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the lesion depth (1d, #m) and mineral loss (AZ, vol%-
pm), were measured. The data values were analyzed sta-
tistically by the repeated measure ANOVA followed by
the Tukey-Kramer test for multiple comparison. The 1d
and AZ values are shown in Fig. 3 by individuals in
types of gum. In all the individuals participating, signifi-
cantly lower 1d and AZ values were observed in the case
of POs-Ca (+) gum indicating enhanced enamel reminer-
alization. No remarkable mineral recovery was observed
in the POs-Ca (—) gum group. The Id (means®SD=8§]
+15 um) and AZ (2,825+593 vol%: xm) in the POs-Ca
() gum group were significantly lower (p <0.001) com-
pared with those after initial demineralization and in POs-
Ca (—) gum group. The saliva secreted by chewing POs-
Ca (++) gum had higher remineralization-enhancement ac-
tivity than that from POs-Ca (—) gum. No difference was
observed in volume, time-course change in pH level or
contents of soluble P of saliva between chewing gum
types or among volunteers. There were adequate amounts
of P compared with Ca in saliva collected by chewing of
the POs-Ca (—) gum. In the case of POs-Ca (+) gum,
the Ca content was higher than that from chewing the
POs-Ca (—) gum. The initial Ca/P ratio value in POs-Ca
(+) gum-induced saliva was higher than that in POs-Ca
(—) gum-induced saliva. The Ca/P ratio was 0.3 or less
for POs-Ca (—) gum. These results suggested that remin-
eralization enhanced by chewing the POs-Ca (+4) gum
was due to the increased soluble calcium in saliva that re-
sulted in a higher Ca/P ratio value corresponding with the
value (1.67) of hydroxyapatite.

2. Intraoral evaluation.
Based on the former results, we investigated the effects
of the POs-Ca (+) gum on the remineralization of enamel
in situ. Twelve healthy adult volunteers (6 males and 6
females; mean age, 21 years old) were randomly divided
into 3 groups and participated in a double-blind intraoral
study. In first, each volunteer wore a palatal appliance
containing 3 demineralized enamel disks, and chewed one
of the following experimental gums 4 times a day (after
meals and before bed time) for up to 4 weeks." The three
groups were (i) the POs-Ca (—) gum group, (ii) the POs-
Ca (+) gum group or (iii) sugar gum containing 62 wt%
sucrose (the sucrose gum group). The chewing time was
always 20 min and the palatal plate was preserved in the
oral cavity for an additional 20 min. Except for the time
of chewing the gum and the subsequent 20 min, the appli-
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Fig. 3. Comparison of the lesion depth (a) and mineral-

loss (b) values after salivary treatments.

Numbers of volunteers were 12 persons (6 males and 6
females; mean age=29.9 y old). Vertical bar, SD; "p <
0.001; Dem, initial demineralized enamel.

ances were stored in a plastic container with 100% hu-
midity. The results were that the remineralization rates (1d
reduction percentage with respect to the mean 1d value af-
ter initial demineralization) in the POs-Ca (+) group
were about 67, 54 and 76% at the 1st, 2nd and 4th week,
respectively. The remineralization rates in the PQOs-Ca
(—) group ranged from 12 to 23%, being much lower
than that in the POs-Ca (+) group. The sucrose group
showed a negative value by the 4th week, indicating pro-
gression of demineralization. The remineralization rate of
the POs-Ca (+) group was higher than that of the POs-
Ca (—) group at the 1st, 2nd, and 4th week."” The pres-
ent results were well consistent with the results of the in
vitro evaluations with the HSI-test. Furthermore, the pro-
moting of enamel remineralization of the POs-Ca (+)
group was reconfirmed in situ by a two-week double-
blind and cross-over design intraoral study.” The 1d of
the POs-Ca (+) group was significantly reduced by 51%
compared with that in the sucrose group and by 44%
compared with that in the POs-Ca (—) group (Fig. 4a).
The AZ in the POs-Ca (+) group was also significantly
lower by 30% compared with that in the sucrose group
and by 25% compared with that in the POs-Ca (—) group
(Fig. 4b). The effects of the gum on remineralization of
dentin were also confirmed in a double-blind cross-over
design intraoral study.”®

Conclusion and perspective.

The promoted remineralization of enamel and dentin le-
sions by the POs-Ca (-+) group can be explained as fol-
lows. The pH of the saliva during the chewing of the
gums is estimated to increase from about 7 to 7.5. Since,
in general, this relatively higher pH is not suitable for the
solubilizing of Ca and phosphate, it is considered that
POs-Ca in the saliva would aid to maintain the solubility
of mineral ions even at pH 7-7.5 and, thereby, ionized Ca
and P had potential to redeposit onto the residual hy-
droxyapatite crystals in enamel and dentin lesions. Thus,
under the presence of POs, soluble Ca in saliva increases
efficiently and, thereby, the salivary Ca/P ratio can in-
crease nearly up to the rate of hydroxyapatite (1.67). In a
former study, some ratios of Ca/P was investigated in vi-
tro.”™ The Ca/P ratio of 1.67 showed significant reduction
in 1d and AZ of enamel lesion compared with other ra-
tios. It was also suggested the elevation of the Ca/P ratio
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Fig. 4. Comparison of the lesion depth (a) and mineral
loss (b) values after in situ experiments.

Numbers of volunteers were 12 persons (6 males and 6
females; mean age, 21 y old). Vertical bar, SD; *p<0.05;
**p<0.01.
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in saliva enhanced the remineralization. The gum contain-
ing POs-Ca would be able to compensate the reminerali-
zation effect of saliva itself. The results suggested that
POs may be a novel and unique substance to enhance
enamel remineralization, and could be utilized for caries
prevention by a nutritional approach. It is generally
known that a gastrointestinal disorder would occur when
we take a food containing an excess amount of sugar al-
cohol at one time. We have already shown that the con-
sumption of an excess amount of POs-Ca does not cause
a gastrointestinal disorder.”® We also confirmed that the
orally administered POs-Ca was hydrolyzed and then ab-
sorbed completely in the small intestine in rats.’” In con-
clusion, daily use of a sugar-free chewing gum containing
POs-Ca can effectively enhance the remineralization both
in enamel and dentin lesions. POs-Ca enhanced enamel
remineralization by increasing the solubility of Ca in the
oral environment and could be a beneficial material for

oral health.

