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ABSTRACT

Predicting the mandible size before the
termination of growth of the maxillofacial bones is
essential in pedodontics as well as for the
predictions needed for genetic analysis. Here,
Quantitative Trait Locus (QTL) analysis was used
to detect the chromosomal regions responsible for
the mandible length between the menton and
gonion in an SMXA recombinant inbred strain of

mice. Around the region 60 c¢cM from the’

centromere in chromosome 10, the logarithm of
the odds score showed a higher than suggestive
level. Around the regions 13 ¢cM and 16 ¢M in
chromosome 11, two significant QTLs were
detected. Analysis of genotypes from loci
corresponding to those QTLs revealed a large
mandible when the region between the markers
Hba and DIIMiti63 and DIOMit70 and
DI10Mit136 indicated the genotype from the A/J
and SM/J alleles, respectively. These results
suggest that the major gene(s) responsible for
mandible length are located in these regions.
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Quantitative Trait Loci on
Chromosomes 10 and 11
Influencing Mandible Size
of SMXA RI Mouse Strains

INTRODUCTION

'l"he analysis of mandible shape has long been utilized for strain identification by
discriminant analysis (Festing, 1972). In such studies, 11 to 13 measurement
points set on the outline of the mandible are used for the characterization of
mandible shape. Statistical analysis is carried out for the identification of the
strain or sub-line (Goto et al., 1993). However, genetic analysis has not been
added to the discriminant analysis.

Previous research has suggested that the effects of genes on the mandible
should be spatially patterned (Klingenberg ef al., 2001). Signaling interactions
coordinate the outgrowth of the facial primordia from buds of undifferentiated
mesenchyme into the intricate series of bones and cartilage structures that,
together with muscle and other tissues, form the adult face (Francis-West et al.,
1998). The relationship between phenotypes and the genes responsible for the
mandible shape is difficult to reveal, because polygenes are involved during
facial development, including the growth of the mandible. Quantitative trait locus
(QTL) analysis has been very successful in identifying chromosomal regions,
with quantitative effects depending on the polygene such as body weight,
alcoholism susceptibility, etc. (Nadeau and Frankel, 2000; Cheverud et al., 2001).

Recombinant inbred (RI) strains of mice are valuable tools for the study of
complex traits such as body weight (Liu ef al., 2001). RI strains are derived from
systematic inbreeding of randomly selected pairs of the F2 generation of a cross
between two different inbred strains of mice. The SMXA RI strain is an existing
RI strain derived from the mouse SM/J and the mouse A/J strains as progenitor
strains. Both strains have been well-characterized and show differences in a
variety of phenotypes, such as body weight (Nishimura et al., 1995). Presently,
26 SMXA RI strains have been generated (Mo et al., 1998). When RI strains
are taken as a set, the segregation and gene mapping of a given trait can be
analyzed based on the linkage of known marker genes (Anunciado et al., 2000).

In this study, the focus is on the identification of the chromosomal
regions involved in the regulation of the anteroposterior length of the
mandible, as indicated by the distance between the sites corresponding to the
menton and the gonion. We report on the genetic analysis of mandible size
in the SMXA RI strain using QTL analysis.

MATERIALS & METHODS

Mice

A total of 230 mice obtained from parental strains (5 males and 5 females of each of
A/J and SM/J) and 21 out of the 26 SMXA RI strains (5 males and 5 females of each
of the 21 RI strains) was used. Five SMXA RI strains (SMXA-3, -6, -11, -21, and -23)
were excluded from this study due to an insufficient number of samples being
available. All mice were obtained from the Institute for Experimental Animals,
Hamamatsu University School of Medicine (Hamamatsu, Japan), and were
maintained under conventional conditions: 25 =+ 2°C, 55 + 5% humidity, and 121/12D
light. The mice were fed a commercial diet (MR Breeder, Nihon Nohsan Co.,
Kanagawa, Japan) and tap water ad libitum. The animal-use protocol in this study was
reviewed and approved by the Nihon University Institutional Review Board.
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Preparation and Measurement of Mandibles

The mice used were 90 days old, and each was anesthetized with
ether immediately before death. The heads were soaked in 10%
KOH at 43°C for 48 hrs, and the soft tissue was removed. The
mandible bones were then washed with water and dried.

The left and right sides of the dried mandible were put on sectional
paper with a 1 mm graduation, and the size of the mandible was scaled
up to double its original size by means of a duplicator (Canon Co.,
Japan). The distance between the menton and gonion points was
measured as shown in Fig. 1. From these results, the mean values in the
left and right sides of the mandibles of each strain were calculated.

QTL Analysis
The Strain Distribution Pattern (SDP) of 789 polymorphic markers re-
ported in a previous study (Mori et al., 1998) was used in the QTL
analysis, but because of the clustering of the marker loci, the net
number of loci showing a different SDP was 400. Interval mapping
was performed with the use of Map Manager QT b28 (Manly, 1993).
With the results of interval mapping, the Likelihood Ratio Statistic
may be obtained, a value of
additive effect and trait
variance. At each marker
locus, the significance of the
trait association was tested
by the logarithm of the odds

T (LOD) statistic. We obtained

Menton (Me) Gonioa (Go)
Figure 1. Measurement landmarks
on the mandible. Outline of a mouse
mandible showing the 2 landmark
points that were measured. The
point located at the anterior region

the LOD score by dividing
the Likelihood Ratio Statistic
by 4.605 (Anunciado et al.,
2000). The significance
threshold for the genome-
wide scan was computed by
means of a permutation test
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Figure 2. Distribution of the mandible sizes in 21 of the SMXA Rl strains and 2 parental strains (SM/J and
A/J). The bars colored black, white, and gray indicate data from the means of males [n = 5), females (n =
5), and males and females (n = 10}, respectively. The histogram is arranged in order of increasing mean

Ee mandible size in the Fig. is scaled up to double the actual size

sizes. The data represent means = SD. T
{see MATERIALS & METHODS).
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datasets (Doerge and Churchill, 1996). The permutation test is a
method of establishing the significance of the Likelihood Ratio
Statistic generated by interval mapping. As a result of these tests, the
LOD scores used for detecting suggestive/significant associations for
the mandible length were 2.2/3.8 in males and 2.3/4.0 in females.

RESULTS

Measurements of Mandible Size in Each Strain

The mean values of the menton-gonion measurements in each
strain are shown in Fig. 2. The mandible was extremely large in
males of the SMXA-25 strain (18.2 + 0.1 mm) and small in
females of the SMXA-1 strain (15.7 = 0.1 mm). For the mean
values for males and females, the mandible was large in A/J
(17.9 £ 0.1 mm) and small in SM/J (15.9 = 0.2 mm). The
mandible sizes formed a continuous size distribution.

QTL Analysis

Fig. 3 shows the results of the QTL analysis for mandibie
length. Three suggestive QTLs and two significant QTLs were
detected in males and females. Around the region 60 cM from
the centromere in chromosome 10, the LOD score showed a
higher than suggestive level (LOD, 2.9; additive effect, 0.43;
trait variance, 40% in females). The 95% confidence interval
was located between the markers D10Mit2 and DI10Miti4.

In the proximal region of chromosome 11, two significant
QTLs were detected in females. The first peak LOD score was
located at the region 13 ¢cM from the centromere between the
markers D1IMit152 and Hba, and the second peak LOD score was
located at the region 16 cM between the markers DI1Mit229 and
D11Mit163. These regions correspond to the 95% confidence
interval. The LOD scores were 5.1 at the two peaks in females
(additive effect, -049; trait variance, 66%). The LOD scores from
males, 2.6 and 2.3 at the two peaks, indicate suggestive levels in the

same regions of chromosome 11

variance, 36%). Significant or
suggestive QTLs were not obtained
in the other chromosomes.

DISCUSSION

We have reported that F1 mice
obtained by the crossbreeding of
mice with small and large
mandibles showed the charac-
teristics of the parent strain mice
with larger mandibles. From
measurement of 24 reference
points in the mandible, the
distance between the menton and
gonion showed a significant
dominant inheritance compared
with other distances between
reference points. This finding
suggests that the distance
between the menton and gonion
was available as a phenotype for
analyzing the genes that
determined mandible length
(Okamoto et al., 1997).
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The SDP corresponding to A
this genotype was reported in a
previous study (Mori et al., 1999).

QTL Analysis of Mandible Size

B

Fig. 4 shows the genotypes in the Cliromosome 11 Map Chromosome 10 Map
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and DI1Mitl63. These SMXA NaSM3§ .«««M'} DIOMit261
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intermediate-sized mandible. m’;"aﬁg —
Moreover, the SMXA RI strains phmme\ — NaSMss
show a large mandible (SMXA-7, ~ DuMit3s 16 DioMitss
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genotypes derived from the A/J DIMie42 o~
allele in the same region except D11Mité 4 )
for the locus of DI1Mir229. s i Diomitre
These results suggest that the NaAS2 1 DIOMit136 \
major gene(s) responsible for NaSMs2 NaSM131
mandible length were located in N asﬁ';:; DIOMitl4 §
the region between markers Hba DIiMiti4 ',
and D11Mit163, a distance that NaSMi181 s male Naaizs ./ 60
was 3 cM, except at D11 Mit229. S%efla; \ seosumesones female D10Mit35 \ 2]
In chromosome 10 of the N;Asl\ NaSM31 T
SMXA-26, -7, and ~30, which D11Mit10 .
had large mandibles, it was Dlg:x:g . DIMit103 ./
indicated that the genotype was DIIMiti2 ” Nasmis \i -
derived from the SM/J allele. In Nash283 (swgsestivelitale) (sigaifibant/l (soggesthvertemate

the SMXA-1, -4, and —12, which
had small mandibles, it was
indicated that the genotype was
derived from the A/J allele
between the markers DJ0Mit70
and D10Mitl36. The effect of
this region was opposite that of
chromosome 11. The SM/J
allele on chromosme 10 for the
QTL is associated with a large
mandible size.

The mandible size was determined not only by genes located
in chromosomes 10 and 11, since there were also several effects
that were weak in other chromosomes. Because the number of
strains in an RI set is limited in the mouse (26 strains for the
SMXA), with use of a more stringent « level (which reduces the
acceptable false-positive risk; « = 0.0001), only effective QTLs
were detected in this study (Belknap et al., 1996).

The Mouse Genome Database (http://www.informatics.
jax.org/) was searched for candidate genes according to their
position at around 60 cM of chromosome 10 and between 13 ¢M
and 16 ¢cM of chromosome 11. The Mouse Genome Database scan
revealed more than 10 genes as candidates for mandible size in
chromosomes 10 and 11 (for example, Syr, Myf5, Myf6, Kera, Lum,
Kene2, and Kife4b on chromosome 10; Mor2, Owxcl, Cetd, Spnb2,
Gekl Hba, and Stk10 on chromosome 11). It is of interest that a
candidate gene near the QTL for mandible size on chromosome 11
is Ox1 (orthodenticle), a gene highly related to Otx2. Mouse
embryos homozygous for a knockout allele of Orx2 display a
striking phenotype in which the entire brain rostral to thombomere
3 is missing (Ang et al.,, 1996). This clearly demonstrates the
importance of this gene in rostral head development. The knockout

are detected in the proximal reg

Figure 3. Plot of the LOD scores on chromosome 11 {A) and chromosome 10 (B). Shown in solid lines are
the QTL data from males, and in the dotted lines are data from females. The verfical lines represented by
the numeric values of 2.2, 2.3, and 4.0 indicate the suggestive levels in males, in females, and the
significant levels in females, respectively. The top of the Fig. represents the cenfromere, and the botiom of
the Fig. represents the telomere along the markers. Two significant QTLs in female and 2 suggestive QTLs
ion of chromosome 11 {A). In the distal region of chromosome 10, the
suggestive QL is detected in females (B). The map position in this Fig. represents the distance beiween the
cenfromere and the marker that is near the peak LOD score.

mice of Ox/] display a less severe phenotype, but nonetheless
indicate a critical role for Otx] in veriebrate head development
(Acampora ez al., 1997). Interestingly, Otx/ is also post-natally
transcribed and translated in the pituitary gland. Cell culture
experiments indicate that Otx] may activate transcription of the
growth, follicle-stimulating, and luteinizing hormones, and of a-
glycoprotein subunit genes (Acampora et al., 1998). These studies
and the results in this study suggest that Oix] is a potential
candidate for the gene controlling mandible size.

The positions around 60 ¢cM of the mouse chromosome 10 and
between 13 ¢M and 16 cM of the mouse chromosome 11 correspond
to regions 12q21 and 2p13 in human chromosomes, respectively. In
this study, the experimental conditions were simplified by use of the
SMXA RI strain whose chromosome was homozygous. If the result
of this study is to be applied to clinical diagnoses, the effects of
heterozygous chromosomes must be analyzed. However, focus can
be placed on the two chromosomal regions 1221 and 2p13. It might
be possible to predict the mandible size of a patient before the
termination of the growth of the maxillofacial bones by searching for
the polymorphisms of these chromosomal regions, whether derived
from large or small mandibles.
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Figure 4. Strain distribution pattern {SDP) of chromosome 10 (A} and chromosome 11 (B) around the M (1993). Morphometric

peak LOD scores. Genetic and microsatellite marker loci around the peak LOD scores are listed at the left
side. Each column represents a genotype identified in each SMXA Rl strain mouse. The black box
indicates the A/J dlleles, the white box indicates the SM/J dllele, and the gray box indicates that the

genotype was not defermined.
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Abstract

The purpose of this study was to identify the major candidate chromosome
influencing susceptibility to dental caries in mice and to detect the region that
contains it. Genetic factors affecting dental caries in mice were examined using
two inbred strains of mice, C57BL/6J and C3H/HeJ, and these genetic crosses
were inoculated with Streptococcus mutans serotype ¢ (1.0 x 10° CFU/mouse).
The caries scores for C3H/HeJ and C57BL/6J were 3.1 £2.6 and 39.8 £ 12.6
(Mean=S.D.), respectively. The mean caries score of the F1 hybrids was 17.6
413.2 (Mean £ S.D.) which was in the range 1 to 46. The caries scores of F2
[(C57BL x C3H) x (C57BL x C3H)] mice had an extensive range from 0 to 68.
These findings suggested that some genes play roles in caries development.

Based on our results with the genetic crosses, we used F2 intercross mice to
investigate candidate chromosomal linkages using DNA pooling methods and
obtained a valuable linkage on chromosomes 2 and 17. Thus, we concluded
that one of the candidate genes controlling the genetic difference for the dental
caries promoting ability between C3H/HeJ and C57BL/6J might be located on
chromosomes 2 and 17.

Introduction

Dental caries is generated by common bacterial infection
and is controlled by many complicated factors including
oral flora, host and diet. For more than 100 years, the etiology
of dental caries has been studied pathologically and
bacteriologically, however, the relationship between host
background and the progress of dental caries is not well
understood(1, 2). With much attention now being focused
on molecular genetic analysis of cariogenic microorganisms,
the role of host genes in influencing susceptibility to caries
needs further investigation. Increasing knowledge in this
molecular genetic field will lead to identification of
individuals at particular risk of dental decay, and will help
in planning rational strategies for management and
prevention. Although environmental factors such as diet and
fluoride also clearly influence caries susceptibility(3-6), twin
studies have shown that genetic factors also contribute to
caries susceptibility(7, 8). The earliest and most convincing
demonstration of a genetic contribution to caries came from
breeding experiments in rats(9-14), but little was detailed
about the host genetic background of this model. Previous
studies showed that mouse models were powerful tools in

the study of genetic contribution to dental caries(15-17). A
classic genetic study on the dental caries susceptibility in
inbred strains of mice was reported by Maeda et al.(18),
who performed genetic crosses using two strains of mice,
C57BL/10J and AKR/J; it was suggested that a genetic factor
with autosomal dominant inheritance affected the
development of dental caries. There have also been studies
of associations between caries in mice and known genetic
markers such as H-2 type(19, 20). In the present study, to
further investigate the relationship between host genes and
cariogenicity, we estimated the genetic determination in mice
for susceptibility to experimental dental caries under
controlled environmental conditions. As an initial approach
to detect a candidate gene controlling dental caries
susceptibility to Streptococcus .mutans JC-2 serotype c;( S.
mutans), we performed chromosomal linkage analysis by
using Simple Sequence Length Polymorphism (SSLP)
marker on the whole chromosome.
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Materials and Methods
Mice

C57BL/6]J and C3H/HeJ were purchased from CLEA
Japan Inc. (Tokyo, Japan). F1 (C57BL/6J x C3H/HeJ) and
I2 intercross (F1 x F1) were obtained by mating mice in
our laboratory. All mice were kept in clean racks (Nitto Air
Tech., Japan) with HEPA filters at room temperature, 25+
1°C, and humidity of 55+ 5%. Lighting was cycled in 12-
hour intervals, and mice were fed ad lib on Diet 2000 (21)
and pure bottled water. The growth and general health of
individual strains were routinely monitored. The mouse-
use protocol used in this study was reviewed and approved
by the Nihon University Institutional Review Board.

Bacterial Strains and Culture Conditions

S. mutans JC-2 (serotype c), which is resistant to
streptomycin (1.0 mg/ml), was used as the cariogenic agent.
Before inoculation, the bacteria were cultured in 300 ml of
brain-heart infusion broth (Difco, Detroit, Mich., USA)
containing streptomycin (200 g/ml) at 37°C for 18 h under
an atmosphere of 95% N2 and 5% CO,. The cells were
collected by centrifugation and suspended in 10 ml of the
broth.

Experimental Design
1) Caries-Promoting Experiment.

The timetable of the experiment is presented in Figure 1.
The mice were weaned at 21 days of age and fed on Diet
2000. From the 21 day after birth, they were infected for 7
days with S. mutans by inoculating 50 ul [10° colony-

Age of mice 21 2829

forming units (CFU)/ml] of a bacterial solution into the
mouth of the animal. Colonization of the bacteria on the
dental surface was confirmed at 28 days of age by placing a
sterilized swab into the mouth to collect a sample, which
was inoculated onto a Mitis salivarius agar (MS agar, Difco)
plate supplemented with streptomycin (0.1 mg/ml). At 49
days of age, the animal was sacrificed under CO,, and the
colonized bacteria recovered and caries lesions evaluated.

Calculation of Caries Score

After the soft tissues were removed, both sides of the
mandible were immersed in murexide solution for 6 h for
staining, washed with water, dried, and submitted to
microscopic observation (x 60 magnification). Evaluation
of the caries state was made according to the modified
Keyes(22) [1958] method applicable to mice(17).

Molecular Analysis
DNA

Immediately after being killed, DNA was isolated from
the spleen cells of the C57BL/6J, C3H/Hel, F1 and F2 mice.
Standard methods(23, 24) were used to prepare high
molecular weight DNA.

SSLP.

53 MIT primers (Fig.2) were purchased from Research
Genetic Inc., (Boston, MA) and were used to prime the
polymerase chain reaction (PCR). These markers used in
this study have been determined as an informative marker
being polymorphisms between C57BL/6J and C3H/HelJ(
25).

49

LI D A T T N A N R N ) A R B R BN R Bt

The mice were T
weaned

Inoculating with
S. mutans JC-2

(serotype c)

frereet

Confirm the colonization T
The animal was sacrificed

Fig. 1. Timetable of experiment.
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PCR conditions

A TaKaRa 480 thermalcycler was used for PCR. The
reaction mixture for PCR was as follows: 0.05 ul (1 unit) of
Ex Taq polymerase (TaKaRa, Tokyo, Japan), 1.0 ul 10 x
reaction buffer, 0.8 ul dNTPs mixture (2.5 mM each), 2.0
ul (total 25 ng) template DNA, 3.0ul MIT primer mixture
(final concentration 0.52 uM) and 3.15 ul distilled water in
a final volume of 10 ul. Amplification conditions were as
follows: DNA denaturation 94°C for 3 min, followed by 25
cycles of denaturation at 94°C for 15 sec, annealing at 55°C
for 2 min, extension at 72°C for 2 min and a final extension

Chrl  Chr2 Chr3  Chrd4 Chrs
2 @ [
58 DaMu203
64-DIMUSI? 164 —-Dastuiss 153~y=Diu1s
2935 DIMU73
ALS~g=DIMu?
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346
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99.5-4DIMRISS (e
M)
Chr1l Chr12 Chri3 Chrl4 Chrl5
[ ] (4
LIE SRR S 153 o R

328wt DIZMUIIS

at 72°C for 10 min. The gels were stained with ethidium
bromide for 8 min and the PCR products examined and
photographed in ultraviolet light. DNA pooling methods
(26,27).

Pooled genomic DNA from F2 intercross mice was tested
to identify candidate chromosomal linkages. Genomic DNA
extracted from 13 F2 mice, which had caries scores higher
than the mean volume of those in C57BL/6J mice was
pooled (pool A), and genomic DNA extracted from 14 F2
mice, which had caries scores lower than the mean volume
of those in C3H/HeJ was also pooled (pool B). Pool A and
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Fig. 2. Chromosomal locations of MIT markers.
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Fig. 3A. Interchromosomal recombinstion of homologous
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Fig. 3B. The schema of linkage analysis with DNA pooling
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pool B DNAs were amplified by PCR with 53 MIT markers
and the PCR products were separated by electrophoresis in
10% polyacrylamide gels. Interchromosomal recombination
of homologous chromosomes in the genetic crosses and
trends in the caries-promoting related alleles are shown in
Fig.3A. It a genetic factor that affected caries development
was linked to an MIT marker, the probability of
interchromosomal recombination between the two loci was

Caries Scores

very low. By contrast, if the related gene and the marker
locus were not linked, the probability of interchromosomal
recombination between the two loci was high. If marker
loci were linked to a caries-promoting related allele the pool
A DNA would be homozygous for the C57BL allele,
whereas the pool B DNA would tend be homozygous for
the C3H allele (Fig.3B).
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Fig. 4. Caries Scores of C3H, B6, F1 (C3H x B6) and F2 (F1 x F1) mice
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Fig. 5. PCR products for the DNA pools and for the C3H/HeJ , C57BL/6J and 1:1 mix controls
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Results
Caries Susceptibility

C3H/HeJ (male) and C57BL/6J (female) mice were
chosen for examination of inheritance of caries susceptibility.
The caries scores for C3H/HeJ and C57BL/6J were 3.1 =+
2.6 and 39.8 +12.6 (Mean=£S.D.), respectively. As shown
in Fig.4, there was a 13-fold difference between C3H/He]
and C57BL/6J in terms of caries development. The mean
caries score of the F1 hybrids was 17.6 & 13.2 (Mean =+
S.D.), in the range from 1 to 46. The F1 hybrids from crosses
between susceptible and resistant mice had an intermediate
level of caries scores. The F2 mice were obtained by mating
F1 females and F1 males. The mean caries score of F2
intercross mice was 18.4 &= 16.5(Mean == S.D.). The caries
score of F2 mice had an extensive range from 0 to 68.
Colonization of S.mutans in infected mice was also
examined at the end of the experimental period. CFU values
from C3H/HelJ and C57BL/6J mice were over 10° CFU/
mandible (data not shown).

Candidate Linkage Tests by Typing Pooled DNA

To investigate the candidate linkage quickly and easily,
pooled genomic DNA, rather than DNA samples from
individual mice, were tested. In this study, candidate
chromosomal linkage analysis with pooled DNA revealed
that an MIT marker, D2MITI101 was linked to caries-
promoting related genes. D2MIT101 identified homozygous
alleles of C57BL in the pool A DNA and homozygous alleles
of C3H in the pool B DNA (Fig.5). DI7MIT28 identified
homozygous alleles of C57BL in the pool A DNA, but
heterozygous alleles in the pool B DNA (data not shown).

Discussion

It has been determined that genetic and environmental
factors contribute to dental caries prevalence in many
ways(28, 29). In humans, the direct evidence for a genetic
contribution comes from family studies of normal subjects
including twin studies(30-32). Indirect evidence comes from
the known genetic control of the various anatomical,
physiological and immunological attributes implicated in
the caries process. The associations between caries and
known genetic markers such as ABO blood groups and
major histocompatibility complex (MHC) alleles have also
been studied(l, 2, 33-35). Some reports have suggested a

more significant contribution by genetic factors to dental
caries than from environmental ones. As it is impossible to
control experimental factors affecting human beings,
experimental dental caries under controlled environmental
conditions are essential to investigate the contribution of
genetic factors in caries susceptibility. Hunt et al.(9)
developed caries-susceptible and caries-resistant strains of
rats, and suggested that heredity was an important factor in
the prevalence of caries in these animals. A crossbreeding
study between a caries-susceptible female and a caries-
resistant male rat indicated that the caries susceptibility was
determined to a great extent by genetic factors when
investigated under controlled conditions(14). Inbred strains
of mice have several advantages in dental and biomedical
research compared to rat models. Navia and Hunt(36) and
Ooshima et al.(37) also induced caries independently in PBB
mice and ICR mice, respectively, after an inoculation with
S.mutans. Even more systematic caries-promoting
experiments were carried out by Kamp et al.(38), Obayashi
(17), Kurihara et al. (19) and Maeda et al.(18). These studies
reported reproducible caries induction in BALB/cJ, C57BL/
6J, C57BL/10J and DBA/2NJ strains, which are well-
characterized mouse strains. However, the caries-promoting
ability of the three strains examined (AKR/J, C3H/HeJ and
CBA/J) was significantly lower under the same experimental
conditions. The effect of MHC on susceptibility to dental
caries in mice was examined(20). To determine the H-2
effect on dental caries development in mice, they carried
out caries-promoting experiments for BALB.K mice, a H-
2 congenic strain in which the H-2 region was introduced
from C3H/HeJ into BALB/cJ. Their findings showed a
significant reduction of caries scores in the H-2 congenic
mice. However, genetic factors other than the H-2 region
located on chromosome 17 might also be involved in caries
development because the caries scores of BALB/K were
relatively high compared to C3H/HelJ. Therefore, in mice
as well as in humans, the effect of MHC on dental caries
development remains unclear. The possibility of the
existence of other genes regulating caries promotion ability
by using BXH recombinant strains established from
systemic inbreeding between C3H/HeJ and C57BL/6J
strains was also examined by Asada et al.(39). They
demonstrated that the genetic factors associated with caries
promoting ability might be located on chromosomes 2, 7
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and 17. The aim of this study has been to identify the major
candidate chromosome, and to detect the region that includes
this candidate gene controlling dental caries susceptibility
in mice. Candidate chromosomal analysis using the DNA
pooling method was performed on genetic crosses of C3H/
HeJ mice (caries-resistant strain) and C57BL/6J mice
(caries-susceptible strain).

In this study, the mean caries scores for C3H and C57BL
were 3.1 and 39.8, respectively. There was a 13-fold
difference between C3H and C57BL in terms of caries
development. The F1 hybrids had an intermediate level of
caries scores for parental strains and the caries score of F2
mice had an extensive range from 0 to 68. These findings
suggested that some genes play roles in caries development.

Based on our results from the genetic crosses, we searched
for a candidate chromosome using pooled DNA from F2
intercross mice. For a wide scan of genome, using a pooled
DNA method is faster and simpler because fewer PCR runs
and gels are required. In the present study, we strongly
identified candidate linkages on chromosome 2 using MIT
markers and obtained the suggestive data through linkages
on chromosome 17. Our findings also found support in
previous studies(19, 20). Hence, we concluded that one of
the candidate genes controlling the difference between C3H/
HeJ and C57BL/6] in their dental caries promoting abilities
was strongly located on chromosome 2 and suggestively so
on chromosome 17. Linkage analysis using interval mapping
of the candidate chromosomes that we have identified should
provide new clues about the genetic control of caries
development in mice.
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Mapping of affected gene(s) to dental caries

susceptibility on mouse chromosome 2
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Abstract  The purpose of this study was to detect the region of the gene(s)
influencing susceptibility to dental caries on mouse chromosome 2. Genetic
factor(s) affecting dental caries in mice were examined using two inbred strains
of mice, C57BL/6J and C3H/Hel, and these genetic crosses in which were
orally inoculated with Streptococcus mutans serotype ¢ (1.0 X 10° CFU/mouse).
The caries scores for C3H/HeJ and C57BL./6J were 3.1 £2.6 and 39.8 +12.6
(Mean=+S.D.), respectively. The mean caries score of the F1 hybrid mice
(C57BL X C3H) was 17.6 £13.2 (Mean == S.D.) which was in the range from 1
to 46. The caries score of F2 [(C57BL X C3H) X (C57BL X C3H)] mice was in
the range from O to 68. These findings suggest that several genes play roles in
caries development. Based on our results using the genetic crosses, we used F2
intercross mice to investigate candidate chromosomal linkages using DNA
pooling methods and obtained a valuable linkage on chromosomes 2. Therefore,
we obtained the data of the caries scores and genotypes in each Mit markers
which markers were searched out the polymorphism between C3H/HeJ and
C57BL/6J on mouse chromosomes 2. In the present study Quantitative Trait
Loci (QTL) analysis was used to detect the chromosomal regions responsible
for carious susceptibility. Widespread region on chromosome 2 was showed a
higher than significant level with the Likelihood Ratio Statistic score between
the markers D2Mit463 and D2Mit48, corresponded to 13 cM and 71 cM from
centromere. These results suggest that the major gene(s) responsible for caries
susceptibility is located in these regions on chromosome 2.

Key words

Caries susceptibility,

Inbred mice,

Molecular genetic study,
Quantitative Trait Loci (QTL)
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Introduction

It is important to predict the factor influencing the
development of dental caries at the earlier moment
in the stage of the growth in pediatric dentistry. It is
useful to find a host genetic factor and a defense
mechanism influencing the development of dental
caries, and it will contribute to develop the preventive
strategies.

Dental caries is generated by common bacterial
infection and is controlled by many complicated
factors including oral flora, host and diet. For more
than 100 years, the etiology of dental caries has been
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studied pathologically and bacteriologically, how-
ever, the relationship between host background and
the progress of dental caries is not well understood"?.
As regards interesting research on inheritance view,
twins studies have shown that genetic factors also
contribute to caries susceptibility®®.

With much attention now being focused on
molecular genetic analysis, the role of host genes
in influencing susceptibility to caries needs further
investigation. Increasing knowledge in the molecular
genetic field will lead to identification of individuals
at particular risk of dental decay, and will help
in planning rational strategies for management and
prevention of oral diseases. It is clear in clinical
experiences that not only host susceptibility affects
caries development, but also environmental factors
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Fig. 1. Timetable of experiment

The horizontal line indicates the passage time of animal experiment. Performance
timing of the mice weaning, S. mutans inoculation, confirmation of colonization and

animal sacrificed are indicated by arrows.

such as diet and fluoride clearly influence caries
development™®. The earliest and most convincing
demonstration of a genetic contribution to caries
came from breeding experiments in rats®'¥, however
little was detailed about the host genetic background
of this model. Previous studies showed that mouse
models were powerful tools in the study of genetic
contribution to dental caries'>"'7.

A classic genetic study on the dental caries
susceptibility in inbred strains of mice was reported
by Maeda et al.'®, who performed genetic crosses
using two strains of mice, C57BL/10J and AKR/J.
Their study suggested that a genetic factor with
autosomal dominant inheritance affected the devel-
opment of dental caries. Furthermore there have also
been studies of associations between caries in mice
and known genetic markers such as H-2 type of
major histocompatibility complex (MHC)'*?9,

To further investigate the relationship between
host genes and cariogenicity, we estimated the genetic
effects in mice for susceptibility to experimental den-
tal caries under controlled environmental conditions.
As an initial approach to detect a candidate gene
controlling dental caries susceptibility depended on
Streptococcus mutans (S. mutans), JC-2 serotype c,
the authors reported previously on the genetic analy-
sis of caries susceptibility in inbred strains of mice
using a pooled DNA method®). From the result
of pooled DNA, chromosomes 2 was candidated
significantly. In the present study, we examined the
caries scores and the genotypes in MIT markers one
of the genetic marker with polymorphism of simple

sequence length polymorphism (SSLP) between
C3H/Hel and C57BL/6J on chromosomes 2.

The purpose of this study was to detect the region
that included the candidate gene(s) influencing dental
caries susceptibility on chromosome 2 using Quan-
titative Trait Loci (QTL) analysis.

Materials and methods

Mice

C57BL/6J and C3H/Hel were purchased from
CLEA Japan Inc. (Tokyo, Japan). F1 hybrid (C57BL
/6] X C3H/Hel) and F2 intercross (F1 XF1) mice
were obtained by mating the mice in our laboratory.
All mice were kept in clean racks (Nitto Air Tech.,
Japan) with HEPA filters at room temperature,
25+ 1°C, and humidity of 55+ 5%. Lighting was
cycled in 12-hour intervals, and mice were fed ad lib
on Diet 2000? and pure bottled water. The growth
and general health of individual strains were rou-
tinely monitored. The mouse-use protocol used in
this study was reviewed and approved by the Nihon
University Institutional Review Board.

Bacterial strains and culture conditions

S.mutans JC-2 (serotype c) which is resistant to
streptomycin (1.0mg/ml), was used as the cario-
genic agent. Before inoculation to oral cavity of
mouse, the bacteria was cultured in 300 m! of brain-
heart infusion (BHI) broth (Difco, Detroit, Mich.,
USA) containing streptomycin (200 ug/ml) at 37°C
for 18h under an atmosphere of 95% N, and 5%
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CO,. The cells were collected by centrifugation and
re-suspended in 10m/ of the BHI broth.

Experimental design

1) Caries-Promoting Experiment
The timetable of the experiment is presented in
Fig. 1. The mice were weaned at 21 days of age
and fed on Diet 2000. From the 22nd day after
birth, they were infected for 7 days with S. mutans
by inoculating 1.0 X 10°CFU/mouse of a bacte-
rial solution into the oral cavity of the animal.
Colonization of the bacteria on the dental surface
was confirmed at 29 days of age by placing a
sterilized swab into the mouth to collect a sample,
which was inoculated onto a Mitis Salivarius agar
(Difco, Detroit, Mich., USA) plate supplemented
with streptomycin (0.1mg/ml). At 49 days of
age, the animal was anesthetized with ether
immediately before death and the mandible bone
was removed, then colonized bacteria recovered
and caries lesions evaluated.
2) Calculation of Caries Score

After the soft tissues were removed, both sides of
the mandible were immersed in murexide solution
for 6h for staining, washed with water, dried, and
examine with a microscope ( X 60 magnification).
Evaluation of the caries state was according to
the modified Keyes method applicable to mice!).

Molecular analysis

1. Extraction of genomic DNA

Genomic DNA was extracted from the spleen cells
of the C57BL/6J, C3H/Hel], F1 and F2 mice.
Standard methods*?? were used to prepare high
molecular weight DNA.

2. Selection of the genetic marker for SSLP
Fourteen MIT primers (Fig. 2) were purchased from
Research Genetic Inc., (Boston, MA) and were used
to prime the polymerase chain reaction (PCR). These
markers used in this study have been determined as
an informative marker being polymorphisms between
C57BL/6J and C3H/HeJ®.

3. PCR conditions

A TaKaRa 480 thermalcycler was used for PCR. The
reaction mixture for PCR was as follows: 0.05u/ (1
unit) of Ex Tag polymerase (TaKaRa, Tokyo, Japan),
1.0u/ 10Xreaction buffer, 0.8u/ dNTPs mixture
(2.5mM each), 2.0ul (total 25ng) template DNA,
3.0ul MIT primer mixture (final concentration
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Fig. 2 Plot of the LRS scores on mouse chromosome 2

Shown in solid line is the QTL data from F2 mice. The left
vertical line represented by mouse chromosome 2. The center
and right vertical lines represented by the numeric values of
4.4 and 7.7 indicate the suggestive level and significant level,
respectively. The top of the Fig. represents the centromere, and
the bottom of the Fig. represents the telomere along the markers.
The map position in this Fig. represents the distance between the
centromere and the marker that is near the peak of LRS score.

0.52uM) and 3.15 ul distilled water in a final volume
of 10ul. Amplification conditions were as follows:
DNA denaturation 94°C for 3 min, followed by 25
cycles of denaturation at 94°C for 15 sec, annealing
at 55°C for 2 min, extension at 72°C for 2min and a
final extension at 72°C for 10 min. The PCR products
were electrophoresed in polyacrylamid gel and the
gels were stained with ethidium bromide for 8 min,
and photographed in ultraviolet light.

QTL analysis

Interval mapping that was one of the QTL analysis
was performed with the use of MapManager QTXb11.
With the results of interval mapping, the likelihood
ratio statistic (LRS) score may be obtained, a value
of additive effect and trait variance. The permutation
test is a method of establishing the significance of
the LRS generated by interval mapping?"®.

Results

Caries susceptibility

C3H/HeJ and C57BL/6J mice as parent generation
were selected to study the inheritance of caries sus-
ceptibility. The caries scores for C3H/HeJ and
C57BL/6J were 3.1 +2.6 and 39.8 = 12.6 (Mean =
S.D.), respectively. As shown in Fig. 3, there was a
13-fold difference between C3H/HeJ and C57BL/
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Fig. 3 Distribution of the caries scores from
C3H, B6, F1 and F2 mice

Each point in four groups indicate the individual caries
scores from C3H (n=10), B6 (n=10), F1 (n=21) and
F2 (n=85) mice, respectively. In the each group, the data
represent the means value.

6] in terms of caries development. The mean caries
score of the F1 hybrids was 17.6+13.2 (Mean=*
S.D.) in the range from 1 to 46. The F1 hybrids from
crosses between susceptible (C57BL/6J) and resis-
tant (C3H/Hel) mice had an intermediate level of
caries scores. The F2 mice were obtained by mating
F1 females and F1 males, and in which mean caries
score was 18.4 = 16.5 (Mean = S.D.). The caries score
of F2 mice had an extensive range from O to 68.
Colonization of S. mutans in infected mice was also
examined at the end of the experimental period. CFU
values from C3H/Hel, C57BL/6J, F1 and F2 mice
were over 10° CFU/mandible (data not shown).

