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Since the report, by KLIGLER (1915), of the occurrence of
lactobacilli in deposits on carious enamel, the lactobacilli have
been the centre of interest in bacteriologic investigations of
dental caries, and with but few exceptions (ANDERSSON &
RETTGER 1937, BoYD et al. 1949, MARSHALL DAY et al. 1949
and BoyDp 1950) most workers in this field have found a close
correlation between caries activity and the number of lacto-
bacilli in the oral cavity. Readers interested in a survey of these
studies are referred to APPLETON (1944) or a Survey of the
Literature of Dental Caries (1952).

There is, however, still divergence of opinion concerning the
nature of this correlation. Some authors expressed the view
that lactobacilli represent the main etiological factor in dental
caries (MCINTOSH et al. 1922, BUNTING et al. 1928), while others
suggested that the occurrence of these bacilli in the oral cavity
is only a secondary phenomenon, i.e. secondary to the develop-
ment of caries (BIBRBY, 1935).

Various investigations in which the amount of carbohydrates
in the food has been increased or decreased have shown that
the variation in the dietary carbohydrate level is accompanied
by a corresponding variation in the number of lactobacilli
(APPLETON 1950, p. 458). Thus KOEHNE, BUNTING and MORELL
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(1934) found that an increase in the dietary cabohydrate
resulted in an increase in the number of lactobacilli as well as
in an increase in caries activity, and HADLEY (1933), JAy (1940),
BECKS el al. (1944) and several others observed that drastic
restriction of the dietary carbohydrates is accompanied or
followed by a decrease in the number of lactobacilli and, as a
rule, also by a decrease in caries activity.

In this connection it might be useful to mention that BUNTING
et al. (1929) and Jay et «l. (1933) failed to “implant lacto-
bacilli in mouths” which were naturally free from them.

The number of lactobacilli found in the saliva has been used
as a4 measure of caries activity and, judging by the literature,
lactobacilli have been demonstrated in the saliva of some
80 per cent of all patients with rampant caries, as against 10
to 20 per cent of caries-free or caries-inaclive individuals
(COLLINS et al. 1942, BEcKs et al. 1944, STRALFORS 1947, and
others).

As a clinical investigation of the influence of dietary factors
on caries aclivity was in progress at Vipeholm Hospital, where
groups of patients had been living under well-controlled dietary
conditions for a long time and been regularly dentally ex-
amined, the writer utilized the opportunity of studying this
material bacteriologically in an attempt to find answers to the
following questions:

1. Did the dietary groups differ with respect to the distribution
of the patients among lactobacillus counts?

2. Was any correlation demonstrable between lactobacillus
count and caries activity in individual patients in each
dietary group?

Material and Methods

The material consisted of adult mental defectives in whom
caries activity had been studied under various well controlled
conditions (GUSTAFSSON et al., 1954). The patients had been
divided inio different groups, all of which received one and the
same basic diet (2700 Cal. per day). For the composition of this
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diet, see GUSTAFSSON et al., (1954). This basic diet was supple-
mented by the addition of a ration (carbohydrates or fat)
varying from one group to another, but equivalent in calorie
value. Each patient thus received the basic diet plus an addition
bringing up the total daily calorie supply to 3000.

The patients were dentally examined at least once a year,
and the groups were afterwards compared with regard to caries
activity.

The bacteriologic studies described below were carried out in
connection with the Carbohydrate Study II (1949-1951) of the
Vipcholm investigation. The material consisted of male groups
receiving the following diets:

Basic diet plus 40 g. fat (Control Group)

Basic diet plus 75 g. sugar in solution served at meals
(Sucrose Group)

Basic diet plus bread rich in sugar (345 g. containing 50 g.
sugar) served at all meals (Bread Group)

Basic diet plus chocolate {max 63 g. per day) served as 4
portions between meals (Chocolate Group)

Basic diet plus toffees (max. 8 per day) served between meals
and 25 g. sugar in solution served al meals (8-toffee Group)

Basic diet plus caramels (max. 22 per day) served between
meals (Caramel Group)

As judged by clinical examination, the first two of these dietary
groups, the Control Group and the Sucrose Group, may be
regarded as caries-inactive, the remainder, Bread, Chocolate,
8-toffee and Caramel Groups as caries-active (GUSTAFSSON et al.
1954) .