We thank Drs. Shigetaka Okada and Reiichiro Sakamoto for
helpful suggestions through out the course of the study.
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Molecular analysis of age-related
changes of Streptococcus
anginosus group and
Streptococcus mitis in saliva
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analysis of age-related changes of Streptococcus anginosus group and Streptococcus
mitis in saliva.
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The purpose of this study was to survey the prevalence of streptococcal species,

especially Streptococcus anginosus (which has been reported to be associated with cancer
in the upper digestive tract), Streptococcus constellatus, and Streptococcus intermedius in
the saliva of different age groups. A sequence analysis of 16S rDNA was performed and

DNA quantified using real-time polymerase chain reaction. The S. anginosus level
increased with age, whereas the levels of S. constellatus and S. intermedius did not
change. Streptococcus mitis was the predominant species in the saliva of all the age
groups but, unlike the S. anginosus, the proportion of S. mitis in the salivary bacteria
decreased with age. The increase in S. anginosus with age should be carefully monitored
because of its association with diseases, including cancer.
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Streptococcus anginosus 1s a currently
recognized species of the ‘Streptococcus
milleri’ group, the name used for hetero-
geneous oral streptococcal strains associ-
ated with purulent infections (14). The
S. milleri group comprises at least three
different species: S. anginosus, Strepto-
coccus constellatus, and Streptococcus
intermedius (14). Awareness of the clin-
ical importance of S. anginosus has
gradually increased because several stud-
ies have reported a close association
between S. anginosus infection and cancer
in the upper digestive tract (3, 7, 8, 12).
In spite of this clinical significance,
information on the prevalence of S. ang-
inosus in the oral cavity is limited
because most studies on this subject were
performed before the current classification
criteria of the S. anginosus group was

established (11). Recent analyses using
real-time polymerase chain reaction
(PCR) found extremely low levels of
S. anginosus in the saliva (2, 10). How-
ever, these studies did not consider the
variety of S. anginosus strains. Nor was
age considered, although microbial infec-
tion in the oral cavity appears to change
with age (5). It was reported that the
streptococcal  salivary  colony-forming
units were higher in adults than in
children, and that the isolation frequency
and proportion of streptococcal species
change with age (11). The incidence of
cancer is highest in people in their sixties
(1). The oral cavity may act as a reservoir
of S. anginosus, a potential pathogen, and
saliva is the most probable carrier. The
emphasis of this study was the molecular
analysis of subsets of the salivary microb-

iota in different age groups, focusing on
S. anginosus.

Material and methods
Saliva samples

Saliva samples were obtained from sys-
temically healthy volunteers aged 25~
70 years. These samples were centrifuged,
then frozen and stored at —80°C until use.
Written informed consent was obtained
from all the volunteers.

Bacterial strains

S. anginosus ATCC 33397, S. intermedius
ATCC 27335, S. constellatus ATCC 27823,
Streptococcus mutans LM 7, Streptococcus
sobrinus AHT, Streptococcus sanguinis
ATCC 10556, Streptococcus gordonii
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Table 1. S. anginosus, S. constellatus, and S. intermedius strains and accession numbers for the
DDBJEMBL/GenBank nucleotide sequence databases from which DNA. sequence data were used

for designing specific primers

Species/strains

Accession numbers

. anginosus strain ATCC33397

. anginosus genotype VA8466

. anginosus strain 920
anginosus strain 1007
anginosus strain 414
anginosus strain 21

anginosus strain 1204
anginosus strain 367
anginosus strain GTC822
anginosus strain GTC821
constellatus strain 1259
constellatus strain 919
constellatus strain 1192
constellatus strain 15
constellatus strain 857

. constellatus strain 1

. constellatus strain ATCC27823
. constellatus strain 206
constellatus strain VAMC3868
. constellatus strain VAMC5464
intermedius strain 488

. intermedius strain 125

. intermedius strain 535

. intermedius strain ATCC27335
. intermedius strain B33

g g g N R R o A Y T S S S SR

AF352808
AF306838
AF145246
AF145245
AF145243
AF145242
AF145240
AF145239
ABO006121
AB006120
AY277942
AY27794]
AY277940
AY277939
AY277938
AY277937
AF104676
AF104677
AF169356
AF169353
AF104673
AF104672
AF104674
AF104671

AJ491836

ATCC 10558, Streptococcus mitis ATCC
6249, and Streptococcus salivarius ATCC
9759 were cultured.

DNA extraction

Genomic DNA was isolated from saliva
and bacteria by a standard phenol—chloro-
form method. DNA content was deter-
mined spectrophotometrically.

PCR cloning and sequence analysis

Equal amounts of DNA extracted from the
saliva of 10 people were mixed for each age
group (25-49-year-old group, 50-69-year-
old group and 70-year-old group) and used
as templates. For amplification of a portion
of the 16S rDNA gene of many oral bacteria
from saliva, PCR was performed with

Table 2. Primers used in this study

primers UstlX and Ust2E (Tables 1 and
2), and PCR cloning and sequence analysis
of 16S rDNA were performed as described
previously (4). A species was determined
when its sequence had greater than 90%
homology to bacteria.

Alignment and primers

16S rDNA sequences of 10 strains of
S. anginosus, 10 strains of §. constellatus,
5 strains of S. intermedius (Table 1) and
other streptococcal species were aligned
by Clustal W (13) to design specific
primers for amplification of 16S rDNA of
S. anginosus, S. constellatus, and S. inter-
medius. Primers Ustl and Ust2 modified
from UstlX and Ust2E were used for
amplification of the 16S tDNA gene of
many oral bacteria (Table 2).

387

Quantitative real-time PCR

Real-time PCR was performed on the ABI
Prism Sequence detection System 7700
(Applied Biosystems, Foster City, CA)
using SYBR green chemistry. The reaction
mixture in a total volume of 25 ul con-
tained SYBR Green Core Regent (Applied
Biosystems), 3 mM MgCl,, 200 nM of
each primer, and 5 pl of DNA solution.
The reaction was started with an incuba-
tion of 2 min at 50°C, followed by 10 min
at 95°C, then 50 cycles of 15 s at 95°C and
1 min at 68°C.

Statistical analysis

Differences in the levels of S. anginosus,
S. constellatus, and S. intermedius DNA in
the three age groups were statistically
analyzed using the Mann-Whitney U-test.