QTL analysis

Fig. 2 shows the results of the QTL analysis for
caries score. As a result of the permutation test, the
LRS used for detecting suggestive/significant asso-
ciations for the caries score were 4.4/11.7. As a
result of the QTL analysis, few significant QTLs were
detected. The LRS showed a higher than significant
level (P<<0.01) between the markers D2Mit463 and
D2Mit48.

Discussion

It has been determined that genetic and environmen-
tal factors contribute to dental caries prevalence in
many ways?*?. In humans, the direct evidence for a
genetic contribution comes from family studies of

normal subjects including twins studies® . Indirect
evidence comes from the known genetic control of
the various anatomical, physiological and immuno-
logical attributes implicated in the caries process.
The associations between caries and known genetic
markers such as ABO blood groups and MHC alleles
have also been studied'**-39. It is impossible to
clarify which factors of genetic and environmental
affect strongly to dental caries. As it is not allow to
control experimental factors affecting human beings,
experimental dental caries under controlled environ-
mental conditions are essential to investigate the con-
tribution of genetic factors in caries susceptibility.

Hunt et al® developed caries-susceptible and
caries-resistant strains of rats, and suggested that
heredity was an important factor in the prevalence
of caries in these animals. A crossbreeding study
between a caries-susceptible female and a caries-
resistant male rat indicated that the caries suscepti-
bility was determined to a great extent by genetic
factors when investigated under controlled condi-
tions'®. Inbred strains of mice have several advan-
tages in dental and biomedical research compared to
rat models. Navia and Hunt*” and Ooshima et al.*®
also induced caries independently in PBB mice and
ICR mice, respectively, after an inoculation with
S. mutans. Even more systematic caries-promoting
experiments were carried out by Kamp et al*®,
Obayashi'?, Kurihara et al.'” and Maeda et al.'®
These studies reported reproducible caries induction
in BALB/cJ, C57BL/6J, C57BL/10J and DBA/
2NJ strains, which are well-characterized mouse
strains. However, the caries-promoting ability of the
three strains examined (AKR/J, C3H/HelJ and
CBA/J) was significantly lower under the same
experimental conditions.

The effect of MHC in susceptibility to dental
caries in mice was examined. To determine the H-2
effect on dental caries development in mice, Suzuki
et al.®® carried out caries-promoting experiments for
BALB/K mice, a H-2 congenic strain in which the
H-2 region was introduced from C3H/Hel into
BALB/cJ. Their findings showed a significant
reduction of caries scores in the H-2 congenic mice.
However, gene(s) except the H-2 region located on
chromosome 17 might also be involved in caries
development because the caries scores of BALB/K
were relatively high compared to C3H/Hel. There-
fore, in mice as well as in humans, the effect of
MHC on dental caries development remains unclear.
The possibility of the existence of other genes regu-
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lating caries promotion ability by using BXH recom-
binant strains established from systemic inbreeding
between C3H/HelJ and C57BL/6J strains was also
examined by Asada et al.*® They demonstrated that
the genetic factors associated with caries promoting
ability might be located on chromosomes 2, 7 and
17. Although some candidate chromosomes to relate
caries development have been reported, previously
we narrowed down chromosome 2 by the result
of candidate chromosomal analysis using the DNA
pooling method in genetic crosses of C3H,/HeJ and
CS57BL/6J?V. For a wide scan of genome, using a
pooled DNA method is faster and simpler because
fewer PCR runs and gels are required. From an exten-
sive range of the caries score of F2, it was cleared
that some genes play roles in caries development.

QTL analysis has been very successful in identi-
fying chromosomal regions in which gene(s) con-
trolled the trait with quantitative effects depending
on the multiple genes* 3. The use of inbred mice
for genetic studies is advantageous, because it is easy
to control the environmental conditions and the mouse
genome has a high homology with human genes.

In this study, QTL analysis was performed on
genetic crosses using two strains of mice and their
genetic crosses: C57BL/6]J (caries-susceptible strain),
C3H/Hel (caries-resistant strain), F1 (C57BL/6J X
C3H/HeJ) and F2 intercross (F1 X F1) mice. An ini-
tial genome-wide screen with microsatellite markers
was conducted by use of the DNA from F2 inter-
cross (F1 X F1) mice.

As shown in Fig. 2, some region in chromosome
2 showed a higher than significant level with the
LRS score. These results suggest that the one of the
major gene(s) responsible for caries susceptibility
is located in these regions on chromosome 2. The
Mouse Genome Database (http://www.informatics.
jax.org/) revealed some genes might be candidates
for caries susceptibility in chromosomes 2 (for
example, B2m, Ir2, Gm3, Cacnb2 and Ssb).

As previous studies have shown that some genes
within H-2 region regulate caries susceptibility, some
genes related immune responses are paid attention.
B2m (beta 2 microgloblin) reported as candidate
gene to caries development by Asada et al.*? binds
with heavy chain of MHC class 1 proteins, and asso-
ciates with antigen presentation cell membrane®.
Ir2 (immune response-2) linked with H-2 regulate
balance of helper T cell and suppressor T cell* and
Gm 3 (granulocyte-macrophage antigen-3) is the
major GSL (glycosphingolipid) of activated T cells

and T cell lines*®. It is quite interest that those genes
are located on chromosome 2. The other hands
Cacnb2 (calcium channel beta 2 subunit) has been
shown to be a central player in most, if not all, func-
tional aspects of Ca®* channel*” and Ssb (Sjogren
syndrome antigen B) which is one of autoantibodies
to a polymerase III transcription factor, are frequently
detected in the serum of patients with Sjdgren syn-
drome*®. Above two genes are related with salivary
flow, and might be control the susceptibility to caries
development.

Based on our results it is strongly suggested that
the candidate gene(s) determining the susceptibility
of caries development are located in the region from
D2Mit463 to D2Mit311 on chromosome 2 in mice.
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Abstract

We tested the sensitivity of taste after reduction of the tongue in four girls with Beckwith-Wiedemann syndrome. No patient had taste
blindness. but the ability to detect salty and bitter tastes declined after reduction of the tongue.
© 2005 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Lid. All rights reserved.
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Introduction

Beckwith—-Wiedemann syndrome is a congenital condition
with characteristic abnormalities including: macroglossia
(97%), prenatal and postnatal overgrowth (88%), and defects
and hernias of the abdominal wall (80%).'~* Previous
studies have shown that macroglossia can cause dental
problems including protruding mandible, anterior open bite,
obtuse gonial angle, and increased mandibular length.*
To prevent these complications, reduction of the tongue
together with early functional treatment may be effective.™®
However, patients and families may have substantial
concerns about possible changes in ability to taste after
reduction of the tongue. We studied taste after reduction
of the tongue in four patients with Beckwith-Wiedemann
syndrome.

* Corresponding author. Tel.: +81 47 360 9430:
fax: +81 47 364 6295.
E-mail address: ken@ mascat.nihon-u.ac.jp (K. Matsune).

Patients and methods
Patients

Four girls with Beckwith-Wiedemann syndrome (aged 6-10
years) were followed-up at the Saitama Children’s Medical
Center (Saitama, Japan) for more than three years after they
had had reduction of the tongue (Table ).

Methods

Taste was tested by filter papers (Taste Disk, Sanwa kagaku
kenkyusho). Filter disks were impregnated with each taste
(Table 2); the disk was then applied to the central region
and 2cm on the right or left side of the central region of
the tip of the tongue. The threshold of taste detection was
scored by a six-stage system by testing increasing concentra~
tions for each taste. All data were compared with values for
normal Japanese children (eight girls and three boys, aged
4-15 years), and differences were evaluated by Student’s
t-test.

0266-4356/% — see front matter © 2005 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.bjoms.2005.03.015
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Table 1
Signs and symptoms of the Beckwith-Wiedemann syndrome in four girls
Case No.
1 2 3 4
Age (years) 6 6 8 10
Macroglossia Yes Yes Yes Yes
Somatic gigantism in infancy Yes Yes Yes Yes
Abdominal wall defects and hernias Yes Yes Yes Yes
Technique of partial glossectomy Rheinwald Egydi and Obwegeser Rheinwald Rheinwald
Years after tongue reduction 3 3 3 7
Table 2
Concentrations of the taste and six stage evaluations
Taste 1 2 3 4 5 6
Sweet 4000 15 (0.35) 125 (2.5) 500 (10) 1000 (20) 4000 (80) >4000
Salty 15(0.35) 62.5 (1.25) 250 (5) 500 (10) 1000 (20) >1000
Acid 1(0.02) 10 (0.2) 100 (2) 200 (4) 400 (8) >400
Bitter 0.05 (0.001) 1(0.02) 5.1 25(0.5) 200 (4) >200
Data are mg (%). Sweet = refining white sugar; salty = sodium chloride; acid = tartaric acid; bitter = quinine chloride.
Table 3
Mean (S.D.) score of each taste at three points
Taste
Sweet Salty Acid Bitter

Central BW 3.00 £ 245 450 & 1.29% 3.00 £+ 1.63 4.00 £ 1.41%

Control 2.18 & 0.75 2.09 £ 1.51¢ 245 + 1.37 2.18 £ 0.98*
Right BW 225+ 1.26 4.00 £ 2.16 2.00 = 0.82 350+ 1.73

Control 245 £ 052 2.73 £ 1.74 245+ 0.93 2.73 £ 1.56
Left BW 2.00 £ 141 4.00 &+ 1.63" 2.50 £ 0.58 4.00 + 1.63

Control 227 £ 047 1.82 + 0.60° 2.64 £ 1.43 291 + 1.30

BW = Beckwith—Wiedemann syndrome.
4 p<0.05.
b p<0.01.

Results

The scores for salty and bitter tastes in the central region
and the scores for the salty taste in the left side were signif-
icantly higher than the values for normal Japanese children
(Table 3).

Discussion

As the tip of the tongue is highly sensitive to various tastes,
when the volume of the tongue is reduced including this area,
the changes in taste are a substantial concern for patients and
families. Niki et al. reported that tastes for acidity and bitter
was in the central region of the tip of the tongue in a patient
with Beckwith—-Wiedemann syndrome and declined after re-
duction of the tongue.” Our study showed significantly higher
taste thresholds for salty and bitter tastes in the central region
and for salty taste in the left side region than those values

in normal Japanese children. These studies suggest that the
tastes of patients with Beckwith—Wiedemann syndrome de-
cline after reduction of the tongue. Further study is required
to decide whether the decline in taste after reduction of the
tongue influences the diet of patients.
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AN B O Porphyromonas gingivalis (LT P, gingivalis) &, B E
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PERINCE EOWEABBIEL SR I T I EARBEINTEY 2, oAy
DIRIMEREELTEMEE BT 5 gingipain NV — 7HBELZB X 2#HEoLEbhTn
B. AERIIOWT, HikG 20T 52 & CHEREEEORBEIER 2K T
SELY, WV VA VEBFBEILL T VEERRET AL CREFHERE X
LY L TINF-« 5 RTHETHA b AAL 2y NI — 2 2T LY, 72
EDOBREPHE SN T VD, HE, AEZEOBETFEEDME SN EE, [F—
BEFEC70T 7 —EORREEP.O L RMBEEBCOBEE R XL V24D
TR THY, Arg FREZUINIT 2 rep A, repB & Lys B YIM T2 kep &
BFPHFEETDHIEBMONT WS,

—75, BERE L ITRBEEIME OB IRIIRE R OREINLETH 5 L »
b TW57Y, 4, FEETH-> THEL DBRESEECREMS DR S IR
VoI ENWRBENTVS., FERTOBEFRBELAVERLIE, BET
EMORBELELRY, WEMOZERNFELLEEZONS. LD - TEKE
BRI IMBEE DR EZ T TEAT5TH D, FEEFEETF O mRNA L
NVDZEVREMEZEZ bND. KL TIE, P gingivalis ® gingipain & {EF
DEBABLANNVEET=Y —TEDLREVAT LOEELDE LT rgp A, rgpB,
kgp BIEEF DT = N—ADLERFEREZFHELDNATA 2707 LA %% L
7z.

M#E s

At L7 rgp A, rgpBB L Wkgp BIZFPCRATYIA4~—%&1ICmLE 7=
rgp AB L rgpBEMEFICHERBOEIRD T 72 rgp & LTEHET L. PCRIC X 2 HIEIL

English Title for No. 11614: Development of DNA microarray for Porphy-
romonas gingivalis gingipain genes. Koichi Hiratsuka, Makoto Araki, Midori Ema and
Yoshimitsu Abiko [Department of Biochemistry and Research Institute of Oral Science,
Nihon University School of Dentistry at Matsudo, Chiba.] Medicine and Biology. 144 (4):
133-137, April 10, 2002. (E#IE)
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stationaly phase [~ TERH L, Trizol (1 ¥ ¥ b1 ¥ = V48) 2Nz, BT (FastPrep,
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Rk dUTP T, RT %247V, HOBEEH cDNA ZfER L7z, HBHEH cDNA 2 7 L 4 F
TIORREANA TS —2 3 Y &L, &, #HRX* v+ — (GenePix 4000A,
molecular dynamics #E8) 12Tl L, #IZT-FIMITY 7 b (GeneSpring, Silicon Genetics
FLB) IS THEBAMM Z1T 572, 16SrRNA @ PCR EW % 7 L A LIBT3 72 b o % iEieqy,
DIEBETE L TR Ko 72,
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rgp A, rgpB, kgp BRTHIEKOFEEE DS PCR A DNA 75 4 v — 4 &%
L (K1), W8OGR DNA %7 7L — MILTPCR B L 0 R
HHOWIREAT o 724, WIN L MIF SN D PCRY A XOH—3Y F& LT

X1 PCRHAZ7I4~—

Gene  Genebank ID Product Fowerd/Reverse primer PCR product (bp)
rgp  UI5282/U85038  Arggingipain ~ PGrgp (F) 5-CGTAGCCAAAAAGTATGAGGGAGA-3 1.005
peiibod (RGP) PGrgp (R) 5~ACAAGTGTACGAACGAGCAGCGAG-3'
rgpA U15282 Arg-gingipain—A, PGrgpl (F) 5-AGCACGCTTACCCTTACAGTAGTT-3 275
(RGP-A) PGrgpl (R) 5-TCAAGAACAATCTCGGCCTGACCG-3
rgpB U85038 Arg-gingipain—B, PGrgp2 (F) 5-TCGCTGATGAAACGAACTTGACGC-3' 205
(RGP-B) PGrgp2 (R) 5-TTCGAATACCATGCGGTTCTTAGC-3

kep 168468 Lys-gingipain ~ PGkgp (F) 5~TACTTTCGCCTCAGTCTCAATTCC-3 749
(KGP) PCGkgp (R) 5-CAACCAAAGCCAAGAAGACCGGAG-3

Bz (2). fER LA cDNA <A 2707 LA LT, KEEREH R
LB & 8O0 L 72 cDNA B2 1ER L, 7L A L THhL 7Y ¥4 X x4
SRR DOEIEIEREZ WIE L, 165 rRNA OHOIERE T BET OROIGIHRE 2 i
LUz B DLALER L FREBH L OMEZ R 3IZR L. 208 R, late-log B
(2 rgpA, rgpB, kgp BIEFORBIPROE VI ERHL MR o7,

EZE

BRI OERIETH B 2 L2 b, T, WEFN -4 EREEARE S h
TV 20 L HBRBREHOMBRENARATRTH ), FECTHELD L
MBERELEDOHEDS KD SN T D, FEk, MBEMRAIC IR, SEMENRE,
FRTURENIT O N T & ARG O 0] Bt M 72 B2 & IR L A L ¢
DYATIMEIEEL . EE, N4 FF27 0T —Fio#ERICL > CHEERE
EROBREOBVEET2BETEL L) o7, BEFIOI—T2EHL
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(EFEEEYSF -5 144% - %45 -20029F4810H)

A rgpRBTSA4T—

2671
2651

B rgp-ABKUregp-BEEN TS A< —
2821 g afEtakah apbtctgpra aataa
2801 phahectaftch thpgogtplte gcjtag
2871 tucagta 55 ttacapea chabgheggt c ateaac
2851 gotcacclp groggatheo aftapgnttoc g gatgtg
2921 atphthbgep| taocecctal] o r:c:t: tt r*r*n;’,*tt agc wlelutal
2981 tgbpapptop| atetattgel| ghbgtabpea atnjhm ttu gta
2971 cag teaga aagta E cgtgg gcaagca ﬂnnaacc
2951 getptotcog gtaogpegplt] apRtgtaboh agt gotg phgggetgp
3821 thGGCQJ;‘:a 5 B acatacga ghpttgg
3081 gotetthbafk n - g = ctget ag a cgeajtn g

PGrgp2(R)

36?1 cagcg o cccghbette fEte _—'5
3851 u qcaaa | gtgtpjtgeeg ke asles

b;t‘tef Fl r IP I!‘P "; ql’f Cﬂqﬂt

QGQQEQ v- e rr (l in'e l'l ":'tr_ = [ 3 18 4.3

1 PCREATI5A4~—ni%s
rgpA (EE) & rgpB (TE) OF7 54 2> MREZTo28EED S rgpA
& rgpB DB T T 4 v — (A) & rgpA, rgpB FNEFNWERW LT 54 < —
(B) ZEKHITRTEZIAIZRE L.

¥
Thd
7

o]
)
a3

h

[LEERRE]

1567



[ MEDICINE AND BrorLogy. Vol. 144, No. 4, April 10, 2002]

M 2 3 4

2 ERIKESY— >

M:G5f&~—7%— (100bp 74 —), 1:rgp, 2:repA, 3:rgpB, 4: kep

3.0 rgpA

by 7 ()

o= it

K 3 gingipain BIn FEEOZH)
16S rRNA BIEFOHNEMRE CTHBEF OBCEE ZAZREL L - BOBERE/LEHE
HERERE ] & OBAM A R L 72 EL : early-log phase, ML : mid-log phase, LL : late-log
phase, ST : stationary shase.
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[EFEEME - 51445 - 854520024 4H10H)

TBEEFZWEIC L 2HEREIL, REAE ORI E BENEHLTTS V8D
L, WMEEZ VAT AMET A EDRRICR - TL 5.

—7, FA—HEETH->Td, SERIEERE CTIIREEI RS2 L3505
NTwb, 5T, DNAZWEZFHL CHEMLZMBERELZITo CHEORE
ZiTo T, HADBHICEREL TV AHEEMEORELMZE= s —T52 L1
TERWv, KR TIE, WEROEELBEE Tdh S P. gingivalis ® gingipain
BIZF rgp A, rgpB, $-MEOMBEEE (rgp) B Wkep ZFIRL, #Eiz
FRALVANNVEBETELZYA 707 L ORMEZ AL, EBROEE, BRL
x4 7ua7 b4 ZRA L TEEARBICBILEETREL Ty — L, KEk
HIZ BT 5 mRNA LAV % B AR E =y — T A Z LA Th o 72 &K
FFEDHEAEIZ & o THEFRED SIRILL 723825 RNA 2 BT L TR E
EFDBIETF cDNARA 707 LA RIEHL, B4 OBEICBT 5 HEERERREE
DFREEZHET B HNAY LA, FEHPTELLHFESRS.

HEEE

Porphyromonas gingivalis @ gingipain 815 rgp A, rgpB, kgp #BZTF D
PR E PCRIEICE DHIEL, mRNA LRIVEEZ Y —TEX 5 cDNA <A 7
07 VA zRELZ. COT LA ZFHL CEERNICBT 28ETREHE =
% — 1L, latellog BELAIZ mRNA LARUVPEWT EAVHBEL, B L7-~A 7
TUADPERHTH S LARBE SN,

ARWFFEIL CERRI A T 13 EEEM 70 > 7 1 THAELE, HAENIERSESE R
B EREBEIIE (C) (2) GREES 13671981) B L UHAKRFREHEFITER 13 EEHK
e (GREES 01-1002) O#B 21T 7.

— 1) Holt, S. C. et al.: Virulence factors of porphyromonas gingivalis. Periodontol
2000. 20 :168-238 1999 —2) Holt, S.C. & Bramanti, T.E.: Factors in virulence
expression and their role in periodontal disease pathogenesis, Crit Rev Oral Biol Med.
2:177-281 1991 — 3) Discipio, R.G. et al.: Cleavage of human complement component
C5 by cysteine proteinases from Porphyromonas (Bacteroides) gingivalis. Prior
oxidation of C5 augments proteinase digestion of C5. Immunology 87 . 660-667
1996 — 4) Imamura, T. et al.: Pathogenesis of periodontitis: a major arginine-specific
cysteine proteinase from porphyromonas gingivalis induces vascular permeability
enhancement through activation of the kallikrein/kinin pathway. J Clin Invest 94:361
-367 1994 —5) Calkins, C.C. et al.: Inactivation of tumor necrosis factor-alpha by
proteinases (gingipains) from the periodontal pathogen, Porphyromonas gingivalis .
Implications of immune evasion. J Biol Chem 273 :6611-6614 1998 —6) Curtis, M.
A. et al.: Molecular genetics and nomenclature of proteases of Porphyromonas
gingivalis. J Periodontal Res 34 . 464472 1999

(%f+ 200242 F 28 H)

BEEXE RBRTEL BAKEREHERALEHRE,
FTEERAHENE 2-870-1 (F 271-8587) ]
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PMNEEREMEEE 41(1) 1 194-200 2003

ANVF L) TFEINL
< ZAOBEK R T 2 B2

ok R OB OB

zzﬁl) Eﬁ Eﬂ @ %I.Z)

B aVFUYICENFEISWIOEREEHS T 2HEERICOWTORE % B/YIC, A/WySn <™
A& C3HMe ¥ 7 ADBRBHRRERETIT > 720 WIFESIE A/WySn & C3HMHe DRKENLTEE FD 2
FHEOXRICL W BONLIBFTH 2, HIRPHIC, BEBILVF VR FRY Y ACETHRS L, 18 B

fefF = LAFERICAY, BTomRzHE2,.

1. A/WySn IZBV A2 OFEREAEDHEEIL 654%, C3IHMHe T 12.1% THo7o FENA T v Fow 2
ICBITHHEEIX 133%, No /Ny 7 7 UAT T AT 207% ThY, FUREEOBREEROES HRE

Shiz,

2., EEOFHOHE T A/WySn T23.1%, C3HHe BIX U F TREEIFZDHONT, N, T33% TH
D, SUREHEEROBS, FLOZREMEZEL > LREERPAMENREET 2 WEHEESRE S

770

3. OFHZRE LA N OWHZ PCRIEFICI DHZE L2 L TARERICHEE L, FRBGHORE

BREIRBE SN,

4. KEBRTEINVF VU VHFEOEHRRBIEICBY S A/WySn @ genetic maternal effect 13B5 6 H T o

jass

5. 2RBEOaNF VU REICLAOFRBERICHLPLENG R EHNDS, aNFV UHEOERIC
T ABRERHENO~y UV FFEEMTICE VT TH D Z LATREN, H2EHE IV F YV v BY
OFROBEEBRETFEOEFLFMT 27010, H2EBICMET 2 DNA Y —H— 2 HWVT N, DFE
FRIHFE AT o 1o68, H2S ke OFRBEOEERET L OBIRBH 2 E#EHPRD S hi,

Key words . 1334, <7 X, 5%, aVFV»

&

OFZIIRD—HUL2OBESFETHY, OFFICLS
REREDY, EMN, LHEMNMERELRT, OBREOR
HAMRETHILEBOTEETH S, OBEZUIERERE
D—ERE LTRET A b0 L, EEHEEER (RE
THLOIKIEN, ERFLEER(EETIOSH
OREEIBEHETH Y, BA4LBEERE F6 IEZMHE
DEBOBEEREOHMEERIC IV RETAEEZD
nNTWwaY, KEffi, OBNBEZFETL2REYE
DREEICES T2 REERICERE Koo e g
FYWE P OERBEOERE LTELLN TV AR
EORFYWEFL L DOZROBERTHEHhERO—K

VR ARKEINE SN R R

2 B AR K AR R O R R e B

T-RERAAFT TSR ET 78 2-870-1

(F1E . EEFHE)

(2002 F£12 824 B %4
(2003 48 1 B25H %)

il

BAhohy, £z, FORERTFIHALESGYE T
BESHIIEELTCVLONLFRATHL, ESNT
WHOEROREE 25 HEFYWHE L, —BRNLHEREL
THIEFOBHEOKIES 5 VITERE", FHrEEE
LTC7z= b0 LFI) A VB, aVFaxsadg
FORETHY, INLORFYWERBICL o TOFER
FICHDAABREBIHESNL LEZ LN TV,
BE T, FIIY Yy RAERRED 2T BEDEIC
XOFEINBETHOBHOMEFILBNC, 20EE
& B EHREAER L BEHECTORZICERL TE
2o XU ARBET LREFREROTEICBNTE M
BYWHREEEZRT Z &E0 5 (http : //www.ncbi.nlm.nih.gov
/Omim/Homology/), ¥ 7 AEFVICBWTOERREE
DEREETFERETCENSE, b MBI ABEHRAET
TR AMREIE Y, HEART LBV TEERLR
F2@HOLEINIEEFTHAD Msx 17, Tgb3¥, Ap-
2”, hox 1.5, GABAA receptor'”, Pax9?, EGFV7% &
Dy TT NI RARIOFREZE L THE, BEY
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BroEEIHRESR TR, ARRTT IIZBWN
T, OEZROBRBEEITHTD 255, A/, A/WySn, A/Hel
DX % ARKE, oy ARKICHBRLEVEE
(5~8%) THFOABEBIVOSRORENALN
59, A REEROWERFHOEICBNT, OERR
FEL BN D B BEFEMN f1 & df2PFEEENRTWY
BHY ORBEFOZBR IR -EHEERICLY
BETAHEZEZLNTVAE, AT L C57TBLI6T DY) 3
YEF U MERBRY T ARV T2 L L 6-T
I aFrTIFICEATFEOEROY ) ARECS
W, OFBRBEICESTEEBOBMAIRR ST
B THRLDEMNOW ONITOER L OEHOWE
DOREEEEL, T/ oNF 22008 - /-EHA
IZEBNCES LT,

TR BITA IV aIINTF I, FEEIC L AOER
RERL PO TEEZBUTE L, <7 AFRDEIIC
BIBaVFVrEEICEL), HLOTTARFEIIBN
TEFORFICOFRLEEL, A RZFKIho< Y AR
ML aVF VU rESICL ) BVEE COZEIRE
L7722, FEMGBBESGEETFESED H2 #EEE 7V
aJaVFaf FHREOBRLOEEIHRESIA TS
AEE L —FH2EBIE H2a Y V2 s A
BwlrvaanFadf FLi 7y — kg s BEEHER
DONEVWEDHELH LY, ZLOWFRICLEDLS
T, ShaanFaf FEEOSEROFRE L 25 TEE
FEFRREAEEh TWwin,

ZZTHEMFETIE A/IWySn Y7 AL C3H/He v A
EDRERIREERICL Y, BRFCEETZaVF I
FEOBRCEETAREERICOVWTRE L.

BB LUHE

1. B

AFFED /=% 6 BEFD A/WySn ¥ 7 A % B EEE
FEF LD, C3HMHe ¥ 9 A% =T K4 — Y A%k
AL DB, A/WySn & C3H/MHe, BXU2RHENR
EroHoNn-REE R (F) &, F. & A/WySn
CRELRERELEZS Sy 2270279 A (N,) #AWE, T
Zhb, A (H)XA (H), C3IHXC3H, (AXC3H)
Fi, (C3HXA)F, (AXF)N, (FXA)N, D 6FH N
BLxA T2 72

%8, RERIIHBAAERE RSB ERGEEE
125 o7z,

2. ANFVUBRESICLBIOZRRENGE

Mg~y A2 REL, BT HBRL-B%EKR0SH
L7, HIRI105 25 145805 B, g~ A

NBEFEMERE 41(1) 2003

2 VERREE AR KRR L ERER TV VY 100
mg/kg/day & R THE L7z IR 18 HICHEIR~ 7 X %
BRETICTRERS Y, BFE2FELOHHE L, £&
BT, EEOE, OER, EHEOE8o 38E
DOFRBFBIZHELZ,

3. PCR IZ & 3434

INFVUFEOBERORBEICBIT 2 X HEEMEE
DEBZRD 72012, N, DIEFOHR % PCR 12 TH
E L7 e DJEF D EE S QlAamp DNA Mini Kit
(QIAGEN) # F\WT DNA #HiH L7, HOHE, T
bbb Y REEROFEDHEICE, Y EEEED 2y 1
BIZFEHEENICHEIET 2754~ —, 5-GTCATTGC-
CTACCCCTCTAC-3’ & 5°-CTCAACATCTACCGGACCT-
ATC-3% Al v 7o X Y4k | o DNA o 818 i3 MIT
(Massachusetts Institute of Technology) 7 J 4 <% — @
DXMit 136 % 2720 DXMit 136 75 4 < — I3 &
DDNA RBIETH2-0 2yl 794 —DEE L
720 PCR MLV, 50 ng  DNA, 0.1 unit ® TaKaRa
Ex Tag (TaKaRa), 10X Ex Tag buffer, 200 M D
dNTPs, 0.5,M D77 4 < —, BWEEEKICTRE 20
& L7z PCRIBEESMIE, 94345, 0430, 55
B30, NENBEISTAIN, FOENEISD
& L7720 PCREWIZ2% 72— XX VIZTERIKE
B, zFvTLATOTA FREL, BNETFT( PET
DNA Y FREELT,

4. BEAMICL D H2oBBEOERBELOBED
E]

T ARER1TELO H2ERE S vaavFaq
FHREOSHLOBEEISREIN TR LS,
H2 BB OFELRERACTHEMT 2720, OF
BEELEN,DH2HBICBITA2EEFE% PCR &
WCEDHE LA PCR 7T 47 —id~ Y R 17 HFREHSE
H-2 SEOfA (H-2S ) ICAET 5 D17Mit33 B
LUEM (H2Q i) ITAET 2 D17Mit49 2 v
oo TNHDT A7 —E 2 RFERTYA 270857514
MR %% L, PCR EIEW 2S5 A/WySn O R EHEE
KT OESEPEHENSTEETH 5, PCR O RIns
f, BEKEEMIIFER 3. OMHE L BRIIT o 72,
5. BEE

OEHROMBEE, ML, BIUH2ERICBT
LEMETHEIIBNC, HFELBEEEOELY PRE
TEHE L 7=,
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HRREEIS | 2 VTV HEOEROBIZFEOMET

S

1. OEROREEE

EXEEIOBLONBAFE, FEOE, O B
FHOFHOIBHEOEHICHHEL, F0BERM1IC
Rl SRIIBTAOEHOEEZE1ITRL. A/
WySn DI NFV U EEICBIT A OB HREHEIL 654
% (17/26) T& > 72 — J C3H/He T i3 12.1% (4/
33) LanF U UICEREER L. R OEEIIL 133
% (6/45) Th ol 65.4% DEBED A/WySn DEHE
BEFERETAE, RICBITAREREEOHEME IR
654% (29.4/45) TH Y, F BT HEEM 133% (6/
45) IR E L D EZIEDP 072 (p<0.01)o N, DHEEE
1220.7% (19/92) THo72o N, Tid A/WySn R EH &
LB EETFEMOEEIL 0% THY, 654% OBBEE
D A/WySn DHEUBE—BETFERET DL, L IZBIT

H1 MBEBSHIBI2EEOE ), OBEH O),
RAMEROER (), MAKEFADER (-

2), IN— . 1 mmo

LEREHEOHREMIZ27% (30.1/92) ThHH, N,O
BREBEIHHFEL VEEICEI o7 (5<0.05), BEO
BRI ERBIRE B L BEHEESE L, A/WySh 2
23.1% (6/26) B LN, 6ILDH HLSELIFEHET
Holo C3HHe BLUFR ICBWIBEOERERAD
LMD ol aDEEIX33% (3/92) TH o 70
23.1% DEERD A/WySn DEEE —BEF2IRET
DY, o IIBIT3RAEHEOHEEIR 11.6% (10.7/92)
THY, N, DBEEEIERIZED» > (p<0.05),
2. Genetic maternal effect 0D SF{fi

Genetic materal effect, T2 bBHEBREOLEMAED
BELZRRE20, REBTIR R & N ERICBWTH
HEERATKBELTo7%. RIZBWT, (AXC3H)F
DEEFEEIL 12% (325), (C3HXA)F TiX15% (3/
20) EFEREIRL, TNIEBVTY (AXE)N
DEFEIL 192% (5126), FXA)N, DEEL 21.2% (14
166) ETEIEERER o7, BEEOZBRIIBY
T b (AXF)N, TI1238% (1/26), (BXA)N, T i33.0
% (2/66) THYH, MBEDHEEIEELREI 2h o7,
3. MHED - HOBIEFEHE

AFREZELLN.ODNA %, X BIUY okl
DNA DHEEN TS 4~ —% FHAWTPCR IZCHIEL
720 PCR BESRKEEZR2IZR L7 19EDON2D S
LML, HI10IETHY, HFETHHMEL1:1 L
BELREI P72,
4. H2$EEROBEFHEHE

N, D H2EIBICB T2 EBEFRHERICRLE, O
EREZALLIOEON,®, DITMit331281) 5 8&1%
FHRBERER AT a8 =13:6TH Y, D17Mit49
TRATHE  AFOH=12:7Td Y, HHEETH 2
1:1 EHELE (BEKESY) BBRDLNLEho7,

R1 aVFVVESCIVHESNLOZLORERE

. e BEOSBR+ OB
# 2 B3 IafFdk  EEOER NEREEm — EFOE
&8 (%) % d
A A 5 26 6 11 17 (65.4) 9
C3H C3H 6 33 0 4 4 (12.1) 29
A C3H 4 25 0 3 3 (12.0) 22
C3H A 3 20 0 3 3 (15.0) 17
F &F 7 45 0 6 6 (13.3) 39
A F 6 26 1 4 5 (19.2) 2 3 21
F, A 10 66 2 12 14 (21.2) 7 7 52
N, &t 16 92 3 16 19 (20.7) 9 10 3
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ANBEESEERE 41(1) 2003

2 Y Befafkl oy REFOBRRENT T4 —2 BV PCR ESRENE (1) BIU X &4 DNA OBRW TS 4
< DXMit 136 % i3 /z PCR BRIKEIE (b)o 1~19, N H V7o

A HHAHAAAA HAH AAAAATEHH A:H=12:7

B3 H-2S #EEO D17Mit33 12X % PCR BRIKENEZ (a) BLU H-2Q KD D 17Mit49 I2 & 5 PCR BRIXIE (b)o

A, A/WySn RER, H, ~FOHE, 1~19, N, ¥~ 7,

£ K

FhvaandFad FEEICEIVEEINL Y AOFE
B OBFIIREZAHTH L, aVF U Vi5RIE
FLTOBHOBEEENENT 2 Z 0 HESIALTY
2%, aNFV yREOBERORER, OEMOR L
HOBENEE LY, albFVYERSED AT IZBN
TOBEMOE ORI, CS7TBLE6ID L) ZRavF
VBT AL DB BRTEIAZEFRESNT
WA, MEOEEBIEL FRICHEREL LTELLES
OZBEROBEAESV AT OINF Y YV HEEOAEZRD
BERFETHD I EPRRENTVDEY, HiR~ 7 AN
OANF VU HEEICE T, BFOOEMIIEBES, < b
Uy 7 ADEREEMRBICBVTOBEL 2 RELER
L T v 72, Montenegro 5%, A/Sn & C57/BL O iF
R AZaVF I rERS LOSREFELLE, W
FRORRAE 13 BB A OEEERERGRO 7L
UVERL O VEBIIHL»REFRHBL, IhbH
OBHBEIMOLOBENS LI L ERLE, T2
VWFIUBRED AN BFOOED cAMP L A5 T4 K
Ve 7% —DLUNNVITCSIBLEIT T AL D b5
K®, 2704 FHEOZHOHEEILOFD cAMP &
BELOBENSL I EPFEIRTWEY, olss
b, MRBEOHEMET TH S TGF-LLDFEEHD
CIEIZBITA mRNA LRV VaanFaf Fis
WWEDAEBICRILTWAZ L ERL, TGRA2RHD
EBTersnaansFasf FHEEOEHR L OBELZRLT

\/3;“)34)0

KIFFE T, A/WySn & C3H/MHe & DEZEHATEIC
Iy, BHRCRETAIINF YV VHENERIIEET S
BERRZRE Lo AEIZBWT A/WySn 22 v
FU KL TESEEERL, —F C3 HHe ZEHH
ERLA. RICBUAOBROER X, HRATH2 A/
WySn DFEEHE L D DFEFIEL, aVvF VUV EREHE
KHLLBEERELSEEGHTHL L REBEN
7o SHIE N, UBWIHEE—BEFOREFERN S
-2k, FLOBZIIC3HHe BIURIZBWTY
BIETHIENDL, BERoBEROBEHROBEZEF OB
BRI ND, —F, BEOSREC3IHHe BL U
FIZBWTROLNT, EehBEEELTRLE N
KBWTHME—BEFOREFEHN SN2 5,
BROEBRTOBEESICL YV RET A LARBE I NIz,
EROEROBERFIOSHEME ) K, O
BME BB o LBETFORESAMENLZ EICLY
BETHUHRENELONS, '
OEWLETLHETY AL, HERBILEEDD
HHEHETE S CEBEHPERFETRICE-TLE
A, ANFVrHFEOBHEBEIIBITS X EHNE
EEZEROBSOFELZRLFELLT, N, 0%
E% PCR & o TiT o7z, FEHEBEICHERIEZ (,
X EEUEREEREIEETE, BFReftoREER
HRE S NI,

G TlE, genetic maternal effect DA E X 5 72
B, F & N ERIZBYW T L TXELITo 72,
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FARREED | 2 VSV Y BEHOEROEEZRE

BEOMETIEIARKOOBIY L ESYESEOE
NI BVIT genetic maternal effect Z7RB SN, A R
PEOGEICHEBOEENE 25 Z LFRESLTY
B0 AT, FEBIUT N I2BWT A/WySn 25
DIEDREERMAY, DERREFECEERZR
%<, genetic maternal effect IZB3 5 227 & % d o 77,
A/WySn & C3H/MHe DI NF V' VIZET 2 EBEHD
EVBOONIzD, ZOREHERIEET LLREH4
FRLBEENFEO—DOTH EEHEIHICL o TR
BB LHFTEETHLEEZL SN, FODOES
ZHELEZN, O H2EBICB I 5EEFE L PCRIC X
DHIEL, H2ERE aVFV VRSHRET & OB
ZEHE L 720 N, TIRETOEMIZB VT A/WySn D 5k
TEEABEANTOEESEOEEIZS50% Th 5755, A/
WySn DI NFV Y BEOEROBREEETF L EH L
BIEFETIE AWySn DR EROEESEZICE L &
BrEIZLNG, OFEHEE LN, 19 ED D 17 Mit 33
& D17 Mit49 IS &L B2EEFEIE, L L ICHRETH
511 D0FELREIEDEN Lo, LAL, B
BOBEFOBMESIRBRENTHVWE I EhE, BEEE
FEIBWTOBEEFHEERER ( AFafi=19:0
WCEZL2VWTHELZERT S L, $EOREREND
BEFEREELE H2 E e BEEETF L OEE L2 TET
BERLEZLNS, T/ D17Mit3355D 17 Mit 49 X
Db FREHEOEEHFE WD, H2S IS H-2 Q 4His
XD DaANFVUBREHEN & OEEOTEEENZ W E
ZIAbND, SBNTTAOHEHES L, H2EHO
SHOLZAMEFICEATL, &t AEICEE L7 DNA
N=A—EEWTOBERBEICBT L aVF VvV RSH
BEFIEET 2 RBGEBEZEELTCLCFETDH
b,

W

A/WySn & C3H/He DEEHREERIZL Y, an
FUPKENVFEINLOELREICHST 2B EER
ZOWTKRE LAEZ A, UTOMR:E,

1. OFREBECBVWTAWYSH I ZaVvF vV ritgn

BEMERL, C3HMHe JEFEETE L,

2. aVFVUBEOSERBEOTHREERIIELRE
KREUEREETH Y, BROBEFOMEIRESIN
Al

3. AVFVUBEOERRBEICBIT S A/WySn D ge-
netic maternal effect {28 5 CThdr o 72,

4. ANVFVUFEOERUBEOEEEET L H2S
IR E DREICTRBREE DD bz,

FWRO— I B EE TR 13 EEFERK 70>
T4 THEBROWB 2 F1 1,

X

1) Diehl, S. R. and Brickson, R. P.: Genome scan for
teratogen-induced clefting susceptibility loci in the mouse :
evidence of both allelic and locus heterogeneity distinguish-
ing cleft lip and cleft palate, Proc. Natl. Acad. Sci. U. S. A.,
94 : 52315236, 1997.