The present investigation was based on bacteriologic ex-
amination of all of the patients belonging to the Caramel Group
and of those patients of the other groups that were included
in the 1946-1951 part of the Vipeholm Investigation, i.e. those
patients providing the basis for the calculation of caries activity
accounted for in the main publication by GUSTAFSSON et al.
(1954). The present material included patients in whom the
number of new cavities recorded was high, and some in whom
only few or even no new cavities appeared, i.e. the material was



160 BO KRASSE

unselected regarding the occurrence and degree of caries
activity.

Sampling and Culture

The method usually employed for the collection of material
in bacteriologic studies, i.e. requesting the patient to chew a
piece of paraffin wax to stimulate the flow of saliva, which is
then collected for culture {IIADLEY 1933), was nol possible in
the present investigalion, because many of the patients (in
some groups more than 60 per cent) were unable to co-operate
sufficiently. It was therefore necessary to resort to passive
methods. Material for culture was collected from the patients’
teeth by means of a Ward's carver. Of the material thus
collected a standard amount, about 40 mg., as measured in
stainless steel spoons, made specially for this purpose, was
used for culture.

The results obtained did not differ appreciably from those
recorded in a parallel study using the HADLEY method.!

Three salivary samples collected from every patient at inter-
vals of 10-14 days were cultured on tomato agar plates.!

In some preparatory studies the samples were collected partly
by means of a sterile swab and partly with the aid of a tooth
brush.! However, these methods proved less suitable and were
abandoned. Therefore, unless otherwise stated, use was made
throughout of the so-called “spoon” method. The examinations
were made at a time when the patient had been on one of the
various diets for at least 1 year,

Classification of the Results of Culture

In the study of the results of culture of samples collected by
the “spoon’ method or by means of the tooth brush, 3 classes
were distinguished, according to the number of colonies per
plate. In experiments using material collected by the sterile
swab the results were classed simply as positive or negative,
according to the presence or absence of growth of lactobacilli.

! For further particulars of the methods used and the composition of
the medium sce GRUBB and KRASSE (1954).
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In view of the extensiveness of the investigation, no atiempt
was made systematically to study various dilutions of the
salivary samples from one and the same patient. In some of the
plates in which the number of colonies exceeded 400, growth
was so dense that differentiation bevond this limit was no
Jonger possible,

In the classification of the results nse was made of a loga-
rithmic scale with a class interval of 1. The results were thus
classed as follows:

Class I: 0- 10 colonies per plate
H: 11-100 colonies per plate
11I: more than 100 colonies per plate.

Control studies using the method of HADLEY showed that
Class I corresponds to about 0-1,000 lactobacilli per ml. saliva,
Class II to 1,100-10,000, and Class 111 to more than 10,000.

For assignment of a patient to any of these three classes, the
results of at least two of the samples must have fallen within
the class in question (GRUBB & KRASSE, 1954).

Results
1. Comparison befween the Dietary Groups

Table 1 summarises the types of diet used, the caries activity
in the various groups and the results of culture,

The Control and Sucrose Groups were clinically inactive,
while the Bread, Chocolate and 8-toffee Groups were active. It
is apparent that the inactive groups did not differ appreciably
from the active ones concerning the resulls of culture. This is
still more apparent from Table 2, where the inactive groups
are compared with the most active ones, i.e. the Bread and the
8-toffee Groups.

The table shows that of the inactive groups as well as of the
active groups, 17 per cent of the patients belonged to the class
with the highest number of lactobacilli and that the groups
did not differ appreciably regarding the percentages assigned
to the other two classes either.