Results
Distribution of Streptococcus in saliva

The diversity of the bacterial flora in
saliva was examined in three age groups.
Table 3 describes species that had more
than 90% similarity to partial sequences
of 165 rDNA obtained for clones of
salivary DNA. In all, 119 of 192 clones
were identified as Streptococcus. Strepto-
coccus accounted for 93% of identified
strains in 25-49-year-olds, 45% in 50-69-
year-olds, and 58% in 70-year-olds.
S. mitis was the most frequently detected
species in all age groups, and the propor-
tion decreased with increasing in age.
S. mitis accounted for 76% of Streptococ-
cus in subjects aged 25-49 years, 46% in
50-69-year-olds, and 43% in 70-year-
olds. Diversity of bacterial species
increased as age increased. S. anginosus
was not detected in any age group.
S. constellatus was the only species detec-
ted among the S. anginosus group.

Primer Purpose Bacterial specificity Sequence Position®
F13 Real-time PCR S. anginosus CTAATACATGCAAGTAGG 48
F6 Real-time PCR S. anginosus CAAGTAGGACGCACAGTT 58
F8 Real-time PCR S. anginosus CAAGTAGGACGCACAGTC 58
R3 Real-time PCR S. anginosus CAAGCATCTAACATGTGTTAC 186
ConF2 Real-time PCR S. constellatus CACCGTAGTTTACTACACCGTATT 78
(S. intermedius)
ConR4 Real-time PCR S. constellatus CTACCATGCAGTAAATGTTC 181
(S. intermedius)
Ustl Real-time PCR Oral bacteria GAACGGGTGAGTAACGCGTAGGT 106
Ust2 Real-time PCR Oral bacteria CACTCACGCGGCGTTGCTCGGTC 387
UstlX PCR cloning Oral bacteria GCTCTAGAGAACGGGTGAGTAACGCGTAGGT 106
Ust2E PCR cloning Oral bacteria GGAATTCCACTCACGCGGCGTTGCTCGGTC 387

*The 5’ position in Escherichia coli 16S rDNA numbering convention.
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Table 3. Bacterial species inferred from PCR cloning analysis of the saliva of healthy people in the

three age groups

No. of clones

Species 2549 years

50-69 years 70 years Total

mitis 32
salivarius

infantis

sanguinis
parasanguinis

australis

cristatus

constellatus
anginosus

Unidentified Streptococcus
Other bacterium

|lwwoo—~—ocoo—w

13 21 66

OO = =D WO
AR OO LB RO

L¥5]
w2

Primer design

An alignment of S. anginosus, S. interme-
dius, S. constellatus, and other Streptococ-
cus revealed a variety of S anginosus
strains in 16S rDNA (Fig. 1). In previous
studies, a variable region was used as
primer to detect S. anginosus (2, 3, 10).
Three different forward primers were
designed to determine if this variable
region is suitable as an S anginosus-
specific primer (Fig. 1, Table 2). F6 and
F8 primers are highly specific but include
the variable region used for detecting
S. anginosus in former studies (2, 3, 10).
F13 primer is less specific but does not
include this variable region. In order to
maintain specificity to S. anginosus, these
three forward primers were used with a
specific reverse primer, R3 (Fig. 1,
Table 2). The alignment also revealed a
strong similarity between S. intermedius
and S. constellatus, making it difficult to
design specific primers to distinguish

Therefore, a primer set (ConF2, ConR4)
that detected both S. constellatus and
S. intermedius was designed (Table 2).

Quantification system of S. anginosus,
S. constellatus, and S. intermedius

Real-time PCR was used to analyze DNA
extracted from S. anginosus, S. constella-
tus, S. intermedius, S. mitis, S. gordonii,
S. salivarius, S. mutans, S. sanguinis, and
S. sobrinus in order to examine quantifi-
cation systems with new primer sets of
S. anginosus and S. constellatus (S. inter-
medius). When 10'-10° fg DNA from
S. anginosus was added in serial dilutions
to the reaction mixture for real-time PCR
systems of S. anginosus, detection and
quantification were linear over the range of
the DNA concentration examined. The
real-time PCR system of S. constellatus
(S. intermedius) was examined in the same
way, and a similar result was obtained.
When 10* fg of DNA from other species

S constellatus  from S. intermedius. were assayed, the calculated wvalues
F6. F8 .
F13 . >
2>
S. constellatus CTARTACATGCARAGTAGAACGCACAGGA
S. Iintermedius CTAATACATGCAAGTAGAACGCACAGGA
S. mitis CTAATACATGCAAGTAGAACGCT-~G~A
S. anginosus ATCC33397 CTAATACATGCAAGTAGGACGCACAGTT
8. anginosus strain 367 CTAATACATGCAAGTAGGACGCACAGTC
§. anginosus GTC821 CTAATACATGCAAGTAGGACA~ACAGTT
$. anginosus GTC822 CTAATACATGCAAGTAGGAC~~-ACAGTT
S§. anginosus strain 21 CTAATACATGCAAGTAGGACGCACAGTC
khkkkhhhdhhkhhkkhkhkhkk *% * *
B
> R3
S. anginosus ATCC33397 GTAACACATGTTAGATGCTTG
S. constellatus TTACTGCATGGTAGATGTTTA
S. intermedius TTACTGCATGGTAGATGTTTA
S. mitis ATGTTGCATGACATTTGCTTA

S. salivarius
5. mutans

ATGACACATGTCATTTATITTG
TTATTGCATGATAATTGATTG

* * Kk k¥ * * *

Fig. 1. Alignments of 16SrDNA of streptococcal species and S. anginosus strains. Arrows indicate

primers. Stars represent identical nucleotides.
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Fig. 2. Quantified values of S. anginosus DNA
in 50-69-year-olds obtained using three differ-
ent systems of real-time PCR. Ten ng of salivary
DNA was used.

derived from a standard curve were lower
than the detectable level, 10! fg. It was
therefore concluded that each system was
specific for each species. Three S. angino-
sus forward primers were then examined to
determine whether they were suitable for
the S. anginosus quantification system.
S. anginosus DNA in saliva samples was
quantified, but the quantified values
derived from each system were different.
Figure 2 depicts quantified values of
S. anginosus in the saliva from the 50—
69-year-old group. The system using F6
and F8 primers often exhibited completely
different values from one another (6 of 18
samples showed more than 10 times
difference), and they were not propor-
tional. The system using the F13 primer
usually had the highest values, which were
comparatively close to the second highest
values. As these results suggested that F6
and F8 primers are too specific to quantify
various types of S. anginosus present in
the oral cavity, F13 was chosen as the
primer to quantify S. anginosus in the
present study.