2) Richard, A. and Spritz, M. D. : The genetics and epigenetics
of orofacial clefts, Current Opinion in Pediatrics, 13 : 556~
560, 2001.

3) Wyszynski, D. F. and Beaty, T. H.: Review of the role of

potential teratogens in the origin of human nonsyndromic

oral clefts, Teratology, 53 : 309-317, 1996.

Azarbayjani, F. and Danielsson, B. R.: Phenytoin-induced
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mia due to inhibition of delayed rectifier K+ channels re-
sulting in hypoxia-reoxygenation damage, Teratology, 63 :

152-160, 2001.

5) Horie, S. and Yasuda, M.: Alterations in palatal ruga pat-

terns in Jcl: ICR mouse fetuses from dams treated with all-
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The Genetic of Cleft Palate Induced Cortisone in Mice

Taekhiko Shimizu"?, Juan Han' and Takahide Maeda"?

'Department of Pediatric Dentistry, Nihon University School of Dentistry at Matsudo
*Research Institute of Oral Science, Nihon University School of Dentistry at Matsudo
(Director : Prof. Takahide Maeda)

The purpose of this study was to detect genetic factors affecting the appearance of cleft palate
induced cortisone using genetic crosses between A/WySn and C 3 H/He mice. Embryos From within-
strain breeding of A/WySn and C 3/He, and the F, intercross and N, backcross embryos from crosses
between the two strains were used to evaluate cortisone susceptibility. On day 11 to 14 gestation, the
mice were given subcutaneous injections of cortisone acetate. On day 18 the embryos were dissected
for observation of cleft palate. The frequency of cleft palate in the A/WySn strain treated with corti-
sone was 65.4%, on the other hand 12.1% in the C 3 H/He mice. The frequency in F, mice was sig-
nificantly lower compare with that in the A/WySn strain, indicating recessive transmission. To inves-
tigate the influence of an X-linked factor, we Jjudged the sexuality of N, embryos using polymerase
chain reaction (PCR). There was no significant difference in the incidence between the sexes among
N, mice. These findings suggest the cortisone-induced cleft palate in mice was influenced by major
gene effect with autosomal recessive transmission. Genetic maternal effect in the appearance of cleft
palate. was not detected in this study. The significant difference between the two strains in the inci-
dence of cleft palate indicates that mapping of susceptibility loci for cortisone would be possible us-
ing linkage analysis. To evaluate a linkage between the gene responsible for cleft palate inducing cor-
tisone and H-2 region on chromosome 17, which have been associated with cortisone susceptibility,
we performed the genotyping of the individual N, with cleft palate using MIT primer located in the
H-2 region. The genotyping results suggested that the H-2 S region might be associated with cortisone
susceptibility in the occurrence of cleft palate.

Key words : Cleft palate, Mouse, Genetics, Cortisone
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Genetic mapping of fused root of the maxillary

second molar in mice to chromosome 5
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Abstract  Although studies have identified several genes that are involved
in tooth root formation, little is known about the genetics of root fusion. The
purpose of the present study was to identify the chromosomal region that
includes the candidate gene causing root fusion, using SMXA recombinant
inbred (RI) strains of mice. Fusion of the mesial and palatal roots of the upper
second molars (M?) was observed in 16 of 21 substrains of SMXA RI mice. The
incidence of root fusion of the M? in substrains and parental strains showed a
continuous spectrum of distribution between 0 and 85%. In a genome-wide
linkage analysis, a high Lod score exceeding the suggestive threshold level
was found between D5Mit97 and D5Mit31 on chromosome 5. These findings
suggest that a polygenic system with incomplete penetrance is involved in the
fusion of roots, and that one of the genes causing root fusion of the M? in mice

Key words
Fused root,
Inbred mice,
Linkage analysis

is located in a distal region on chromosome 5.

Introduction

In humans, the frequency of fusion of molar roots
varies among ethnic groups. In modern Europeans,
fusion of roots occurs in 0.2% of maxillary first
molars, 14.6% of maxillary second molars, 36.8%
of maxillary third molars, 0.3% of mandibular
first molars, 21.7% of mandibular second molars,
and 19.2% of mandibular third molars?. It is
generally thought that the morphology of tooth
roots is primarily determined by genetic rather than
environmental factors", but the genetics of specific
fusion of roots are poorly understood. X-chromosomal
aneuploidy has been found to be associated with
taurodontism®, short root and root separation®?.
Dentin dysplasia® and dentinogenesis imperfecta®
also affect root morphology. However, there is no
clear association between these syndromes and the
fusion of molar roots.

Although fusion of roots is generally rare in
Received on March 29, 2005
Accepted on July 13, 2005
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mice, there have been reports of fusion of roots
in inbred and mutant mice. In tabby mice, reports
indicate a high frequency of fusion of the roots of the
first and second molars, which involves reduction of
root size”. Mice with epilepsy-like disorder (EL)
have a 60% incidence of fusion of roots of the upper
first molar®, with an autosomal recessive pattern
of inheritance. Asada” reported that the C57L/J
mouse strain is one of the most useful models for
studying the cause of fusion of roots; their incidence
of gutter-shaped root of the lower second molars is
about 90 to 100%. A gene causing fusion of roots in
C57L/] mice has been mapped to the distal region
of chromosome 5'9.

The SMXA recombinant inbred (RI) mouse
strain set has been proven to be a powerful tool for
analyzing multifactorial genetic traits''?. SMXA
RI mouse strains were produced by systematic
inbreeding from the F, generation of a cross between
A/J and SM/TJ inbred strains'®. The SMXA RI
strains show phenotypic difference in a variety of
traits, including body weight, blood insulin and
lipids levels'”. A detailed genetic profile of the
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SMXA RI strains has been reported'”. We have
previously observed that some substrains of SMXA
RI mice have a high incidence of fusion of roots
(mesial and palatal roots) of the upper second
molars. The purpose of the present study was to
identify the chromosomal region that contains the
candidate gene causing fusion of roots, using SMXA
RI mouse strains.

Materials and Methods

Mice

A total of 219 mice were used. The mice belonged to
the parental strains A /J and SM/J and 21 of the 26
substrains of the SMXA RI set (n=7-13 for each
strain). Five SMXA RI strains (SMXA-3, -6, -11,
-21 and -23) were excluded from the present study
because of an insufficient number of samples. Mice
were obtained from the Institute for Experimental
Animals, Hamamatsu University School of Medicine
(Hamamatsu, Japan). The mice were maintained
under conventional conditions (25 +2°C, 55+5%
humidity, and 12-h light/dark cycle), and were fed a
commercial diet (MR Breeder, Nihon Nohsan Co.,
Kanagawa, Japan) and tap water ad libitum.

Observation of fusion of roots of the upper
second molar

The mice used were 90 days old at sacrifice,

and each was anesthetized with ether immediately
before sacrifice. The skulls were defleshed and
macerated in 1% potassium hydroxide at 42°C for
48 hours. The bilateral upper second molars (M?)
were extracted from maxilla. A total of 438 M?
(n=11-26 for each strain) from 219 mice were
used. In normal mice, the maxillary second molars
have 3 roots: mesial, palatal and distal. Fusion of
roots of M? was observed using a stereoscopic
microscope at X 32 magnification. The frequency of
fusion of roots of M? was calculated for each SMXA
RI and parental strain.

Linkage analysis

Linkage analysis was performed using Map Manager
QTXb15'” to detect the chromosomal region
influencing fusion of roots of M2. For genome-wide
linkage analysis, we used 789 markers distributed
through the genome that have informative strain
distribution patterns', allowing the frequency of
fusion of roots of M? in each SMXA RI strain to
be analyzed as a quantitative trait'?. The significance
of each locus detected by interval mapping was
represented as likelihood ratio statistic (LRS), and
logarithm of odds (Lod) scores were then obtained
by dividing the LRS by 4.605'¥. The significance
threshold for the interval mapping was computed by
permutation test'”. The Lod scores calculated by
1,000 sets of permutation test were 2.3 for suggestive

C

Fig. 1 Fusion of the mesial and palatal roots of the upper second molars in SMXA RI strains. A: normal roots; B: fused roots. White
line indicates cross section of micro-CT image; C: Micro-CT image of fused roots. The mesial and palatal roots had a
common pulp cavity, but root apexes were separate. D: distal root; M: mesial root; P palatal root; F: fused roots
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associations with the fusion of roots of M?, and 4.3
for significant associations.

Results

Frequency of fusion of roots of M

Fusion of the mesial and palatal roots of M? (Fig. 1)
was observed in the A/J strain and 17 of the 21
SMXA RI substrains. The mesial and palatal roots
had a common pulp cavity, but had separate root
apexes (Fig. 1-C). The frequencies of fusion of roots
of M2 in the SMXA RI and parental strains are shown
in Fig. 2. SMXA-26 had the highest frequency of
fusion of roots of M? (85%, n=20). Fusion was

(%)

incidence of fused root

4 16 27 AM 19 9 30 15 26
20) (18) (16) 4 (13) (22) (22) (21) (26) (18) (12) (20)
12 17 sM/J 5 1 18 10 8 24 22 25
(I (22) (22) (18) (12) (24) (26) (22) (0) (16) (18)

strains

14 729

Fig. 2 Distribution of the incidence of fused root of the upper
second molars in 21 SMXA RI substrains and 2 parental
strains (SM/J and A /7). The histogram of the frequency
of fused root showed a continuous distribution pattern
suggesting that fusion of root is not controlled by
simple Mendelian inheritance, and may be determined
by multiple genes. Numbers in parentheses represent
the numbers of teeth used.

B ]
position marker Low frequency group

GENETIC MAPPING OF FUSED ROOT IN MICE

not observed in SMXA-4 (n=20), -12 (n=11), -16
(n=18), -17 (n=22) or -27 (n=16). The histogram
of the frequency of fusion of roots showed a
continuous distribution pattern. Both parental strains
were positioned at the lower end in the histogram:
SM/J, 0% (n=22); A/J, 4% (n=24).

Linkage analysis

We detected strong linkage on the distal part of
chromosome 5 exceeding the suggestive threshold
level. The maximum Lod score, 3.6, was observed

position marker Lod score
(M) 23 36 43
0 D5Mit49 '
8.0 D5Mit349 :
19.0 D35Mit149 :
60.0 D5Mit24
720 D5Mit244
740  D5Mit97 4
NaSM12(F7) Dj
78.0  DS5Mit31 )’ j,
860  D5Mitl69 5

Fig. 3 Lod scores of chromosome 5. The thick solid line is the
plot of the Lod scores. The vertical lines labeled with
the numeric values 2.3 and 4.3 indicate the suggestive
and significant level, respectively. The position 0cM
represents the centromere, and the position 86 cM repre-
sents the telomere. 1 suggestive locus is detected in the
distal region of chromosome 5 suggesting the existence
of a linkage between this locus and the locus controlling
the growth of fused root. Map positions of the markers
were obtained from the Mouse Genome Database.

. High frequency group
strains

(cM) 4 1216 1727 519 1 9 183010 15 8 14 24 7 22 29 25 26
7 psvi7 (OO0 EECOCOO00ERCCO0O00CANEER
naatst JONCOEEOOO0D0O0OROODODOAEREER
nasv3o JONRCOHEBEOOODODOROODAARERNR
Nasmi26e7) (]I CIREID O O00ORO0NAEEEER
78 psvisl (OO0 NMERCOOCOO0ORCOONEERER
g psmitted (] HECOROOO ORI EEERCE

. | unknown

[Jas | swmi

Fig. 4 Strain distribution pattern of chromosome 5 around the peak Lod scores. Genetic and microsatellite marker loci are listed at
the left. Each column represents the genotype of a SMXA RI substrain reported by Mori et al.'” The black boxes indicate
the SM/J alleles; the white boxes indicate the A/J alleles; and the gray boxes indicate that the genotype was not determined.
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between D5Mit97 and D5Mit31, which are located
74 and 78cM from the centromere, respectively
(Fig. 3). No other regions exceeding suggestive or
significant Lod threshold scores were detected on any
chromosomes. Figure 4 shows the strain distribution
pattern of the loci with the peak Lod scores. SM/J
alleles with the peak Lod scores were associated
with high frequency of fusion of roots, whereas
A/]J alleles were associated with low frequency of
fusion of roots.

Discussion

Aberrant morphological features of the molar roots
constitute one of the most common developmental
tooth anomalies in humans. Findings by Ackerman er
al.V suggest that occurrence of taurodont, pyramidal
and fused molar roots is influenced by genetic
factors. Shimizu er al.'® performed genetic crosses
using 2 strains of mice: C57L/J with fused roots
of the lower second molars (M,), and C57BL/6J
with normal roots. They found that the fusion of
roots of M, was controlled by genetic factor on
chromosome 5 with an autosomal recessive pattern of
inheritance'”. Ohta ez al.'” found that an autosomal
recessive factor affected fusion of the mesial and
palatal roots of the upper first molar (M') in EL
mice, in an experiment in which EL mice were
mated with DDY mice with normal roots. However,
the loci for fused root of M! in EL mice are still
unmapped.

In present study, the continuous spectrum of
distribution of the incidence of fusion of roots in M2
of parental strains and 21 SMXA RI strains suggests
the involvement of a polygenic system. In the
histogram of the incidence of fusion of roots, the
parental strains, SM/J and A/J, are clearly located
at the lower end, indicating that some SM/J- and
A/J-derived alleles have strong suppressive effects
on the fusion of roots. However, the histogram
shows that many substrains have a higher frequency
of fusion of roots than the parental strains, suggesting
that other SM/J- and A/J-derived alleles promote
fusion of roots.

In linkage analysis, a Lod score exceeding
the suggestive threshold level was found between
D5Mit97 and D5Mit31 on chromosome 5. This
suggests that one of the genes causing fusion of
roots of M? in mice is located in that region. The
genotypes of mice with a high frequency of fusion
of roots included SM/J-derived alleles around the

peak Lod scores on chromosome 5. This finding
indicates that the SM/J alleles on chromosome 5
are associated with promotion of fusion of roots.
However, the SM/J strain had the lowest frequency
(0%) of fusion of roots among all substrains and
parental strains. Therefore, it is possible that there
remain undetected loci that are responsible for fusion
of roots, and that their effects are suppressed by the
SM/J alleles.

In a previous study, an allele controlling fusion
of roots of M, in C57L/J mice was found at the
distal region of chromosome 5'%, which is very close
(approximate distance, 2cM) to the loci detected in
the present study. Thus, although fusion of roots
of M, was not observed in SMXA RI or parental
strains in the present study, the available evidence
suggests that previous loci controlling fused root of
M, in C57L/J mice and the loci detected in this
study may be common. We searched the Mouse
Genome Database for candidate genes that map
within the interval exceeding the suggestive level.
There are about 50 genes including novel genes
between D5Mit97 and D5Mit31. However, we
found no potential candidate genes involved in tooth
development within the candidate region, suggesting
that novel genes are involved in the regulation of
specific processes affecting fusion of roots.

Confirmation of the candidate loci and further
definition of chromosomal location requires a fine
mapping study using a F, (SM/J X A/J) intercross.
The results of the present study and subsequent fine
mapping will help clarify the underlying mechanisms
of dental root growth in man, because mouse and
human genes are highly syntenic, contributing to the
actualization of the tooth regeneration.
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2. AEFIO RUNX 2 DIF Y V418D DNA % PCR ICTHIEL, ¥Y—27 1y v 7Bk iRy %
WELT. FORE, BROIF V3D mnt FAAVHIKI AV AERERHO -, 63EEEOY

FUVRFIVIZERTEIET, 25FHOT 3 /F&M%%?)v—v PR

F)F R TP VICERLTY

BEFMHMENS, TOKRELE LT, RUNX2 ¥ Y37 OFFMESICBEL 5 EE 2@ ErEebh, K

IERBEAFRELbDEEL LN,

3. BECHRESNARENLA—OERTFTHENL, REFOBRERELRL-EZS, TOER

ERRoTHY, BETHERFRRLTLS

—HLEWVWI EREE NI,

Key words : $8BHEEEREHIE, RUNX2&ET, HETFELR

o

EEEEEWMME (Cleidocranial dysplasia) (MIM
119600) (L E G EMEEEREORETH ), &FMIC
BIGRIEL 20, $HEEER, EEERGEEE, &
OHBIELHFH L T HEEHTH L, 6 FHREBEDF
MR EE % Pk o o8B EE B RV RE O 2 EI 0 e E &
NP, FEBERTIC & ) KRB OB TEIIRER6
p2LICHEAET A Z L AVHIBR L 722998, 1997 4FICAIE
$ T RUNX 2/CBFA 1 (runt-related transcription factor
2/Core Binding Factor « 1, BLF RUNX 2 L#59) DZEE
(BA, K&, FrEVALRER, TI/BERELTY
HaRyuEEa FUAEBLEELERE, IRV AE
B 7IOBEPEELTVWAIRV2HOT I BRI
BT AN UANELERBER, KV T7I5=v%a—F

il

A KER T 5N BB 28 E
FHEERRT TSR 2-870-1

(G . iEESER)

(2005 4£ 6 H20H %A)

(2005 4£10 8 25 H 52 )

T5aFroME) PRESNH, RUNX 2 BIETFEREMN
RKEOERTH B Z LWL 2% - 725", RUNX 2
i, runt FAA VEERFT77I0—-2BL, BFMBEE
HEMEOSLEFHET AMERFTH S, RUNX2 D
v 7Ty by AEFMIEERNT S 720F DT
Rer ks, HAERIEREARED O TSI L0
EHEINTWDEY, /2, RUNX2KIET L IVOANT O
ARw Ak, BEEE A X B RUNX 2 BEL DK 8
D=7 AL, EANEE LRV CHBEETEBBED
FEIREZ R LT3,
HEEETREEREDOEREZICBIT S RUNX 2 EEF
DERBTFIC L o T, RUNX 2 EETEEREHNIE <
WESNTBY Y, BRAER & OBEMEIZ OV THRE
ENTWE, 4HEES T, HRADOHBEEEEEXK
FED1BIBIZBWT, RUNX2 BEFOLENEET S
P D, BROBEIMY, FlBAEORELHEL
BERAER E OBEENH L0 E ) a2 MbsHBT,
RUNX 2 BIZF DEREN 21T > 720
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BEARREE > | HEHE SRR D RUNX 2 2552

ARB L UHE

RUNX 2 &8z FDE R

HEEEBFRILBE LB ENTZHERAD § ORI
757872 DNA 23R L Lz, BEDOFLZH T 7212 C
Bl L, FHELEMEBZHERIML, Lard 590 F %I
$EVy DNA ZHIH L7ze $20BE LT, &5 LEEE
EHEBOBRBICRFOLRVEFE G5BRE®R) »5
b EHEIC DNA ZHIH L7,

B, RIFEERICELTETD, AEHEEISLD
KRR (K#FH DECO05-017) 22 & &b, KX
DAFICHLT, BEBIURELOREZE,

RUNX2DILFV Y O0bILFY Y TETHDYIFY
> % polymerase chain reaction (PCR) #:iZ X 0 EIE$ %
7o®1Z, Quack HPI I VREINLTHOT T A v —
A, TEFY 1L LTREF T I4w— (5=
CTAACTTGGTGGCTGTTGTG-3'8 & U 5'-GGYAGCC-
TCTTACCTTGAAG-3") % BB L7 HH LTI 4
< —EHEFE1ITRT, PCR OB E, 5 DNA
100 ng, TaKaRa EX taq (TaKaRa) 1 unit, 10X EX tag buffer
(TaKaRa), dNTP Mixture (TaKaRa) 200 M, forward 3
& W reverse 77 4 ¥ — 0.5uM % total volume 20ul 2
{R& L, PCR DIRELMIE, Gene Amp®PCR system 9700
(Applied Biosystems) & FI\>C, 94°C4 43icffi &, 94°C20
#, 60C308, 72C30% % 32% 4 7 W4T 5 725 PCR
WIEEW X 2% 7 70— 24 V% H\vy, 1XTBE (Tris

base-Boric acid-EDTA) H1iZ7TC 100 V, 40 5 EXIKEN,
IFTUY LTS FEE L, B4 LE (302 n0m)
2T DNA N PRI L7z,

TAB— A7V 5 RUNX 2 D DNA /N> FEEI)
L, QIAquick gel extraction kit (QIAGEN) |2 & - T DNA
ZE L7ze ¥ =7 Ty ARSIE, #EH# S 72 DNA 100
ng, ABI PRISM™ DNA sequencing kit BigDye™ Termina-
tor Cycle Sequencing Ready Reaction with AmpliTag®DNA
Polymerase, FS (Applied Biosystems), &% ¥ ® PCR
WKWHWEADLR—~DT I 4 <—30ng 2BE&L, BE
S 13 94C10%, 50C5#, 60C445 2304 1 7 v
ot YT 4 v 27T+ 744 ABI PRISM®310
(Applied Biosystems) % i \» C RUNX2 ® 8 D @ exon
DIFEFHEES = e L, BIR L EOEEE % LB L
720

= I AL ) BIRESEOEERENTEL D,
BETFERPEDLONI XY VG LT, BRI LR
WY AMIEEREZRR Lz, BETER GO/ F
v ¥ @ PCR EY = HIIREEE CUER, 7o -7V
BEIKEIB L g 247, B LB TR E
WA ELZE RS A2 & TRIEFEREZFE L,

R

B PRAEIR
BIRETH OB BRI LY, EEOR VMO T
L A LEE T ENn (K1), BET®E’ N

=1 RUNX2#E{EZTFDPCR 774 <—

. o o . ) 7Ty s 4 X
e TIA T =YLV R (5-3) (2
¥V 0 Forward (F) TACCAGCCACCGAGACCAACAGAG 369
Reverse (R) GTTTTGCTGACATGGTGTCAC

B F CTAACTTGGTGGCTGTTGTG 414
R GGYAGCCTCTTACCTTGAAG

¥V U2 F CAGATGCTTGATTCCTGTCGG 385
R GTGCTGATTTGTATACAGACTAG

IFY U3 F TCATTGCCTCCTTAGAGATGC 311
R GGACATGAAAGTGACACTAAC

¥V U4 F TATAAAGCAATTTGAAATGCAAGG 428
R GTTTTGAAGTGAACACATCTCC

rxyvs F TAAGGCTGCAATGGTTGCTAT 306
R GTCACTGTGAGCATGGATGAG

¥V 6 F TAGAACATTAGAGCTGGAAGG 186
R CGGACAGTAACAACCAGACAG

IEVrT F TGTGGCTTGCTGTTCTTTATG 629
R GATACCACTGGGCCACTGCT

Quack 52k 3 (ZFV ¥ 1 HEICHE)
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RBEED ) <Ly 7 AMBEE# M 212K L7z, TEE
I L B —KEROBH AR Hd, FLEHEER
EEARAEFHBIEZ D7, /8 FTLy 7 AMER
ETIEEFEIIRD bNE D07z, BIFEELL Y 7 A
@%M3’,%ﬁ%ﬁﬁﬂ%w%%ﬂ4:7bto£%
HEEEL X CRMBASEBENRR & Ebh s IE
¢mm%mbto£%1/7Xﬁﬁ%%§®ﬁﬁ@#%
(Hs), BEO LELBEEBLIVRFELTHEAZRED
7zo BHITIE, KRB, REFESAON, BRI
88 AMFIZ 121.5em TH ) IZITEHETH - 720
AANB L UREER T 5 EEMBOKE, BIEROERK
WIEFRETH L LB (M6),

M1 EEEE (858 A

X3

MR RS 43(5)

2005

E%Ix7xﬁﬁﬁ(sﬁ8#ﬁﬁ>
RPBSEESER E BhbnsKaM (&)

RO,

}ﬂ'ﬂ’i 2% (8 7L 8 20 A W)

1Lz

IE (SRED) =Rz,

K2 /7Ty s ABMEBE (THs AR
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HEARRE TP | HEHEERRLKIED RUNX 2 R

skeletal /y Value Mean S.D.
) 9 0 30
Convexity bt Loy .n i I|a X ) . 5.2 11. 50 3.08
A ~B plane 1t Liaaads l: u /1 s g, . 1
1.0 5.75 1.64
SNA AT S % I AT IO X 835 278
. O .Y A\ NG SO
76.8 76.38 2.08
.. 190 30 10 60
Facial angle IO LTI A U VIR SO 8.3 42,86 w99
SNP et N B s 18,90 250
3 ) . 5
¥ axis B S ‘?/ | \ P B
66.3 63.77 3.30
SN-S-Gn T SYPTINS R .\! i N
S 74.0 71.45 3.26
L VA T NI
L e = 2 5 38.5 3113 5.19
Gonial angle P B N N
" R Bt 1400 180.48 4.31
GZN TIPSt P VIR . 8850 o6
~10 4 2
F H to SN L ! / ol
FHtoS TR b bl 8.6 7.79 3.10
denture \L
U-11to FH plane - L ”9." ‘ , ) J““ . w”," fnls gy 4 96.36 466
U -1t SN plane . 4 T+ L
| Loy %\ 90.0 88.81 4.87
L-1 to Mandi L b/ N ol 661 8.2 618
e M 1 L 1578 147. 81 .38
Occlusal plane b e D, R L0 1425 14,28
By lizuka

PEDODONTIC DEPARTMENT
NIHON UNIVERSITY SCHOOL OF DENTISTRY

5 MIWEBT v 7 AR EEITRE R

—O

=

[ smess
O #mELit

W REBE (BE)
®6 HEFHEERMEEORAN

RUNX 2 B=FOE R
BI7CREEB L UIIEO RUNX 2 @ PCR HIEREY O
T”mﬁ@%ﬁﬁouﬁ®mmﬁ%%%i 8§ L F Y
YEBIBENY P A ADEEZTID LN o 2,
PCR WIBEM DY — 7 TV A2 BT, BEO RUNX
2LFV 3D unt FAAL VHIZI AV AEREY
O (8o 673HWEBDY P UhF 3 ViItEE (673
C>T) §A52LT, 25FBHDTI VBTH LT IUF
ZUBRYT Ty VITER (R25W) LTwWi,
BIR R E OBMOGIRBEERNAESE ORI ICB W

IFUL0 1#‘/‘/2 IHYLA4 IHYL
IFVy lfF‘J'/ES IxYUs
P42

[,
7“73"ABABAB AB

6
THRYLT

o Toumn W oumse W o
ABAB AB AB

L o e
A x3RE B: IR REN: FERAUR
7 BB L UMD RUNX 2 B{ZF O PCR EY

613C 673C>T

TAGATGGACCTCGGGAACCCA TAGATGGACCINGGGAACCCA

R225W

53

X8 RUNX2ILFYY3Drunt FAA VDI At AER
PIX mm sm
T —H—
300 bp-»>

200 bp->
100 bp-»

B9 HIRREEFRE EcoT141 I THMLBE L 72 RUNX2 ¥V V3
@ PCR Y

TiE, BETR6IBCOTDIAL Yy AEEICL VEIE
BE3R EcoT 141 OFET] (C/ICTTGG) &4 Y, BIRD
RUNX2 L ¥V ¥ 3 ® 311 ¥ £ 4] O PCR Y L EcoT
141125 203 SEEAT & 108 EHEITIEIMT & =%, &
BMTlROmsnzedo7 (K9, BREMBEOMO
HIREBE M REMEMRB L2 L), I 2L 2%
BOTEREWRL.
M}E ESXTHED RUNX 2 DT % Vi ERT L;tlﬂe Vi
3P BWTIF100% —F L, $ 72 Oto H?IC
D #kE SN 7-E5, %72 GenBank DEZF (accession num-
ber AF 001443-AF 001450) & =4l —F L7z,

£ =

EEREDOREEE EH 105 A0S
1000 N2 B EELNLTWVEY, &K
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FEBREDSHEORE I, @EIIMAMERS KRBT, Bt
TNeEOhnZ bddbh, EXRBEINT, FAEKED
kbbb, wEHEECIE, FLEHERILE, AARE L
BIE, #EM, FHASHKE, - SOEFALNL, B
B - BEECIEEEE, KEPIFIK, BUEE - BEIRZEH, AiSH
ElIB o 7oAtEIE R MRM, IRFIBRE, RvVv:RiE, BHE
BAEBILELE, e L3 CHBEORBELALN,
BRI, BREE, EEMY o, FHEEH, ItE
EERHEZ EALNDTY, 4RIFEE L AREER L 2ER
IZBWTIE, MHEOHEERER, HEFREGEILELER
LR FIPASHEE, LR EBES L UK AHEE 2
&, FHEEEENALN, HEHEETRTERED BRI
IEREE LT,

RUNX 2 kL MZER MM £ B MRk &
EHHEE L, BEFMBOBRH, BRREFMRTRKI
METLEEEAROEERE 2 EOBEPHH I L8
MESNTBE®Y, 72, WEMBRSL, HEMias
b, HORAEIDERLBERTTHAL I E/HHLT
VB, RUNX2IERY =< A NVADT Ny —
AT ARTFE LTI u—= 7 817z Polyoma En-
hancer Binding Protein 2« A (PEBP2 « A) & [H—®En
FTH DY, HEEEFTREMEIIB VT, RUNX2 &
ZF DY EAREE", K&, A, Frery2AEE
ATFGA AL MNER, I ALY ABRTIRRE SN
TWwd (10), IA Y ALERIa FOAOEROE

RUNX2 §
Oe %%O o] A
A® o) . ¢
AAn© ’882067& e v A§
Ava a & S v vV W OVEA A
6

IFXYL0 IHFVYY]  IHXYL2 THYLI TFYLL IFYLS THYL 2

pu

0«0

O:z2tr2 Vigk AA ®:5oe0r O:xIsqrzn Dawm
® REHILE-DIRELRER

10 BECHESNCHEEETEBREIIBIT 2
RUNX 2 ZEg 21

2 RUNX2ZFVYU3DIALYAEREI3C>T

NREERLEEMEEE 43(5) 2005

fLEREBERICLY, Bho/7 3 VEEFERFORY
NTF FEAIZIZWD, TS 87 950 b b ER
BETHY, RUNX2ELETFDOI ALY AERIZLZLD
HEFDHY, FOLEFunt FAAL VIZEHRLTW
A0 it AL VL, Y avYa vy NToOKRER
BEETF unt ICEBWKRER Y — %8 H, 72 unt F A
1 ¥ @ C KiHld nuclear localization signal % &4, Ih
BB A RUNX2 Y U Ry OERFIZE - THEE
SNb, BEELOEMICEOONLI ALY ZAERED
unt KA A4 2O CRBEICHMETAR25IZHED S
N, 673C>TIZL D, R22SWOT I VEBEEY AT
T, ZOERE LT, RUNX2 % /87 OIEE 228
EVHEBDON, REBRBESIBELLZLDEEZLND,
R2251IBITAHI ALV ARRIFMOERT L ) bHEED
&<, BRI B W TEBBIO®RE " "5 H 5, R225
W (673C>T) & R225Q (674G>A) FHESINTW»
% 7%, nuclear localization signal D—E8TH 5 R 225 D%
HIZRUNX2 S Y7 OBTOERYHEEL, E¥F%
FUNTDOERERELRTLIEEZELZLNTWVWASY, F /-
ot FAA VI3 ALY AERDH B RUNX2 ¥ ¥ /8
713 DNA fEbEEEE D RE 2V I EFRE SN T
VAR, RUNX2D ./ v 27w b 2B WTIE, M
Ll o BFEMEA~OSEAHES N, AT AN
VURFATFARIF R EDBEEAOEENEL &
TL, BEEMNETLEZVI EDPRE SN TWES?,
EMIBWTH RUNX2ERICIAEREEADEAC
L oT, wiEMED S BFRE~OMEORBIES L UF
FEMBOEEBOBRTIEL, £5WEBREEIEL
BHbDEEZLNDY, T2, OB HEEIZONT
&, RUNX2D/ v 277 b= AZBWT, HOBHH
HI DS TOREMIEEOK T A L7 2 L2
LEEINTWEY, LPLEYL, ZEEREEIHEEE
ZWCHEFICHEND O, FoBREEEE L S ERIZARHE
THbo

Quack 5" YDHETIL, REFFEDLNTZLFHRD )

&4 U728 IR & A O MR RIEIR D L

FIEH P HSHEAE BB IR WRRE KEE
Quack 5" N N N N N
Otto 5" N + + + -
Yoshida &' EGEIN + + + GARE+) + (SD-1.48)
Yoshida &' —(HAN) + + + (BRI +) + (SD-3.41)
AAE B EGEIN + + + (BRI —) -
+:F —-:!E N:FH
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HARE IS | $EHEFTRIEEED RUNX 2 2 &

5 18 RRIZDA RUNX 2 BIEFEE L FE SN, Zhou
5% Yoshida 5V OMETHARESEEDLN KR TN
TIZ RUNX2 BIZFEENFROOSN L DI TE L ho
oo HHOYIE, BOPIIKEORBEMLEREELE
BELED LD, RUNX2 BLFEENRO LN Lo
7ZERERE LT, RUNX2DKEFDT L VDRSO g
%, EERGEBORE, (1 rarofREg, L
RUNX 2 DA OBEFEEICL O FEIRE LT WAL
ML RIE L T2,

RUNX 2 T ERIIZIEII Do T B, BEIEF
TREFERERE OBBEEIIHL 2R > Tuikn,
Quack 5" DHETIL, HEEETELIEDREEERI
100% TH o 7288, F—FRKEMIZBWT L BB ORER
DREIHA TH Y, F7-BEIEOFE D MO & £
MRTHo7/2Z bhn, EETHERERICHS 2%
WL R o728 LT A, Chitayat 5¥ D|ETD,
HEBHEEFREEBIEOREN TORERDERIIRE L,
WOBHEBEDOADZ L H b LTW5E, —7F,
Yoshida 5", $HBHEEFEBEREDO —DODOFFHTH
BEGEE, unt FAA VICEESHLEZ LY L EER
BHVBEOFVBRETHLI L, TRIELBRE
DHEBROEICHL LRI SH LI L 2HE L TWD,
FELHIBELIZR25DIAL Y ABELET 585
DHMEDBHRIERETMELTAL L (F£2), Quack H?
I3, R225W (673C>T) & R225Q (674G>A) #* #H
HELTWwED, TOHRKEROFEMIAHTH - 720
Zhou 5" R225Q ##iE L, HEEHMAL L R
HIBIEIZFRD B b DD ZDMDFEIRD FEMMIREHTH -
726 Yoshida 571, HRADOHEHEEFELBEICS
WT, R225W & R225Q #HE L T 57, MiE & b
HERSHSELE, EEREIAE, BFHE, BEREELR
LTwW/z, Otto 52OHE L/ R25W TlE, Zh b
DEFHO ) LREEZELTBLY, F4EESOER
TYH, BEELRGEZROLR o722 Eh S, EBETF
BERFAMEILT LI L2V EATRBE SN, &
EFEFOBRSREIZ4FED L SBIIPITTERIIRL LS
NTWBEY), BFEDR22SW DEGTIXEREOFE
BBALEARETH o 72,

m

HEEEFRBRED 1 BRIZBWT, REREOE
WAERT & 215 RUNX2 BIETFORERN 217 - 72
EZh, UTOMREE:,

L. BRICFAOHMEELR, HEFTESEEES X

UK ABRBE HBIED A b7z, EREEOMR, BR

DIERIZFEREETH L LB b,

2. AEFO RUNX2DLFY V% —7 202
L7ck®, BREOZF YV VIHIZI ALY ALRELF
Oice TDDIEFE% RUNX2 ¥ 37 A SN
T, FUNRIEROBENE L DN, REGERIFRE
Lizbn&EZ Lz,

3. BEIIHRE SNTREF LEE—DERYET 5 IEH
&, REFAORKEREZ K L& A ZF0ERIZE
HoTEY, BERFREEHRMILTLO—H LW
ZEMRIBE NI,
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Missense Mutation in the RUNX 2 Gene in A Patient
with Cleidocranial Dysplasia

Takehiko Shimizu, Tomonori Hukushima, Juan Han, Rie Matsunaga
Sahari Tenjyo, Nobuko Arai and Takahide Maeda

Department of Pediatric Dentistry, Nihon University School of Dentistry at Matsudo
(Director : Prof. Takahide Maeda)

Cleidocranial dysplasia is an autosomal dominant disorder characterized by skeletal anomalies such

as patent fontanels, late erupting secondary dentition, short stature, and rudimentary clavicles.
The locus for this disease was mapped to chromosome 6p21. Mutations in the RUNX2 gene has been
shown to cause cleidocranial dysplasia. RUNX2 is a member of the runt family of transcription fac-
tors and its expression is found in developing osteoblasts and chondrocytes. An 8-year-old Japanese
male with the clinical diagnosis of cleidocranial dysplasia was the subject of this study. His clinical
description included delayed closure of sutures, late erupting secondary dentition, and hypoplastic
clavicles. We did not discover any past history of cleidocranial dysplasia in his family.