11 — .tcla odontol. Scundinav. Vol. 12.
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Table 2. Comparison belween caries-active and caries-inactive groups

|
! Distribution of patients

Group ,  Caries : Number ol * among lactobacillus counts
activity patients e [ .

: | | 1 1o T |

. i )
i Control Group ‘l

iv f o/ 39 0, 20y |
Sucrose Group | Inactive 90 44 0% 39 /0i 17 0 ‘

(
| Bread Group

i I 7 0/, 34 Vo 0,
8-toftee Group I Active | ] .49 0: 31 Y , 17 0

1

Thus, as far as the distribution of the patients among lacto-
bacillus counts (Classes I, II, 111} is concerned, the active groups
did not differ from the inactive ones. (It might be worth
mentioning that preliminary analysis of the results of culture
of material collected one year carlier from the same patients
by means of the tooth brush technigue did not show any
statistical difference between these groups either.)

Although it might appear that relatively many of the patients
belonging to the Chocolate Group were assigned to the class
with the lowest number of lactobacilli (Table 1), the y® test
(KEMP 1942) failed to reveal a statistically significant difference
between this group and any of the others.

2. Comparison between Patients in One and the Same Group

Table 3 shows the relationship between the number of lacto-
bacilli and caries activity in the individual patients in each
group. However, as the inaclive groups {Control and Sucrose)
closely resembled one another regarding caries activity, they
were taken together as a single group. In this table those
persons in whom no new cavities were found during the study
period (1 year) are compared with those in whom caries activity
exceeded the mean value found for the entire group.

It is apparent from the table that in the inactive Control and
Sucrose Groups, of the percentages assigned 1o the various lacio-
bacillus counts the caries-inactive patients did not differ from
those in whom caries activity exceeded the mean value for the
group (1 new cavity). It might be mentioned that the distri-
bution according to lactobacillus count of the 9 cases in which
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Table 3. Relation between caries activity and distribution of patients among
lactobacillus counts

| Number Number of I Percentage of
' G Caries “ umpe patients in lacto-ipatients in lacto-
|G aetivity | OF L bacillus classes  bacillus classes
: |» R TR T A B | R T
: :
| Control & [ 0 73033 29 11 45 | 55
’ Sucrose Groups > average 17 7 6 0 4 ’ 41 59
' read G " 17 w0 7 0 | o4
cad Liroup , > average 0 ; 3 4 3 30 70
 Chocolate G P11z 4 1 m 29
| Ghocolate ’mul)‘>avernge 14 7 3 4 50 . 50
i I
. ; 0 6 6 0 0 100 0
| Btoffee Group ©— verage’ 13 | 2. 6. 5 15, 83

2 or more new cavities were noted did not differ either from
that of those in whom no new cavilies were seen during the
period under consideration.

In the 8-toffee Group, in which caries aclivity was highest,
all of the 6 patients in whom no new cavities were detected
were found to belong to Class [ (0-10 colonies per plate), while
only few of those with pronounced caries activity were assign-
able to this class. For the group, statistical analysis (y*> with
Yates™ correction) showed that, regarding lactobacillus count,
the distribution of the inactive patients differed significantly
from that of those with the highest caries activity (y*=8.8 and
0.01 > P >0.001}). A corresponding correlation, though not so
close, belween caries activily and lactobacillus count was also
found for the Bread Group.,

Caries activity and the number of lactobacilli are compared
in Fig. 1, which also shows the average clinical caries activity
for each class according to lactobacillus count in all the dietary
groups.