Quantification of S. anginosus and
S. constellatus in saliva

The quantities of S. anginosus, S. constell-
atus (S. intermedius), and oral bacteria in
saliva samples from 65 healthy people aged
25-70 years were determined, and the pro-
portions of S. anginosus and S. constellatus
(S. intermedius) in oral bacteria were cal-
culated (Table 4). Results demonstrated
that the average proportion of S. anginosus
in oral bacteria increased with age: 0.38% at
25-49 years of age, 1.12% at 50-69 years,
and 2.02% at 70 years. Statistical analysis
indicated that the level was significantly
higher at age 70 than at ages 25-49.
Additionally, the oral bacteria in the saliva
of 25% of 50-69-year-olds contained more
than 2% S. anginosus, whereas the highest
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Table 4. Average proportion of S. anginosus or S. constellatus (S. intermedius) to oral bacteria in the

three age groups

Average Sample S. anginosus S. constellatus

age no. (%) (S. intermedius) (%)
25-49 years 33.2 17 0.38 £ 0.32 0.06 + 0.04
50-69 years 58.3 18 .12+ 1.74 0.11 £ 0.26
70 years 70 30 2.02 £3.49 0.07 £ 0.09

level found in the 25-49-year-old group
was only 1.7% (data not shown). In contrast,
the average ratio of S. constellatus
(S. intermedius) to oral bacteria was
about 10—40 times lower than that of
S. anginosus, with no significant difference
between age groups.

Discussion

Previous studies demonstrated very low
levels of S. anginosus in saliva (2). In the
present study, the distribution of strepto-
coccal species in the saliva of healthy
people was determined by clonal analysis
of 16S rDNA sequence. It was demonstra-
ted that S. anginosus as well as other
S. milleri group species, S. constellatus and
S. intermedius were minor species in all
three age groups. However, quantification
of S. anginosus DNA demonstrated that
most people possess S. anginosus to some
extent in their saliva. These results were
obtained with the use of our new primer.
The average level of S. anginosus in the
oral bacteria increased with age, whereas
the average level of S. constellatus
(S. intermedius) did not change and the
proportion of S. mitis in the oral bacteria
decreased. S. mitis was the predominant
oral streptococcal species in infants, both
in its prevalence and in its proportion of
the oral streptococci. It may thus be the
major component of the initially colon-
izing streptococcal microbiota of infants
(9). The trend toward a decreasing propor-
tion of S. mitis might start from an early

age. Viridans group streptococci, including
S. mitis, are known to induce inflammation
of renal tissue (15). However, at least in
the oral cavity, a prevalence of S. mitis
may indicate young healthy microfiora. In
contrast, S. anginosus, which increased
with increasing age in inverse proportion
to S. mitis, should be carefully monitored
due to its association with various kinds of
infectious diseases such as endocarditis
and cancer in the upper digestive tract.
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Abstract The etiology of dental caries has been suggested to be multi-
factorial. We conducted a cross-sectional study to investigate the contribution
of the risk factors for dental caries, surveying a total of 645 preschool children
at medical check-ups. Among 10 factors investigated in this study, salivary
flow, amount of Lactobacillus, amount of total Streptococci, amount of mutans
streptococci, and daily number of times of sweet soft drinks correlate with the
prevalence of dental caries. Multivariate Logistic regression analysis using the
five factors that correlated produced only two factors, salivary levels of mutans
streptococci and Lactobacillus, which correlated with the prevalence of dental
caries. Furthermore, clear dose-response relationships were observed in these
two factors. We therefore suggest that cariogenic bacteria are the most important
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Saliva

risk factor for dental caries among preschool children in Japan.

Introduction

Dental caries has been suggested to be a multifactorial
disease. Keyes has proposed three main factors in
the etiology of dental caries: host, substrate, and
microflora’. Furthermore, the mechanism of dental
caries was theoretically explained®. Some clinical
trials have shown that controlling these factors
suppresses the incidence of dental caries. For the
host factors, sodium fluoride has been suggested as
useful for preventing dental caries both clinically
and economically®. For the substitute factors, diet
sugar consumption is correlated with the incidence
of new dental caries*¥, and restricting the intake
of diet sugar has been suggested to reduce the
incidence of dental caries®. Recently, xylitol has
been shown to be useful as an alternative sucrose,
and its efficiency was confirmed”. For microflora

Received on September 22, 2003
Accepted on January 14, 2004

factors, plaque control has conventionally been used
as the primary preventive method. Many clinicians
have used plaque control as a tool for fighting
both dental caries and also periodontal disease.
Furthermore, application of anti-microbial drugs
could reduce the number of mutans streptococci
(Streptococcus mutans and Streptococcus sobrinus)
in saliva or plaque for a few months®.

These factors are all correlated with the etiology
of dental caries. However, the weight of these factors
contributing to the prevalence or incidence of dental
caries has not been clarified. These factors may
confound each other in attempts to explain the
etiology of dental caries, and some studies have
shown that controlling only one of these factors
could not suppress the incidence of dental caries
completely.

In this study, we obtained clinical samples and
information about the etiology of dental caries by
questionnaires at preschool medical check-ups. The
aim of this study was to analyze the contribution
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The distribution of the number of decayed deciduous teeth (A) and decayed or filled teeth (B) in this study. The median of the
decayed teeth was 0 and decayed or filled teeth was 3. With the erupted permanent teeth, no decayed of filled teeth was observed.

of these factors in children by multiple Logistic
regression analysis to clarify their importance.

Materials and methods

Study population

The study population was sampled from pre-
elementary school children (five or six years old)
residing in the Ena and Nakatsugawa areas of Gifu
Prefecture, Japan. The fluoride concentration of
drinking water in this area is less than 0.8 ppm.
Thirteen of the thirty elementary schools, 9 from
Ena area and 4 from Nakatsugawa, were selected to
sample the population. Children were informed of
the survey by the letter from the municipal office
announcing their entry into elementary school and a
total of 645 children participated in this study. Twelve
children dropped out, primarily because of relocation
and missing check ups due to illness. We obtained
clinical samples and questionnaires during the pre-
school medical check-ups; we obtained informed
consent at the collection of the questionnaires.

Clinical examination and clinical samples

Dentists conducted oral examinations under a light
and using dental mirrors. Teeth examined for dental
caries were scored as sound, decayed or filled. The
decayed or filled teeth were identified according to
the WHO standard method and criteria®.