We performed mutational analysis for RUNX2 to determine if there was a mutation in RUNX2 in
this patient. A missense mutation was detected in the coding region of the RUNX2. Arginine 225 (R
225) which was located at the C-terminal end of the runt domain was mutated and a replacement by
tryptophan (R225W) was identified in the patient. This mutation, which results in premature termina-
tion in the runt domain, may produce a cleidocranial dysplasia phenotype by abolishing transactiva-
tion of the mutant protein.

We studied the clinical evaluations of phenotypes of previous cases with R225W mutation in

RUNX?2. We could not, however, find any significant correlation of genotype and phenotype.

Key words : Cleidocranial dysplasia, RUNX2 gene, Mutation analysis
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Quantitative Trait Locus Analysis of the Genes Regulating
the Anteroposterior Length of the Maxilla using
SMXA Recombinant Inbred Strain Mice

Joji Komiya and Kunihiko Shimizu

Department of Pediatric Dentistry, Nihon University School of Dentist at Matsudo
(Director : Prof. Takahide Maeda)

To develop a genetical diagnosis for skeletal malocclusion, we explored gene(s) regulating the an-
teroposterior length of the maxilla by the method of Quantitative Trait Locus (QTL) analysis using
SMXA Recombinant Inbred (RI) strain mice. Anteroposterior lengths between the anterior border of
the incisor pore and posterior border of the basisphenoid in the maxilla of 21 SMXA RI Strains mice
at 90 days of age were measured. The maxilla of the SMXA-8 strain was the largest (11.5 mm) and
that of SMXA-24 was the smallest (10.4 mm) in 21 strains. As the maxilla sizes of SMXA RI strain
mice formed a continuous distribution between 11.5 mm and 10.4 mm, the data was regarded as the
value of the quantitative trait. The strain distribution pattern reported in the previous study and the
value of the quantitative trait were used in the QTL analysis for the whole genome using the Map-
Manager QTb 28 software. Based on the result of QTL analysis, we obtained significant values on
chromosome 10 and 11. Around the marker D 10 Mit 70 mapped at 57.9 ¢cM from the centromere on
chromosome 10, the LOD score showed 2.9 with a suggestive level and around the marker D 11 Mit
152 and D 11 Mit 163 mapped at 9.8 and 13.1 cM, respectively on chromosome 11, the LOD scores
showed 5.8 with a significant level.

These results suggest that the major gene(s) regulating the anteroposterior length of the mouse

maxilla are located on chromosomes 10 and 11.

Key words : QTL analysis, SMXA recombinant inbred strain, Maxilla, Genetic analysis
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B OFERT 2 IR L 28RO E, S5 &RBEFR
BT A EAOERDFERERICOVTHELTV, B
AT
B LOHE

1. EBREY & EERIE
EVERFWEFLOMEE SN AT AL, =
FRY—EABREH IOV BEEEN/ZCIHYT A%
vy, REBWEBIFIEL S 5 —TY 7 AFEHE L7,
T/, ARYREC3HTYRAERRERL, Fi(A®XC
3HJ) & Fi(C3H%XAJ) ¥ 7 A%1®72, LEDA
YUR, C3HYTABLUFR Y A% KR TCHO
72
EERBYOFEEF L, REBWERNIELY S -HO~
T ABIZTEIR 2417, BF 65+5%, BARE 12 B
A7 NDO—EFRETICTHT 72, FEIEMF () 1>
VAR ETRER L, BCRbKIZAKEKERBKE S0 T
HEER S,

2. RBHE

ATTA, C3HYTRIZBWT, ERZEOMME~ Y
AR EET YT A% AT AIZREL, MiEs
FRENH L TR S W72, BERICEROTR & R
L, ZOR%HEROB & L7z, HET Y RIZBWT, #F

NREERLSEMERE  43(5) 2005

RILHE»S 14 BEFTO4 AMIC, U UEBEER
BIEKICHEE L 72 25 mg/ml ORI IV FV VBB T
EEE TS L, H5BOHREE, aVF VU
25mg/IL/HOFHBIZE > T AT RAIIHREDEVRIE
BOOBRTFRET I - 720 1HIR 18 H BIZEIR
VYA MR ) REFRSE, v ARTFETE
PO L, BFRE TIURTHR, S£FRTRTHE~,
SOIEFRTFICB W CTEREMET CEHEOZHOA
AZOWTBIE T 72,
DEDZE XD, AXA, C3HXC3H, BLUN, 7
7 AE LT AXF(AXC3H), AXF(C3HXA), Fi(A
XC3H) XA & Fi(C3HXA) XA D6EED T 7 25T
WCBWTEEEIT> 72,

B, KEBRIIHAKFRT HFET B ERHERE
(EKBFES 4% ECA-02-0001 &) 12577,

3. WEEMOH

BRHY Uy ABOTHERE, FHRIEFS, o4
TR, FHRBEFEB L OEBEOERF 2R
BEOFYEHEOZZTHICBTEOREICIE t RTE
&R ESWON A, WIE, AR, EEOERT
IR L - BERO LRI B W TEORE IS T REE
BV, fEEsS% 2 BEKEE L,

#w R

AT BWTEE L - BB, AXA T 7 X531
L, C3HXC3H YTADVOLTH o7 AXF, YT A
WIIETHY, D5 H AXF(AXC3IH) » 31 L,
AXF (C3HXA) 40ETH o 72, FIXA T ADT8]
IETHY, #2035 F(AXC3IH) XA 25415, F(C3
HXA) XA D40ETH-7 (F 1),

1. BHEICH 28K, WRIGRFER, £FRFHICO

Wt

AXA R T AZENWT, BEREAF285ETHY, 18
BCPHERBMA89+E23ETH o726 C3HXC3H ¥
T AIBWT, FEEREAQIIETH D, | BELEHER
BA91E21 ETH o720 AXE 7 AIIBWT, EFFE
HPOIIETH Y, | BRFEHERBKA9TEI4ET
Hole FEXATTRAIZBWT, FEEREH1014LTH
D, 1B EHFRBI 125247 L TH o 720 FXA
TYAGAXATTRAEREBRL, BEWZEZ 27 (p
<0.005)

BRI BT B BT OWMINEL, 364%~45.0% TH
D, BEOEEZITED LN L o7,

FEHIIBT BT OEFFIR, 550%~63.6% TH
D, BEOEEZITD LN o7, | BELEYFEE
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FHIZBWT, AXATY 21E52+230C, C3HXC3
H<vRAIE53+130E, AXE, v A358+26[L, F
XARTAFT76E32[ETH -7 FFXA TT AL A
XARTALWEL, BEIZZ D7 (p<0.005) (F
Do
2. BRHEMNERTFEERL -BROLERIZONWT
AXATTRAIBWT, 3IEORERICaIVFY V%
BTELEZA, IEOBRPSEHEOERT % HIE
L, BEOERTAERL - BEROLEILI55% T
Holo AXAT T A (355%) i AXF, (155%) B

L URXA (222%) LWL, BEEIZE» 72 (p
<0.0001, p<001)o C3HXC3H YT AILBITLEE
OFFFZHIRE L-BRIIBO SN L 0o,

72, AXARTAIIBWT, BEEOSZHFEEFERERL
7211 EOFE» S 18 ROFHEOBHT 2B/, 1 BER
WKBWTEBEOERTHII1~3IETH Y, EHEHD
EZUFHIT16208ETH o7 AXEF, BLUF XA IZ
BT, 1 BRIZBWIEBEDOERFHILHIZ1~2 1T
THY, FPHEHOEHEFHITLICI3L05ETH -
720 B | BN EREEOSEZTBICEEEEED L

w1 FHETT ACBVTERE, RIUGHB L UEFIBFORR
HAL T
R —— kR M BOIAFFE (BN %) A (AR %)
RpE; A2 g (1 BERFEERMESD) (IBEEHRIETHESD) (1 BT REF%LSD)
A A 31 285( 8.9£2.3) 125(43.9) (3.9+2.0) 160(56.1) (5.2£2.3)
C3H C3H 9 82( 9.1+2.1) 34(41.5) (3.8%2.6) 48(58.5) (5.3%1.3)
A F(AXC3H) 31 320(10.343.1) *** 144(45.0) (4.6=3.1) 176(55.0) (5.7£2.2) ***
A F(C3HXA) 40  371(93%32) e 135(36.4) (3.4%+1.7) 236(63.6) (5.9+2.8)
AXF, &t 71 691( 9.7+3.4) ok 279(40.4) (3.9£2.5) 412(59.6) (5.8£2.6) o
FI(AXC3H) 41 483(11.8£4.9) — A 176(36.4) (4.3£3.8) 307(63.6) (7.5+3.5) — [
F(C3HXA) 40 531(13.3+£4.3) 219(41.2) (5.5£3.9) 312(58.8) (7.8£2.9) ——
Fi XA & 81  1014(12.5%4.7) 395(38.9) (4.943.9) 619(61.1) (7.6 +£3.2) ———
N, & 152 1705(11.2+4.3) ———n—  674(39.5) (4.4+33) 1031(60.5) (6.8+3.0) ———
wiip < 0,005
R2 ERPOERT 2 EIR L 22 B8 ORI
Bz e
AH P BHOER EATR L7  BWOBREH
R Apik BB (JLEE%) (1 HECEY BRI E 2T 5+ SD)
A A 31 11(35.5) 18(1.6£0.8)
C3H C3H 9 0( 0.0) 0(0.0£0.0)
A F(AXC3H) 31 3(97) 3(1.0£0.0)
A F(C3HXA) 40 8(20.0)** 11(1.440.5)
AXF, & 71 11155 — 14(1.3£0.5)
F (AXC3H) A 41 9(22.0) s 10(1.14£0.3)
F/(C3HXA) A 40 9(22.5) 13(1.4£0.5)
F. XA & 81 18(22.2) —, . 23(1.3£0.5)
N & 152 29(19.1) ——— 37(1.3%0.5)

##<0.01, **¥p<0.005, ***%p<0.0001
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%3 %%ﬁmﬁ"%%ﬁﬁr L7 BB & O IEE 2 OEDEF T ITIE L - BEICB W TERE, WIS TF & FEFOIRR
BT LT
E BRI RUT & 4RIR U /- F EF R VEOHET 2 TR L -85
B EIRE WAL PE 5 AT Bk BRI WA 3% T
N ACER ” (CFHERE CEHRIR CEE R %‘z CO(EHERE (PRI (EH R
+SD) faF#£SD)  {F¥+SD) +SD) fEF#+SD)  {FH+SD)
A A 11 106( 9.6£32) 39(3.5%£2.0) 67(6.1£22) 7  59( 84%2.1) 26(3.7£1.0) 33(47%2.1)
*
f i
A F.(AXC3H) 3 41(13.7£09) 21@0;44) 20(6.7£0.6) 12 96( 8.0+2.8) 3781%14) 59(4.9%2.6)
A F.(C3HXA) 8  71(89+29) 27(34+1.6) 44(55+25) 18 164( 9.1£32) 57(3.2%1.6) 107(59+2.8)
AXF, &t 11 112(102+4.0) 48(44+29) 64(58+22) 30 260( 87%3.1) 94(3.1£1.5) 166(55+2.7)
F(AXC3H) A 9 106(11.8+4.7) 31(3.4%34) 7“&3i4@ 11 84(7.6+39) 23(21%21) 61(55%3.1)
f = I
F(C3HXA) A 9 155(172+34) 79(8.8+42) 76(84%34) 11 116(10.5+4.0) 32&9#32) 84(7.6£2.8)
‘ o shkesk l
FiXA & 18 261(14.5+49) 110(6.1+4.6) 151(8.4+38) 22 200( 9.1+4.2) 5“25%zﬂ 145(6.6%3.1)
N: & 29 3n(n9£5ﬁ) 158(5.4+4.1) 215(7.4%35) 52 4&%83&35) M9&9§zn 311(6.0+2.9)
#p<0.05, *tp<0.01, **##p<0.005

Nixhorz (#F2),

3. BEOSENFEERL BB LICEEAOEOS
FaEiRl =BEBOBKRE, WNRFHEREFH
oW T

BHOEHRTCERL-BE8B L CEE 2 OEOHT
IR LB (SR ToOAERFICOER, EHEOE
HEOFR2BOBVL D) OFRE, BIUGHFEHKER
RFEICBWTHERZRI IR LI,

AXF(AXC3H) B L U F(C3HXA)XAIZB W
T, BYEOEZF 2 TR L - BE8OEYERKL, ¥
ZOBEOEFEEE L-BEBOFEHERKLLEL,
BIZE o7z (p<0.05, p<0.01) (E3).

4. BREFHCSTIBEEOEHORERICOVT

AT AIBWTHBEA T I~9RTH Y, BEFEO
EROREEFRITII% Th oo RBEFHEIFSIET
HolEDEENBERORERILS0% THY), RO
WiEZRLZZ (1),

N YT ACBITHEBEFRIEI~4LTH o2, £
D9 H AXF(AXC3H) 132~100L, AXF(C3HX
A) 1 1~11T0E, F(AXC3H) XA E1~14E, F(C3
HXA)XA G I~1B3ETHo/e N, TTRAIZBVWTE
PHOBHOBERIL.6% THY, FEFHHITIEL 8
ETHo DO EEOEHOBERITIIZ06% TH

AR (%)
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1.0

0.0

TR
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0.0

Aﬁﬁzmkwfiﬁhfﬁ:wWB
ISR SRR ISVL
IS BB DR HiE %

L 11.3%
3.8

1 2 3 4
1 Ay RACBWTERBGFROEHED

(%)

7 AN B TAELIRT 103108
(23T 08 00
IS DIEIEH | 3.6%

11

B2 N.¥v7ALBWTEREFROEHRD
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Effect of Maternal Environment on Occurrence
of Cleft Lip with Palate in Mice

Juan Han, Michiko Maeda, Rie Matsunaga, Takehiko Shimizu
Kunihiko Shimizu and Takahide Maeda

Department of Pediatric Dentistry, Nihon University School of Dentistry at Matsudo
(Director : Prof. Takahide Maeda)

The incidence of cleft lip and cleft palate is influenced by environmental factors, although the
mechanism still remains incompletely understood. The aim of this study was to investigate the mater-
nal environmental effect on occurrence of cleft lip with palate (CLP) in mice. A/WySn and C 3 H/He
strains were used. The F, hybrids from a reciprocal cross between A/WySn and C 3 H/He were raised,
and the reciprocal F, and A/WySn were used to produce as [AXF, (AXC3H)](A; A/WySn, C3
H: C3H/MHe), [AXF (C3HXA)], [F.(AXC3H)XA] and [F, (C3HXA)XA] N, backcross
fetuses. Pregnant mice were injected on days 11 through 14 of gestation with 2.5 mg/mouse/day of
cortisone. A laparotomy was performed on the 18th gestational day at which time the implant, resorp-
tion and litter size were recorded. Each fetus that attained at least Day 18 of development was
checked for the presence of CLP. The frequencies of fetal resorptions that ranged from 36.4% to
45.0% did not differ significantly among the 6 groups. The rate of dams that had CLP fetuses was
significantly higher in the A/WySn strain itself (35.5%) than in the AXF, (15.5%) and in the F, X A
(22.2%). The mean number of implantations and the mean number of resorptions was higher in the
dams that had CLP fetuses than the dams that had normal lip and palate fetuses, although the mean
number of litter size did not show a significant difference. The highest incidence of CLP in the prog-
eny was observed in the dams that had litter sizes of 8 not only A/WySn strain itself but also N,
strains of mice. These results suggested that a high frequency of fetal resorption was affected by cor-

tisone treatment, and the incidence of CLP might be influenced by litter size.

Key words : Mouse, Cleft lip with palate, Maternal environmental effect, Cortisone
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Table 1 A list of genes coded stress protein

Gene name TIGRID Anotation Fowerd/Reverse primer size (bp)

groEL PG0520 chaperonin, 60kDa 5- TCGCGTAGAAGATGCCTTGA -3' 242
5- CGTCCTTGCCTTCTTTCACC -3'

groES PG0521 chaperonin, 10kDa 5'- TGAACATCAAACCATTGGCAGACCG -3’ 212
5'- TCTATTTCAGTGCCGGCATATTTGC -3'

dnaK PG1208 dnak protein 5'- ATCGTCTGATTCAGGCATGTGTGGC -3' 559
5-TTCTTGCCGGTAGCTTTGTCATGAG -3' )

htpG PG0045 heat shock protein HtpG 5- GCAGCCAAATTCTTCCTTTTCACCG -3' 670

5'- CTTTTTCCTCATCGAGCAGCTTGGC -3'
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Transcriptome analysis of stress proteins at different growth phase.
P. gingivalis was grown to early-log (EL), mid-log (ML), late-log (LL), and
stationary (ST) phases under hemin standard concentration (5 pg/ml) or hemin
limitation (0.001 pg/ml). The labeled cDNA samples reverse-transcribed from
total RNAs at different growth stage were hybridized with gene probes on a
microarray. Scatter plot analysis was done to express the relative transcripts

htpG
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Fig. 1.
levels at each growth stage.

L CL
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groEL

B

EL ML
Fig. 2.

LL ST

Gel electrophoresis of PCR products after QRT-PCR analysis.

A: The stress responsible protein genes, groEL, groES, dnak, and
htpG was amplified with total RNA samples in stationary phases
under hemin standard concentration (C) or hemin limitation (L). B:
RT-PCR analysis of dnak gene expression in early-log (EL), mid-log
(ML), late-log (LL), and stationary (ST) phases under hemin
standard concentration (C) or hemin limitation (L).
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Gene expression profiling of stress proteins during P. gingivalis growth under
P. gingivalis was grown to early-log (EL), mid-log

(ML), late-log (LL), and stationary (ST) phases under hemin standard concentration
(A) or hemin limitation (B). Induction ratios of stress relative protein at each growth
stage were obtained by dividing background-corrected signal intensities of experimental
samples in each growth phase by background-corrected intensities of samples in EL.

Data are presented as means = SD.
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Influence of Hemin on Gene Expression of Stress Proteins During in vitro Growth
of Porphyromonas gingivalis.

Michiko KIYAMA-KISHIKAWA, Koichi HIRATSUKA and Yoshimitsu ABIKO

Depertment of Biochemistry and Research Instifute of Oral Science,
‘Nihon University School of Dentistry at Matsudo, Chiba
Summary

We developed a custom-made microarray for detecting pathogenic genes in Porphyromonas gingivalis (P
gingivalis) and investigated the influence of hemin on gene expression related to stress-associated proteins,
such as dnaK, groEL, groES, and hipG, during its growth. Independent on hemin concentrations, the genes
related to the stress-associated proteins showed same profiles in transcription during its growth. In addition,
these transcripts showed a high level of expression at individual growth stages under hemin limitation com-
pared with unlimited conditions. These results were validated by real-time PCR analysis. It is suggested that P
gingivalis might increase its defensive capacity for adaptation of environmental changes and play an important
role for normal growth.

Key words : Porphyromonas gingivalis, growth, hemin, microarray, stress protein

Address: Yoshimitsu ABIKO  Department of Biochemistry; Nihon University School of Dentistry at Matsudo
Sakae-cho Nishi 2-870-1, Matsudo, Chiba271-8587, Japan.
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Gene expression profiling and characterization under hemin
limitation in Porphyromonas gingivalis
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Abstract: Hemin is an important nutrient for
Porphyromonas gingivalis growth and pathogenicity. We
examined the gene expression profile of P. gingivalis,
including genes involved in its pathogenicity, at various
growth stages under hemin-standard and limited
conditions by using a custom-made microarray. The
transcription of many genes decreased after late-log and
mid-log phases under hemin-standard and limited
conditions, respectively. We focused on two groups of
genes while comparing gene expression profiles under
hemin-standard and limited conditions by gene tree
analysis. Genes belonging to group A maintained high
transcriptional levels, whereas genes in group B were
expressed at low levels under standard hemin condi-
tions. However, group B genes increased remarkably
under hemin-limited conditions. Groups A and B
contained genes involved in regulatory functions and
protein fate, respectively. Genes related to energy
metabolism, transport, and protein binding were
present in both groups. Our results suggest that P.
gingivalis experienced severe stress under hemin-limited
conditions, and growth phase-dependent changes in
transcription levels were observed for many genes.
Moreover, increased expression of genes involved in
energy metabolism suggests that hemin is related not
only to pathogenicity, but also energy metabolism. (J.
Oral Sci. 47, 191-197, 2005)
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Introduction

Microorganisms are often able to adapt to changes in
their environment. Adaptation to these changes involves
adirected change in the synthesis of virulence factors (1).
This is particularly true for organisms living in the mouth,
where they are exposed to dramatic changes in oxygen
tension, redox potential, osmolarity, temperature, pH, and
the bacterial cell density (2). Porphyromonas gingivalis,
a Gram-negative anaerobic bacterium, is implicated as
one of the major pathogens of adult periodontal disease
(3). This species possesses many virulence factors,
including fimbriae, proteases, hemagglutinins, and capsular
polysaccharides, which allow this organism to cause
disease (2). In general, microorganisms must scavenge
essential nutrients, including iron, which play a crucial role
in the establishment and progression of infections (4).
Iron is a constituent of several important metabolic enzymes
and is essential for the growth of almost all microorganisms.
P. gingivalis has several mechanisms to utilize iron from
some iron-containing molecules such as hemoglobin,
myoglobin, hemopexin, methemoglobin, oxyhemoglobin,
and cytochrome C (5-7).

Numerous investigations have examined the effects of
iron depletion on bacteria, identifying an accompanying
decrease in virulence expression (8-11). Significant
decreases in gingipain enzyme activity were found in the
wild-type strains grown under iron-depleted conditions (8).
Promoter activity of fimA gene, which encodes fimbrillin,
decreased by approximately 50% in response to hemin
limitation (9). Transcription of hemagglutinin-associated
genes such as hagB and hagC decreased under hemin-
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limited or non-hemin conditions (10). Trypsin-like enzyme
activity in culture supernatant was also lower at each
growth phase under hemin-limited than standard hemin
conditions (11). Kesavalu et al. (8) demonstrated that P.
gingivalis cells grown under iron-depleted conditions for
multiple passages showed significantly decreased lesion
size in mice, in contrast to cells grown under iron-normal
and iron-elevated conditions. Conversely, other reports
have shown increases in virulence under hemin limitation
(11-14). The binding (12) and transferring (13) of
hemoglobin increased considerably when the organisms
were grown under hemin-limited conditions, and
collagenolytic activity was generally higher in hemin-
limited cultures (11). Moreover, cells and vesicles from
hemin-limited cultures for hemagglutination of sheep
erythrocytes exhibited higher titers than their hemin-excess
counterparts (14). These reports showed a discrepancy in
the virulence of P. gingivalis under hemin limitation.
There were few reports that showed the obvious growth
phase on sample collection. In addition, little is known about
changes in global gene expression of virulence-related
proteins during each growth phase under hemin limitation.
Therefore, the variability in pathogenicity between reports
in response to hemin is likely a result of differences in gene
expression during bacterial growth phases at the time of
sample collection.

Recent technology advances have made it possible to
study global gene expression in both prokaryotes and
eukaryotes by using DNA microarrays (15-18). The
complete genome sequence of P. gingivalis strain W83 has
been previously determined (19) and is available for
designing P. gingivalis microarrays. In the present study,
we prepared a custom-made DNA array of pathogenicity-
associated genes and investigated the possible role of
hemin in the virulence of P. gingivalis by comparing the
transcriptional profile under hemin-limited and standard
hemin conditions in vitro.

Materials and Methods
Microarray procedure
Ninety-three pathogenicity-related genes that had been

previously described in detail were selected and amplified

from P. gingivalis genomic DNA. The average size of
these amplicons was 615 bp. Human genes encoding [3-
actin, GAPDH, and lactoferrin receptor were also amplified
for printing on the array. All DNA probes were printed as
a block of three on both the right and left sides of a glass
slide, yielding six replicates of each PCR product and
570 spots per array. Purified PCR products were diluted
to a final concentration of 50 ng/pl in Microarray
Crosslinking Reagent D (Amersham Bioscience,

Piscataway, NJ, USA) and then transferred to a 384 - well
microtiter plate for printing. The purified products were
printed onto silane- and metal-coated glass slides
(Microarray Slide Type 7; Amersham Bioscience) by
using a GEN III Microarray Spotter (Molecular Dynamics,
Sunnyvale, CA, USA) under 55% relative humidity. After
drying under 55 - 60% relative humidity for 1 h, the arrays
were fixed by UV cross-linking at 100 mJ/cm? in a UV
Stratalinker 1800 (Stratagene, La Jolla, CA, USA), and then
stored dry in a desiccator at room temperature.

Media and growth conditions

P. gingivalis strain W83 was subcultured by serial
passage in hemin-free brain heart infusion (BBL
Microbiology Systems, Cockeysville, MD, USA) containing
0.25% yeast extract supplemented with menadion (1
pg/ml). The bacteria were then transferred and cultured
in fresh medium with hemin (5 pg/ml or 0.001 pg/ml) to
early-log phase (EL), mid-log phase (ML), late-log phase
(LL), or stationary phase (ST) (Fig. 1). Before inoculating
the bacteria, fresh growth medium was incubated in an
anaerobic chamber for several days to remove residual
oxygen.

Preparation of total RNA and fluorescent-labeled
cDNA

After harvesting the cells by centrifugation, cells were
re-suspended in 300 pl of DNase, RNase free water (DW;
Invitrogen, Carlsbad, CA, USA). For isolation of total
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Fig. 1 Growth under different hemin concentrations in P.
gingivalis. P. gingivalis strain W83 was subcultured
by serial passage in hemin-free broth. The bacteria
was transferred and cultured in fresh medium with
hemin (5 pg/ml or 0.001 pg/ml) to early-log phase
(EL), mid-log phase (ML), late-log phase (LL), or
stationary phase (ST).
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RNA, the cell suspensions were transferred into FastPrep
tubes containing Lysing Matrix B (Qbiogene, Carlsbad,
CA, USA) and 900 pl of Trizol Reagent (Invitrogen), and
disrupted by using a FastPrep FP120 Instrument (Qbiogene)
at-a speed rating of 6.5 for 40 s. After centrifugation in
200 pl of chloroform, the supernatants were treated with
chloroform, precipitated with isopropanol, resuspended in
DW, and stored at -70°C. The concentration of total RNA
was calculated based on absorbance measured at 260 nm.
In addition, the degradation of total RNA was examined
by using an Agilent 2100 bioanalyzer (Agilent
Technologies, Palo Alto, CA, USA). All samples used in
this study exhibited Aygp/Asgg and 23S TRNA/16S tRNA
ratios of at least 1.8 and 1.6, respectively.

The CyScribe First-Strand cDNA Labeling Kit
(Amersham Bioscience) was used for labeling. Briefly, 25
ng of total RNA was used for synthesis of fluorescently
labeled cDNA by reverse transcription with Cy5 - dUTP
(Amersham Bioscience), Superscriptll (Invitrogen), and
random nonamer primers for 1.5 h at 42°C. The cDNA was
treated with NaOH, neutralized with HEPES, and then
purified to remove unincorporated dye. The Cy5-labeled
samples and identical amounts of Cy5-prelabeled human
genes were mixed together, precipitated with ethanol, and
then resuspended in 55 pl of DW.

Hybridization and scanning

Hybridization and washing steps were carried out using
an Automated Slide Processor (ASP; Amersham
Bioscience) by following the manufacturer's instructions.
The resuspended samples were denatured at 95°C. for 3
min, cooled on ice, and mixed with an equal volume of
Hybridization Buffer (Amersham Bioscience) and 110 pl
of formamide (total volume; 220 pl). The arrays were
incubated at 55°C for 2h in pretreatment solution (2 x SSPE,
0.2% SDS), washed with MilliQ water twice at room
temperature, dried, and placed in the ASP. The hybridization
cocktail (200 pl) was injected into the slide chamber and
hybridization was carried out at 42°C for 12h. The arrays
were washed at 45°C with washing buffer I (1 x SSC, 0.2%
SDS) twice for 5 min, with washing buffer II (0.1 x SSC,
0.2% SDS) twice for 5 min, and with 0.1 x SSC for 30
sec prior to being air-dried in the dark. Three microarray
replicates were analyzed for each growth stage.

Microarrays were scanned at 10 pm with a confocal
fluorescence laser scanner (GenePix 4000; Amersham
Bioscience). The emitted fluorescent signal was detected
by a photomultiplier tube (PMT) at 532 nm (Cy3) or 635
nm (Cy5). For array experiments, the laser power was 100%
and the PMT voltage was 500. The scanned images were
processed as TIFF images and the pixel intensities of each

hybridization spot were analyzed quantitatively by using
GenePix™ Pro 3.0 software (Axon Instruments, Redwood
City, CA, USA). A grid of individual circles defining the
location of each DNA spot on the array was superimposed
on the image to designate each fluorescent spot to be
quantified. Median signal intensity was determined for each
spot. The local background signal was subtracted
automatically from the hybridization signal of each separate
spot.

Microarray data mining and analysis

The average of the signal intensities from blank portions
on the array was taken as background. At each growth stage,
genes with median signal intensities lower than the median
background intensity + 3SDs were treated as an absence
of expression. Intensities of the pre-labeled human controls
were equalized and used for normalization among different
arrays. Global gene expression was compared among
growth phases using the Kruskal-Wallis test (P-value
cutoff, 0.05; multiple testing correction; Benjamini and
Hochberg False Discovery Rate), and then subjected to gene
tree analysis based on standard correlation.

Results and Discussion

P. gingivalis W83 cells were grown under two different
hemin concentrations -5 pg/ml, the standard concentration
observed in vitro, and 0.001 pg/ml, the lowest hemin
concentration to sustain growth of P. gingivalis. As shown
in Fig. 1, a delay in growth and a decrease in population
were observed under hemin restrictions. On the basis of
the growth curve, we designated the EL, ML, and LL
phases of growth, and defined the ST, in which the number
of viable cells remained approximately constant.

In the present study, we compared global gene expression
under different hemin conditions during growth phase by
using custom-made DNA microarrays based on PCR
products from P. gingivalis. RNA samples were isolated
at time points covering the entire growth phase. Although
investigators often use an averaged transcriptional level of
all mRINAs at each point to normalized control (i.e. global
normalization), we used pre-labeled human external
controls mixed in hybridization solution for the normali-
zation. The global normalization is, in general, used
effectively when large numbers of probes are spotted on
an array and the probes do not belong to a restricted
category. In a previous study, quantitative real-time PCR
analysis demonstrated that the levels of 16S ribosomal RNA
were not stable during growth phase and the amount of
rRNA was significantly higher than that of other mRNAs
from inducible genes (data not shown).

In the present study, 90 of the 93 initially monitored genes
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were analyzed further. The gene expression profiles and
average expression levels during growth phase are shown
in Fig. 2. The mRNA expression of each gene did not
change significantly from EL to LL under standard hemin
conditions (Fig. 2A, 2C). As a whole, mRNA expression
of each gene varied under hemin limited conditions (Fig.
2B) more than under standard hemin conditions (Fig. 2A).
Under standard hemin conditions (Fig. 2C), the average
and standard deviation of the transcripts did not vary over
time from EL to LL, suggesting that many genes might
be constitutively expressed. However, a significant reduction
in many transcripts was observed during ST. Likewise, a
significant reduction was observed in many genes after
exposing the ML cells to hemin-limited conditions (Fig.
2D). Many bacteria have evolved the ability to condition
culture medium by secreting extracellular signaling
molecules, termed autoinducers, in association with growth
phase to control expression of specific genes, a process
termed quorum sensing (20-22). luxS-dependent quorum
sensing in P. gingivalis has recently been described, and
expression of /uxS was found to be higher in LL than in
EL, suggesting that the quorum sensing may play an
important role for the virulence of P. gingivalis. Our data
showed that a reduction in gene expression under hemin-
limited conditions was not observed during the shift from
LL to ST, but it was observed during the transition from
ML to LL. This suggests that the quorum sensing system

100 3 1007 E

100y T 10.0 e

e

EL ML LL STEL ML LL ST

o
o
!
L

Normalized intensity (log scale)
P
i
j

Normalized intensity {log scale)

0.01 LR I . 0.01
EL ML LL STEL ML LL ST

Growth phase

Fig. 2 Expression profiles of 90 P. gingivalis W83 genes. A

and B represent profiles of individual genes, whereas

Cand D depict average profiles under standard hemin

concentration (5 pg/ml; A, C) or hemin-limited

conditions (0.001 pg/ml; B, D). Levels of mRNA

expression during growth were expressed as the fold-

change relative to the level seen during EL. Data are
presented as means + SD.

Growth phase

might not work well under hemin limitation.

Figure 3 exhibits the results of gene tree analysis
identifying related gene expression patterns during growth.
Under hemin limitation, the expression of most genes
increased at EL and ML, and then decreased significantly
after LL. These data suggest that P. gingivalis may have
a regulatory switch that initiates pathogenesis during the
middle of the exponential-phase growth under hemin
limitation.

Cont. Limit. A

Cont. Limit.

> 2-fold
increase

> 2-fold
dcrease 1

B

Cont, Limit.

EMLS EMLS EMLS EMLS

Fig. 3 Gene tree analysis based on standard correlation of the
changes in gene expression under various hemin
concentrations during growth of P. gingivalis. Distributions
of individual gene expression levels are shown.
Individual growth phases (E, early-log phase; M, mid-
log phase; L, late-log phase; or S, stationary phase),
hemin concentrations (Cont.; standard hemin
conditions; or Limit.; Hemin-limited conditions)
(columns), and levels of the 90 genes (rows) are shown.
The scale bar indicates the color coding of the RNA
levels.
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Two gene groups showed significant differences in
transcription profiles under hemin-standard and hemin-
limited conditions (Fig. 3A, 3B). Group A contained 14
genes that showed comparatively small transcriptional
fluctuations under standard hemin conditions, but which
exhibited increases in transcription from EL to ML under
hemin limitation (Fig. 3A). Group A contained many
genes related to energy metabolism (mutA and mutB),
regulatory functions (nosR and fur), and transport and
binding proteins (htrA, comM, and PG0938, PG1759)
(Table 1). Group B contained 11 genes that were down-
regulated under standard hemin conditions, but were
upregulated throughout bacterial growth under hemin
limitation (Fig. 3B, Table 2). Group B contained genes
involved in protein fate (groES and dnak), transport and
binding proteins (PG0668 and fetB), and energy metabolism
(gdh and rbr).

The mutA and mutB genes in group A encode subunits
of methylmalonyl-CoA mutase, which catalyzes the
interconversion of methylmalonyl-CoA and succinyl-CoA.
This enzyme is known to play a role in the process that
provides the amino acid metabolism intermediate to the
TCA cycle (23). The mut genes exhibited a typical
expression pattern in group A (Fig. 3A). P. gingivalis is
asaccharolytic and cannot utilize carbohydrates as
carbon/energy sources (24). Our data suggest that mut
genes expression stability may play an important role in
basic energy metabolism in P. gingivalis and that expression
is up-regulated under hemin limitation. On the other hand,
gdh gene expression increases at ML and LL, and these
increases are particularly enhanced under hemin-limited
conditions (Fig. 3B). The gdh gene encodes NAD-
dependent glutamate dehydrogenase, which catalyzes the
interconversion of glutamic acid and 2-oxoglutaric acids.
This enzyme is known to participate in energy metabolism,
amino acid metabolism, and nucleic acid metabolism (23).

