaciones del Hospital Nacional de Odontologia,
Buenos Aires. 2:5. 1953, Cited in Muraceiole, J. C
Evaluation of caries activity by the buffers of
saliva. Journal of Dental Research, 34:387-389,
June 1955.

Hartles, R. L. and Wasdell, M. R. The metabolism of
the oral flora, IV, The invertase activity of mixed
human saliva, British Dental Journal. 97:231-235,
Nov, 2, 1954,

Snyder, M. L., and others, The synthesis of mucinous
polysaccharides from sucrose by oral bacteria. Jour-
nal of Dental Research. 34:368-379, June 1955,



22,

23.

24,

25.

26.

43

Jay, Philip. Iactobacillus acidophilus and dental
caries, American Journal of Public Health.
28:759-761. June 1938,

Kesel, R. G. Dental caries. Etiology, control, and
activity tests. Journal of the American Dental As-
sociation. 30:25-39. Jan. 1943,

Snyder, M. L. Correlation and comparison of laboratory
findings with the clinical evidence of caries activ-
ity in a group of sixty-six children, Journal of the
American Dental Assoclation. 29:2001-2011, Nov, 1942.

Snyder, M. L. The occurrence of lactobacilli and other
acidogenic organisms in the saliva of selected caries-
free children. Journal of Dental Research.
18:497-511, Deec. 1939.

Glass, BR. L, The lack of relationship between salivary
lactobaclillus counts and dental caries activity,
Oral Surgery, Oral Medicine, and Oral Pathology.
5:210-213, Feb. 1952,



(Sur-

_face)

New
Denteal

ries ex-
Caries

L.A.
Count

r)-

12 months after
N

.y,

PH) in 8 per cent sucrose

(Hours)

2 per cent agar and lacto-

PH Values in 8%

Sucrose(0.2% Aga
Saliva Mixtures

APPENDIX I

)

PH Values in
Sucroge-~Saliva
Mixtures
(Hours

Listing of acid formation

solution with and without O.

8%

bacillus counts of specimens of saliva with new csa
d

perience for each of 134 children 10-

laboratory tests completed.

Cage
No.

m5564381343832256470466951581
0000000000000000000%000000000
(oRe QO 0OQ Q QOO0 O 0%%0000%0
oM OO0OWNO ) CQOoOWNC OO NS QOO
L. b T U TR ) - " N & N B & L N "~ N -~ -
o0 OO —~ O~ QN VD WA NN OV D
(8] woh 0 =< 92m N0 M had - (o

ooooooooooooooooooooooo

ooooooooooooooooo

\ONONO\O OO NONO WO ANNO (A ANAO OO IO \O OO OOV F N0
..... A

@ L e - - L] L 4 ® L] > - L] L] L3 . . L] - L4 ° L4 L L4
6666146666666666666666 VN0 N0 N0 WNNON\D O
...............

O \ON\ONO 066662844866.@.646614662 QN

..... .I.‘.." ® @ o e & 9 o @ e &« 9 e 9
\0\0\0\0 WA\ A0 N0 N0 \0 M AAIR IO 10 A0 8 1D 810 1 g )
\O\0\0\0 OO0 \0\O\O\O\O N NHNON\O\O (NINO (N N0 000 00 60 N0 O
e © ¢ * % @ e * & @ + o @ - . @ s * O = e e
666&5666&&666&666&6&656&65666
\01\0\0\0 O\0\0\0\O\O O \O\O 0 00O\ O \D\O OO0 OO OO0
.“.........-0.. ......... e o o
6666566666666666666666666&666

23459012468902780245678934569
HEAA A A HANNNN NN A NS S

(continued)

L



b5

Appendix I continued

New
Dental
Caries

(Sur-

L. AO
Count

Saliva Mixtures
(Hours)

pH Values in 8%
Sucrose (0.2% Agar)-

Suorose-Sgaliva
Mixtures
{Hours

PH Values in

8%

Case

face)

n

No.