Saliva samples were obtained by having subjects
chew a gum base that contains no taste or flavor
additives for 3mins. The 3-min stimulated salivary
flow and salival buffering capacity were evaluated
by pH testing paper (Toyoroshi, Tokyo, Japan).

Microbial procedures

To quantify the total Streptococci, mutans strepto-
coccl, and Lactobacilli in saliva, we performed
microbial procedures according to the method
described previously'?. Saliva samples (50ul) were
sonicated by ultrasonic dispersion (60 power output)
for 10 seconds and poured onto Mitis-Salivarius
agar (MS, Gibco, Tokyo, Japan) plates for total
Streptococci, improved Mitis-Salivarius agar plates
containing 0.02M bacitracin (Wako, Osaka, Japan)
(MSB) and 2ug/m! of Gramidine'’ for mutans
streptococel and Rogosa SL agar plates (Nippon
Becton Dickinson Company, Ltd., Tokyo, Japan)
for Lactobacilli using an EDDY JET spiral system
(Gunze Sangyo, Inc., Tokyo, Japan). In the improved
MSB plate, the growth of the mutans streptococci
are higher than that in the conventional MSB plate'?.
All samples were then incubated for 48 hours anaer-
obically. After the anaerobic incubation, we counted
the colonies on each agar plate and calculated the
number of bacteria per m/ whole-saliva.

Questionnaires

Questionnaires were distributed by mail with the
announcement of school participation and collected
at preschool medical check-ups. The questionnaires
consisted of five items concerning fluoride usage and
diet. Fluoride usage was evaluated by daily usage
of fluoride containing dentifrices (yes or no), the
experience of fluoride varnish at private dental office
or usual health care check-ups (yes, experienced or
never) and daily use of mouthwash with fluoride
(yes, experienced or never). The questionnaire on
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Table 1 Descriptive analysis of each factors

This study National average in Japan
Mean SD
Number of decayed teeth 1.25 2.19 2.02
Number of filled teeth 2.90 3.26 2.37
Number of df teeth 4.15 4.01 438
Salivary flow (m!/3 mins) - 2.96 1.74 —
Salivary pH 7.276 0.198 —
Total Streptococci (CFU/ml, log, count) 6.887 0.261 —
Lactobacillus (CFU/m/, log,, count) 2.561 2.35 —_
mutans streptococci (CFU/ml, log,, count) 4.208 2.305 —

Mean and standard deviation of the data from the oral examination and bacterial cultures obtained in this study. The mean

number of decayed or filled teeth was below the average of a natio

nal survey in Japan. The data of the national average of Japan

were obtained from The Survey of Dental Diseases by Health Policy Bureau Ministry of Health and Welfare Japan (1999).

diet sugar intake consisted of two items, the number
of daily intakes of sweet juice and the daily intake of
sweet snacks (once, twice, three times or more than
four times).

Statistical analysis

Before the analysis, patients were divided into two
groups: subjects free from dental caries and subjects
with at least one decayed or filled tooth (df teeth).
For the high risk children, subjects were divided into
two groups by the 75" percentile of the distribution
by of the df teeth. As with microbiological factors,
the bacteriological counts were loge-transformed
prior to statistical analysis to normalize the vari-
ances. After evaluation of the distribution, amount
of the mutans streptococci and Lactobacillus were
categorized into four groups by the 25", 50™ and 75"
percentile of the distribution.

Logistic regression analysis was used to evaluate
the crude or adjusted odds ratios and their associated
95 percent confidence intervals. To eliminate the
confounding factors, multiple Logistic regression
analysis was used for factors correlated to the
prevalence of dental caries. To confirm the dose-
response relationships, the final factors correlated
with the prevalence of the dental caries were
classified according to the distribution.

Then two-way ANOVA was used to investigate
the co-effect for the mutans streptococci and
Lactobacillus for the df teeth.

Results

Forty-two percent of the children participating in

Table 2 Results of the data obtained from questionnaires
in this study

n Yo

Usage of fluoride containing dentifrice

Yes 404 61.1%

No 245 374%
Experience of fluoride varnish

Regularly 382 57.8%

Experienced 235 35.6%

Never 33 5.0%
Experience of fluoride mouth rinse

Regularly 38 5.7%

Experienced 108 16.3%

Never 495 74.9%
Sweet soft drink intake (daily)

Once 325 49.2%

Twice 228 34.5%

Three times 79 12.0%

Four or more times 17 2.6%
Sweet snack intakes (daily)

Once 34 5.1%

Twice 393 59.5%

Three times 198 30.3%

Four or more times 24 3.7%

this study had decayed teeth, and 73.1% had df teeth.
The distribution of results is shown in Fig. 1. Table
1 shows the mean and SD of the number of the
decayed, filled, and df (decayed or filled) teeth, and
the salivary flow, salivary pH and salivary levels of
the bacteria investigated in this study. Table 2 shows
the categorized results from questionnaires. Salivary
levels of mutans streptococci were not detected
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Fig. 2 The distribution of the microflora

The distribution of the mutans streptococci (A) and Lactobacillus (B) in this study. 20.6% of children could not detected mutans
streptococci from their saliva, however, from 25.1% of children, mutans streptococci could be detected more than 106 CFU/m/ saliva.

Table 3 The odds ratios for the dental caries

(A)

e 9sgp Cl P-value Adusted - gse, 1 Pvalue
Salivary flow rate 0.753 0.605-0.936 0.011 0.866 0.677-1.107 0.249
Salivary pH 0.607 0.250-1.477 0.272
Lactobacillus (log,y count) 1.643 1.449-1.864 <0.001 1.405 1.222-1.617 <0.001
Total Streptococci (log,e count) 1.835 1.334-2.523 <0.001 1.156 0.806-1.658 0.431
mutans streptococci (log,e count) 1.406 1.297-1.525 <0.001 1.246 1.135-1.368 <0.001
Dentifrice containing fluoride 0.837 0.585-1.196 0.328
Fluoride varnish 1.343 0.570-3.164 0.500
Fluoride mouth rinse 0.500 0.205-1.219 0.127
Juice intake 1.409 [.107-1.794 0.005 1.236 0.950-1.607 0.114
Sweet snack intake 1.106 0.839-1.459 0.475
(B)

o d(c:jgugetio 95% CI P-value (ﬁi?ijsuf;?o 95% CI P-value
Salivary flow rate 0.640 0.410-0.999 0.049 0.651 0.402-1.054 0.081
Salivary pH 0.323 0.086-1.206 0.093
Lactobacillus (log,, count) 1.566 1.290-1.900 <0.001 1.342 1.082-1.663 0.007
Total Streptococci (log;e count) 1.821 1.158-2.864 0.009 1.197 0.723-1.981 0.485
mutans streptococci (log;, count) 1.771 1.354-2.315 <0.001 1.378 1.029-1.874 0.032
Dentifrice containing fluoride 0.879 0.506-1.527 0.647
Fluoride varnish 1.031 0.666-1.595 0.892
Fluoride mouth rinse 0.521 0.215-1.256 0.150
Juice intake 1.247 0.915-1.700 0.163
Sweet snack intake [.251 0.830-1.884 0.284