P. gingivalis binds hemin on its surface and transports
the entire molecule into the cell by an energy-dependent
mechanism (25). Our data suggest that P. gingivalis that

Table 1

Description Main role*

Gene ID TIGRID

hemN yg porphyrinogen it PG1505  Hypothetical proteins
oxidase
phyA hemolysin A PG1875  Cellular processes
nosR membrane-bound regulatory protein PG1623  Regulatory functions
fur ferric uptake transcriptional regulator PG0465 Regulatory functions
ISPgS (orf2) transposase orf2 PG0008  Other categories
mutA methylmalonyl-CoA mutase alpha-subunit PG1666 Energy metabolism
mutB -CoA mutase beta-subunit PG1657 Energy metabolism
1SPG4 transposase PG0050  Mobile and extrachromosomal
element functions
hirA htrA protein (ABC solute binding protein) PG0648  Transport and binding proteins
atoS sensor histidine kinase PG0017  Signal transduction
comM competence protein ComM PG1768  Transport and binding proteins
PG0938 calcium ion-transporting ATPase PG0938  Transport and binding proteins
PG1759 adhesin protein PG1759 Cell envelope
hipG high temperature protein ; (Hsp80 homologue) PGO0045 _ Protein fate

"The classifications are described according to that in TIGR database.

reside in low-hemin environments may compensate by
upregulating mut gene and gdh gene products to sustain
energy production. Interestingly, genes encoding
competence protein (comM) and transcriptase (ISPG4 and
ISPGS5) in group A, and transcriptase (ISPG/) in group B
were up-regulated under hemin limitation. Our data suggest
that these genes might play a role in adaptation to
environmental change through increased expression.
Tron acquisition is essential for P. gingivalis survival in
a healthy periodontal environment. As shown in Fig. 3B,
expression of ferB, PG0668, and PGI414 genes, which
encode transport and binding proteins, increased under
hemin-limited conditions. FetB exhibits sequence similarity
to the periplasmic binding proteins necessary for
transporting siderophores through the periplasmic space
of gram-negative bacteria (26). PG0668 and PG1414 are
tonB-linked outer membrane receptors that transport hemin
into the periplasmic space, from where it is further
transported into the cell by a multicomponent periplasmic
binding protein-dependent, ATP binding cassette transport
system (27). The rbr gene (group B) encodes rubrerythrin,
which contains a mixed Zn, Fe binuclear site (28). Rbr
protein has multiple roles, not only in protein quality
control, but also as an indirect regulator of transcription
(29). Our data suggest that P. gingivalis might adapt to
environmental change by increasing the expression of
these genes and that these genes products might participate
in the hemin uptake pathway under hemin limitation.
The groES, dnaK and dps genes in group B encode
known stress response proteins. Most studies of Dps have
focused on its role in oxidative damage protection,
particularly against peroxides (30,31). Dps protects the cell
not only from oxidative stress but also from multiple
stresses such as UV and gamma irradiation, iron and
copper toxicity, thermal stress, and acid and base shock
(32). In addition, the Dps protein is induced by nutritional
stress in Bacteroides fragilis (33). Our data show that the
bacterial population continued to increase after ML until
ST under hemin limitation, although the expression many

Table 2

Gene ID TIGR ID Description  Main role*

groES heat shack protein 10 (GroES) PG0521  Protein fate

dps DNA-binding stress protein PG0090  Cellular processes
PG1414 hypothetical tonB-linked outer membrane receptor PG1414

PG0668 hypothetical tonB-linked outer membrane receptor PG0668  Transport and binding proteins

gdh NAD y PG1232  Energy metabolism

fetB heme-binding protein PG0669  Transport and binding proteins

PG1432 sensor histidine kinase PG1432  Signal transduction

1SPg1 transposase PG0184  Mobile and extrachromosomal
element functions

PG1317 hypothetical outer membrane protein PG1317

dnaK DNA replication PG1208  Protein fate

rbr rubrerythrin PGO195 _ Energy metabolism

*The ifications are described ing to that in TIGR database.
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arrayed genes exhibited remarkable decreases after ML.
The stress-related proteins, which exhibited increased
mRNA expression throughout bacterial growth, might
play a role in protecting the proteins associated with
growth and cell division by refolding misfolded proteins.
The biological activities of proteins related to bacterial
growth or cell division might be maintained until the late
phase of growth.

In conclusion, we studied transcription profiles of P.
gingivalis virulence genes during growth under hemin-
limited conditions. Our analysis suggested that P. gingivalis
may control the expression of many genes required for
metabolism, stress response, and hemin acquisition in
order to adapt to environmental changes. Our analysis
also revealed that the expression of many genes changes
drastically during bacterial growth. Microarray technology
is very useful for analysis of gene expression changes
under various conditions throughout P. gingivalis growth,
and is an extremely powerful tool for characterizing global
gene expression changes.
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Treatment of a crown malformation in a lower left permanent central incisor tooth derived
from earlier traumatic injuries to a primary tooth based on diagnosis using 3DX™

Kensuke Matsune, Yukari Kajiyama, Akira Usui, Kiyoshi Arai, Takahide Maeda
Department of Pediatric Dentistry, Nihon University School of Dentistry at Matsudo

We treated a crown malformation of the lower left permanent central incisor teeth in a girl aged 10 years 8
months. The malformation derived from traumatic injuries to a primary tooth at 2 years old. We determined
the treatment plan using 3DX™. The crown of the lower left permanent central incisor tooth had bent at 90
degrees against the root. The labial enamel entered to the dentin of the crown, and part of the enamel reached
to near the pulp. We treated the tooth using indirect capping with calcium hydroxide paste for four times at
intervals of two months to induce reparative dentin formation. The occlusion and esthetic appearance were
adjusted by composite resin restoration. 3DX™ was useful for diagnosis and treatment of a tooth with crown

malformation derived from traumatic injuries.

Key words : Traumatic injuries, Crown malformation, 3DX™
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Condyle Position During Exertion of Back Strength

Hiroshi Suzuki, Takashi Asano, Misao Kawara, Osamu Komiyama*,
Yukio Hayashi, Maki Arai, Shuma Kawate**, Kihei Kobayashi

Department of Complete Denture Prosthodontics,
*Comprehensive Dentistry
Nihon University School of Dentistry at Matsudo
**Nihon University Graduate School of Dentistry at Matsudo,
Complete Denture Prosthodontics

Matsudo, Chiba 271-8587, Japan

Key words : condyle position, back strength, sports

Abstruct : The purpose of this study was to clarify the condyle position
during exertion of back strength. The changes of condylar position were
measured by a six-degree of freedom jaw movement tracking device in the
10 subjects. The hypothesis of this study was that the mandibular position
when the trunk muscle strength had been performed was not in the inter-
cuspal position and was in another some position as the natural position to
stable the mandible. The results were as follows ;

1 When the back strength was exerted, the retro-detrusive displacement
was observed in 9 out of the 10 subjects at the right condyles while that was
observed in all the subjects at the left condyles.

2 When the voluntary retrusive movement was performed, the retro-
surtrusive displacement was observed in 9 out of 10 subjects at the right
condyles while that was observed in 7 out of the 10 subjects at the left
condyles.

The significant difference in displacement of the condyles between the
back strength exertion and the voluntary retrusive movement was observed
in the superior and inferior directions (p<<0.05).

Nihon Univ. J. Oral Sci. 27 : 312~319, 2001
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Table 1 The displacements of condyles during exertion of the back strengs and the volunatary retrusive mandibular movement

Exertion of the
back strengsh

Voluntary retrusive
movement

Anterior-  Superior- Anterior- Superior-  Back

Subjects - Condyle Posterior Inferior  Posterior  Inferior  Strengs(Kg)

Exertion of the
back strength

Voluntary retrusive
movement

Anterior- Superior- Anterior-  Superior- Bake

Subjects - Condyle Posterior  Inferior  Posterior  Inferior  Strengs(Kg)

R -082 —094 —120 —028 2005 R —012  -005 —034 0.07 17.0
1 (050)  (040)  (0.28) (025 (212) 6 031 (008 (0.17) 0.12) 4.2)
-1.19 -0.53 —2.58 1.22 -017 -0.13 -0.48 =011
L
051 (002 008 (033 L (0.04) 0.1 (0.38) (0.5
-015 -023 013 0.30 105 -047  —041  —016 010 136.0
R )
2 (0.08) 015  (0.08) (010) (14.9) 7 R (0.19) 012 (002 ©0.01) 42
-035 —026  ~—013 0.20 -050 ~019  —041  —017
L
©35) O (030 (00 L 009  ©1 (009 (o)
R -167 —026  —113 1.65 12,5 R -090 —066 —046 0.49 131.0
3 013 (0.09 (033 (045 3.5) 8 025 (042  (0.08) (0.1 .7
-176  —029  —094 0.64 -107  -022 -0 0.28
L
(018) (0.16) 012y (0.08) L (013) 013 (0.08) 0.19)
-1.82 006  —021 0.30 1425 -03t —019  —029 017 1205
4 R (01%7‘2 (%3:3 (%03 (%0272 35) 9 R o1 ©010)  (0.08) (0.15) (13.4)
—1. —0. -0, } -018 -024 —-030 —0.39
L
(0:21) (018  (0.05) (0.21) L (0.05) o (002 (005
-056 —052 —073 0.39 121.0 —0.44 000 —017  -028 1.0
5 R 033 (0.08)  (0.80) 0.16) a) 0 R 0.10) 0100 (008  (0.05) [a))
-049 =001 —063 0.8 -048  —018 —0.22 0.24
L
(024) (023  (0.20) (0.21) L 00y (08 (002  (0.09
mm(S.D.)
Superior Superior
1.2
0.4 0.6 P
0.2 0.4
(mm) B4 .16 -1.4 -1.2 -1.0 -0.8 -0.6 .-0.4 -0.2 o
Posterior 10 B¢ Anterior 0.2 V
3@ B9 eyt 02 0 0.2 .0.4 io,s -0.8 -1.0 -1.2 -1.4 -1.6 -1.8 -;.s(mm)
" Anterior He s Posterior
7 -0.4 .0. 10
sH °2 @y B2 5 Bs =3
Bs -0.6 -0.4
18
-0.8 .0.6 B4
1
Inferior (mm) -0.8

Fig.1 Displacements of the right condyles with exertion of the
back strengs. The condylar displacement were observed —0.12
mm to —1.82mm in anterior-posterior direction, and +0.06mm
to —0.94mm in superior-inferior direction.
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(p<0.05), (Fig.5)
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Fig.2 Displacements of the left condyles with exertion of the
back strength. The condylar displacement were observed —0.17
mm to —1.94mm in anterior-posterior direction, and —0.0lmm
to —0.59mm in superior-inferior direction.
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Posterior Anterior
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Fig. 3 Displacements of the right comdyles with exertion of the
voluntary retrusive movement. The condylar displacement were
observed —0.13mm to —0.12mm in anterior-posterior direction,
and +1.65mm to —0.28mm in superior-inferior direction.

Superior
1.2

L

0.6 3A

P

0.4
iy PV
0.2
A2 5 (mm)
A
-0.2 04 -06 -08 -1.0 -1.2 -1.4 -1.6 -1.8 .2.5

)
Anterior A6
0.2 a7

Posterior

-0.4 A9

-0.6

0.8
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Fig. 4 Displacements of the left condyles with exertion of the
voluntary retrusive movement. The condylar displacement were
observed —0.13mm to —2.58mm in anterior-posterior direction,
and +1.22mm to —0.839mm in superior-inferior direction.
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Fig.5 Statistial analysis of the condylar displacements between
the exertion of the back strength and the voluntary retrusive
movement. Significant diffrences were observed at right condyle
in anterior-posterior direction, and at both condyles in superior
~inferior directon (ANOVA, *: p<0.05).
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Mandibular condyle movement during mastication of foods

O. KOMIYAMA®*, T. ASANO*, H. SUZUKI*, M. KAWARA*, M. WADA~*,
K. KOBAYASHIT & S. OHTAKE®* +*Department of Comprehensive Clinical Dentistry, TDepartment of Complete Denture
Prosthodontics, Nihon University School of Dentistry at Matsudo, Matsudo City, Chiba, Japan

SUMMARY This study evaluated the mandibular
condyle displacement on the working side while
masticating certain foods with different textures.
For referencing the mandibular condyle movement,
the range of voluntary border movement of the
mandibular condyle was determined based on the
analysis of the sagittal, left lateral and right lateral
border motion using Posselt’s figure. The test foods
consisted of cheese, peanuts, and beef jerky. During
mastication of cheese and peanuts, the amount of
displacement of the mandibular condyle in all

directions was within the range of border move-
ment. Significant posterior and superior shifts of the
mandibular condyle were observed during mastica-
tion of beef jerky, compared with the findings
obtained during border movement. Accordingly, it
is suggested that prolonged mastication of hard
fibrous foods, may stimulate the temporomandibu-
lar joint structure and mandibular dysfunction
patients should limit their intake of such foods.
KEYWORDS: mandibular condyle movement, work-
ing side, food texture

Introduction

Mastication is a complex neurophysiological activity
thought to be dependent on a central neural pattern
generator that programs much of the activity. Periph-
eral feedback is important in the modification and
coordination of masticating activity. Furthermore, it is
obvious that mastication is one of most important
mandibular movements in the stomatognathic system
(Mohl et al., 1988). During the human growth period,
mastication of foods promotes the growth of the
mandibular bone, and after growth, it stimulates the
mandibular bone and activates bone metabolism
(Enlow, 1990). It was reported that the stress of the
mandibular bone and temporomandibular joint (TMJ)
was affected by occlusal forces (Ralph & Caputo, 1975;
Smith, McLachlan & McCall, 1986; Hart et al., 1992),
but these findings were not the result of a mastication
study. It was also reported that the mastication move-
ment of the mandible (Plesh, Bishop & McCall, 1986;
Horio & Kawamura, 1989), and the electromyographic
change in masticatory muscles (Steiner, Michiman &
Litman, 1974; Plesh, Bishop & McCall, 1987) was

© 2003 Blackwell Publishing Ltd

influenced by various food textures, however, little is
known about the stress towards the TMJ in those cases.

Patients complaining of temporomandibular disorder
(IMD) have often noted pain around the TMJ after
masticating hard foods (Zarb & Thompson, 1970;
Friction et al., 1985; Dworkin et al., 1990). As a result,
they are usually given instructions to restrict mastica-
tion of hard foods in order to manage TMD in daily life
(Edward & Schiffman, 1995). It is easy to suggest that
these patients experience pain when masticating hard
foods as a result of the mandibular condyle being
deviated from the usual movement area, causing
stimulation in the TMJ area. However, a review of
the available scientific studies of TMD signs and
symptoms has shown that sufficient studies are lacking.

Lundeen and Gibbs (1982) recorded mastication and
voluntary border movement as defined by Posselt
(1969), and were able to reproduce them three-
dimensionally using a replicator. When masticating,
the mandibular condyle was observed to move within
the border movement area and never deviated from it.
However, the study was conducted only with foods that
were easy to masticate and not with hard foods which
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require a strong effort from the masticatory muscles.
There have been other studies on mandibular move-
ment while masticating foods (Kuwahara, Miyauchi &
Maruyama, 1990). However, no studies has measured
the border movement and movement on the working
side of the mandibular condyle while masticating foods
with variable levels of hardness.

The present study evaluated the mandibular condyle
displacement on the working side movement while
masticating various foods and on the voluntary border
movement simultaneously in healthy subjects. It will be
possible to clarify the effect of different food textures on
the mandibuler condyle movement during mastication,
and to discuss the proper stimulation of mastication in
healthy subjects and the injurious stimulation of hard
foods during mastication in patients with TMD.

Materials and methods

Subjects

Nineteen subjects, 15 males and four females, with
complete natural dentition participated in the present
study. Occasionally, one or more of the third molars
were missing. The age of the subjects ranged from 23 to
32 years, with a mean age of 24-8 years. The occlusion
was stable, and there were no interferences in the
lateral or protrusive excursions of the mandible,
according to definitions (Mohl et al., 1988). No patient
was conscious of abnormalities of the masticatory
system. They reported no orofacial pain, no sound in
the TMJ during movement, and no bruxism. The
bilateral mandibular condyle was measured independ-
ently. A total of 38 joints, two from each subject, were
studied. All subjects were presented with the same
description of this study and gave informed consent.

The measurement device of the mandibular condyle

Mandibular condyle movement was recorded using a
three-dimensional measuring device with six-degrees of
mandibular movement freedom (Gnathohexagraph®=).
The movements of six reference diodes (LEDs), attached
to the head in a head frame and attached to the lower
front teeth using a face bow, were registered simulta-
neously using two CCD cameras (Gnathohexagraph®+)
and recorded with a sampling time of 90 Hz. During the

*Ono Sokki, Kanagawa, Japan.

recording experiments, the subjects were comfortably
seated in a straight-backed chair with the head unsup-
ported, and positioned so that the Frankfort plane, head
frame, and face bow were parallel to the floor. The
points at which the mandibular condyle movement was
measured were those on the surface of the skin above
the lateral pole of the mandibular condyle, as deter-
mined by palpation (Siegler et al., 1991; Naeije, van der
Weijden & Megens, 1995). Before recording, standard
planes such as the Frankfort plane were determined. All
measurements were started from the maximum inter-
cuspation (ICP) and displacement of the mandibular
condyle was measured in six directions: anterior—
posterior, superior—-inferior, and medial-lateral.

Measurement of the working side mandibular condyle
displacement while masticating test foods

The subjects were presented with 1 g each of three
different foods for masticating. These test foods consis-
ted of cheese (soft food), peanuts (hard crushed food),
and beef jerky (hard fibrous food). When ready, each
subject randomly placed one type of food on their
tongue, positioning the mandible at ICP. Simultaneous
with the start of measurement, the subject started
masticating each sample for 20 s. The five continuous
masticating strokes from the third to seventh stroke,
when food texture did not change much and the
masticating stroke was stabilized, were studied. On
the basis of findings from the five continuous strokes,
the maximum displacements in the anterior-posterior,
medial-lateral, and superior-inferior direction were
obtained to calculate the mean, which was then used
as the amount of displacement of the working side
mandibular condyle of each joint during masticatory
movement.

Determination of the range of the mandibular condyle
displacement during mandibular border movement

The range of mandibular condyle displacement during
mandibular border movement was determined by
performing the movement which reproduced Posselt’s
figure (Posselt, 1969) of the mandibular incisal path.
The following three voluntary border motions were
analysed: (1) sagittal, (2) left lateral and (3) right lateral
border motion. During sagittal border motion, the
condyle was seen to slide from the ICP to the most
anterior position (the most protrusive position), move
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past the anterior border tract to open the mouth
maximally, and then move past the posterior border
tract to close the mouth until the upper teeth main-
tained contact with lower teeth. During the left lateral
border motion, the condyle slid from the ICP to the left
side, moved to the most lateral position, moved past the
point of inflection on the lateral border tract to open the
mouth maximally, and then returned to the ICP point.
Right lateral border motion was similar to the left
lateral border motion. Each motion was made at a
speed that each subject selected at their own discretion.
Each subject practised the motions before the test, so
that they could be readily performed. Recordings were
repeated three times each for the three border move-
ments. The mean value of the amount of displacement
of the mandibular condyle at ICP was calculated for
each movement in six directions of anterior-posterior,
medial-lateral and superior-inferior. Then, the amount
of displacement towards the six directions obtained
during the three border movements was examined to
select the maximum in each direction. The value was
expressed as the range of border movement of the
mandibular condyle of each joint.

Statistical analysis

The values were calculated as the mean =+ standard
deviation (s.d.) for 19 subjects. Analysis of the values of
the displacement of the mandibular condyle during the
mandibular border movement and the working side
mandibular condyle when masticating each sample
food in six directions, anterior-posterior, medial-lat-
eral, and superior-inferior were performed by one-way
aNova (Tukey-Kramer’'s method).

Results

Figures 1-3 show typical examples of the range of
border movement of the mandibular condyle and the
amounts of displacement of the working mandibular
condyle in each direction recorded 10 s after mastica-
tion of each test food was started at ICP.

Mandibular condyle displacement on the working side while
masticating test foods

The average displacement of the working side condyle
while masticating test foods is shown in Table 1. The
mean values in the posterior and superior directions

were 0-62 & 0-28 and 0-33 =+ 0-22 mm during mastica-
tion of cheese, 078 =+ 0-38 and 049 + 0-26 mm during
mastication of peanuts, and 1-22 & 0-53 and 087 &
0-35 mm during mastication of beef jerky, respectively.
Significant posterior and superior shifts of the mandib-
ular condyle were observed during mastication of beef
jerky compared with the findings obtained during
mastication of cheese and peanuts (P < 0:01, aNova),
as shown in Figs 4 and 5.

Range of the mandibular condyle displacement
during mandibular border movement

The mean values of maximum displacement of the
mandibular condyle during mandibular border move-
ment were 1614 & 3-21 mm in the anterior direction,
093 £+ 024 mm in the posterior direction, 1-57 &
0-61 mm in the medial direction, 1-12 + 0-59 mm in
the lateral direction, 0-69 4+ 0-23 mm in the superior
direction, and 1067 & 1'80 mm in the inferior
direction (Table 1).

Comparison of the amounts of mandibular condyle
displacement during mastication of different test foods
and border movement

During mastication of cheese and peanuts, the amount
of displacement of the mandibular condyle in all
directions was within the range of border movement.
During mastication of beef jerky, posterior and superior
shifts were observed. Significant posterior and superior
shifts of the mandibular condyle were observed during
mastication of beef jerky, compared with the data
obtained during border movement (P < 0-01, aNova), as
shown in Figs 4 and 5.

Discussion

A variety of sample foods have been used for analyzing
masticatory movement (Lucas et al., 1986, Olthoif et al.,
1986, Peyron et al., 1997). It is necessary to collect foods
with as many different textures as possible. However, if
the number of sample foods is too great, the experiment
requires too much time, causing the subjects to fatigue
during recording, and it is likely that typical masticatory
movement would not be reproduced. So, we selected
three types of sample foods with obviously different
properties. The working side condyle displacement in
the anterior, medial, lateral, and inferior direction,

© 2003 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 30; 592-600
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Fig. 1. Typical movements of the =
working side mandibular condyle in §
each direction recorded 10 s after -
mastication of cheese. During masti- é"

cation of cheese, the amount of dis-
placement of the mandibular condyle
in all directions was within the range
of border movement.

when masticating cheese, peanuts, or beef jerky
showed no significant difference between the direction
and food type. In contrast, in the posterior and superior
directions, the working side condyle was displaced a
significantly greater amount when masticating beef
jerky compared with cheese or peanuts. While in the
lateral direction, no significant difference was observed,
however, the working side condyle displacement

(mm)

Time (s)

tended to increase in the order of cheese, peanuts,
and beef jerky.

The superior part of Posselt’s figure in dentulous
subjects was determined by tooth contact, whereas the
inferior part was limited by the TMJ, along with the
masticatory muscles and ligaments. Zwijnenburg et al.
(1996) set the measuring point of the mandibular
condyle on the surface of the skin. They reported that
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the displacement in the anterior—posterior direction
was 1820 £ 3-70 mm for the right condyle and
1620 £ 3-60 mm for the left condyle. The displacement
totals in the anterior and posterior directions obtained
in the present study was very close to those findings.
Lundeen, Shryock and Gibbs (1978) revealed that the
mean amount of lateral displacement because of Ben-
nett movement was 075 mm and that 80% of the

condyle in all directions was almost
within the range of border move-
ment.

subjects demonstrated a displacement of 1-50 mm or
less. Lundeen and Wirth (1973) noted that the medial
displacement shifted within a range of 0-3 mm. In the
present study, the lateral displacement of the mandib-
ular condyle was 112 mm, while the medial displace-
ment was 1-57 mm, both within the range presented in
those other studies. As for the displacement in the
superior-inferior direction, Zwijnenburg et al. (1996)
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superior directions were observed.

reported that it was >10 mm. As a result, it is suggested either to the right or left in the superior direction
that the 11-:36 mm displacement reported in the present (second phase). It then turns around towards the
study is reasonable. medio-superior direction and comes back to ICP (third

On the frontal plane, the masticatory cycle of the phase). Between the second and third phases, foods are
path is classified into three phases and tends to follow a grasped by the interocclusal space between the maxil-
process. The cycle begins with ICP and goes straight in lary and mandibular teeth (Murphy, 1965). During the
the inferior direction (first phase). At the most inferior third phase, food is crushed and sheared. According to
point, it turns around and then translates laterally Gibbs et al. (1981), even when masticating cheese, the
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Mandibular condyle displacement (mm)

Table 1. Mandibular condyle
displacement during mandibular

Mastication border movement and working side
movement while masticating test
Direction Border movement Cheese Peanuts Beef jerky foods
Anterior 16:14 + 3-21 516 £ 1.51 4:65 &+ 201 529 4+ 2:12
Posterior 093 + 0-24 062 + 0.28 078 £ 0-38 1-:22 £ 053
Medial 1:57 + 061 060 4 0.38 0-59 4 035 070 £ 041
Lateral 1-12 + 0-59 0:63 £ 0.45 0-80 £+ 0-54 0:96 £ 047
Superior 069 £ 023 033 + 0.22 049 + 026 0-87 + 035
Inferior 1067 + 1-80 560 £ 1.57 517 £ 139 592 + 1-31
Values are mean =+ s.d.,, n = 38.
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Fig. 4. Comparison of the amounts of displacement during border
movement and mastication of different test foods in the posterior
direction. Significant posterior shifts of the mandibular condyle
were observed during mastication of beef jerky, compared with
the findings obtained during mastication of cheese and peanuts
and during mandibular border movement (P < 001, aNova
Tukey-Kramer’s method).

mandibular condyle demonstrates a concentric move-
ment from the posterior-inferior direction to the ICP at
the end of the masticatory cycle. The mandibular
condyle displays a slight displacement in the poster-
ior-inferior direction at the time of mastication. Many
studies have reported that the activity of the mastica-
tory muscle increases in proportion to food hardness
and texture (Steiner ef al., 1974; Plesh et al., 1987).
When masticating such hard crushed foods like pea-
nuts, a stronger level of muscle activity is required in
comparison with masticating cheese. Apparently,
movement which deviates from the normal mandibular
condyle border movement range might not occur as it is
easy to crush such foods. However, when masticating

Border

Cheese Peanuts Beef jerky

Fig. 5. Comparison of the amounts of displacement during border
movement and mastication of different test foods in the superior
direction. Significant superior shifts of the mandibular condyle
were observed during mastication of beef jerky, compared with
the findings obtained during mastication of cheese and peanuts
and during mandibular border movement (P < 0-01, anova
Tukey—Kramer's method).

hard fibrous foods like beef jerky, the activity levels of
the temporal muscle, masseter muscle, and medial
pterygoid muscle increase during the third phase of the
masticatory cycle. Accordingly, mandibular displace-
ment increases as the foods cannot be easily crushed or
sheared by the molar teeth. It is suggested that the
mandibular condyle might displace largely in the
posterior—superior direction as the mandible rotates
and moves laterally, and at the same time proceeds in a
posterior—superior direction.

The TMJ is the joint between the mandibular fossa on
the temporal bone and the mandibular condyle. The
space between is mediated by the articular disk. The
posterior portion of the mandibular condyle is filled

© 2003 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 30; 592-600

1635



MANDIBULAR MOVEMENT DURING MASTICATION

with retro-discal tissue which has a laminated zone that
includes elastic fibre and connective tissue, and is richly
vascularized and inverted (Mahan & Alling, 1991).
According to the findings of the present study, the
working side condyle was displaced 1-:22 + 0-53 mm in
the posterior direction and 0-87 & 0-35 mm in the
superior direction when masticating beef jerky. More-
over, the range of border movement in the posterior
and inferior direction was 093 4+ 024 and
0-69 & 0-23 mm, respectively. Accordingly, the devi-
ation of the working side condyle during mastication of
beef jerky from the range of border movement in a
posterior and superior direction was about 0-3 and
0-2 mm, respectively. Accordingly, in view of the
movement observed when masticating beef jerky, the
articular disk might be compressed by the mandibular
condyle during each masticating stroke. It is suggested
that a repeated compression over a long period of time
might result in deformation and dislocation of the
articular disk. Moreover, the TMJ retro-discal tissue has
a structure which is totally irresistible to loading. It
might be suggested that pain will be induced when the
mandibular condyle compresses the connective tissue
of the posterior portion of the TMJ.

The present findings were examined in comparison
with the amounts of displacement during mastication of
different test foods. Significant posterior and superior
shifts of the mandibular condyle were observed during
mastication of beef jerky, compared with the findings
obtained during mastication of cheese and peanuts and
border movement. It was also observed that lateral
displacement tended to increase, although it was not
significant. It may be suggested that in TMD patients
prolonged mastication of hard fibrous foods, such as
beef jerky, should be limited. However, this study could
not explain whether this deviation is a proper stimu-
lation or injurious stimulation. Further studies are
needed to clarify mandibular condyle displacement
during mastication.
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A Case of Severe Open Bite in an Elderly Patient with Rheumatoid Arthritis

TAKACHIKA SAITO, Yosuitsucu UMEDA, HirosHi MURAKAMI *,
Hipeki HASHIZUME **, TaAxkasar UCHIDA, MiTsuHIRO OHTA,
Kazuya OHZEKI, Yuko OHTAKA, TAka0o YOSHIKAWA
AND HIROSHIGE SASAHARA

Abstract: We experienced a case of severe open bite mainfested as a loss of occlusion in areas other than the right second molar
in an elderly patient with chronic rheumatoid arthritis. The patient was a 73-year-old male whose chief complaint was mastica-
tory disturbance due to open bite, and who had no awareness of symptoms of the temporomandibular joint such as pain, noise, or
trismus. There was no large curvature of deviation in the rhythmic maximum opening movement pathway at the incisal point,
and all pathways resembled one another. Variation in the movement velocity appeared smooth, other than a notch at the end of
the open period.

In order to improve mastication as quickly as possible, we prepared a resin block for the upper jaw to regain occlusion, and
attempted to improve masticatory disturbance. The patient was satisfied with the outcome, having regained the ability to masti-
cate.

One week after the placement of the resin block, the muscular activity levels of the masseter muscle and the temporal muscle
increased on both sides, and the muscular activity level on the left side, which previously displayed marked open bite, doubled
compared with the muscular activity level prior to the placement of the resin block.

Key words : open bite (BA), elderly patient (F##), rheumatoid arthritis (21§ v »» < F), mandibular movement
(BR:EH)), movement velocity GEBYHEE)
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Study on Listening Skills during Medical Interviews in Dentistry
——Evaluation Using Video Observation of Student Skills in
Interviews with New Patients——

ITO Takanori, AOKI Shinichiro, IDE Kazuya,
SUTOO Lemi, KITAHARA Satoko and SASAHARA Hiroshige

Abstract : In recent years, teaching students how to interview patients has become an increasing-
ly important area of instruction in the field of dental medicine. In this study, clinical interviews of
new patients performed by students were videotaped to allow observation of the manner in which
the interviews were conducted. The subjects of the study were two groups of dental students : a
control group in the sixth year of dental school as of 2000, and another group—called the lecture
group—in the sixth year of dental school as of 2001. Students evaluated in 2001 listened to commen-
tary on interview videos from the previous year, as well as lectures on how to perform interviews.

Results showed that 90—100% of the lecture group scored positive for specific actions during the
interviews, such as greetings given at the beginning of the interview, confirming the names of
patients, performing self-introductions, conversing without a mask, and selecting appropriate
positioning. More students in the lecture group than in the control group demonstrated empathetic
attitudes through body language, facial expressions, and conversation. While there were also more
students who asked open-ended questions in the lecture group, interview skills such as focused
questions, prompting, and non-verbal communication were not well-demonstrated. Students in the
lecture group also took more time to listen to patients, and the period of time from the point at
which students heard the chief complaint until they shifted their attention to begin writing medical
records was significantly longer in the lecture group. The time for which the students failed to make
eye contact with patients was also significantly shorter in the lecture group.

The study pointed to the necessity of teaching students how to communicate with patients early
in their training, beginning in the first few years of dental school, and proceeding step by step, to
allow them to perform effective clinical interviews in which information may be collected, trust
built, patients informed, and even reassurance given.
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ETEREEDY 12. 2% U CREEEEEM 31.1% £
PEOWEANA SNTH, WEE K EYNICE
b Twizhol: (383).

4. EERFRICSOWT

[BE» 5B LI L T B HERH ] & (2 AR
¥, BERZEZEZRONRENE» o 2. [REER
Ml & [HEHERRE] 3, e biZERC LS
RAEFD B SN s o T [ BEF CHRE D
TWwaKHE] 3, fHEESPPRVERSA SN
TEMER ol Tiebb, BB ERD 2/3 13
EZRHET 1/3 2R E LK Th o/, |
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® 3 HEREE.
SHEREE EEEREE
H#EHD © open-ended question #ZHL T3 73.1 84 .4
EESE R ET LI RHIENELE 61 55.6
TR D AASER AR EE L 53.7 46.7
SEEOFWNDIA L — Rz 26.8 48.9
HAIFEIFERREOHT IS REBER L 53.7 26.7
HEOBERLEI>RIERLE 2.4 4.4
HENSVENZ LB LNFERL 12.2 31.1
(%)
= 4 TSR
pagiichies R U-Test
BE Y1 TR 2 AT 7o i) 05 7T#+045 8% 053 8#+05 128 n.s
#6d T CIREP & 18 7= Rl 10 53 42 ¥ 7 43 50 94326 p£5429 % ns
B SR AT T B 4550 +24 67 65327 +44 368 ns
BEISEEENALTWBEE 115988545388 94> 28 Bp+543 53 % p<0.05
T 2R 16434665478 175260195358 n.s
ER | 105 268+6453 128 84300 +54 23 % p<0.05
RIS 2655883 17TH 25521 80+115418 s
MR L T AR 25421455 428 2532 H+143 268 n.s
BEEMNEEL T 5 B 253 443419 253 2T +345 208 n.s
HNT BEERDIEEL 04356 #1049 % 13398 +1438% p<0.05

BRI O 1/3 AR CHEEE AT Tz h, &
DD 2/3XBEDOSHEEENLTED, ZOKE
WBAHNTEREATALHDIERLTEY, EEE
ZBWTIEEERAT TWAEEON 2 BRET
Hoiz.

[FAEDFEL TR & [BENFEL TV
REf ) WL D CE CEASA S ER R -
Jo. TANT 2EZBOIEA I EHLHERLE
BEERPRATTAINVT CRH 2B -BEEOZ &
T, XHBREED 56 B2 U CHiRERENS 1 9 39 B &
BRICEL, HESYICEZEORE2HEL 2 LKk
R Z2E S EENA SN (E4).

5. EEOEMEZIZOWT
[FEPEMUES] & [BEsEE-EMEL
JZEIEIZIFIREIC & 9 R AR A S NETR L,
F 413 close-ended question % L, BEIZE
N EEHEULECESZELDDDDEIAR

pol:, HEEPHIEETHS [HILETo7%
B4 RS 31,4 Bl U CHFEREIE 57.2
BlEHERCE»o7:. [BEOTERZRE-RVIKE
U7zBI%] b, [EEREES -] ML b
BU &5 2fEASASNEZ L hoT: (E5).

6. EERRIRICOWVWT

HEHRFE OEAN L EREREEFAEEZ 210
72D 2000 FEEB X U 2001 FEEEAE RS F & DB
Uiz, #LCHBEEZ—ET 2 L5 REHE L ES
FECHBEL g (GBI CHEKTE

WRREICHATU IS4 (BECRHESRE) 0254
DWW TESFLT.

[91% C AREN 2 R 7 B 12 38 W C R ERERRRE
745516 T, BERERIE 240 AW ELEE
WBd o 7o, [BEDEE L Ty % R 1 Bk

FEEED 19 28 B U C BERHEREEIX 3 > 42 B
EEEBWED o, [ I 526
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x5 WEORE - BREH
IR EE fHEEEE U-Test
ZENER LB 28.0:+£10.4  27.7+11.4 n.s
BAEDEE - B L - EH 30.3+11.6 28.66+12.7 n.s
fAEz=y b 2FELTEEL D (E) 1.5+1.0 1.240.5 ns
OB %T o Iz [EH 31.4%£25.0  57.2+53.6 p<0.05
BEOEELPRIET S, BYIRLU = 6.0+6.9 7.5+5.8 n.s
SR TR ¥z EHK 2.6x2.5 2.9+4.8 n.s
(=)
HILTFEEREIE DL
TE T
. BBk
BEMNFELTLBER
S AL TLVBEERS
Ot
IR
[Eizi=di]
BENLEHENL TR

BEITRREA TV D

MO TOERNER =R

BEIHO TREEM =21

gy, THEERM] 817 9, [2ERE] 38945
CFIEECHEAB A SNEZ kol $72 [H
BUHRBEEZAT T LEEM] bEX Lol
(1),

FEPNEMUZEHE BEIEZEHIZ
26~31 BEIRRET, ZIZFECEAS AL EZ R
ole, [BEOTEXRE-EVELULES] &
[56 % R & ¥z [E8 b IZIZR CERm S A 5 h s
WBizol: (F2).

30 35 40

20
BERE (5)
1 EEEROE VI L 2 R

* 1 p<0.05, (Mann-Whitney ® U #5E)

25 45

7. EBANDEEEMERIZOWT

Ao BRHERIC L > TEERES YD L S
WED D EFEZ BITHTD 2000 FEEB LU 2001
FEEFER S EOFEB I EICE L.
[ZEAEDIEE L T 2 Rl W D &30 ig i i o R
MR, FEEASER L T OB ERA SR
7z, [EERRE] [HBEREE] B U [BFE
2T T B EFR ) 1208 4, IRk
A%, BEREEEIC BV CRIEE CHEARE & 5 hiE
e h otz [HEEDEEL Tvs 2 R N30 e
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BEARE-ERLEER

FEMNERLZER

B BHEZEH
B BEbRRRH

0 20

60 80 100 120
E#%

2 WEERXOBVW L 22EEN
n.s, (Mann-Whitney @ U #5E)

JAR & RS R 2w Bk U ¢ SHBAEE 135 E
FIBN&A O NER I »ole, —F, [BENFEL T
% Rl X SEBIETE 1 B U g 4 L AR
KEFARTEERAIASNEZ R PoT
(B13).