It is clear thal a distinct correlation was found between caries
activity and the number of lactobacilli in the Bread and 8-toffee
Groups, the caries activity being highest in patients with the
greatest number of lactobacilli (Class III) and lowest in those
with the lowest number of lactobacilli (Class 1). No such
correlation was found for the remainder of the groups. In these
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CARIES ACTIVITY AND DISTRIBUTION OF THE PATIENTS AMONG
VARIOUS LACTOBACILLUS COUNTS

Distribution per cent of patients Number of new carious sur-
n lactobacillus closses I-1]1 faces per person per year
10 50 0 1 3 3 4 s & 1 @
LACTO- |
BACILLUS
CLASS M |
! | ConIROL GROUF
I [
I
m | I
A NN S . S
! M
! : SUCROSE GROUWP
I |
m |
M .
! [ ! BREAD GROUP
1 !
m | (T
I__ M
I
CHOCOLATE GRQOUP
I (11
m
|
| M
! ! T B-TOFFEE GROUP
o | ,
m ‘ ( l IO AA
. l S _
Fig. 1. Left of midline: — Distribution per cent of the patients among

different lactobacillus counts (Class 1<1.000 bacteria per ml saliva, II
1100-10.000 and I1I1>10.000 bacteria per ml saliva). It is clear that,
generally speaking, the dietary groups did not differ essentially with
regard to the percentage of patients in the respective classes.

Right of midline: — Mean caries activity for the various classes, The
black field (M) indicates the mean activity for the group. It is apparent
from the diagram that caries activity was correlated with the lactobacillus
count in the two groups with the highest mean caries activity (Bread and
8-toffee Groups), in both of which the patients with a high lactobacillus
count had the highest mean caries activity and those with a low count,
the lowest mean activity. No such correlation was found for those groups
with a low mean activity (Control, Surcose and Chocolate Groups).
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the average caries activity was approximately one and the same
for all three classes of lactobacillus counts and thus showed no
tendency to be higher for Class III.

On the basis of samples collected by the “swab” method, the
Caramel Group was studied for any correlation between the
occurrence of lactobacilli and caries activity. The results are
summarised in Table 4.

Table 4. Relation between caries-activity and lactobacillus count in
Caramel Group

! Occurrence of lactobacilli
Caries activity ‘ l\l)l::il;ertsof —_
! n Negative Positive
0 13 ‘ 6 (46 0/0) 7 (34 %)
i > average 32 i 1(3 %) 31 (97 Yo)

It is clear from the table that a correlation was found between
caries activity and the occurrence of lactobacilli, such micro-
organisms having been demonstrated in 97 per cent of all those
with a caries activity exceeding that of the mean value found
for the entire group, as against only 54 per cent of those who
were caries-inactive throughout the experimental period.
Statistical analysis (¥ test with YATES' correction) showed that
the difference was statistically significant (x*=9.96 and 0.01
> P > 0.001).

Thus, in the three most active groups — Bread, 8-toffee and
Caramel Groups —- caries activity was related to the number
of lactobacilli in the individual patients, high activilty being
found in association with a high number of lactobacilli, low
activity being found in the patients with a small number of
lactobacilli. On the other hand, no such correlation was
demonstrable for patients in the Chocolate Group or in the
inactive groups.

In Tables 3 and 4 the material is classed according to caries
activity, in Table 5, however, according to the number of
lactobacilli. This table compares the caries inactive Control and
Sucrose Groups as well as the caries active Bread and 8-toffee
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Groups regarding the caries activity in palients with the lowest
(Class 1) and highest (Class III) number of lactobacilli.

Table 3. Caries-activity in lactobacillus classes I and 111

| :l actobacillus! Number ! Carles activity |
' Group class ool 0 { > average caries !
! | patients | (activity of the group'
1 | \ !
’ i |
| Control and ' 1 40| 33 (81 Oo) 4 (10 %) :
| Sucrose i i : 15 | 11 (73 %) : 2 (13 0/0) ‘
' Bread and I |36 1 16 (44 0%) , 4 (11 %) c
. 8-toffee ' 11 po12 5 0 0%) 8 (67 %o} ;

It is apparent from the table that:

in the inactive Control and Sucrose Groups, many of the
patients with a high number of lactobacilli showed no
caries activity;

in the active Bread and 8-toffee Groups, a fair percentage
of the patients with the lowest number of lactobacilli
showed caries activity, sometimes fairly high, while 44 per
cent were caries inactive;

in the active Bread and 8-toffee Groups, all of the patients
with the highest number of lactobacilli (Class 111) showed
caries activity, the caries activity in 67 per cent of them
exceeding the mean value for the group, the corresponding
figure for Class 1 patients being only 11 per cent.