Crude and multivariate adjusted odds ratios for subjects with df teeth or not (A) and for the high risks (B). Odds ratios were
calculated by Logistic regression analysis. P-values were calculated by the Wald test. Among the 10 factors investigated in this
study, only two factors such as salivary levels of mutans streptococci and Lactobacillus had statistically significant correlation with
the dental caries conditions.



THE RISK FACTORS FOR THE PREVALENCE OF DENTAL CARIES AMONG PRESCHOOL CHILDREN IN JAPAN 83

Table 4 Dose-response relationships of the odds ratios

(A)
with or without dental caries high risks
n Odds ratio 95% CI P-value Odds ratio 95% CI P-value
0 280  reference group reference group
0<log,, CFU/mil<10* 103 3112 1.809-5355  <0.001 1.938 1.003-3.746 0.049
10°<log;,, CFU/mi<105 141 4.057 2.429-6.774  <0.001 4.331 2.515-7.457 .<0.001
105<10g;o CFU/ml 121 6.812 3.587-12.938  <0.001 6.327 3.665-10.992  <0.001
(B)
with or without dental caries high risks
n Odds ratio 95% CI P-value Odds ratio 95% CI P-value
0 133 reference group reference group
0<logi, CFU/miI<10? 170 2.824 1.753-4.548  <0.001 1.139 0.552-2.315 0.725
10°<log,, CFU/mi<10¢ 180 3.651 2.248-5.929  <0.001 2.063 1.060-4.015 0.033
108<log,, CFU/ml 162 11.746 6.162-22.390 <0.001 5.649 2.981-10.706  <0.001

Dose-response relationships of the salivary levels of Lactobacillus (A) and mutans streptococci (B) for dental caries. Clear dose-

response relationships were observed in this study.

Table 5 Cross table of the number of df teeth by the salivary levels of mutans streptococci and Lactobacillus

mutans streptococci
0‘ 0<log;y CFU/mI<10° 10°<log;,CFU/mI<10% 10°<log,, CFU/m! Total
. mean+SD  1.943+2.917 24712917 330343371 4.048+3498 | 2.586+3.148
n 107 67 21 280
% <log, CRU/mi<10" mean+SD  3.250+2.990 3.447£3.244 4108 +3.478 7077+5327 | 4.147+3.820
— m
3 OB n 8 37 13 103
E 0 <log, CRU/mi<10 mean=SD  3.636+4.501 4.516+4.007 4.578+3.621 7250+3.832 | 5434 +4.058
0g m
5 o n 1 , 47 51 141
0 <log CFU /i mean=SD  2.857 +2.642 6.000 +3.640 5.103+3.880 7.080+4.341 | 6.277+4.276
0 m
Bio n 7 29 75 121
ot mean+SD  2.212+3.070 3.280+3.410 4.096=3.610 67264312 | 41393989
ot n 133 180 162 645

Dose-response relationship was observed by the mutans streptococci and Lactobacillus for df teeth. By two-way ANOVA analysis,
P-values for the mutans streptococci was <0.001 and Lactobacillus <0.001. However, P-values for the mutans streptococci*
Lactobacillus was 0.769, so interaction of the mutans streptococci and Lactobacillus for the number of df teeth was not observed

in this study.

from 20.6% of the children, and salivary levels of
Lactobacillus were not detected from 43.4% of the
children (Fig. 2). However, more than 10CFU/m!
salivary mutans streptococci were detected from
25.1% of children.

To correlate the prevalence of the number of df
teeth and risk factors investigated in this study, we

performed Logistic regression analysis to calculate
the odds ratio for df teeth. Table 3 shows the
result of the crude odds ratios. Among 10 factors
investigated in this study, salivary flow, amount of
Lactobacillus, amount of total Streptococci, amount
of mutans streptococci and daily number of sweet
soft drinks taken were correlated with the prevalence
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of dental caries. To eliminate the confounding
factors, we performed multivariate Logistic regres-
sion analysis using the six factors that correlated
with the dental caries. Table 3 shows the results of
multivariate Logistic regression analysis. Only two of
the five factors, amounts of mutans streptococci and
Lactobacillus, were correlated with the prevalence
of dental caries. For the medians of the decayed
teeth, multivariate adjusted odds ratio were 1.259
by Lactobacillus and 1.105 by mutans streptococci;
for the medians of the decayed or filled teeth,
were 1.236 by Lactobacillus and 1.160 by mutans
streptococci. The same tendencies were observed in
the crude odds ratio if the children were divided into
groups with or without decayed teeth or divided into
two groups by the 75" percentile of the decayed or
filled teeth (Table 3-B). To confirm the dose-response
relationships, we categorized these factors by the
distribution and then performed Logistic analysis
again. Table 4 shows the dose-response relationships
for these factors. Clear dose-response relationships
were observed for the salivary levels of mutans
streptococci and Lactobacillus. Then to check the co-
effect of the mutans streptococci and Lactobacillus
for dental caries, two-way ANOVA analysis was
carried out. As shown in Table 5, no co-effects were
found in mutans streptococci and Lactobacillus for
dental caries.

Discussion

The etiology of dental caries has been suggested to
be classified into three main categories, and this
has been confirmed by laboratory investigation and
clinical studies. In particular, mutans streptococci
and Lactobacillus have been intensively studied as
microflora factors. The nature of the acid production
and biofilm formation by cariogenic microorganism
has been studied'>'¥. However, clinical studies have
shown that some subjects have decayed teeth even
though these bacteria were below detection levels in
the oral cavity'*'®. These results have shown that the
etiology of the dental caries cannot be explained
easily. In contrast, some studies have shown that, as
a substrate factor, dietary intervention to restrict the
sucrose consumption has reduced the prevalence or
incidence of the dental caries®. However, in this
study, no correlation was found in daily sucrose
consumption and the prevalence of the decayed
teeth, filled teeth or df teeth. This may be because
the method of surveying sucrose consumption by

questionnaire does not reflect the actual conditions
for the substitute factors. However, in present, there
is no other method to survey for these factors.