FAEPER LB BHENEZ EHIX
27~30 BIfRET, BIZECEABASNER S
otz (K4),

% 2=

1. WBEE0MRIIOVWT

[T ZRED 2ENCRE R Lz | [BEOLET%
WSR2 THOBNAN L] (A7 %4 L CiHEE
U7z) TR B EREC, & 45 B L
EEoTz ] [EHENTELOBWEEF E LB
L0 [HEMHEL2ZHALThOADIZ W] ZED
EHFREEICOWT, FAEZEFHHEONE 2 HfiF
UEBEI{TEI ¢ 5 Z e N TE T,

HEIERERE OMARHE 2 BT 2 &, WBET
THRREA S NI BIEREE O E MR Cl

H ool BEFLI-EERNEET
10~14% & &6 N1z DFHEFETIE 0% LA T ThH -
Tz, FHBIRBE I T 0% L, FERET
50% LA ic & &tz FLRAREE I IREE T 20%
UTwsoniln, MEHETIOBL LA
7z, BRI BEEEDE S T B DD BESER 5 £4E
BIRE LIoIRE L IRIE—B LR Th 5 e,
HEEGRCBWT, BEIPHHIEZONDE
MET, BEOEZPRDEHELE-TnwE Ik
PHHODWCT 2 2 BN TELLNI-BETH S
[open-ended question] WDOWTIEZHEINL T
7o, HEEOTBRUECEWS [SErETLI%
HIEwE LI [EEER VAL TRMSZHEL
Tl [BwENE R RRER LR LI
DT, BERIOHEPLE T A I L 285« 54
RDA—NT VA DBEEIZTTIE, BROBTE
MTE2V_WICIEES o7z, Open-ended
question THEHIEIZ A — LT3, EELE
L Oz E S EERORERRE Y RHT 2
FHEFDhpole. FRBEOFEEI Y M-V
THIEDNTETRHERT 2FELASNI.
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BENLEEEALTOZEE
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Mo COREREREES |

FBECMOTRBER =R

20 25 30 35 40 45
R (5)

M 3 EEOEWIC L 5 EEREE

* I p<0.05,

Sondell 5%, RIAS #% (The Roter Method
of Interaction Process Analysis) ZEEHHICi
L, HEHEEREBEOI S 2= —v a VR
FHE L, SERHEAEERERIC DV TERRIZERER
ATz, HELHEENSE AR, HE,
HEE, FhE L, #Hn ) L EFEFEMENESE 38
E ORWEWRTORMZ, A ve) v, BEY—
BRI ENTDWT, SEOEREER LR,
37% B2 LEENETET, 3% VEFEHEMNZ
LEETH oz, £72 59% I HREHEMBI OB’ TH
D, IR TEE» S OEFETH Y, WEIEM-BE
BREEET 5700 1 DO D 5 5 L],
HELTWS, KEETIE, HERESN1T9TH
D, FENEML EOFEEE L TWIRRMIE2.5
4, BESEE - BRLUERIZ®2.59, 2L
THHEDOEEEN I  FEBRBREN LI VT DR
BEIT > T 2RO 10 9 TH - 7o, £EERR
PP OEEREE, BEEDRILH 0% T, &5
U7-[E$d5E, BEE LI ERETH-
7z, T & b RENFIEE R T 2 EM - |

(Mann-Whitney @ U 1¥5E)

BT EAET, HELENLENTEHED A5
nixghoiz,

FEHEEOMRICOWTIE, HERE, Wb
DEBICHETIEE - v F—3HE EEREOD
BERECLIDIFLALORENBETE L L
STERENESNT. L LEERE#EA X VDOEE
HERWERTH -7z, OSCE OFEA K L THE
BBIZX2O0SCENHKE LT =a7 vibdd
WA, AEOHNTH 2 EBERHEDE IO
WEBIETAE S HBH, IhE CHEHERICB
WTERTERE & v 5 ZHSFODHF T
ST o T I LS EEEE ZEREECOV
TOHBNED BT o nfbRbans 2 LI3ER
HEHBERED 1 DTH 5, SHERIEREIC
DWTIE, IS 27—y aryAFN, BELHE
ERiOZH 7 a X - im0, EEmE, ER
HETHZ LD OAHENEE T 50bo L
BB ERETHSS. T L THBROBED

A Th L EEEFEOET IOV TR, Ry
SEREER T O S 2 —Y a YEEORNEES
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ZEWZEY, HEAFLVSEESLCERES R
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FIEFHEOWMANEIEE L FRICEEST RETH
5. BB E»IZIE open-ended question THEE D
T EERMEYREEE L TR T LR LS %,
HWHEZRELLEBEOHFEENI I 2= —var
WHEBZL, &PI0 352 EE L THED,
FHREWECES 22 2L EBEDRICKT 3
FARWRCHE T 2H/ER Lo Z NI W EED
N5, EFLRLEEMCHWDS EEZEDOFZ &
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TR0 DDA E2 ) A NT vy 7 T3
ZEMTED, RATHRELIEERZE 2K &
U TIRFB-MREET 2 E R e o e B 5
close-ended question Iz & 2B »#E®D, L DEE
ERZbDET EIODEBERRVRTRETH
5. BBXOBICEFROKD AHPIEE - R
WIIRFIC 36 TR0, REHOEBR L v o 73
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i 9 % Z A 72 TR ELHE D REST % HRVIC S A7
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A Study of Network Diagnostic Support for Home Dental Care
Report 3: Aspects of Broadband Transmission Speed

SEIKO OSAWA!®, Kazuya OZEKIY, Jun SAKATY,
TakasHI UCHIDA"?, MiTsuniRo OHTALY, SHorcur YOSHINO?,
TAKANORI ITO"?, TAKACHIKA SAITO??, TETSUYA SATTOY

AND Kyoko OGURA®Y

Abstract : The aspects of speed obtained with a best-effort broadband internet connection that forms the network base for re-
mote dental care were compared between ADSL, CATV, and FTTH. Further, the introduction of encrypted communication by

VPN (PPTP), a mandatory technology used for ensuring information security, is discussed in regards to ADSL, which is the

most widespread technology used in Japan for computer based communications. In our experiment, transmission times for

sending and receiving a graphics file by an FTP command between each clinic and the hospital were measured using commer-
cially available equipment, such as a PC and broadband router. We found that the actual speed was lower than the theoretical
maximum speed when used with all 3 technologies and that speeds fluctuated greatly. Although VPN security could be intro-
duced without difficulty, the effective speed was reduced more than that in ordinary communications.

On the basis of our findings, it is considered important to measure and confirm the actual line speed in advance when using

a best-effort broadband internet connection.

Key words : network (v F7—2%), internet (£ > #—%*+v 1), home dental care (TE=HRHEH), broadband (71—
F/¥> F), Virtual Private Network (VPN)
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~NX— kA& v b7 — 2% (Virtual Private Network, LT,
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Protocol (BAF, PPTP)WIZDWTHTo 7z,
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1 fEHkE:
#ER OSHFREAMTOERELRLEL, BHERITH
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Assessment of Periodontal Tissue by Occlusal Sound

—Before and after Initial Periodontal Treatment—

MASAHIKO OKAWA

Abstract: Tooth mobility is one of the clinical indicators for assessing the degree of advancement and improvement in periodon-
titis. As tooth mobility also affects occlusal contacts, it is also important to assess occlusal contacts in the functional assessment of
teeth and periodontal tissue. In order to objectively assess functional changes in teeth and periodontal tissue attributable to
improvements in periodontitis, occlusal sound was measured, with which slight changes in occlusal contacts could be ascertained.
The subjects were 12 patients with adult periodontitis who underwent conventional initial periodontal treatment. Occlusal sound
was measured, and periodontal tissue of each of these patients were clinically assessed before and after initial periodontal treat-
ment. Tapping-generated occlusal sound was recorded at the cheekbone area using headgear designed for monitoring occlusal
sound, and changes in the resonance frequency of teeth and periodontal tissue, duration of high-frequency components, and the
number of waveforms were analyzed using waveform analysis software.

1. For clinical symptoms of periodontal tissue, significant improvements in PD, GI, PII were seen after initial periodontal treat-
ment. .

2. For the resonance frequency of periodontal tissue, a significant decrease was seen in the frequency components in the 300-
600Hz band, whereas a significant increase was seen in the frequency components in 600~900Hz and 900-1200Hz bands after ini-
tial periodontal treatment.

3. Duration of the high-frequency components of occlusal sound decreased significantly after initial periodontal treatment.

4. Frequency of multiple peak on waveforms decreased significantly after initial periodontal treatment.

As discussed above, changes in periodontal tissue before and after initial periodontal treatment were assessed by measuring
occlusal sound generated by tapping movements. Improvements in periodontitis were observed through changes in the reso-
nance frequency of periodontal tissue, the duration of high-frequency components, and the number of waveforms. These findings
suggest that functional changes in teeth and periodontal tissue attributable to improvements in periodontitis can be objectively

assessed by measuring occlusal sound.

Key words : occlusal sound (&%), high-frequency component (BJEEK S, periodontitis (B %), diagnosis (M)
(Received Nov. 15, 2001)
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Fig. 2 Waveforms on occlusal sound
The duration of the occlusal sound was designated as the duration from the start of the
occlusal sound waveform until it attenuated to 1/20 the maximum amplitude.
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Table 1 Clinical evaluation of periodontal tissue before and after initial

periodontal treatments

PD (mm) CAL (mm) GI P1I

before 351 348 1.49 1.33
(n=12) 04D ] 71 ©15 | ©18) |
* ¥ * % * %
after 279 | 341 037 _| 034 |

(n=12) (0.36) (0.67) 0.13) (0.10)

Results were expressed as mean (S.D.).

Significance of difference by paired t-test (**:P<0.01).

Distribution ratio

(%)
100 —
1
80 T

60

before
(n=12)

b after

40

20

(n=12)

Frequency range

300-600 600-900 900-1200 1200-1500 1500-1800 1800-2100 2100-2400 (Hz)

Fig.3 Frequency distribution on occlusal sound before and after initial periodontal treatments
Significance of difference by paired t-test (**:P<0.01 *: P<005).
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Table 2 Duration time on occlusal sound before and after
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Duration time on occlusal sound were measured on High-
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Results were expressed as mean (SD.).

Significance of difference by paired t-test (**: P<0.01).

Table 3 Frequency of multiple peaks on waveform of the
occlusal sound before and after initial periodontal

treatments
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* %
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Results were expressed as mean (S.D.) in Frequency.
Significance of difference by paired t-test (**:P<0.01).
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Components Analysis of Event-related Potentials Associated with
Intuitive Diagnostic Strategies

SATOKO IDA

Abstract : The purpose of the present study was to clarify the reasoning used in diagnosing dental diseases. Cognitive-scien-
tific examination was performed with chronic periodontitis, one of the most frequently encountered diseases in the clinical set-
ting, as the task, using the event-related potential method to obtain objective data.

The subjects were 6th grade students and resident dentists in our university including 34 males and 9 females. The task
was to discriminate mandibular anterior gingiva which had chronic periodontitis from normal gingiva using their color photo-
graphs. Rare stimulation (periodontitis) and frequent stimulation (normal gingiva) were presented to the subjects as 30%
and 70%. respectively.

In experiments, 2 experimental series were prepared with different difficulty levels. In task 1, ERP was recorded using
chronic periodontitis with moderate advanced inflammation as rare stimulation and normal gingiva as frequent stimulation
(hereinafter referred to as simple cognition). In task 2, chronic periodontitis with slightly advanced inflammation was ob-
served as rare stimulation and normal gingiva as frequent stimulation; thus, the task in the latter case featured less difference
between stimuli (hereinafter referred to as difficult cognition).

The experimental method was as follows: The subjects, with an electric pole mounted on the head, were made to sit quietly
on a chair in a shielded room. Their head was fixed on a jaw holder, and the task was presented, 100 times every 3,000 msec,
with the monitor located 50 centimeters in front. The brain waves induced at every presentation were recorded by digital
electroencephalography. The baseline potential at 100 msec. immediately before the start of stimulation was set at Oz V. The
waveform at the time of correct response within the interval of 944 msec. from the start of stimulation was added for the sub-
ject in order to obtain the mean added waveform. ERP derived from Fz was examined by the peak identification method, hit-
ting ratio of discrimination, RT (response time), and principal component analysis. The following conclusions were obtained.

1. N2b latent time was shorter for simple than difficult cognition (p<0.01).

N2b amplitude was higher for simple than difficult cognition (p<0.01).

2. The hitting ratio of correct responses was higher for simple than difficult cognition (p<0.01).
RT was shorter for simple than difficult cognition (p<0.01).

3. P300 amplitude was higher for simple than difficult cognition (p<0.05).

4. Principal component analysis revealed 7 and 6 principal components for simple and difficult cognitions, respectively. The
N2b component was extracted for both simple cognition and difficult cognition. The MMN component was extracted for
simple cognition while the SW latter-stage component was extracted as the 1st principal component for difficult cognition.

5. There was no significant difference between simple and difficult cognition in N100 and N200 latent time and amplitude.
These findings suggested that in the case of simple discrimination, pattern recognition, which is a more intuitive form of
diagnostic strategies, is used, whereas in the case of difficult discrimination, differentiation is performed by functional in-
formation processing rather than intuitive diagnostic strategies.

Key words : event-related potential (ERP) (HZBIMEEN), pattern cognition (/8% —F8H1), diagnostic strategies (%
W7o+ ), information processing (I&H¥RALIEEIE)
(Received Feb. 8, 2005]
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Department of Oral Diagnostics, Nihon University School of Dentistry at Matsudo (Chief: Ass. Prof. TAKANORI ITO) 2-870-1 Sakae-cho
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RIS & D 170-230msec B & B i KRG % R0 B RS

MMN : Rare RIS DWIEAH & Frequent MO 251 EH L 2BIBIIB W T, BHBIG L 9 170-200msec

B & % B R HRIE % 82 N200 T Az k5

N2b : Rare I D #EH S Frequent FIBOWHEZ 5| & H L 2B ICHB T, FEHE L D 200-230msec

BHZ & & RKRIRIE % #0 N200 O T s

P300 : JEFAA L 1 250-600msec 2 & B B KIRIR % #F D Btk s

P300 EIEOITITRI-LEIC BT 2 8050 % P3a, 214 0 S EPEICMBIT 50 % P3b & § %,
SW RITE] : HlHBREE & b 600~750msec M1 & % B RIRIG = 0B o

SW #%H1 : WIHBIE & b 750-%44msec HIZ & 5 R AIRIE = oW

P300 : F B & v 250 ~ 600msec 2 H % B KIRIE
RO GRS
P300 HEDIZITHIFIRICH IR T 5% P3a,
D HBAEICHIET A5 % P3b &5 5,
SW RITHEA - HIBKBAME & » 600 ~ 750msec 2 & 5 K
RIE % FF O 5
SW % H8 - FBBEE X D 750 ~ 944msec B2 dH B K
IRNE % F O WAL
% B, time-window WOEME ? peak 1% KKK S D
RRE L, ZORORKEZ ZREETOERE LTRkD2,
3) ERAOHT
FERAHIIH 2T =51, FTHROIHBET L
INEFHEIE % 15msec TEIWXFEHLTEIRA Y FOE
fLzRdizo FLTHEFT— RSV NOBMEEHRELT,
N2y 7 ZAEFHCTERS SN EIT o720 ERSIZE
FE3LIUE FHFAEWEIE07TULELOEHZHE L7,
W sh7-ERSICOoWTIE, EE® time-window % B
WT ERP iz REL, SBHMDE IOV ERP B4
DOHBER X Y ETL 72
4) FRO#EH B L RT
HEOHMICOWTCHEFEE RT #4353 L7, Rare #l
B e B LB EBRREZRTERGH, Frequent Hll i
EHIWT L B O BB RTINS B % R 72,

Fh ik

5) WEFIE
MiE X Mann-Whitney ® U MBI TIT» 720 REV 7
Fid SPSS 10.0] % HWTHr - 726

#w R

1. BINEFEEE

WINEEEHEE A HET 5 L HEL2EME L O REERER
I B\ T Rare B, Frequent $l# & 3 12849 100
msec & 250msec fFEICTHE * B EBREE, FOBIE
S oh B EESEEOBRES THoTzo ZOLD
R WIHOTIRA & BHETE A % N100 K5 & N200 55 & W
E L7z (Fig. 4)o

2. TEmFEEE

N100 #% F5 (& f§ B 7 3240 C 9O0msec, K 82 BT
90msec TH 0, NIOOIRIFISHELBEMT31uV, HE
BRBIET3TuV TH o7z, MHRFRME W2 RmMIHE
B, IRIBE DEILFED SN o7z (Table 1),

N200 & W & 5 B 722 8240 T 202msec, W ¥ % 340 T
207msec T 0, N200 RIGII B 2T 654V, HEE
HEBHT66uV Tholz, MHELERME W2 B
B, IRIEE DERED SN d o7 (Table 1),

P300 % B (& f B 7 52 40 C 539msec, K 2 T
5ldmsec TH 0, HEFIZB W -CHIE 2 500 & W4 5240
WWEREDON LD o 2. PIOOIRIBIZBE 2524 T
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Fig. 4 #RINEF3H¥I

e - AR

B B OB TSI & IS INE T L R I

DWW,

Rare §ll# & Frequent flilz BEREFE LA OERT,

Table 1 N100, N200, P300 ®i#id & UNHRIE

B <msec> HRIE < V>

NI00 N200 P300  NI100 N200 P300
s 90 202 539 31 65 151
WEERA (6 Qo (1) G2 68 G0,

s 90 27 514 37 66 120
WRZRA 07 g 99 G 43 (64
n =43
( ):SD
* @ Mann-Whitney's U-test (P<0.05)
151uV, H¥ELRBEMTI20uV ThbY, EIEBIIBWTHE

B0 FRAN & R 22 RN B B N
THE»o7z (P<005) (Table 1)o
MMN i [ 13 5 B 70 32540 C 228msec, [ ¥ 7% 52401 T
235msec Ta ), MMN JRIEIZ B 2B T39uV, W
%M:; T A0uV Th o7z, HH R R & Wk 402
W, IRIBE BEIBOSNAE D57 (Table 2)o
N2b { W & fif B8 70 3840 C 310msec, W ¥ % 5 T
335msec TdHY, W8 2 38 & W% 2240
BLREVPROON, BELZIBMCTE»-7 (p<001),
NZb #}fzrbm B ZEMT38uV, WERRMT24uV T
B, ARIEIC I\ THIE 7 3 & B AN B R S

o o, fERERA

Table 2 MMN, N2b OB X ORI

i <msec> RN <p V>
MMN N2b MMN N2b
o 228 310 39 38
S
MEGRA (3 a7 | (33) (32
o 235 335 40 24
R 72 225 :
WEESRA (g 37) (35) 37)
n =43
():SD

* Mann-Whitney's U-test (P<0.01)

BoLN, HERBMTED -7 (p<001) (Table 2)o
3. ERGGHT
E M 7T DDEHR S
SN, FLLIERTE Py, £2EMDIE P & SW
MM OEERS, H3FWSIESWHBEED, £4F0
ﬁ‘ti%@‘!&%fﬁ@ﬁﬂ&ﬁ 855 E/M AL N2b 4, #
6 EA 1 N100 45, 85 7 E RS 1E MMN B \E:EHR
%7z (Fig. 5)0
HgELBANZ 62O EHS (REFEE0%) ICEH
a2, F1EESIE SW BERS,
BI3EMSILPI & SWHISOEZK S, $£4ERDIE
NEMBEMOEEKS, 85 FRD iNZbE‘/: #o6E

(REFEE2%) IZEH
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P3b+SWAHIT
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SWik
PC3(19%)T
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T N2b
PC5(7%) l AT -+
_[ N100
PC6(5%) J_ /\ e +
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PC7(5%) J. <
} } f H
0 300 600 900 944

msec

m F HOEEE 2005 4
@%ﬁ d~nnL.\
SWik
1.0 //__s
PC1(26%)T
-1.0 J. P3a
902(24%)T /\f”\ ;
J. P3b+SWHI
PC3(13%)T /_\_\_\: /_/—:\ .
J- SHRMEE L
PC4(13%) J. +=
N2b
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J- N100
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} { { H
0 300 600 900 944

msec

Fig.5 FWoOMICL 2 RTAMNE &S

Rare FIHIC & o TR O N2 R AR T HElh - WFAME B« iy

PC1 ~PC7: 8 1 EWH~87 WD

% : FE HLEMER  N100 B4 & ) Lo EE L7z ERP RS

Table 3 FHIOBP B L RT

ERIS JEEIRRE  RT<msec>
o 30 63 557
M B 72 RRA (1)1 ™ (70) . W
I 27 62 621
LA ®) (8) (63)
n=43
( ):SD

* : Mann-Whitney's U-test (P<0.01)

EEJG © Rare Hlik & $I T L 72 BB O EMR L

IR G ¢ Frequent ik & HIWF L - BR 0 B O IEIFEL

RT : Rare fli T 5 B WO B 5% B 7B ORIBBA MG 5 K
¥ UL E TOFERFRH

B id N100 Bisy & R T % 72 (Fig. 5)0

4, FHOBFEB LU RT

IF BOIS $03 B 72 8250 C 30 [HI W 30 [HT, BRI 20 REAMI
3027 ETHY, FELRRMEEELRBACHEERE
MREH SN, MWLM TERSENS 272 (p<0.01)

(Table 3)o JEBEIR SIS B id 8 B 72 2250 < 70 18]+ 63 [H],

lﬂ%ﬁ%ﬁ VTG 70 PR 62 [T 1) B R B & R EE 2 FRAN
WEIIFED Sk d o7z (Table 3),
RT i i?ﬁﬁ&ﬁ H1°C 557msec, K ¥ 7 5250 T 621msec

KMRES - BFRWEA 07 DL
ITTO

THY, MEEATMERELREMCERLRENRDLN,

i H 2 I TE D o 72 (p<001) (Table 3).
£ =

1. ERP OFBABHFMFRIZONWT
WREMIIEREROBN AT A, OEANLILS
DOEEERE WM L - &1 P@ﬂ%%ﬁofwécﬁ
e O ERAE AR Z AL HEE UL, LEEFPL
LA GIERMEE ST VOBEINTE L, LPLE
OB E 57— 5%, BHRR EORBEICAERINDS
RERT v 47— MRAESIZEAETho70, FEE
REBEECBCTHEL PR3 h iz, £D%, A
DHERZ T BICFEN 27— 5L LTHRI ZENT
X5 RTHELAVLENDE L) Tho7/z 2%, RT IFEER
BOFTEHHRELEDERUEBREL N T 5 2 LA EE
THHH, ABMOBERLEBRBIIZHETHY, RTOLD
BATEHEROAERBIZEEL T LITIEBEREPH o 72
ZCTHETIZERP ITRE SN2 EREEZWN R FE
EHWERENRENTV S, FORELEHE LTIEM
EFCBUTAEMMARELEADL I LI2L ) kLR
T2 ENTRTH Y, ERLEBREE DLEERELE &
ST THRETESL P LR Imsec BEDTHATRETDH
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18 % 2%

LI EMHITONE, ERPIEHAFRICEIVFERINS
BHERETIOTHY, BLEER 100msec ZHEIZL T
FRNEIVBVWEROLOENREEM W L L, B0k
ObOERNEEEME LTHHESN TS, AREEMIE
R RNDORMIC L > TEL B OT, NEEEMIE
8% 100msec LLED ERP Bl A3 22022 HI T 20 & D 15 HRAL
FLSBRRICES L TWwWaA Ewvbi, N100, N200, P300 7% &
PRENLZESTH 5o

N100 X ER B+ BRT 5 W OER - FRERICH
bOFLTHERENLBEMT, Hillyard & P I3EE %
FTWBHORED, T THRWHIZERTEL 252
L5, NI00 A3F v & A VEFRBRICHIET 2 EBMTH
B ERE Lo AREBRO NI B8, RIS M 23045
JORERBMIEZIROLN ol ZOBRID
N100 28 REES % & SN BHBESIIH L TORIRKEE
FSEEEICEHE, BEA—-2EE2HL 00 EREE
EEFTLTVELIDEEZ LN,

N200 {22 T, Ritter b 2 I IZAGFRBIMIE D EfTR I
FRHTLEMTHD EWMEL2s 72 N200 1 TFHAES D
TEMNEBEOWEEL L TH 5h, Naitinen 5 i
Rare §l# 7> & Frequent fli %2 5|\ 7- 5| S BB T, +#F
HEMORVWEROMETEZORS TH S MMN & #
DHEIIZEE L CTHIT 2 BEEH» SHEERC ) TR
CHHTHILBESTHEND SR oTWADEBHBL
720 MMN IZHIBICERZ BT TR VIO BT A E

MTHENZI ATy FORBBRBICEELTVS E SR,

N2b I3 BEREDFIE I L TEZEZET TV AREICO
AWRTHBEMCTERN 2 RHAREDICHEL TV L
EZHLNTWS, REERO N200 B, RT3 882 225m
BLUHEZBZACETRD b h o 70

LTI THIEHEBEFIC L o TR N200 DFREEDTTH
% MMN & N2b 122w THREN % 1T o 720 MMN iR, IR
R BB X WA BIcZ R BD bk o7z
A%, N2b R, IRIBIZATH 2 200 b & O R FRANC
DERD LI, ME R AT CIRIBIRE o 7 B
WHSBEM O LIRS, SRIEIE N O MG RIS 5 L %
ZHNTW5, Wickkens 5 P, #HELELEE2
MROREZWEREIITh e LIc k> T, BICBITA
REZREROFERIIIRY 255 0, RIBOELIZREICES
SNTVLRHBRFEORELZRBML TVWE EHREL. T
LOLBRELET A1, HEBLES SRR THN
RO BRI RBATE B OFEIEE <, HEEAE
A THIUTE IR L 2 5,

CORRINVANT LIBROEBNRICTHLIAT Y F
RRHGBAR (X R HE 72 FR B X OB 2 0 & b IE IR0 %
WA, B B AR TR B AR LTS W
TORRBNIERZ Lo M 1T - 7268, BiEsHR

BHAEENIC L 2 EBREEHR

MOFVERENEARBII B o2 E2 5N B,

P3O0 XM CR O EHICBIET 2E M TH Y, Don-
chin®I3A R OFHIT T L THBRE IR, BiEL L U
BEDHLIHICTFHLLPoEEZRITLTCRBY, FHo
BHREIL L EIEHTIRBMTH AL LHMEL TV 5,
P300 & HEE Rare H# & Frequent Bl XA B 72 &
ETREL, AR L ZICZEL R b, —IYIZH 300
msec 7 H RV E Z121E 900msec H72 0 T TEL &) K
FMOIE B0 TH B Wb TWd, AEEO P300
TEFIRE U 6 B 72 BRSNS 539msec, W B 72 $2404% 514msec T
H Y RSB L UOHEERRBAICEIRD SN h o1,
ZDFER L FRNE ORI IROEL T TOUIRERTIZIZ
EVRGZVWEEZ OGNS, FRAREERD P300 FEIE L 68 2
BAA151 uV, WEERFRMA 1200V T, fEZENB
& UV 20 BRSNS 2 AR O N B 7 R TIRIEASE 2 o
oo ZOORER LY B H L FRANASRIBE 22 BRI H LR IR
VYR BATHDLIENEZ OND,

72 P300 D TAZES b HHMMIEEFREDOIRE L L THY
LN THBY, Squres 5 i P300 % £ o Hif 4 &F % P3a,
P3a & D ERESEVE S % P3b & 4T, P300 (2% P3a
EPIABEITNTVE LHRE L. PRald#BRENZD
MHEERL TN THEL BN TEHREZICL > TFI
SHEIN-FMARBCHELTVWLEEZLNTEY,
P3b IIHHRE ISP OREE R L T WIHAITIZ R
LZ2WwDT, 2085 P3a &0 b B E L RMEEE I
WLTwaEEZLNDLY, BERESETIZIPaBLY
P3b ZREETEIENTE LD 572,

DEzgtosl, ERPHS O N2b i, HEB L
P300 RIED HMEMICE VAR SN R, BHHEAD
A& R AN T B ELEAR B W Ah B 2 L AVRIE
X (W

2. BERA L ERP DWW T

HRERBOREL ZOWRBIIEMTH 24, BHRYDH
&L TIIBA RIS X 4028 & s B i (bt
RET, ERVERDCEDLNL O HWATH LI EHE
Vo HADIRIEIL A BT LGB E 2 TR T2 2 A%
FREROEREL DO AMDEETH 2, HABEOR
FIZOWTIEYE, EERSCHNSh, ZOBEIIEA
PRAERE B 0 & W BE S PO S TN BRI, EEEsR A &
DEERICH 274 72y VIRODGEA, HEEEEED
B¥T 3y PROLEHEALY 2, VELFEF-E VY
BEEL TV 2OMRBEENOEM TH S, %Mk
ELTHEMEMIMBMEEAZENT A8, HEREICS
WTERHEEB LUBEBREADLETEWEZ LTV 2375
RBIIVEORAERBIEIZ L, —HOBW 70+ R (2
BOTHBRKEL Y2/ 2 LD D,

AEBRIIBIZHBLIE, WAICH 2 EAOBREFY &
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H M

BHRHCTHIEND 7 —BEHLOBEERRBEN TH b,
COHE E RKMEBEMICHAT L L, BEL LIZHEAO
BEETHLHREMBSKBEEO - KEEEFIZHEL
—a—OYOBREFTE LTEICEMRERE LTOMH
X NHAMEM SN A, WICEHRER IE R LIk
TZ DSBS S WHAMTCTH 7, £ L THREDIE
EhrRBERALANENE DR TS P, &
=PRI IR S OB A Sy — Y RBIRE v, RS
oSO E AZEE T — 7 ORI GESkE, REEE
Warp &) OREE, B GR, OB, AOlhAY) T
HAWHEL )L TOMEE Z LTl %o B 2 R
WECIR LRy - OREE LTRMET I
COBEETyFUIEVY, £ OERNRY - ED
vy F v rEER, BL XMWY - DBT LR
LSRBBOERE T L, TOBOTy F v TEEEL—K
AR, BYEESOREOEAVEEPoTHAEY
bhTwa P, HES IZHHRBICBIT 22 EEZE
BloBWT, WREMARRIKE O X MBW 2179 BRI
Ny —VEBHE LD T TV AP OV THRE L
EE MELEERS [ EE AW CHEUEICZ 5 EENS 4
OO X BUFOREREN Y — VR L, RERWES AT
FEHOMILEMEL, BPWMEAZBREBIZBI LS~
HEOBEEE TR L 720

AEEBTIIE 4 O ERP 5 % BT 5 720 Tldz
¢, EMLAERMB X OHEE 2 AN O — L O TE AL ELE R
B2 BERROBEVERL,ICT A I L BRICERS
SAF. BRIOBEREEB L ORT I BB ETo72. EX
AN NG E FH B OB S % Fat#r IR
BEMRFEE LT, Rachkin 512X hEASNEL
WA SNT &7, RHOBEHRHB LU RT (ZHRELEL
AR LI ROBIETH Y, fEHkAH 5 RA LR
IZHWHNLT WA,

REBTIHE B2 2MB L CRERBAIBNTELD
ERSAMET I ENTE, BELRBMTIET OOEK
5 (BREES5E02%), WEERAMTE6 >0ERD G
BELS5ENO%) FHETE L, EXFICBITLHEHEL
T3 N2b 473 B2 2R 8 £ OB 2 3R AnIC i S 41,
MMN i, B2 ZBMOMMIIMETE 2, FoMELR
WEITIEE 2, 3T TH D P3b + SWRTHIE 7, SW
BHRSOEERNEFNFN 2%, 19% ThH o 7203 L
W72 BTSSR 13%, 26% L HDRERE R 272,
—F, RN BI A ERETERIGE, BELEMBLT
PR B 72 SRAINC S AT H I, M H 2 BRACIERISEA'S <
IR S B 2 2R B & O BRI E IO b
Tedr o 7o RT L1 B 7 2850 C 557msec, WP %M T
621msec T 0, EIHEIFRMB L OH % R EHFE
S 5 NAE AR BN THEY» > 72,

HIIEE 2005 4

N2b BB A L CEBEZ T TWw A RIS
DA B EM CEBIOLMTBRICEEL TV L
2HNTHBY, EHARMPB L CREERRME S ICERN
LB D> CTHERZMLEL TV EFERL LN A,
MMN R EE 2 T TR VEC S T2 EBMT
BEI4R I A<y FHEOREBRICHEL TWDE EER
ShThy, MELBMIEELRMID by F U7l
VB A T o T\ EAE R BNb, P3b + SW
BB Sy, SW IR O %5 385 B 2 R0 & I EZe 52
H e T - 72 &, P3bid & 0 & 4 R AR BE,
SWIZHIWI B OBMMA PSS F V- DOFRERL 74— F
Ny Z2BELTWLE bR TWLZEDDL, ik
NGRS L ) P BROERELZ S JILEEL
VGBSO AR R TWALEEZOND, FINOERK
BXURT B HMA U LTE 2RI L ROBEETH
D, BEARMIBEIESTHY, BHRLES XTI
T TCHO—BOBRICH»LEEIIEH L EZ LN L,

ITRHEDIE L) ARERICBT A ERLHEERELHET
BE, EHEAEMIANOBEREB XORT 2 5 E LR
N ARSI SES TH Y, FFRS DD S 1HH
MIBECERN M EIT o T a2, vy F ¥ 70k
VILE R LTCWA I ERE L LN, BRESToH
BOENERICB I AERSIMOBREETH L, F
FECIE SW T, SW RS oL ELS, N200
BB HOMEE LTI SN, TRRTTH
% MMN % N2b £ COFHMILICIEES b ol 2D
CEREMICHBET A EIRTELRWD, SEBEEELL
#3072 SR BT P300 O TR A T & -2 &
o, FROERBEEL HIIHBENED LHILXVT
HolLBRTAEIENTE D,

O XS\ ERA & W SR AT R s o L ERST
A SN, ERBES RT OEVIZL ) ZRZFROER
MBELBROBEVCEIBE TSI ENTE

oD ehn, BUHRELLENTHREIIBTS
B D ERA IS AL BEE) & L Tid, P300 O 5IEIhET
OHELF U TH LD, FUPES HEITERNES
B Th D/ Y — VEREAHSE L, BHPICIEE ST
NrEE % FHT 2813, MMN R N2b O, 54 %
TOEE BBICE DBy — VEMERH O THERIC
FToTWwd 2 EDRFBIICHL NI R 27

#®

1B E e LS EO R HRMERICLY,
N100, N200, P300, MMN # X Uf N2b DA #1T\>, L
T of 5720

1. N2b eI 2 20 & W2 BRI S BV THE R
EATD LN, fHERRMTE,-7 (p <00,

it
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18 % 2%

N2b RIEIX I B 2 R & ML RIS B W CHEELE
HEDH SN, %%&nﬂfm#ot(p<om%

2. IEBUMG O 8 HR B0 T B 20 8RO & R 2 BRAMIC BV T
BHELRENROON, HELREMTE o7 (p<001)o

RT WE B Z2RME WL RIMICBVWTHERZIRD
S, LM TE,» -7 (p<00D,

3. P300 RIS LB H 23050 &L HEE L BRANICB W THER
EhBooh, HEEZEBATE» 77 (p<005).

4. ERSAMICBCTHBEZZMERNELZRMTEN
ENTERS L 6 FERSAHE SNz N2b 547 g i
ZZERAB L UHREERRANCHE s, MMN B o H 4
MO E N, WEERRMIIZE 1 EHRHICSW

B G A T & 72,

5. N100 3 & UF N200 Oy, FRIEIC 5\ Tl 72 5240
LR RANIERRD b ho iz,
DEDZehs, FEDRNNES HHEITERE

%ﬁfﬁ“@‘%é/\"y‘“/H{]u’é’x@ﬁTfﬁ’ ERP B2 & 0 3B
b, TR HEE LSS I E R E %ﬁ:’&i 0 b
MM EZIT>TNE 2 275‘7‘ c SN,

HWE MERD2ICEA, HEgbcadish g LBk

FIRERS Wi S S R R OB L, ERoBEHT I3,
7z, AWFFEOWIEE & MR E F L7 AR IR A #0E

WM OB ELHEITS L Loz, HRMIEE T LRFETH

BL&/J\}J%HE;%(&, B ISR 1 — BRI AL L kT &
?’O

T7z, AWRICH A O THHZTHE T U ARSI e
FNBHBIZ, HARM— A2 & OV B &Rl L by

i’;_o

B, AmooORED
Ln\/‘f-‘fg]_/fho

D—HRIZ, 518 [0 H AL &

=K-
rrf

ARFGEDO— L, SCEBFHEE PR 13 FILEM 7 0 >~ 7 4 T4
HEHEDOH & 2V T DN Z L R T 5o

BE
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15 BRI DD N O EIG %8 2 A ek it s
EHZ TWBEAE, FHEGLLERL, ROEFEHL
BEFTWZHY, SVBEREEDIVE LS TERITT
DRI S DEELFE L k> T3, IIFE, @BF
X B MEBRSIER LR L RESEL TS
BT, KORELLEFELZEL I EFURTHY,
Z D7 HARINCEIFEDE (Quality of life, AT
QOL &7 %) x5 B0 E > T 2 DHRER
Th5.