Of the patients belonging to the caries active Bread and
8-toffee Groups, those with few lactobacilli (Class 1}, differed
statistically from those with many (Class I11) regarding caries
activity (x® with YATES' correction=11.8 and P <0.001).

Discussion

Most investigations of the correlation between the number
of lactobacilli in the oral cavity and caries activity are based
on comparisons between patients with rampant caries and
caries-free or caries-inactive individuals (BUNTING et al. 1923,
COLLINS et al. 1942, BECKS ef al. 1944, STRALFORS 1947, and
others). In the present investigation no such primary selection
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was made, the material having been studied independently of
the presence, absence or degree of caries activity.

Boyp et al. (1949) stressed that, if the relationship between
the number of lactobacilli and caries activity is to be judged,
the study must be carried out on unselected material. In a study
of a small series (64 teen-age girls) unseclected with regard to
caries, they found no relationship between the number of lacto-
bacilli and the degree of caries activity.

It has been shown that the number of lactobacilli in the oral
cavity can be enhanced or depressed by an exireme increase or
decrease in dietary carbohydrates (KOEHNE et al. 1934, BECKS
et al. 1944). In the present investigation the dietary groups
were not found to differ regarding the percentages of patients
assigned to different classes according to the number of lacto-
bacilli (Tables 1 and 2). If the results reported by KOEHNE et «l.
(1934), JAY (1940) and BECKS et al. (1944) be accepted as valid,
this lack of difference between the dietary groups in the present
investigation might suggest that the differences in carbohydrate
level were not large enough to produce any demonstrable differ-
ence in the number of lactobacilli. The differences in carbo-
hydrate supply between the diets were, however, sufficient to
produce a demonstrable difference in caries activity (GUSTAFS-
SON et al. 1954). In this conjunction it might be useful to
mention an observation made by Boyp, ZENTMIRE and DRAIN
(1933). They cultured salivary samples from 45 children, 34 of
whom had for long periods been on diets capable of arresting
caries. The authors state: “Summarizing the observations per-
taining to the children receiving diets capable of arresting
caries: There is nothing to indicate that the prolonged use of
such diets led to any characteristic change in the oral flora,
to disappearance of B. acidophilus, or 1o a lessened acid-
producing power of the flora”.

As the caries-active groups did not differ from the inactive
ones concerning the distribution of the patients among different
lactobacillus counts, the investigation failed to provide support
for the view that lactobacilli represent a primary factor in the
etiology of dental caries (McCINTOSH et al. 1922, BUNTING et al.
1928) or that they are a consequence of caries (BIBBY 1935).
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It should, however, be stressed that the results of the present
investigation showed a correlation between the number of lacto-
bacilli and the degree of caries activity, As shown in Tables 3
and 4, a clear correlation was found between the number of
lactobacilli and the degree of caries activity in the individuals
of each of the three dietary groups in which caries activity was
high (8-toffee, Bread and Caramel Groups).

However, as pointed out earlier, this correlation can hardly
be taken as evidence of lactobacilli being a cause or a consequ-
ence of dental caries, because the caries-active groups were
found not to differ from the inactive groups regarding the
distribution of the patients among lactobacillus counts. Neither
can the correlation be explained by the assumption that the
same factor or factors favour both the development of dental
caries and growth of lactobacilli, because patients with « large
number of lactobacilli were also found in the inactive dietary
groups (Table 2}. As no correlation was found in the clinically
inactive Sucrose Group, in which carbohydrate consumption
was highest, the correlation must apparently be associated with
the carbohydrate consumption and the caries activity at the
same time. This infers that the correlation might be explained
by the assumption that lactobacilli are involved in the develop-
ment of caries following the consumption of carbohydrates in
a caries-promoting manner. It appears that the observations
made in the present investigation might be summarised as
follows. On introduction of a certain type of caries-promoting
diet, the diet will exert a greater cariogenic effect on the teeth
of individuals with an originally large number of lactobacilli
than on others {cf. Table 5 and Fig. 1), i.e. in general, caries
susceptibility varies to no small extent with the number of
lactobacilli in the mouth of the individual.