The difference in the results may thus be due to
the method of surveillance.

This study found no correlation in fluoride usage
by dentifrice and mouth rinse and varnish. Clearly,
fluoride has been used to reduce the prevalence of
dental caries. In this study, the institutions that applied
the fluoride were varied. This may also be due to the
methods of the investigation. The method of the
fluoride application and intervals of application may
be reflected in the result.

Some studies have shown that salivary flow
rate and salivary buffering capacity or salivary pH
contribute to the incidence of dental caries'”'®, while
others found no correlation between these factors
and dental caries''?. In this study, we could not
find any statistically significant correlation between
dental caries prevalence and salivary factors. It is
generally considered that salivary flow rate was
affected by the side effects of medication or systemic
diseases. In general, the salivary flow rate of children
is high, and few children take drugs affecting the
sympathetic nerve system and reducing the salivary
flow rate. Sgan-Cohen et al. found a significant
correlation of the salivary flow and dental caries,
however the correlation was weaker for other factors
such as microflora??. This may be the main reason
for the contradictory result.

In conclusion, of the three main factors sug-
gested by Keyes, the microflora factors are strongly
correlated with the prevalence of dental caries for
the preschool children in Japan. In the future,
controlling this factor for the cohort may lead to
strong strategies for preventing dental caries through
community-based prevention programs.
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Abstract  Regular check-ups are important for reducing the risk factors of
dental caries. Through regular check-ups, clinicians empirically know that the
incidence of the new dental caries was suppressed. However, the effects of the
regular check-up system have not been thoroughly evaluated. Our primary
concern was to evaluate the efficacy of the regular check-up system with
professional preventive care for preventing dental caries. In this study, we
evaluated attitudes toward regular check-ups. Five hundred and thirteen
patients who visited one dental office in Japan from 1981 to 2000 and who
were under 12 on the first visit were examined for dental caries, salivary mutans
streptococci, and Lactobacilli to obtain baseline values and the values for the
more recent visit analyzed in this study. Salivary mutans streptococci and
Lactobacilli were counted using Dentocult SM and Dentocult LB. Most of
the risk factors, particularly the salivary levels of the mutans streptococci,
were reduced by regular check-ups in this study. There was a greater risk
reduction in particular for the salivary levels of mutans streptococci in patients
undertaking regular check-ups. Reduced salivary levels of Lactobacilli were
also observed. However, the changes between the groups in the attitude toward
regular check-ups were not statistically significant. This result indicates that
most of the risk factors investigated in this study could be reduced by regular
check-ups, particularly the levels of mutans streptococci, which has been
suggested to be a strong etiology of dental caries.
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Lactobacilli,
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Risk factors

Introduction

It has been suggested that regular check-ups for
dental caries effectively reduce the incidence of
dental caries'?. The current national guidelines for
preventing dental caries emphasize the importance
of regular check-ups*®. However, compliance and
attitude toward preventing dental caries are not
evaluated at these check-ups.
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The risk factors of dental caries have been
classified into three main categories—teeth, sub-
strate, and oral micro flora®. Characteristics of micro
flora, such as the oral levels of mutans streptococci
(Streptococcus mutans and Streptococcus sobrinus)
and Lactobacilli, were suggested to be the most
important risk factors®”. These bacteria have been
evaluated for the effects of the caries preventive
programs. It has been suggested that salivary levels
of the mutans streptococci can be reduced by using
anti-microbial drugs®. However, in the conventional
regular check-ups and treatment for preventing
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dental caries, professional tooth cleaning and appli-
cation of fluoride have sometimes been used and
sometimes not used®'". These strategies suppressed
the incidence of dental caries. However, whether or
not major risk factors such as salivary levels of these
bacteria could be reduced was uncertain.

This study investigates the efficacy for the
prevention of dental caries by regular check-ups
with the professional preventive care and effect of
the compliance with regular check-ups. It also
investigates whether or not the salivary levels of
the mutans streptococci and Lactobacilli could be
reduced by the regular check-ups without using
antl-microbial drugs.

Materials and methods

Subjects and evaluation method

The caries risks were evaluated for all the patients
at one of the private dental office in Japan that
participated, using the methods described by
Petersson et al.'® Two thousand one hundred and
thirty-two patients under the age of 20 visit the
private dental clinic for professional preventive
programs since 1980 when this dental office opened.
At 1981, this private dental office began to construct
the database for the management of the patient’s
data, especially for the oral conditions and risks for
the dental caries and periodontal disease.

Of these patients, 448 patients who visited the
dental office from 1981 to 2000 and who were under
12 years of age at the first visit were examined
for dental caries and salivary mutans streptococci
and Lactobacilli to obtain baseline values and the
values for the most recent visit analyzed in this
study. Before the examination, informed consent
was obtained to use the data of the oral conditions
and the results of the saliva test for the construction
of the data base and the possibility to use the data for
publication. The examination of the dental caries
was carried out by the dental hygienist, then checked
again by the dentist and both dental hygienist and
dentist had the clinical experience more than 10
years.

The Salivary mutans streptococeci and Lacto-
bacilli were counted using commercially available
mutans streptococci and Lactobacilli evaluation kits,
Dentocult SM and Dentocult LB (Orion Diagnostica
Co. Ltd., Epsom, Finland). The results of this test
were categorized according to the manufacturer’s
instructions.

Regular check-ups and preventive treatment

During a regular check-ups, dental plaque, one of
the risk factors for dental caries™'?, is controlled by
the dentist or dental hygienist by professional tooth
cleaning. Fluoride is then applied by the dentist or
dental hygienist®. The risks of micro flora are
reduced through this intervention to control dental
plague.

In a professional care program, the-dentist or
dental hygienist cleans the tooth surfaces by hand
brushing and dental floss. 2% APF-containing paste
(Fluorident gel, Stone Pharmaceuticals, Philadelphia,
USA) is applied to the tooth surface by the
toothbrush then indicated for the patients to bite a
cotton roll for Smin. Then, patients rinsed out one
or twice and prohibited not to rinse for 30 min.

Fissure sealant or scaling to remove the dental
calculus is performed if necessary. In addition,
instructions regarding diet and using the fluoride
containing toothpaste (950 ppm) are provided.