HREMEE IC BT, PARTL D S8R EERs L U
FHRAEED & O IR BEBEZ O b O T 209803 E
MTh-olzh, BETIRBRBROFEEN, HENs X
URMR 2 EECBE T 20198, 2% 0 QOL 2Fb &
L7z fGRI B L BRI RSEAITTbTw 5,
EHTHHBREE LR —< e LTHRbNLTEBY, H
BOAHZEHERVLPHBZEET 2RHFICOVT
DOIFZE, NTHIE & EESE & OEY R &S & % 2
TPRESNTWDS, £z, EFETEEBZD L DD
Wrgem s, HBIZ X DRI D S 2 S F S RE - 1F
BEE»EY OoH D, HBPEEEED SAES
ANDOEFEIREMEOHE L BHEEYE L UY A
Fa—A YT REBRKANDY) T 7 ABNRIZED
L9z, BRIZINHERE £ OBEEIC D W T DR &
NHE2 > TET,

COREPRRE D E X, HIBCEE R 52 2300 T
Ee <, BREECREETCRS T 5EE, DT
QOL it g CTHER2 52 2N RBEIN TV 5,
LvL, OEEPRREOSWE X 2MENET 7 — M
BEEFLELLEDODBE ™Y, 2O OFBLE
EMRAT LI EHTORY, FEESIL, DEIEVE
MEES L EEOMYE, BFCBERBAEEN
(Event-related potential, LI F ERP &4 3) ZHET
L, b M OFRAIEHREERE >R ITEFHOLIBEE L
TENRY =NV R BHAREHEZREL T 512,

ERP i%, £EOBERMH I > THET 5 NEM
THHH, TODBERE 100 msec BLED A
WE I, BRI E P RAE R L BT 5
ERHIeNT WA, 2D EIE, 196541 Sutton

48 %% 4 B (2004)

Bz kD P 300 /MBS T 2 ARER S &
FLTWEZEEFEE N, LIEP 300 12DWTIEE
DOFBEAL, &M, EEME, 72 OE8EES X UF
BER ECOWT S £ 833K &0 ERN L%
BITbTw3, HBHEZOBKICB W TIE, ERP
PEEBEZLSICLZ2EROEFEICRY 5 2 HH
s, REHEBREOTHREECS T 22EORK
Hen) eGSR L O TR EFHET 5 E=y —L L
TIREECHREROE AEOEEY L L TULHEE N,
£ D ELTENCH T 2 RABENBERSTTb T
%, Fi, —ARABERIC BT 3 EREOPRICB W T
b, ERP 2MEHAEE 7L 2T 2 BE TOER
7= LIRS, XD EL BRI
BIERPM T T 5,

ZZTCHE, ERPEHVWTREARENDES 7
W— 7 B % RANE AL ETE O Z B 2 7 i = B
e LT, BEE2EDNRIIBNT, RAKEN
PHE LRRKBENOREIZ L 2 7 V-5 21T
v, ERP 2HET 25 Z i kD, REABHAEEE
DOEETH % P 300 KIGKEHE (Reaction time, LA
TRT &3 %), RiKMOELERZE (Reaction
time standard deviation, AR RTSD £95%) &8
W N —TRTHERE L, FAERLHERRIC D
W T P3000 #E (P300#E), P300 D IEIR
(P 300 #E1&), RT, RTSD, & AKKAES), Filinr %
e LTI N—T7Z L WERS ST EIT, HlRER
&L, 7NV—7T & ORAERAEEE ORRIEI D
W T HERE 21T o Tz,

II. MEFHZE

1. X8

WERE AR OBE R HEAL 72 5 2 THIRE DI
CRIESEB S NEEET, MORBHEEOR NI L
FRAZCHER L. OERNIBWTEREZHEEORE%
DS, VEEREES Do IEEF T v Y TEE
WEIN TS 23~69 KD 35 % (FHEH 45.9 %)
L7, SARBROERAEFEZSEN TR, &K
BEHOREZ, WENHEY AT L (FyIVTV
27—k 7 V—¥—FPD-703, BE+HEE7 1)V A)
PHERALTCIEHEEL, ZOFEERERMELE L.
WERE Z LB SN RBE 2L, FHLE
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NG & SRS AL AR & oo B

DI18LEr BEREER (1,144.2 N+264.8), FHLL
T 17 e EmEER (531.4N+267.2) L, 7
N— T B T o7z,

2. ERERAE

ERP O#EIEE, ¥ =V NV —LHIZBWLTHEFIC
ZEIDRETEMNZ Eo¥, ImBIARCHET 4 AT
VA QHFREAS IIFHEHL, LERED > o —
% (Multi Trigger System 2001, X 74 ANV 7 A
VAT L) BHAWTERLUZENRE (Rare fIE)
F 72 13 IR (Frequent Bl OFEE D > 5,
Rare fIESWERENIc L EDARY VLT 5 LD
e Uiz, —EORAIERNIEERRR I IR 2 K
w7 Y5 NEREMEET (SYNAFIT 5500, HA GE
<Ny M) WTHEIELR, 72, BERERFE?S
Ry v EWTETORT 2ZHRE 2> bo—7
ZRHOWTHEL.

IR I E R 10/20 ke B D &, IERRETHEE
(Fz), IEfduLE (Cz) B & CIEHRHEEL (Pz) O
SAFTEVERL, MEIFRERTEEERE L.
Fiz, R\ L1000 VL ERZBZ 2 &SI T —F
777 POBAEEZREL:.

FHEEM, =/, NAOREEHw:AEL, &K
EBRTIE A PR —)VERREICHE U, Rare F# % M,
Frequent Rl %2 =&, MUA L LEREE% 20, 80%
£ L7z, 2/RHENC Rare fl# & Frequent fl# s L O
EREFICOWTOETHIAL, Rare fli %R 7
EEERY UHLETS X5 AL, B %
1,000 msec, E/RMEFE% 3,000+500 msec & L T 7
¥ & LITERE LT 300 EI2 R Uz, 300 [El & B4 D
100 | (BA#&HA), =D 100 B (FEFEH, RED
100 | CGRREHER) O&RA T =i, Fs#Hs LU
MRS BRI TR 7208, R BRIART IS, B%
D OFITEE R OB TEZ, BEICHT 2BREED
TRIREEL U7,

P 300 DRIEZ, %h 2T B W TRIBET
IATELHT 100 msec DFHIBAI % 0 & L, FIBBIA LD
1,500 msec DXz DT 20 EMESEH L, HERE
& E B IR % Rk 1222,

BonrmEygwp L v, ERREEEEBC TR
HBALERE L D 250~600 msec 51z Peak 738 2 ik
737% P 300 EFEL, A Peak D EMEE RSO

N100
N 27 y 4 R! 7(1,:;
+ P3003R1E
N
P ™ P300
P3007#: i
0uv
1 1 | l l | I 1 1 ]
1 1 1 I 1 1 ¥ 1 1 1
0 500 (ms)
1 OQutline P 300 latency and amplitude
P 300 ¥&EF & IRIE DOREE]

FEEL, 20k &ORMEHEERSOERE LTH
ExRfTo7 (K1),

TN—7 T e E s i P300 B, P 300 iRIE,
RT, RTSD %ttt L, Fz »5#EH & 0z P 300
DR (P30 (Fz)), Czhr o EH I
P 300 DR (P300 WK (Cz)), PzhroEHEE SN
72 P 300 DR (P 300 #RE (Pz)), Fz i 5 EH &
7z P 300 OIRME (P 300 IR1E (Fz)), Cz» o &EMH
iz P300 0iRIE (P300#RIE (Cz2)), Pz 5 E
H & h72P3000iEIE (P300#EIE (P2), RT,
RTSD, &AW ET], FhEERE LUKEER I LI
FWRSSH BT, S —HEOlEE{T oz, S
ZEBNC S LT W A FIEEIIC D W UERE 21T o 7.

B, AT HAKRFERFRFRHEZES DR
R, BWBE WL CEBROBE2HALRAELS
TIThhTw? (EKRES 1 EC02-060 %),

3. HRETHHh

EREEHELERSEEHO 7 V—"HZB8WnT
P 300 ¥ K (Fz), P300¥& K (Cz), P300 % K
(Pz), P3004EIE (Fz), P300EIE (Cz), P 3004
& (Pz), RT, RTSD iz Mann-Whitney U #REIZ
LY, MErFNEREEORN 21To7:. %72 P 300 %
B (Fz), P300#Es (Cz), P300¥E (Pz), P 300
RiE (Fz), P300#R1E (Cz), P300IRIE (P2),
RT, RTSD, &ABES), FhzHALE L LT,
RFSITRIC BT 2ERZRFEEOA —Y N v 7 XK
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D1DOTH 2N =y 7 AFEDE AW TERSDN
L, RrargrRer., o8, BEES1.0UED
FHSIZONT, FN—FHETERS OMEERI D
WORRET L 7z,

KeE Y 7 b ix SPSS for Windows 10.0.7J (SPSS
Japan) ZAWTIT-o Tz,

% 1 Changes in P 300 latency and amplitude of each
occlusal pressure group
RIBEEERED P 300 &8y, RiEOZEL

Fz Cz Pz
(ms) (ms)  (ms)
P 300 latency
High occlusal pressure group (48076) ;17071) (45092)
Low occlusal pressure group ?8451) ?757())] 517381)
P 300 amplitude
High occlusal pressure group (187..04) (178.'4% (178..65)
Low occlusal pressure group (185.‘22) (166.'06) (168.‘20)

48 # 4 = (2004)

m. # =X

P 300 7&B¥, P 3003RtE, RT S LU RTSD D
s (R1, 2)
EREERICILANEREERO P 300 B (Cz)
BE B Z R D 7z,

2. EREERLEREERICS T ERSAIC

& BHRET (£ 3)

BEEREEHICBW T, BEEE5E.1Y THIL
DOE 4 ERDSTHRETE I ENTE T,
HW1IEESD (FE5E=31.4%) 1ZP300IRIE
(Fz), P300#EIE (Cz), P300{RIE (Pz) OERTF&E
HEXFNFN0.97, 0.91, 0.82 Z7RL, R RT

1.

% 2 Changes of RT and RTSD of each group during
the stimulus period
EWEERED RT, RTSD 0%k

RT RTSD
(ms)
High occlusal pressure group (35694) (gi)
363 60
Low occlusal pressure group (57) (18)

Average(SD), *:p<0.05(Mann-Whitney’s U-test)

Average(SD), *:p<0.05(Mann-Whitney’s U-test)

% 3 Factor loading during the stimulus period of each occlusal pressure group

BREFEB BT ARTFANE

High occlusal pressure group

Low occlusal pressure group

Factor Principal component Principal component
I I 1L v I II I IV

P 300 latency (Fz) 0.10 0.96 —0.03 —0.04 0.01 0.87 —0.15 0.27
P 300 latency (Cz) —0.04 0.96 0.01 0.13 —0.34 0.84 —0.07 0.01
P 300 latency (Pz) —0.16 —0.06 0.89 —0.12 —0.16 0.88 0.20 —0.08
P 300 amplitude (Fz) 0.97 0.07 0.00 0.04 0.82 —0.22 0.12 -0.08
P 300 amplitude (Cz) 0.91 0.03 —0.17 —0.06 0.95 —0.11 —0.06 —0.08
P 300 amplitude (Pz) 0.82 0.05 —0.36 —0.25 0.89 —0.09 —0.24 0.01
RT —0.64 0.08 0.30 0.36 —0.37 0.03 0.76 0.30
RTSD —0.28 0.20 —0.19 0.69 0.08 —0.03 0.90 0.03
Occlusal pressure -0.01 0.06 —0.16 —0.81 —0.05 —0.42 —0.23 —0.76
Age —0.43 0.08 0.69 0.34 —0.14 —0.09 0.07 0.88
Proportion (%) 31.4 19.1 15.8 14.8 26.7 24.9 15.8 15.3

Each underline shows the maximum value of the factor loading in the 10 items, using the absolute

value

FUF =54 VIHEEE LSS W EHORFARNEORAEEZ ST
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BB ERT Wb TW3, Sl
EEDIEERNBEEOER {bERTEEZ OGNS, D
EXY, IO & A BERAERMOERE 2R L TW»3
EFEZONDTH, BE < R R AL KRR R R E R
FLang i,

B4ERD (FE5X=14.8%) BKREEDOKRTFEFM
DS —0.81 &RL, X2 RTSD OEFETTED 0.69
ZRLUEBREL W3, BEEIXMBENRERC L 5H
IBREREDKERETH Y, RTSD ZEF 2R T2
EwbhTws, BEXb, £h08E L 2&K
BENDETE2RLTWB EHEZONED, BEN
BERT L4 L7z,

BEREFEH BT, BEESEKL2.7% THE1
LR D S8 4 FERATRELT B I ENTE T,

BlIERS (FL5=E=26.7%) & P 300 F i§
(Fz), P300#EIE (Cz), P3004RIE (P2) OEFE
A Z N 24 0.82, 0.95, 0.89 27 L 7=, P 300
TRIE BRI 81 2 MBAR 2 RT £ Wb T
L. DEXY, MEABERLTVEEEZONST:
DIEA BRI T & fy LTz,

R2ERSD (FE5%E=24.9%) i P 300 kS
(Fz), P300 %K (Cz), P300#E: (Pz) ORT&
WRMBZNZ10.87, 0.84, 0.88 #F L7, BLEX

D, MIBREEZELTCWE EEZOND D, Kb -
RIBAE R AR RO B R 7 L dn 4 L 7z,

EIFHS (H5%E=15.8%) B RTSD DEF&
FEH0.902RL, RKICRTORFERTED0.76
ZRLEMELTwS, RTSDizEdH %2R0, RT
I ERALELERE B & U RIGALE TR % & T AR %
AT EwbhTws, DELD, RICEHBOEREIC X
BEFHDETERL TR EEL O NL D, EF
JIESERTF Ly Lz,

B4 ERS (FE5XR=15.3%) ZEBORTFARE
230.88 2R, RERGEEOHFEMEN—0.76 %
ALUBREL TWw 3, FEIIINE & & b EERY 2 BEEE
DEALERT LF 2 61, BREEIMBORERC X
ZIHBREIREOERTH S, UELY, BHAKES
DETIE 2B ERLTWBEEEZSNE0, &
HRIEEEER T L ayf L7z,

Iv. £ £

1. PEME & RRANEHRALIEIETE & DEGEIZ DWW T

BEREE M Th L2 L IHIELEEE TOUEDFED
SNBM, FNHIREIZI DOBREEL L TOWRER T
Tk, @F~52 2 Z R EERLLENZELI
LAEEENNDEEN DD LR INETREBS
T, F oI “BRDE” L HER 3 HREER
DFEE NS ZERTTIERL, TEHERRPREISE
LLERNRG DD LEL, MWESVIFHILLT
FHEEFEEES T2 EmE L, JlOFEART
P EEDN RSN BRERE I RIZ T
WOWTHRET L7HER, REERLERMEICBNT
DIMBEEORWEEZEE TSI LIk > T, O
RED A% ST EHNLBEOR LI ORDIS Z L25R
WInlEMELTWD, SSREsVIKRET L
HIRET A b L OFMRICOWTHEL, BEHTDEWE
DFIRET A M IZB W CEEN R WE 2RO 7 Lk
LTw3, BAIED XS 2nEmg L sz v T ORE
BHEINIHwENAOND,

—7, M ORABEERENL FEEInE TLHE
FREPRLCKRET SN, &L ERBHRAEETIVIC
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RT 3% < v 50T & 723289, RT X800 B SRR
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&E, AW ERPRHLZ2ERCLVFERINDE
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B ARG, EENCHRT2BMATHY, %
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LS LR 25 2 7B I3RS R KIGE LTH/LO
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P 300 XA EHALIEER SO L, BRI EHRL
HAETWHIETT 2 £ CORM, IRIEIZFREXRITRICHE
bR AMOMBEEEYCIVELT 2 nwbTE
D, —fRENFRAICHINT 21T 5 RO /LR L B & B
BELTWBEEZSNTWS, 7z P 300 ERFER
MIRBRR AR L TWB OIS L, RT 1ZEHRALEER
BLURKIGERERZR L TWE EFEZ 50, P300
BRELIEANOBEREZEL TWDE EWnbLTW 5%,
RTSD B8 W Tk, KIGERICB T 5 SD O KR/
IVREZTICB I 2EFEDOHEL LTHYSRT
V%20,

wEEER & BRELRIC BT 2 P 300 #H,
P300#RI&E, RT ¥ £ ! RTSD @ ki, RTSD it
B EERICB L TEZRD R rofe 2 L b b, EBR
FTC B THRAERE b CRARLERFIEb-T
WA TSI EMRED SNz, P 300 HWIE XA B

48 % 45 (2004)

I} B IEIRAERE O MEAROEREIC I DV ELT 2 %
Z26NTEY, HEHNAESLERAEICEL T, X
I BT BB fEDL N 2 BENDIE L TT L0,
HED% 5 DRI 5, W R R
T BECIBTENL {Fbh, BREIIDZE5
HREL AT B vwbhTwa, WHREERHICE
WTEHEREZERED SN o72h, BREEENME
A ER I EANIRIEESE WER 2D 2 2k, &
B & FERED A 72 WAL B CRIAIEHAE 2 1T> T
ZETREMEDSE 2 5B, P 300 EHF X, BREERS
R & R EE R P 300 & EF (Cz) 230 <, ALEREF
AEWER 250 7288, RT IKBWTI, MREE
HeBWTERRERRD oL » Tz, 2O Ep
5, TEHRAELERE & KISAEETE % & o 7o AL ERTE
WZH B AR R E S EFICB W TEZRD 2 W
B, [EERALEREFR I 2 B AVERRERD L, WA ERYS
BREERICHEENZ EBEZ NS,

oD LY, EREERFICBIT 5 P 300 B
L PI0RIBOFERZEE 2 TEET S L, AREHE
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Z oh, EEREERC IR U CERILERR SR C
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DIFRANEHRAERE I B R 5 2 2 AR RIR S
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Relationship between Masticatory Ability and Cognitive Information
Processing . Comparative Study of Groups with
Different Maximum Occlusal Pressures

Aoki Shinichiro**** Ito Takanori**** Nagano Hiroyuki***** Ida Satoko*,
Suzuki Yoshitaka*, Osawa Seiko**** Aida Masahiro***** and Sasahara Hiroshige®***

*Department of Oral Diagnostics, Nihon University School of Dentistry at Matsudo

**Department of Crown and Bridge Prosthodontics, Nihon University School of Dentistry at Matsudo
***Research Institute of Oral Science, Nihon University School of Dentistry at Matsudo

ABSTRACT |

Purpose : Our goal was to determine the relationship between the masticatory ability and brain

J Jpn Prosthodont Soc 48 : 583-591, 2004

function by objectively evaluating the cognitive information processing from a comparison of groups
with different maximum occlusal pressures.

Methods . The subjects were divided into groups by using a criterion of maximum occlusal pressure,
which is one of the indices for masticatory ability. The oddball paradigm was used with a circle as
a rare stimulus and a triangle and square as frequent stimuli. As the subjects performed the task of
discriminating each figure, P 300 latency, P 300 amplitude, reaction time (RT), and reaction time
standard deviation (RTSD) were recorded. The variables were P 300 latency, P 300 amplitude, RT,
RTSD, maximum occlusal pressure, and age. For each group, we performed principal component
analysis on these variables to reduce data dimensionality and examined aspects of information
processing.

Results : 1. There was a significant difference between the high and low occlusal pressure groups
when comparing their P 300 latency (Cz) values. 2. From the principal component analysis perfor-
med at each stage for both groups, the high occlusal pressure group yielded a cumulative contribution
rate of 81.194 and the low occlusal pressure group 82.7% with data reduction into first through fourth
principal components for both groups. 3. From the comparison between the high occlusal and low
occlusal pressure groups, there was a difference in extraction tendency of the high occlusal pressure
group’s fourth principal component and the low occlusal pressure group’s third and fourth principal
components.

Conclusions : There were differences in the tendency of event-related potential extraction and princi-
pal component extraction based on the principal component analysis of the high and low occlusal
pressure groups. These differences indicate the possibility that differences in masticatory ability
affect cognitive information processing.

cognition, brain wave, P 300, maximum occlusal pressure, mastication
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FCWER ARG, ETOREAHREIYE, WALD D
Lk oTEESNZ DD, THICNET 2HEEY
BALICEEICEET 205, H10IEZTNHOHHRIC
k2500, WEFBELATIRREL. IhbEE
B3 L REOIBROBREEFRET 2 ATLER
Thh, THMZED (HEBEENCLERRLED
N5, HEES L THEM, BXUEALDFHRIZOW
T, ARSI EINTYS. ThE TOMRER
FPTLE Y R, FEf & HSHIEEKELY, B &
O, EHAFKERCBIZ 7Ly v 7 REHEES
ZRRE LS T, WEREMIIBT EALOY
Thohd LT 3548%, ROMLICBY2RAEM, X
7o, BEORONMZ L2Ba08H 5 R ELEIChI-
T3, 5T, $Hks? BEMHAOFKEROFHEML
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THAZMT 2EESD B L 2FE L. FEER
Bio B 2 maEmMmcET s BE T, BWaEERS
U— PROBERICEALTHE LD DO H 55569,
IS IEEOOMSERE L B0, BAL T
KHBLTWS EidEzIc v, 7, HEHicow
Ti¥, A7V v MEEROBRESROFHHEERMEIC
DVTHRHEINTEL Y, X7V v MEEIL L - GE
B hiam by 328, HEHOESHEOEICIZ—E
DEMRBERD SNV EREINTRS. ZOLD
i, BSEENR D THEOEREIC O W TR EE LBk
HH19 LIxNRR6Dh, WERIKHELL TR
R TCONREIEENS.

SEE, 2o 2@EAT 0T 5D, £2HOD
BHORELEZ N 2EHAHY 2BERREEL 25
& OB O FHIEEMFAEIC O W THRET L 7.

II. ARHE

BERE ZHEOERCAREN, RNCEE2ZRD

50 % 1% (2006)

¥, HEEAAICHA R X CEBEO R EARERRE 2
AL, FBRIOEOESEECEEZRAD L EE B
0% (FHh21~267%, T 237m) L L7

BB, REBROFBINCSEBEICN L THEDH
W X UCRRICEL o4z L, BE2EL)
A TCERETo 7 (AARERFHRENGEEES
EZEE EC04-024 5).

Lip HFEINAETHAE (TKK. 5002, 17H#
WM #E) 2EHEAL, ARX—Y T A POKEHD
o TITo 7. BHABRKRFE R 3DMETHLE,
hrEHEEEZ2EEL TC3OBORELZ IS AIE
fToiz.

WERIAMES & U<, AATOENEISERIEAR, wWAs
BE, BIUHE_BEHEEERLZ. SmofElx
AR BB A5 B A6 R < (IR AR TR & AT 10 mm BS5
DERAL THERME DT & TATIC, WEARRER T I3 EIF
e AR RIETR L BT, BIEMEETEA t A
E THEAZESB L P HTABERBREORTAD
TESEETCAF Y HIAF LD 20mm DB ZNE
hEEf U7, H@FfEEEoRIEICE, <~ vFT L
A —% 25 L (WEB-5000, HANGE, HK) ZfF
AL, 8fBI3EZS5mm O Ag-AgCl FUBRE EMR %
w7z, BRI, BRERO Y — FRVEBEOFE
EECEEL bR VL OEEL . BEESE, &
T W %% (High cut) & 100 Hz, R #13 0.03
#, EEE (SENS) 12 05mV/diV icTfro7z. EHE
ni-HERESIZEFESH Y 7 b PowerLab (AD In-
struments, Australia) ICEUDIAAKR, B S U U ITHE
W 1kHz E LT 8=V Frarva—2Iicimil
fo. F7-, WEBASMICBI 2RAPEEEA LORO
IR B L U OMEEIR &, THEER THRICHE
FoEE HTHN, BEAPBE LRV S ICREKRHE
BRI 2 RA OB _EHOMEESEZFIAIL
. TOLE, FOBL L CIKERAMPLIL(D
THOEOBRTCTo7z. &b, ¥—Fvyvyflg (1
¥r) REHBCHEsY, SHOMESEEFHEIL 2.
HERSWHAEZ, BRMEEA L OR, FAMERH
CHEHEE, THAKERCBL TR, Boh-HER
ERO 3B O 5 5 ods 1R o o 02 EOHRIE
Ex, ©—F vy VHEBRECOWTR, HEREEEZR
HI-rEEH 5 EiR 0L BE O 022 BIRL, &b
BB, EATAIESE (RMSH) oFEzEH
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EHHRERICB T 2 ESHHESc oW T

Liz. Bonz RMS{EX b, fAIEERS, WA, B8LU
%:E%®?i&xﬁﬁﬁékﬁ?5ﬁﬂwiéﬁ®
. BHBHOEHAFKERB LY —F v v IHIBE
k?ﬁk%%@@§ﬁ®h#%ﬁﬁik@ —ITLECE
4 8 9 ¥ (one-way ANOVA) 8 & ' % B H 8
(Tukey-Kramer’s Method) % Fiv>7-.

m. #& S

X la iClRABEREM A L O, BAMEROEFR,
M 1b i ERAFRER, BX O —F v Y HBROH
ENFEHORELAZTRT. K1~ ICBREEEA L
O, RAMERDERNE, THIXEER BXU
v—JF v v IHERC B 5 HIEE, W, BLUET
B OHEHE (RMSE) 25737 (Rl~d4). K5
BHBECORKMEEMEEHES 100 £ L-EH %
R L v —F v VIHERICB T 2N RERT (R
5. £7z, K2 ic2EEOHENLELFEY L R
2R3 (K2).

1. BHHREROBSSHIEIC>LnT
BHARERICE T 2 485 ©O RMS &1,
FERIC BT 764~189.7 (B ABEERE 2189~4776),

WX C 684~233.6 (Fx KB = B 2328~5629), T—
I8 #f T 1129~2644 (&% K BE & B 1186~2458) <
Hote (F3).

T 7, BHAFKERICB T 2 HEE 9 AN H=
D, WER, Wi, BEUOE_BEHZzhThic
BT 321%, 264%, 974% TH-o7- (F£5).

2. E—7Fv VIHSEOBEEEEEIC OV

v —7 v VIHBRIC B 5 £ 9iERE T D RMSE I,
B B 455 12 B\ T 83.6~2152 (F A Bl & #2189~
4776), W A5 T 99.1~2064 (B K B B 2328~
5629), BB AR T 157~493 (B KbEE Er 1186~
2458) THoT- (F4).

%7, E—JF v VIHBRIC B 5 HERE 9 ADHEN
HEOFH, HE, W, BLUOHE_EHZzAE
NITB VT 40.7%, 360%, 17.3% ThH-o7- (E5).

(uV)
1,000
Right temporal WM Mh Mi Al “1 ‘MAMMW%WN' 0
- 1 000 - 1,000
1,000
Left temporal WWMMMWW 0
— 1,000 - 1,000
1,000
Right masseter 0
—1,000 - 1,000
1, OOO
Left masseter

-1 000
1,000

Right digastric 0 0 orrkbamdmipstinmy e it Ainer
-~ 1,000 — 1,000
1,000 1,000

Left digastric 0 0 Fskpplatehlftrarveat et
—1,000 - 1,000

Isec. time l 1sec. time
A. B.

la Electromyographic patterns

A : Maximal voluntary clenching, B : Resistance against forced mouth opening

AR5

A BAMEA L DR, B RAB DIEGIR O 5 B RER
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W 50% 1% (2006)

(uVv) (V)
: 1,000 1,000
Right temporal 0 MWWkWWWWMWW 0 b ———
- 1,000 —1,000
1,000 1,000
Left temporal O Jhowtiebbamiibomhoisianeblibbsnt WP 0 o o
- 1,000 1,000
1,000 1,000
Right masseter O Phomdaiterdsisshirmrpmpntpe-smy- 0 et bl ———
- 1,000 -1,000
1,000 1,000
Left masseter O R T R A 0 it ——————pyebp———
—-1,000 —1,000
1,000 1,000
Right digastric O phwtvtpstulaibtsnhltisgafibon 0 ot
—-1,000 -1,000
1,000 1,000
Left digastric R T A 0 .
—1,000 —-1,000
1sec. time 1sec. time
C. D.

1b Electromyographic patterns
C : Exertion using back strength, D : Mastication of peanuts
eSS
C:EHAHFEER, D: ©—F v VHBROHEREE

& 1 Masticatory muscle activity during mazimal volun- % 2 Masticatory muscle activity during exertion of resis-
tary clenching (Root mean square value : RMS) tance against forced mouth opening (Root mean
BAMEHEA L OROBEBHEEHE (RMS E) square value : RMS)

Subject Temporal Masseter Digastric BAREH SR O WRIAESE (RMS 1)
No. 1 366.8 554.3 348 Subject Temporal Masseter Digastric
No. 2 221.7 4197 14.6 No. 1 97.1 153.3 2253
No. 3 4531 4134 20.1 No. 2 150 979 1918
No. 4 4776 504.4 87 No. 3 736 544 2275
No. 5 2189 232.8 34.9 No. 4 80.9 376 176.6
No. 6 2534 3320 512 No. 5 24.2 539 203.7
No.7 4595 4374 264 No. 6 454 226 153.6
No. 8 362.7 562.9 16.7 No. 7 188 38.1 118.6
No. 9 301.3 355.2 388 No. 8 73 144 141.0

No. 9 26.3 103.6 245.8

3. THHREN, E—Fv VIHBEE, sLURK
REE A S ENRS DIEMS A BB DRERIC DOV T
WREOHKR, HEB LUOBHIcoOVTIE, THH AHEEHFESROMICERRZRED bz o .
RERB L O —F v VIEEROHEHEIL, RAKN

%ﬁﬁ%iﬁ%ﬂ%&tﬁﬁbfﬁ%ﬂ:d\m:of: (p<0.01). Iv. £ =
i, BHARER: C—F v VIHERORICIZEE
REFED N T, SHOBEZROHERIICH2 Y, KO HFRERCE b

B0 w T, EHAREROBEHE LB DHARCHEL LS LT3 THOFELEZOA H =X
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BRI SR T 381 2 HBGEITEENC S \»T

= 3 Masticatory muscle activity during exertion using ¥+ 4 Masticatory muscle activity during mastication of
back strength (Root mean square value | RMS) peanuts (Root mean square value RMS)
BHAREROHEHAESHE (RMSE) E—7F vV IBROUBS HEE (RMS &)
Subject Temporal Masseter Digastric Subject Temporal Masseter Digastric
No. 1 1168 2336 1513 No. 1 215.2 206.4 255
No. 2 83.9 1168 2281 No. 2 1215 1460 15.7
No. 3 189.7 1110 1129 No. 3 83.6 1423 20.8
No. 4 1128 136.2 195.6 No. 4 110.6 1384 25.1
No.5 97.3 75.0 182.0 No.5 1024 99.1 49.3
No. 6 764 684 1553 No. 6 924 128.3 39.0
No. 7 98.4 1347 1168 No.7 1749 190.9 245
No. 8 80.3 120.3 124.1 No. 8 1849 196.7 387
No. 9 106.8 1345 2644 No. 9 1176 107.7 387

¥ 5 Muscle activities of each masticatory muscle during exertion using back strength and mastication of peanuts against
maximum voluntary muscle activity (relative percentage)

RAMESEHRICNT 2EHHIRERE L —F v VIHBROEBHHEEE (ENHE)

Temporal Masseter Digastric
Subject
Back strength Peanuts Back strength Peanuts Back strength Peanuts
No. 1 318 58.7 13.2 372 909 113
No. 2 378 54.8 278 3438 1189 82
No. 3 419 185 26.9 344 719 9.1
No. 4 236 232 270 274 1108 142
No. 5 444 46.8 322 426 89.3 242
No. 6. 30.1 365 20.6 386 101.1 254
No. 7 214 38.1 30.8 436 985 20.7
No. 8 221 51.0 214 349 83.0 274
No. 9 354 39.0 379 30.3 1076 15.6
Average (SD.) 321 (85) 40.7 (134) 264 (7.3) 360 (5.3) 974 (14.2) 17.3 (7.3)
(%)
(%) ‘
120
100
80 Back strength
60 Ml Mastication of peanuts
40 Maximum voluntary
muscle activity
20 " * : p<0.01

Temporal Masseter Digastric
2 Muscle activities of each masticatory muscle during exertion using
back strength and mastication of peanuts against maximum voluntary
muscle activity (relative percentage)
HEBHOBRAMBHEHE W T 2 EHARERS IO —F vy VH
B OMIEEIRE (X )
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TOWMETH 5. EHHIERENET, #YHHO
12THY, HENO-L D EHZIEZETHER
BT2LE20HATHBO. £k, 2FORICESL
A5, 7B, LS B L VEREGoXERAG %
WIDbDOTHL 2, 2FOHN%2BBLEZTRY
LINTWwER, I TAMEIZBWTIX, HIEH
PRS2 T T 2 IcH - VEH AR FHEI ¥,
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WHENTWEHETHS. BIEREREEFOAT
Eho(flFETH-OMELVD O LEbNS. &
REHRFOEA L O OFEPHOBEMMIFEEL T 5
DEPICOVTIE, ThETIHHEESY 25b 5. £
HEIGS — b 72 ERER L CROBMERERL TV
25, Th b OFERIGESETPICOERI S — P 2R
BLAadhidhe s, EEcBR L CTEEM E R RAL
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btz Licdto T, SEOBKEH T OBEANREIG
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FEPRALNDERNETH D.
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Masticatory Muscle Activity during Exertion of the Back

Asano Takashi, Kawara Misao, Suzuki Hiroshi,
Komiyama Osamu, Fukumoto Masahiko* and Iida Takashi**

Department of Clinical Oral Physiology, Nihon University School of Dentistry at Matsudo
*Laboratory Medicine for Dentistry, Nihon University School of Dentistry at Matsudo

**Nihon University Graduate School of Dentistry at Matsudo

J Jpn Prosthodontic Soc 50 : 45-53, 2006

ABSTRACT

Purpose - The lower jaw is considered to be fixed during body exercise. However, its mechanism remains
to be elucidated. The present study investigated masticatory muscle activity during of the back.
Methods : The subjects were 9 healthy dentulous patients. The maximum back strength of the patients
was measured with a back-dynamometer. Muscle activities of the temporal, masseter and digastric mus-
cles during exertion of the back and mastication of peanuts were measured. Muscle activities of the tem-
poral and masseter muscle during maximum voluntary clenching and that of the digastric muscles during
exertion of resistance against forced mouth opening were also measured, and maximum voluntary muscle
activities were obtained. The relative percentage of each masticatory muscle against maximum voluntary
activity was calculated from the data obtained, and muscle activities during exertion of the back, mastica-
tion of peanuts and maximum muscle activity were compared.

Results : Muscle activities of the temporal, masseter and digastric muscles during exertion of back muscles
against maximum voluntary muscle activity were 32.1%, 264% and 97.4% respectively. Muscle activities
of these muscles during mastication of peanuts against maximum voluntary muscle activity were 40.7%,
36.0% and 17.3% respectively.

Conclusions : Muscle activities during exertion of the back were 30% in the temporal and masseter muscle,
and approximately 100% in the digastric muscles. The result suggests that the digastric muscles play a
key role in fixing the mandible in all masticatory muscles including jaw-opening and closing muscles. Peo-
ple exert back strength not only in sports but also in daily life. This study demonstrates the stronger in-
volvement of the digastric muscles in fixation of the mandible during exercise than during strong clenching.
The results are of interest in terms of mandibular position, occlusal contact and the load on the temporo-
mandibular joint (TM]J) since there is no wide mouth opening.

Key words

masticatory muscle, back strength, sports, electromyogram
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Development of a Jaw Movement Analytic Device
in which Indicates the Jaw Movement Expressed Three-dimensionally
and is Suitable for Youngsters

Katsumi Miyoshi

Department of Pediatric Dentistry, Nihon University School of Dentistry at Matsudo
(Director : Takahide Maeda)

The author established a new jaw movement analytic device small in size and light weight, which
does not overly burden young children and is able to record natural jaw movement in terms of a min-
ute jaw movement. The author also tried to develop the device to express a minute abnormality in
Jjaw movement using the axis expressed as the center of the rotation in the jaw movement. The actual
measurement wave shape was searched for by using a difference movement transformer to see the
movement of the incisor model and by using a high precision form measurement change meter to see
the movement of the left condylar model, and to see the precision of the prototype jaw movement
analytic device. It was compared with a Nasohexsagraph® based on that wave shape.

The results were obtained as follow.

1) The wave shape of the prototype jaw movement analytic device corresponded to the actual meas-
urement wave shape.

2) The wave shape of the irregular movement unusual part by the resin and screw could not be con-
firmed with Nasohexsagraph® but could be confirmed with the prototype jaw movement analytic de-
vice by applying the theory of the position of the shaft and its direction.

It was unacceptable with the convertional jaw movement analytic device to express a jaw move-
ment in the voluntary point with respect to the condylar, and the molar. Also, before measuring it, it
was difficult for a condition to be specified and to apply it to a lower aged child. A prototype jaw
movement analytic device which can be measured from the image such as CT and can detect a min-

ute movement wrong point by express in a shaft was developed successfully.

Key words : Jaw movement, A degree of three dimensional six freedom, Center of axis

1706



HoMESEE 1(1) © 42-49, 2005

MBI X B T FRBAEI S B 4 R R O BEE B I E

= i

S
mok R HE

moR o

A H OB F

B EFESIIEERICRD, EUTEBEAEEIRZEI LABEICHOIEETY, BRIFREREE
TIEBI R Uz, BOIEITD 2L XD BRAERICBY ZEBNREI NI L2 RSBV TH
FULSERFMEBEEAVWTINE A& 1 6 NABFOEEF QMM SHLMNTT S Z Eaibrr,

ZHERIEFES OMBICEIBHEETIE, WOEN 2000mm (/FR) T, FLEEMICBITS FEE D
RN 1.0mm Bz, 6 MAR, |E 6 ABTIIEHUISEZ AW TN UAE, BESICAES @A)
FRALBRICEITIED SNRND, BHOEOWEICLVBEORICHT 25 EMEDEAENHS L T,

Kz, 2HH 6 MARETIE, JERMOTHEBEICBW TS BRIERICEER TS FTHEOB X% < HIE X
NTWER, ZERI1IFNHATIIEENERDON, HOED 12.5mm A5 36.8mm ICKEEINTWE, BL
LORERN S, BMSEESE AR TE 2 R0MEEEE U SER SR I X > TR/ R 21

ABTEMTES,

S SRS EOHREF TIHBREG I AL TH B I EARE I N,

Key words : THBIEIZGR AT, M, BHED)

1

MR, EBRICHT 2EERRCEMOEN, TEICBT
5L < DEBWERI ZE->TRY, AEEEORNT, &
BT XD O EE MG 2 2 TR T 5 Z &bl
WY, NBIZBITBEEE, WEICEATVS =D BHAE
ANED DIt nhbnTnas, BifEikIds, REXE
WRERST A=V EBIIT TR S 2>, BIC/NED
BEZSE S T, THERKEN THEOMEZI b —
NWTBEINTNBIEND, HETOLRSTHOFKEED
NS BEEELPDRITINIARST, EMChEZRBEE
DBEEEIND™, ek T BRI BT IC BT B M
W& TIRIVEHEIE S 2 WIREFRIC & 2 Rl e
KL <RMESNTV20, THBKERHEZREI L&
F O EES & EHRICE > TRSBEIER L - HE133
5720,

AE, FHS5E, WEBRICIDEHBETOBTEE S
U7ER 2 5L, AREUE TR LB EHE I THE
OB EHDDIHENAE 1E6 A TOEE
B2 RE LD THRET 3,

EGB KO AHE

[l

il
B8 TMA B
FEF  EEWTHEEZID, B YEED I EMNTERN,

B A R 2FHA T ol S50 /N R e R S e
T271-8587 TIERANF i 52U 76 2-870-1
(ZfF : 200549 A 28 A)

(SZE : 2005 4F 11 A 27 )

KIGHE | Rt EEE L,

ERAYELARE © el FEME L,

ERABETEIE ¢ O SR ERIFICRREMRE R D V. FOMESREE
EEL,

BRI PRk 14453 B30 H, B SHITHICHEE I
SmiF Lk, ERZEOLOEREFEEIC THEE
B OWADZD CTREEIT> /2, F DR, FEHICRE
FTRIIED S NIRW I LN SHAO TOBOKEZT -
Too ZBBNOWEDREZFA DA ERNINZ
B,

e ¢

DREARTR © FEEA DA M E O EHITIE 10mm O
BIERD e, EMTHEICHIERERA TN, BoRE O
DEHBEIILEMICRMLL Tz, HOE (JF2AICk 55
B 13 20.0mm TH o 7=,

FIPENFR R, @ #0321, TFEEIEAHER/R & NCT OB AR
HAERDE 1R, FF2R0ORE2ED 2. HERHITIZR
W5 NP0 72 h, UL ER TEMAN 1.0mm DR %R
7z,

Ty TR

BRI IR o CNCHIR B va T R« 0T AR an e
EPERLNERERNTAICEMEL, EATEES LS IR
ML TWBHBERDR,

NI IRAREIT Y U AMBEF AL £ 0T EER fZeiiH
HHEIDREL T A& s nkE (KD,

IN SRTy 7 AMEER, | EA T AR SRS AT &
DIRALL TW B EAERD bidz,

Shitller T v 7 Z#EEFT R 1 B2 5 I B OO T v
U ARG EE T 2 A T BB OB ENI e h o

1707



7o
B HELZ SRS

NEHEBLEEOERXR 2T (K2),

1) B O

B DR DHIRAR E O AFIRECAEIRE 2T WG O
RHER %, ZEBRIENSZEB 2 MA OM, AR
FRORZEMAWLH 152, 3EMAOFNEZTo =

2) v J ZBEHERER ST MR BHRE

S5 6 MARITN ) T REIL L Shiller REIE, 146
MARBIZIN S|REIEE MR BGIRE 2175 7.