1

continued )

8%13145656B5M3835128582852wm13301#763114
WOOOOOOOOOOOOOOOOmOOOOOOOOOOOOOOOOO%OOOO
QQ QO OO QQOOQOQ oOQ QOQOQOQQ QQ ) o] Q0O
QO (o N o] COOCOOOOO0O OO O NOOO Qw cCOQ o0
LS Y A s oA W Ty N n » oy L T Y “~ N N A N L Y
QO O\ NOF OW 7%0 oy Wy 0%8 O WN\O
W ~& oy e A 0y % ia) 0 A oo N — N~
i — (2 Y i

....... ® L] - L] - L4 L] ¢ 9 L L3 L] ° - L] -« L L] ° ®

- L] L) L4 ® \d [ L 4 L ° L] ® L
WMDY NN NN NN IV N0 \O N MNIMNO A0 \O O \O O AL AL AR AL AL ARTAR T o R VAR ARTAR VRN RV RV,

NOVNWVVWNOVIVCOVOCWOIOCOVOVOOOOF NN OT OO0 NOOVNY

..... * * & & & > o $ & ® e @ & @

. e o « o © & © ® e @ . s e e s a o o

OV OWVOVOITOANONON OO0 0O \O\O OO0 \O\O\O\O T O\C\O\O N0 OO0 \O\0\OO
....... » . * * € ° L 4 * 8 L] - \d & L] ® A L 3 - L]

° o e L L 2 L - L] L] L L L3
...................

N T O D0 O\ NDOM SOOI T OO0 OO0 NF T T N NT O NN O NN
@ L 2 - ® [ ] @ [ ] - ® L] @ » ] & . - E 3 a @ L} £ L] . ® & L ] (3 L ] & o ® L] [ ) - L ] L]
,ozibfmguqib,Dgu§1o:Jqu/o:J§1o:{b/oAYb/oAYb,D:qub/o:quoAuA?b/04?6

N0 QRNONOND 00 NO (NNO VN0 A OO0 00 AN\D N \O OO0 \O\O\O O 0 N\O\O a0 N WO \O\D OO0V

...... ®

L [ L - ® ® @ L4 L4 * L2 L d Ll “ ® A L * - » A ° Ld * > L3 Ad L . - ® .
O N0 NG ND WO O \ONOND O VOO WNONO O NONONO O OO O WO O NO N0 OO \O OO \O\O

6/0/0/0/0/0/0/0/0/06/08/0/0666666666666666666666666/0

O 8 e 9 R A e e e e B e e e e e e el ¢ & & 2 3 & & ¢ 6 & & 5 & © > € @

QANDTONORTNDO ANNNDOND N T D0 O X0 Dt O v VT N0 O it O
55556677788899999990000001 T A A H AN NNNN T
v v el et i IR o B B TR S RS

La!
4 af v

(



Appendix I continued

~ @
S0 1 o
2L O
(=3 S e B
Z 060w
AO—
49
4
o 3l
O
G
O TS
S
nAu)_
" %
DA ]
Q o=
A
@ O b
> 1
283 |
Pm& L
5]
¢
£
A
Snwes.i
e_rw.
pu S5
—~ 0P D
® O M
5 & AAn
o S
8, :
1Y -
©
? o
& =
(3]

8.4255”9.487:4223711.420325768660.45240765340
OOOO0%00000000%OOOOOOOOOOOOOOOOOOOOOOOOO
.WOOOO QQ % Q OO0 QO QO Q- QOO0 OO
QOOWO (o Rw] QO O« vy N0 S O O~ OO
Ty W N %2 RN N - e o oo 3 R L3 LY L Y L T Y
FIIFINN QW OO W wn N o OO

ooooooooooo

ooooooooooooooooooooooooooooo

oooooooooo

NN SO v A OOV WO B N VD WD DD
I A A A e O e e B AN A LA A T A S a S ey TS
NN NN AR N WA SO NI MW

(continued)



b7

Appendix I continued
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APPENDIX II

Acid production (pH) of single specimens of salive from
134 children summarized in respect to statistical units em-

ployed for calculation of correlation coefficients.

Statis-
tical
Time Units¥*

c
1 Br. N
X
c
N
2 hrs, X

#*g
N
x

U

S
S/A
S
S/A
s
S/A
S
S/A
s
S/A

S
S/A

Medium¥*¥* 6,6

621
472

131
102

4.7
4,6

#%3 = 8 per cent sucrose
S/A = 8 per cent sucrose with 0.2 per cent agar

95

18

5.3
109
95

24
22

L"O.S
403

PR
=

~NO O S0

Wnin

6.8
3.4

total number of caries at a given pH.
total number of individuals at a given pH
mean number of new caries per individual at a given pH

4,0

14

4.7



APPENDIX II (continued)

Statis-
tical
Iime Units Medium 6.6 6.2 5.8 5.4

z ] 250 148 76 125

S/A 85 114 61 8L

s 52 32 19 23

IR ¥ g 19 19 15 2%
< S 4.8 4,6 4,0 5.4

S/A k.5 6.0 4.1 3.4

o S 117 104 74 183

S/A 50 15 66 67

S 25 20 18 39

bhbrs. N 5, 10 3 13 17
e S b7 5.2 4.1 4.7

S/A 5,0 5.0 Sl 3.9
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