Statistical analysis

Prior to the analysis, the patients were classified
into groups of regular attendees, irregular attendees,
and those who never attended regularly, according
to their compliance with the regular check-ups.
The criteria were designated as follows. Regular
attendees were present for regular check-ups every
three months after the caries treatment was finished,
irregular attendees included patients who understood
the importance of regular check-ups but who
occasionally missed their regular check-ups. The
remainders were patients who visited the dental
office only when they were experiencing dental
problems. These patients were advised to attend
the dental office regularly; however they were never
attended without experiencing dental problems. The
data of these patients used in this study as check-ups
were the data at the attended dental office when
experiencing dental problems. The number of
patients who developed new dental caries during
the check-up periods and the mean number of
incidences of new dental caries were calculated for
each group. The baseline characteristics of these
groups were checked by the one-way ANOVA.
Logistic regression analysis was then used to
evaluate the attitude for the regular check-ups, to
calculate the crude odds ratios and the adjusted
odds ratios associated 95% confidence intervals. The
results were adjusted by factors that had co-relation
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Table 1 Incidence of the new dental caries in this study

Percentage of subjects

Number of new dental caries

with new dental caries P-value (mean = SD) P-value
n % (n) Number of teeth
Total 448 30.4% (136) 0.006 0.76x1.54 <0.001
Regular check-ups 273 25.6% (70) 0.47+0.98
Irregular check-ups 72 30.6% (22) 0.86x1.51
No check-ups 103 42.7% (44) 1.45+2.34

Percentage of subjects with new dental caries and the mean number of new dental caries classified by their compliance with
regular check-ups. P-values were calculated by the Chi-square test for the percentage of subjects with new dental caries and
two-way ANOVA for the mean number of the new dental caries.

Table 2 Baseline characteristics of the subjects participating in this study

A)
Regular check-ups  Irregular check-ups No check-ups Total P-value
n 271 69 97 437
Mean age at first visit 8.82+2.84 10.47x£3.75 11.36 £3.78 9.67+3.39 <0.001
Mean treatment periods 1.19+1.45 1.24+1.23 1.25+142 1212142 0.931
Mean follow up periods 3612198 3.03+1.84 2.43x1.96 3.27x2.01 <0.001
dft at baseline 074174 2.08x3.21 3272422 1.55+£2.95 <0.001
B)
Crude odds ratio 95% CI P-value Adjusted odds ratio 95% CI P-value

Age at first visit 1.056 0.993-1.123 0.084

Follow-up periods 1.061 0.973-1.157 0.179

dft at baseline 1.090 1.029-1.115 0.004

Irregular check-ups 1.091 0.624-1.909 0.760 1.147 0.586-2.246 0.689
No check-ups 2.250 1.382-3.662 0.001 2.358 1.241-4.482 0.009

(A) shows the baseline characteristics for each group for the attitude of regular check-ups. P-values were calculated by one-way
ANOVA. Statistically significant differences were observed in each group except for the treatment periods.
(B) shows the results of the crude and adjusted odds ratios from logistic regression analysis.

with the baseline characteristics in each group.

The relative risk reduction (RRR) and absolute
risk reduction (ARR) were calculated. The numbers
needed to treat (NNT) for the regular check-ups was
then calculated using the inverse of the absolute risk
reduction.

To determine the attitude for the regular check-
ups and to evaluate whether salivary cariogenic
bacteria were reduced or not, the methods of
Friedman were used to check the difference of
the salivary levels of the mutans streptococci and
Lactobacilli in each group. P-values less than 0.05
were considered statistically significant.

Results

Sixty-five (12.9%) of the 513 patients dropped out.
The main reasons were as follows: relocation 29
subjects (44.6%), and cancelled the check-ups and
never come to the dental office 25 subjects (38.5%).
The demographics of the patients who participated
in this study were as follows. There were 297 males
(45.5%) and 356 females (54.5%), the mean age at
the first visit was 5.77 = 3.10, the distribution was
less than 5 years old: 224 (50%), 5-10 years old: 182
(40.6%), 11 or 12 years old 42 (9.4%) and the mean
follow-up period was 4.22 +2.25 years.

Table 1 shows the percentage of subjects with
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Table 3 NNT for the regular check-ups

RRR ARR NNT
Regular check-ups vs. No check-ups 40.0 17.1 59
Regular check-ups vs. Irregular check-ups 16.1 12.2 8.2

Relative risk reduction, absolute risk reduction and numbers needed to treat
(NNT) for the attitude of the regular check-ups. NNT was calculated by the

inverse of the absolute risk reduction.

Table 4 Changes in the salivary levels of the mutans streptococci evaluated by Dentocult SM

First visit Treatment finished Check-ups
Level n % n % n % P-value
0 30 11.0 39 14.3 74 27.1 <0.001
1 41 15.0 45 16.5 51 18.7
2 78 28.6 81 29.7 77 28.2
3 124 454 108 39.6 71 26.0
(B)
First visit Treatment finished Check-ups
Level n % n % n % P-value
0 6 8.2 5 6.5 6 7.8 0.399
1 12 16.5 14 19.4 17 234
2 26 36.4 30 41.9 29 40.6
3 28 38.9 23 323 20 28.1
©
First visit Treatment finished Check-ups
Level n % n % n % P-value
0 8 7.8 16 15.3 17 16.0 0.038
1 16 15.6 12 11.5 17 16.0
2 37 35.6 42 40.3 40 38.7
3 42 41.1 34 327 30 29.1

Table 4 shows the results of number and percent of subjects for the changes in salivary levels of the mutans
streptococci on each visit. (A) indicates the regular attendees, (B) irregular attendees, and (C) no check-ups.
Data were analyzed by Friedman Test. A statistically significant reduction of the salivary levels of mutans

streptococci was observed in regular check-up patients.

new dental caries and the mean number of new
dental caries, classified by their attitude toward
regular check-ups. The result clearly illustrates that
regular check-ups reduce the incidence of new
dental caries. This result was found statistically
significant by one-way ANOVA.

Baseline characteristics of the patients in each
group are shown in Table 2-A. Statistically significant

differences were found in mean age of the first visit,
mean follow-up periods and baseline dft between
each group. Patients were divided into two groups
depending on whether they had new dental caries or
not, and only the baseline DMFT was correlated
with the incidence of dental caries (data not shown).

We performed logistic regression analysis to
investigate the odds ratios of the attitude towards