The validity of this line of thought calls for further investiga-
tion. The question cannot be decided on the basis of reports of
studies using an increased carbohydrate supply under well
controlled conditions, because in one of the investigations on
record (Boyp 1950), no increase in caries activily was noted,
and in the other (KOEHNE, BUNTING & MORELL 1934) it is
difficult to judge the clinical caries activity from the data given.
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Judging by the analysis of the data obtained in the present
investigalion, the presence or absence of a correlation between
caries activily and the number of lactobacilli is to no small
extent dependent on the degree of caries activity (cf. Table 3
and Fig. 1). This would readily explain why no such correlation
could be demonstrated in series with low activity (ANDERSSON
& RETTGER 1937, BOYD et al. 1949).

In the Chocolate Group, in which a statistically significant
increase in caries aclivity was noted, no correlation between
caries activity and the number of lactobacilli was observed.
This group thus differed from the other clinical caries-active
groups. This difference is receiving attention in an investigation
lying beyond the scope of the present paper.

In the evaluation of the number of lactobacilli as a measure
of caries activily in a given individual, il should be mentioned
that a high lactobacillus count is by no means always associated
with high caries activity, just as a low count is not regularly
seen in persons with low caries activity. Thus, in most investiga-
tions, the laciobacillus count was found to be low in some
20 per ceni of patients with rampant caries and equally often
high in caries-inactive patients. Such cases were also seen in the
present material, and as some of these patients had been ob-
served for several years, they appear worthy of mention. Thus,
of the caries-inactive Control and Sucrose Groups, a large
number of lactobacilli (Class 11I) were seen in 11 patients in
whom no new cavily was noted during the last year of the
study. With one exceplion they all had at least 33 intact dental
surfaces at the beginning of the investigation. In 6 of these
patients the number of lactobacilli in the mouth was regularly
found to be high, and in 3 of them the lactobacillus counts
made one year earlier had also been high. Examples of high
caries aclivity in association with low lactobacillus count were
also seen. In 1 patient in the caries-inactive Sucrose Group and
1 in the caries-active Bread Group, 18 new cavities appeared
during the last year of the investigation, during which time the
numbers of lactobacilli found on 4 different occasions were:
0, 10, 0, 0, and 0, 0, 0, 0. As such combinations are by no
means uncommon, it appears that the number of lactobacilli
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as a measure of caries activity in a given case is of but limited
value, This does not, however, imply that lactobacillus counts
are of no value in research work, because it appears that,
under certain circumstances, lactobacilli play an important
role in the etiology of dental caries.

Summary

The following observations were made in a study of the
relationship between caries activity and the incidence of lacto-
bacilli in patients living under well controlled dietary conditions,

1. The distribution of the patients among lactobacillus counls
in the caries-inactive dietary groups did not differ from that
of the active groups.

A distinct individual relationship was found between caries

activity and the occurrence of lactobacilli in the three most

aclive dietary groups, the activity being highest in patients
with a large number of lactobacilli and lowest in those
with a small number of lactobacilli.

3. The presence or absence of a correlation between caries
activity and the number of lactobacilli is to no small extent
dependent on the degree of caries activity.

The correlation found between dental caries and the number
of lactobacilli in the oral cavity is discussed and a tentative
explanation is offered.

W

References

ANDERSSON, T. Gi. & RETTGER, L. F.: Acidogenic and aciduric bacteria
of the mouth and their possible relation to dental caries. J. Dent.
Res. 16: 489, 1937.

APPLETON, J. L. T.: Bacterial infection with special reference to dental
practice, Lea and IFebiger, Philadelphia, 1944 and 1950.

BEcks, H., JENSEN, A. L. & MILLARR, C. B.: Rampant dental caries
— prevention and prognosis. J. A. D. A, 31: 1189, 1944,

BisBy, B. G.: Neglected factors in the study of dental caries. J. A. D. A.
22: 222, 1935.

Bovyp. J. D.: Long term studies of dental caries progression among
teen-aged inmates of a custodian institution. J. Calif. State Dent.
Ass. 26: 30 1950.

Boyp, J. D., Chevne, V. D. & WESSELS, K. E.: Is the salivary lacto-



172 BO KRASSE

bacillus count a valid index of activity of dental caries? Proc. Soc.
Exp. Biol. and Med. 71: 535, 1949,

Boyn, J. D., ZENTMIRE, Z., & Drawy, C. L.: Bacteriological studies in
dental caries. J. Dent. Res. 13: 443, 1933.

Bu~NTING, R. W. & PALMERLEE, F.: The role of B. acidophilus in dental
caries. J. A, D. A. 12: 381, 1925.

BUNTING, R. W., NICKERSON, G., HArRD, D. G. & CROWLEY, M.: The
relation of B. acidophilus to dental caries. J. A. D, A, 15: 1230,
1928.

BunTinGg, R. W., CROWLEY, M., Harp, D. G. & KELLER, M.: The
prevention of dental caries through the limitation of growth of
B. acidophilus in the mouth. J. A, D, A, 16: 224, 1929.

CoLrins, R. O, JENSeEN, A. L. & Becks, H.: Studies of caries-free
individuals: II Is an optimum diet or a reduced carbohydrate
intake required to arrest dental caries. J. A. D. A. 29: 1169, 1942.

Gruss, R. & Krassg, B: Sampling methods for the determination of
the number of lactobacilli in the oral cavity. Acta Odont. Scand.
12: 145, 1954.

GUSTAFSSON, B, E., QUENSEL, (.-E., SWENANDER LAANKE, L., LUND-
QVvIsT, (., GRAHNEN, I, BoNow, B. & Krassg, B.: The Vipeholm
Dental Caries Study, The effect of different levels of carbohydrate
intake on caries activity in 436 individuals observed for five vears.
Acta Odont. Scand. 11: 232, 1954,

HADLEY, F. P.: A quantitative method for estimating Bacillus acido-
philus in saliva. J. Dent. Res. 13: 415, 1933.

McINTOSH, J., JAMES, W. W. & Lazarus-Barrow, P.: An investigation
into the etiology of dental caries. Brit. Dent. J. 43; 728, 1922,

Jay, P, CROWLEY, M. S., HapLEY, F. P. & BuUNTING, R. W.: Bacterio-
logic and immunologic studies on dental caries. J. A. D. A. 20:
2130, 1933.

Jay, P.: The role of sugar in the etiology of dental earies. J. A. . A,
27: 393, 1940,

KExyp, T.: Statistiske Mectoder i Medicin og Biologi, Munksgaard,
Kopenhamn 1942

KLIGLER, 1. J.: A biochemical sludy and differentiation of oral bacterin
with special reference to dental caries. J. A. D. Soc. 10: 141, 1915.

KoenNg, M., BUNTING, R. W. & MoRELL, E.: Control of dental caries
in children. Am. J. Dis. Child. 48: 6, 1934.

MAaRrsHALL-Day, C. D., Snournig, K. L., HEIN, J. W., LEUNG, S. W.
& SiMMONS, N. S.: Oral bacteriological studies in Puerto Rican
children. J. Dent. Res. 28: 648, 1949,

STRALFORS, A.: Undersékningar dver caries microbiologi. I. Korrela-
tion mellan cariesaktivitet och lactobacillférekomst. Sv. Tandl.
Tidskr. 40: 429, 1947.

Survey of the Literature of Dental Caries, Publ. 225. Nat. Academy of
Sciences. Washington 1952.