HoMEmERE 1(1) 2005

3) FEEEEHA

ZHGHRONAEZHHBIEMNAR, RUETHELE
HEH D3 RIC 6 HEHEEEBMFITER (K3 2N,
SEEE E LIRS EBICTITo /. 2B, TEEEA
B BRSOV REELVAEEE

FHAAL  EEERIC3 R, THEEMIC3I N, A6EoRE v —
N—%FEL, N—=VF NI 21—F THEHERHZT>
7z

EHREEA C 7D > 7))V M EE EEBRETS 12mm &
U7z,

RYELE : V5 7 N EE RS Uk,

fEbr Ut (BOE  XYZ ), EAFHA0EEESA

1 N/ S48 W2k
IERIBIEEH AR & DB L T 2 A0 s k.

PAZL 5 N ElfT 52
Shiiller 5%
INJ T 4 DEIRE

SHIEE)
Shiiller HE2
N/ SRR

VAW AL 52

2B 6 H 1%

SHEE M
MR E{& R
N TIRIBE

1E6MAE

>
A
DEEEEE—N

EME | i

2R RER B =5

(% D

BE DB %,

"

B2 EHEBIUREDEXK ﬁ

L

1708



ZUFFEIED  SMEIC L B T REBIE S P R O SEE BT

(BEE  XYZ R OEFHOBPMERHL, FTHOMR
2HMOER THREENE/NERDEFHOPL, Thbb
UL (5 XYZ FEANRS B, L XYZ ) 28
WU, L7z, B LmoEHECH B 2 SEHEE O
BE 100Hz TY > U 7 Uiz,

FHAGES) © BORBHBACLER 21T LD IR L 7.

FHEIT T 7)) EEASEELEER L6~ 101 ZL
% 100Hz TEHAIL 7=,

1. OISR STICEE

AREPIOERE AW O ET > 2R, ZE% 22 A
KHERAMORICHBIT2HEORBUEIBSL, WZHEHOE
(/FA) H20mm M5 50mm IZEE Lz, X 5ITFHEED
FEBIHEL, ABAEEICBHBHREEOWENRD 5N
T Z51 6 B BT A AR BV 2 IHIB% ORI
WHNELIE2 Tz, ZHE | FRITIIIEPEZ 5 NI/ R

B3 6=Aal3 kot 6 B i BRI B AT

BoO BH

T2 FaER

B4 MRIE&HZE (1466 nHAKD
FHAOBHEA D REBE T FAR L TE WAL I & L TWA BN MRETE -, —HEANZH
ORI BT RIS A LRI AR L, BIDEHZEM L TV Z AR TE -,

Joint effusion 13/ H BT & BIRD W 7243,

FREICET QLAY 517z,

1709



M RICEENRD 5Nz,
2. Ty RRESUIC MR BERFRR

NI SRTy 7 AMEBERL AR 1FE6MAR !
6 N ABOR T, ZEAITEREESENERIORMLL T
WAHENED SN, WKL L URMEDRDED 5N
oo 1EEMABOFATIH/NEFDO—FNBIRXENTW
7o

Shiller T 7 AMBEFR (6 A%  HOMZR S5
BRI BT 2 A THEOMEDOBENL, #BREikl
THEINTWe, FICEATHEOBEIZERICKESN
T,

MRI H{§#2E (1467 AK) @ AR DR T oM
MRS EBMBICMUEBL TWDE I ENMRTER. —F, &
BNIEA OB ICBAET RIS SER LRTAEM L, BORICE
fILTWB Z &R TE 7, Joint effusion I EEEIE
Rolahoz (M.

3. BEEB)RHERI
D ZHE®eMA
D Y=
BN EIL 125mm THo 2 (M35, EEABBETHS X

[mm]
40

35
30
25
20

15
10 T —

HAMEHERE 1(1) 2005
FEREDIRALBIT AN 0.9mm, FIEBEIETH D Y HEEILHE
HiZ 6.6mm, LTHBEHETH S Z EEIITHIC10.6mm T
Hotz (6.
() EhAERIREEE

HRSEHPEEAOBHRIT 4.6mm (K5 T, XEEZED
(WAL EIZ AT 1.0mm, Y BEIZESIC 44mm, Z EBEIZT
F13mm THo7= (K. —F, ERSFEENEESOBE
2 33mm (K35 T, X EBEORMEILZEIZ 1.0mm, Y FE
B 2.8mm, Z JEZIL RS 2.2mm THo72 (” 7).
(3) HLLHl

PO E LT, BEEMETIZEFH~ — 77— <
RENT 2720, FOLEOFERICKEREINSHEETE /-, Z
NLS OBIBA D H T RIS WIRENTHRE TS /- (F
8
2) ZHH1IEMA
(1) k=

B O &1 36.8mm TH >k (5. X EREORMEIZE
12 1.0mm, Y BRI IC 20.2mm, Z FEREIZ T 512 30.7mm
THolz. FFFCY BRI TIEMETERM 22 )y
75 L EEBERD (K6).

[mm]
40
35 S
20 N\
35 / \
fg 7 70y o Rk \
0 / N
5 ﬁ s é@“\\,&
0 0.5 1 1.5 2 %]

)i
= AR R FREE
s A (AR RO FREELR

5 UM O&ER S N EETFEMEESOBER
EiZZG 6 A%, HICZE1F6»AERT,

[mm]

0 [ L e
[0 \}\5v~\05 fg/*“l (%]

2 [

:x A ]
30 \ - ]

Ny okt |

Re6 UEOMOE XYZ)
EWXZE AR ACZH1E6MAZRT.

1710



ZIFTLSRIEA 1 AMEIC & B BB SRS TR R O SR B

1

0.5 fjmi—

300

200 |

100
"

-100

-200

-300

[mm]

(]

05 O [#]

7
Tzt 6 AT,

(1)
%grj

i

-

j 02

1.2 [#]

G

[mm]

(%]

i

. 4

S LAl

[mm]

/U0y DRERL |

/ \

// ™ TN \

s

-~ AN

s

2[#]

[mm]

/0 DR

/ \

TN

0 jei

7~

05 i

e

300

200

100

-100

-200

-300

SHNEE R OB E) &
BREGTHE6 MAZRL, LEIIAM, FEIIEMZRT,

:,. V- i A
E‘N 0.5 1 1.5 2 [®]
{mm]
!
- ) “,'gv iJ%&
j};{‘ "”:'-' A iJ \\Ji ; )
%‘ 0 1 15 2
\ 7Y o BN /
z

8 HubEiD A & A
EIZZB 6 A%, A2 1EerAZRL, LBZHOHRE, TEIMOMEZTRT.

1711



Q) EEVEHEER

HESEHHEEAOBH R 12.0mm (K5) T, EH%
PR THD X EEORLED 0.5mm, FEBHRETHD Y
FEAEIE 11.9mm, ETHEETH S Z EZEL 1.7mm THo 7z
(®B7., —%, EREENEELAOBE R 8. /mm (K 5)
T, XEEORFMEZ 0.6mm, Y BEET 8.6mm, Z HEELL
1.0mm THo7 {7, 7V y IEkOEFEHETE ],
(3) HubEh

TG 6 N A LERRIC, WREFAES TIEEHE~ — 71—
N<IRENT 5720, HFLEIOEBICKERENDHERTED
B, ZEBRIFHATEHOMOFII THODRERERD
ZALAIFROE O LA EICHE TE R, TN OO
TG 6 2 BITHHPWIRIENE DL TS Z
EWHRTEZ (F8).

z

TR EITICBW TR BN TEERICHL L0
EOBFEEESA DN TULBNHRET 5%, BEHIEICDON
THEARNEED D WEREEEZHETHRESAINTNY
o ELIT/NBOTREBESISRERITOBEL, RER
BREEL I TEHMBEL D SEEERENERTE I 2b
NTEEM?Y, ZORTH, —EHOEFTERERS TN
THHEHREEZBRET DI ENH B0, NEOTEEBEE
FEROBNIBERLREN 2B TFRRBEEEEL2
BREND D ENRETNTNB,

AEFIIHAONBIC LD IERE 2B OENEE L ZERT
Holz. ZHEHZONABDOIN STy 7 ABREEFRR T
THMESRESERORUBERL, |F60AKBDN/ I
Tyw 7 AMEERR TR L - THEEfHSEICBT DR
BEOHRENED LN, EFRCHEEEZEL THHOBEEIIN
fli. ZHBRMNALZHERIFE6NAD /FRAITLD
B O ERHE S EEEFHFEIC LA OBITENSED S NZD
1T, BIRICEEREHIET OB, BRI ES2ERT 5
A, RBIRITEHBEAHEAMEDZTO 201, HOEOHKRE
BRENTEEEZOND, /7, ZHEHALSER £
6 M A OBICK EREEIFRD SN, {5 ORA
BICBWTRZEHeMNAE 1 F6 A TERERENIZ
Roohanoiz. ZhiE, BERARICH LU THROENK
E<LEEL, HOZIHT 55 RALEDOEIEIED L T
272, HIARMNENREINZIDICBEINEZZDTH
%, EAFENEEAOESHMIFCBNTEZELTCTHS
EQIZT TR, OB E 7 U v 7 EOEEHIG S
NEFEFBEHERTE . WO Shiller HEE OB
DREET S &, ZERRS OB EE N DI <
BEAHIREN TS, 2% 6 M TEHERENRD SN
7o MR EMEZEICH W TEM T EEMEITEA % £ D MRE

A DA, A THEEIIMRER ERD RN o/, DT
ENG, ZEMICE > TTHEBANESHRE 2T, Z0#

z 2,3,6-12)

AsMEERR 1(1) 2005

ERKHENICDENEZD D EEZ NS, D EERENS, Z
B2 TR, RMEICB 2 TEREOHEEZHEIC
ANERBBEENREEETH S Z DB N,

%, ZHHBeNALZEH1FE6HAOHLEOEE
D WRALASEA U Tz, FLENES 2 TEOME &
HETERT D201, TEOMMANWHIEBIZEA S Z &5
TEETHD NS, TROEFIEEL TETNDIEN
EALZLND, ZEE6HAOHLIMOBE THETINICRE 2
FBOEENHER I Nz, FOETREREH OISR
NEZ &R, REEMIEEITLD, RE<—H—DKRERE
BEA NS, HEADESKICRFEMNEETNS
FREMENE X 5N D, ZHE 1 E6NATIE, BHEMIT
WEIN TN,

S5EE, ZHERCBIL2EHATH2 TEHEONEDE(L
EHEL, SHEHTHOIEMOA TR ERO TEEDE
BB HEEL, WEHB L VEEREROREDBEZHE
ZBLTITSTETH 2,

W

SEIOEFTREADEEZTY Z&ickD, HIHRMEI
EERRD 5NRWAHOBOHREICLD, HOBICHTS
HIEBBEOEENROL, FROWEDPTED b, EE
i 5 B2 5 OO BE S 3 RO RN HERES OB
MRz, NEDOTHESHREDBITIIREE b RE 2
BUTEMICOERBEKETOILENRD S, £z, SH
DFER X D AKEICTHREIN-EET AR, HEY
DOEMERICB T LFMITEDTH 5 Z R I N,

BAKO—MIXHMEFE LR BEEZH IO T4 7
HeEFEORHBEZ T2,

X Wk

1) IHERE, EAREE, NEFREED 2 ARD BiRERTRERIC
L B/NREEEERELBERO 246, HOSEE 50231234,
2004

2) M%, MHEE NEHEBESEERRBEOTY > r— Mok
WEZ, HEERE 15 178-183, 2003

3) NHE—, EEH FREEIE)  MAEEESHZGERICS 5
FEEREFO 14, BOBZE 141 442-445, 2002

4) KHEZ, RAEH  NEEESZEEROTRIIDOVWT, AN
445K, 32:1018-1029, 1986

5) ZHFEE  BEBO 3 RTEREIGAU/NEICHE L - EEE)
TRATHE DOMFE, /NEWERE, 40 1 441-453, 2002

6) FREMEE], FAEF, FEFREH THEHEESEERRTOR
PREVARES, H%ERE, 15 18-23, 2003

7) AEEL, RNEH, NNREZED RIS THEEREEREE
WOTHOBKE, HOSMES, 49 1 355-358, 2003

8) A LEE—AR, RFEEE, BHEISEE, NETHEBESIREET
DEWRRAME HOSES, 32:77-87, 1988

9) KHFE, RARHE  NTEBEHEEETOFRICDONT, BO

75, 32:1018-1029, 1986

10) MacLennan WD, Simpson W. : Treament of the mandibular
condylar processes in children, Br J Plast Surg, 18 :423-427,
1965

11) Lindahl L, Hollender L : Condyler fractures of the mandible : I A
radiographic study of remodeling processes in the temporomandibular

1712



ZHFREED AMBIT LD THEBEESGEE T RIZOMES R E

joint, IntJ Oral Surg, 6 :153-165, 1977
12) AR NRBEE B ORI, HOSEE 31 :2297-2316,
1985

1713



HAMG#RE 1(1) 2005

Measurement of jaw movement in a boy with
traumatic fracture of the condylar process.

Katsumi Miyoshi, Kensuke Matsune, Rie Matsunaga, Takahide Maeda
Department of Pediatric Dentistry, Nihon University

Through mouth opening training, we obtained good prognosis in a case with fracture of the condylar
process as a result of a traffic accident. A jaw movement tracking device developed in our laboratory was
used to improve chewing through mouth opening training. Success was clarified by analysis of jaw
movement six and 18 months after injury. Immediately after injury, ocular inspection revealed that the degree
of opening was 20.0mm. Displacement of the midline region of the lower jaw by 1.0mm to the left was also
observed at the centric occlusal position. The patient was reanalyzed 6 and 18 months after injury, but no
changes were observed in the amount of lateral deviation or mouth opening movement. However, the ratio of
lateral deviation eventually began to decrease with improvement in the degree of opening. Six months after
injury, movement of the condylar head with jaw movement was restricted on the uninjured side. Eighteen
months after injury, however, improvement was observed and the degree of mouth opening improved from
12.5 to 36.8mm. Using the jaw movement tracking device we were able to obtain detailed measurements of
slight changes in jaw movement by changes in deviation from a central axis. The findings suggest that jaw

movement training was effective in this case.

Key words : Condylar process, Trauma, Jaw movement
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Invesigation of the Relationship between the Positions
of Arbitrary Hinge Axis Point and Condylar Point based
on Three-Dimensional Jaw Movement in Children with TMD

Katsumi Miyoshi, Kagumi Uesu*, Matsunaga Rie, Moroboshi Hiroyo and Maeda Takahide

Nihon University Graduate School of Dentistry at Matsudo Pediatric Dentistry
(Director : Takahide Maeda)
*Nihon University Graduate School of Dentistry at Matsudo Mathematics
(Director : Kagumi Uesu)

It is useful for the prediction and the evaluation of the healing process of TMD in the lower age
period to study the characteristic of the jaw movement of a child patient with abnormal jaw move-
ment. When you analyze jaw movement using a three-dimensional jaw movement analysis device, the
arbitrary hinge axis points of both the right and left sides are ordinarily used. The authors believe that
the movement of the arbitrary hinge axis point during jaw movement is not the same as that of the
condylar point obtained by tracking. However, the relationship of the position of those points is not
clear. The position of the condylar point by tracking is shown as the shortest distance of the condylar
point during the jaw movement path from the mouth closing position to the maximum opening posi-
tion, and the point is named the center point during jaw movement. The distance of the center point
and arbitrary hinge axis point during jaw movement were measured. The results were obtained as fol-
lows. It was clarified that the center point during jaw movement of hemilateral reduction and hemilat-
eral irreducible jaw movement was away from the arbitrary hinge axis points in children with bilateral
joint disk displacement of TMD. Moreover, a minute condylar movement was confirmed by the cen-
ter point during jaw movement. The center of the jaw movement that is impossible to describe by ar-
bitrary hinge axis points using conventional analysis of jaw movement seemed to be based on the

condylar point during the jaw movement examined in this study.

Key words : Jaw movement, TMD, Arbitrary hinge axis points, Condylar point during jaw move-

ment, A central axis
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Carisolv™ ZfHH L 7-Efeh s OME ZHIME L FOF %

TT #® i B
noB oE R
HOH B %

% B B OE gER
b + 5 B B A

BEE  BMSRTEYRETHIENTE S Carisolv™ F AV, ILETH VEER 10 B OEESILE 21T - 720
BEABT OB MRS B RE SN0 e EME OB I X » TRE Lz, $72, BRI

Carisolv™ DT »or— b2 AT\, B LZHEOZEBRT B2 ZAUTOKEZEL,
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ST BERB T & GhEREIEMH % F3 1.5 X 10°CFU 72,
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R B DEREE I B RIE T H5 © BEEREEME % 34 7.7 X 10°CFU B 72,
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99.995%) o

4, BBIZT7 v r—1t% Lk I3, Carisolv™ ZIFLBIEDNE o 72,
5. CarisoV™ fFHBOI KTy PLYUEEOTH (FH320 H) BEIFTH- 720
DED#ER LY, FLETHRIC Caisov™ EAATH Y, BEPOUHIZEZHVAEROERERL VITE

nize

Key words : Carisolv™, [k, MIBEMRE, FHER

5

EEEEEIL Y — Y, YR FIA L 2 EEEIE
EPNETHD, Fof, TT7—~T7 714V 7, L—F—%
BVIEERIREIEOUENE S BASNEEZEICHER S
NTWa", LaL, OERYHIERER, BMRTE0i
THRET DL L) BIRELG L, BESFTE 2 RLEIC
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WE A7) 7202, REIRESLEE 2D, L L%
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(2002 4E 4 A 1 HE&AT)

(2002 45 4 A12H %)
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WTDRIFEE, BRI E L BRRTE O S OE N
5 Carisolv™ IZEEBIR T H O A% RET B L v ) H|EY
PHEIRAMCIBELE LT, BERTErBRELTNE
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BIENCRE L7 E C o HERER D 2 v ifibh
ET AR,

(5) BHIFEOE G % R
J==0)=]

AU

2) B

EDEFICE o EBREOILAE FREBEE L, &4
(BLB1#, HECcath, £ECIHR, AT Cl1H,
AT C38, &5F108) AW,

3) T OFIR
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FRUTL) BEEYT o TWA, T/, Carisolv™
RAZANAL D AR, 8BELHCT, BEBRELT
272,

Carisolv™ BEHE A » A )V A » NI, Lo IRIZTE
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5) firs

FTRTCOMXEBE L CTREBZEZFH L7, 2o
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ORI SNIHERE 34 (BERE 5, 6, 9) 1T Carisolv™
ALE BT & HRTEH 99.996% R4 (1~7.2X10CRU) L
Ty, REHT oMM SNWERE 3% (5
#5,6,9) & Carisolv™ WLERT & LY 99.996% 4
(1~4.1X10CFU) L Tw 7z,
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1% BT | Carisolv 12 & AEEghOME A

F2-1 BT EERBHICBIAEZEAT v 7T LOK T2-4 HEMRTEHEREEHIIBITALAEAT vy 7TLD
H# (CFU) Actinomyces JEW 5 (CFU)
1
. Carisolv™ Carisolv™ Carisolv™ Carisolv™ Carisolv™ Carisolv™
BBRE | Cnm miEd | EETE BBRE | mmw WS | MEETHR
1 150000 1120 0 1 76500 615 0
2 550000 4400 3 2 280500 2300 0
3 8425 1150 0 3 5025 100 0
4 100000 150 0 4 60000 50 0
5 1450000 396000 521 5 511000 190000 72
6 1300000 43825 4 6 663000 14300 1
7 800000 0 0 7 410000 0 0
8 32250 0 0 8 23750 0 0
9 1550000 115 15 9 1035000 60 11
10 160000 0 0 10 98000 0 0
F®2-2 WMRTERBRIIBILEATy 7LD F®2-5 WERTHRBTHICBILEAT Y 7LD
Lactobacillus EH ¥ (CFU) WE# (CrU)
. Carisolv™ Carisolv™ Carisolv™ . Carisolv™ Carisolv™ Carisolv™
RS Cam WEE | BT BRE | WEF | MERTHR
1 0 0 0 1 22533 180 0
2 0 0 0 2 57325 16933 2
3 0 0 0 3 71033 515 0
4 0 0 0 4 15000 3825 2
5 0 0 0 5 487500 22825 62
6 0 0 0 6 450000 12275 2
7 0 0 0 7 16900 0 0
8 0 0 0 8 7325 0 0
9 7.5 0 0 9 384000 4710 2
10 2.5 0 0 10 24900 210 0
®2-3 HMMETHRERICBTLEAT v TILD #2-6 WMETEEBTRICBISEAT v 7LD
Streptococcus JEH % (CFU) Lactobacillus B (CFU)
b s iz Carisolv™ Carisolv™ Carisolv™ ) Carisolv™ Carisolv™ Carisolv™
BRE | e LR | BT BRE | g wEH | MEETH
1 64500 510 0 . 0 0 0
2 236500 2000 2 5 0 0 0
3 2875 125 0 3 0 0 0
4 1000 200 0 4 0 0 0
5 625500 135500 365 5 0 0 0
6 550000 44750 2 6 0 0 0
7 345500 0 0 7 0 0 0
8 12500 0 0 8 0 0 0
9 534500 72 7 9 753 0 0
10 102750 0 0 10 0 0 0
5. 7= NOER, -, U EDNHE HfE@ L TWwAD, 10T~ TR, T REEMERET

VIR EZ L BiE L Y Carisolv™ 1 L 72iAE % 1T HIEIIZONT, BEE, F8E, TH, BERESOXR
LRI E o7, ' BERT R LB D o7 $72, LY Y
6. IRTy LY UREER, FHLT 133 B2 5 540 FTRIZBWT S EHE % S O RS R AT B 2 52
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#2-7 WBOMERTEERTHICBIIZEAT vy 7LD
Streptococcus JEH . (CFU)

R Carisolv™ Carisolv™ Carisolv™

: QLB FT QL& MEKRTHR
1 15550 125 0

2 44325 5417 1

3 42150 275 0

4 10000 2450 1

5 112975 8100 19

6 414500 12000 2

7 10650 0 0

8 2775 0 0

9 21975 375 1

10 15600 107.5 0

®2-8 WMMRTIEHRBTHICBT 28Ty T80
Actinomyces JEW L (CFU)

Rz Carisol_fM Carisolv™ Carisoll/Ti”l

ALTE HLIE v BT
1 8750 87 0
2 30900 4277 0
3 29800 350 0
4 10000 1700 0
5 . 406500 13475 41
6 337500 3000 1
7 10825 0 0
8 5175 0 0
9 296500 4940 1
10 9850 60 0

R3 Trr— MER

W R W e ok e | L T
1 7 & EkcC &£ & ik B 540
2 7 B ETCc & & & R 201
3 5 B ATC & & & B 133
4 5 &« Hkhc | & OIE bHoRn 461
5 5 & HFC & & B 370
6 3 B Akc & & M DiLhn 484
7 6 B HECc H m F B 158
8 4 & KEc & & i B 230
9 4 L KTC & & & B 367
10 5 & AEB M| & E B 345

CE¥ il 5.1 %)
BIFITTD N D o7,
Z =

FREFIZ L 205, Carisolv™ 12 THESRS: o7 8 % 3=
LZZEHIB L2 BoE RN 2 IESMICRE L E S

5, BEEEME S CRE ST, BEETErRE
SNTZEBDNBEF NS, &K S2X10°CFU O HEEh
BEME ORI S R BE T EORR TR LIERE T
DY, MESDVPBMRTEOEREORELHET S &
912, Carisolv™ 12 & 2 BEERALE 33X THh & EEERE F
BEVEE&IIBEINLEEFERRVERER T,

—75, Carisolv™ HHIZ & o THMEEMAE DS - &
DEEVEET 5020V THRE L7,

ERERFSAE [T BE T A B & LTI, Streptococcus B
B & U Actinomyces BEHTH H, WMEHE & b Carisolv™
AEFTB & U Carisolv™ ALE FF I R T DR BRBE (2 8%
SN72. HEIT Streptococcus B ITEEBME AR AT & &
NWTBY, Actinomyces BHE ISR HEEMF AR KE & &
TN 7D T RS BRI b MR S 72, Lactobacil-
lus BRI THEEERMO B THERLEIFVOL S
NTV 575, Carisolv™ ALE R IZ B EMRH & L7248,
Carisolv™ JLEF DEEENE» SMEH & Nk o 72,

Carisolv™ ML & #% T 1% 12 Streptococcus BHEH B £ U
Actinomyces BE OBRME, RUE L D ILBWE» o7
Z &AL Carisolv™ ZFVORE D W EHIBF LA LT
b, BEEMEME TH D Streprococcus BHE B & U Actin-
omyces BREDBEERTRIIAREETIENIDL, 35
12 Carisolv™ ZVOERZ LEE LR L 72

HES2IE, Carisolv™ IZHEMEOME 2 IR T 5 =
EIXTERWEERRT WS, Hoshino &%, EELEEEL
FEZ BV THTEIZREIC & 0 BRIR DY 72 BRES R 80 5 oF B 05T
EEN, BROEREI L LEARINIBETHHEBIC
WA S58XI0CCFU DMIBEARA L TWwad & xTw
o COL) MG TELBE LI EHIT LA LT
bEW ORI EMEEZBRET LI LRIFESHT
HBWIZERAZ B, —F, FUHE, LYY ERYT4
YIVATF A RACTEHMETEORIZRBA L -HE %
MLAOBLY =V FLAML=Ya vz ATHE, ¥
—WVRLVAbML—=Carild, RTEHEEORAME
CERESELTELIVERBEETCHILL, ZhCE
DEAMEZH CAOTEDOFE R IG5 & v ) 38748
T&H 5B, Mertz-Fairhurst 591Z Y~V LA ML= 3
YOS5 ERORBEE o 72RER, 16 EFHDH B 2%
THBOETPA Ly 7L HELTWA, L2L,
ERERDESTHA Dy T L2 LTWBERD ) 5 50%
B LT rEDO—HEITR SR b N L b EFRE LT
Wh, BEMBETEIIL Y VOBENMET T2V #H
EOhHY, Y-V FLAML—YardLIroEs
R NFROMBE AP ELEIREE N TS DI T’
2\,
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LI 32 | Carisolv 2 & 5 EREh o MI B M

FEE 573, ¢ MRFEH % FHV T Carisolv™ 12 & 5 i
B R T o o8B &, Ty v PN C X BEfeRR =%
FToliBOLV Y v BERSEFAZETH S LT
bo 7o, @FHWId e MEEEE MV T Carisolv™ 12
& HEEERE AT o L, ATV F AN
— X BRI E T o B O L Y VT S T,
CarisoV™ HHBOL T VEE WS D/ VAT — v ¥
AFR—F IR L7z LY VEERS L) D5 &l
RTWb, —F, MiEsVIIILEERES T E I Carisolv™
BE3GMBE LRIy F S RERTAE LY VS
EEPBEIET Lz LR Tw A,

RFFFEIZ BT, Carisolv™ ALE M T 4 IHIE A% H
SNFEIIB TS, F 477 BfE L BB THEZ
IZTCRA ) TADSRED L VITERE, FREEED
APIEIR, S5y 7 AHEED L OREFT RENR
DENTFRITEITFTH 72, 410, Carisolv™ HLiE
THRICESZWHlEH (52X10°CFU) % 7R L 72 Bk
IZBWTH, BERIICHERO BB RO b N ho
oo FZI0EWTRNTUIIBWT, LY U182
CPRRAY RN D 5%, Carisolv™ B O L U v EE
HEERFTH o7,

—%, AL Carisolv™ |2 THLIE L 7214 O B bl
e BHEMOBEES TR BE L -HR, Sk
DFDE L OMEPRHO LEEEFPRTTHL T & »
5, 2HEERERO D Carisolv™ LB T # D BEEBE
WCHELTwD RN TWwb, $72, #E O ITHEKA
EOBELEDOY, 770 FN=RZAT = IF AN
— Y —EHVWTOBRIETEOKRELD b, Carisolv™
EHERAA VALV A Y MR AWT, IERFEOBREOS
DHEEEND Y A =D 1E D70, PEARARIZIZEHATH
B EMRTNE, SR L, EHMEIKE
EHMEEBE AR LSV ANEROEMEIZE o T
Carisolv™ ZfHH L7-ALBIZFEHTH S M &5,

Ty — MOERID, Carisolv™ T L 721581
y—Y, LUV VEMERTAEROGEL VTR
3% <, Ericson HYDIREE—FH L7z, FOERHHIT
TR A L e o 7o 2 &, MEHRIZEANNIT L A L
Mol IlEALEMEIND, BHEHEMOIIE, S &
A & Carisolv™ ZfEF L7-REIE, y—-¥Y >, o Jv
T AREROGEHE LD S BRIERHSE,r 72 L
L, BIEE Carisolv™ R LEEDOHFEIFALZZ &
"o, IREIRE, WAL o20, BERROES
L b ho 0T Ll SN 5,

A, y—-EraTELMH)MHALZVE V) FEH
O, L BELRICELEEIF AVEDOR

EPBIPaCRY Y FLYCERE, LY YORES
HaOlEe S ICERBBIERICY -y 2 A L7,
DX HIC Carisolv™ T F ANEOBRENRETDH

D, WEROTHIBE TV R T L L WS, ¥—F
YOFRPER T OERMTED Z L2 o/NEDITE)
WHIZEACERZE v, L2L, BEEEECHE
DEFERD 5V, BREVHAEMEOWmTIE, MIELIPE
214 Carisov™ BHA Y AN A Y POBER LPT L
T 57DIEEEORILEAT ) 72012, Carisolv™ % A\
TERBMLETHL - Ry VU VR AT ALEND
LHEHELTHBDY, Carisolv™ DA THEEHILE 2475
CIEREETH o 7,

DD kbR ES OEEHAREIC Carisolv™ % H
WA I LIEFERTH DY, BHRTErREBRETS
CEDPBEH TRV EPHBEL, Y=V FLA ML —
TAaYOEZHEBEATAE L, BELEBIIBVTHER
BAEIZ L BWMATRED B VIEVEEESVLEL 259,
LA L, ARWFFEIEHERER 2 SLBIC IR o Tv/zas, I
bizo THREESHRIER S R WK AEND Carisolv™ D
B ORIEZEBEICE IV BRI 2 - il
FRTEERTE RV,

SN )

FLETHE CEAITE BRI LR C, 0 BEAER D 2
e A9 HPEERT 10 AR Carisolv™ ZInHE L, LT
DIER BT,

1. Carisolv™ 7"V OIREATHI L, Carisolv™ LEAT
CHIBT L BRI B W T 10 E R SHICEE ST
FRBTICFH 14X 10CFU & S B TdH 5 O hhERE E
HE O Streptococcus B B L U Actinomyces B & D
FADRD biz,

2. Carisolv™ MLE T £ 00 & W A IC Bh Ak B E M T A 5%
KLIPBRETHo TH, WMATRRD B WHEELRIBHE
LB Z & o T 466 H OFEBERZE S & BUR i 215
HNBERVELNT,

3. Carisov™ TR L 7-thRHEE L, BATRE £ H
IR T Er EENICRETELZ 2L, fL
Bt EALEE C C B~ DA IIERTH A ),

X B

1) WEMER, hBEE, FRE, WOMmE, §-hak
BOTH ¥, i fehkR R ERE T 5, 20
TSAE & FFr - S0, RAEE, 94: 993-1022, 1999

2) FH #:EAEDLBIOD, BADOH)EERE, Den-
tal Diamond, 24 : 66-70, 1999,

3) EBE O EEHES S I EHNEERE I T B8R
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[IE  BIZH : Carisolv IZ X AEEEhOMEME

Microbiological Investigation and Prognosis
of decayed teeth treated by Carisolv™

Masaru Yamasaki, Teruki Uematsu, Erina Kurose, Hiroe Goto
Youko Arai, Akihiro Yoshida and Takahide Maeda

Nihon University School of dentistry at Matsudo

We performed caries treatment of 10 deciduous anterior teeth with class V carious cavity using

™ that can remove dentine caries infected with bacteria related dental caries, the questionnaire

Carisolv
investigation and their prognosis.
The removals of the infected dentine was confirmed by a culture test of the bacteria at each step
before, during and after applying Carisolv™.
The results were obtained as follows.

1. Before Carisolv™

was applied, bacteria related dental caries was found in 10 teeth of all subjects
with the average 6.1 X10° CFU at the surface and the average 1.5X10° CFU at subsurface of the car-
ies dentine, respectively.

2. When Carisolv™ was applied, bacteria related dental caries were found in 7 out of 10 teeth with an
average 6.4X10° CFU at the surface and in 8 out of 10 teeth with an average 7.7X10° CFU at the
subsurface of the caries dentine, respectively.

3. After Carisolv™ was applied, the bacteria related dental caries were found in 4 out of 10 teeth with
the average 1.3X10° CFU at the surface showing decrease rate of 99.989% and of 5 out of 10 teeth
with an average 1.4X10 CFU at subsurface of the caries dentine, showing a decreased rate of
99.989% and 99.995%, respectively.

4. We gave some questionnaire counseling caries treatment by Carisolv™ to the patients, and all of
the subjects liked this method better than conventional methods such as the air turbine and engine in-
struments including local anesthesia.

5. Clinical prognosis at an average of 329 days was a fine based on no spontaneous and evoked pain,
no gingival swelling and no pathologic findings by inspection and radiograph in all 10 treated by
Carisolv™.

From above results, Carisolv™ application to caries treatment at anterior primary teeth was available.

Key words : Carisolv™, Dental caries, Bacteria prognosis
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I TR R D

/NEHRFEMEEE  42(3) 1 375-382 2004

SITBRAE T O TR FT

— B - W R S I —

BE | OARFERFTEEIMANEEFRICRE L, HREUIIEREA 2 W & B L /NB 37 ZogEs
—, BIRHEEKREH %, 1 - MBI THE, CO, C LBITL, 51081 ¥ FEREBICHT 5 mutans strep-
tococei D ILEE, Dentocult SM®, Dentobuff Strip®, 5 4> FIMEMHET R, DIAGNO dent % KOMET L7 &

5, DT ofHEH".

1. SPEAAROBEE/NEZEML OB E TREN, CO, C DB, WHTTORD L BVEBIZL S

R TIZITWME T & 72,

2. ERELOMBE AT, BEEREOR L P ERE RIS 2 mutans streptococci 2Ol FRISE

B EHEL L Ebh,

3. HMRHEETEOK L o FERE T A mutans streptococei 24D [EEE & DIAGNO dent fi & B 12 X, IE

DB A B BRATRD Bz,

4. | EOEEERIZ BV T Dentobuff Strip® I EFF I XML X LT W5 & Bhbhiz,
5. BRELEWT L BRMEE L GO FOMITICIE, B - MBS0 T3k CRETE Y ST X 2962
#Td 5 DIAGNO dent™ & BEEMFBIAE % 5T & 2 MBEFEMBITOEIEN TH 2 Ehbh o1,

Key words : fHIEEEL, ME A, DIAGNO dent™, Ik AN

&

WMEKABE TS AVE S b IR F E DR
THLEN) T2, PHERD 2D d ok
<, BRI, SEE—, STRKAROKAEEEIR, Bkt
THRWHEEIFELTBY, ZHEESTTE T V2R
T ERDL D, BEEZEE L, BEacERT
B EZDEATHEN, FD LD RHEHD L YEKAR
EREL D REAR A - RENGENITE CH L L SN TE L,
L L3S, GFERARE, BARKILLLT VWS
FELTwa"Zbrs, HHI-EIEEROELQEDOR
BB ICERPHT TSR TWS, 0T, ShEKA
BT, BEEKD S IIERERESICB W CEMS
Wrid, MO TEETH S, Lussi®ld, B ikFEHA
BIZBWTHBOARIZIBIT 5 e H E DBERE I 62
%, BMOWEIZL 22 00H L T O BUKE X 82% L
BONTVREVWERELTWS,

Tt

ERNy N A=t N e p e
TEEIRAR T ST 7 2-870-1

(f838 © pTHKEFHEIZ)

(2004 £ 2 B 2 HEZAY)

(2004 4 5 A 17H %)

FRREERATRA IR 7 EICE SN, FRER
RIEIC TEBE] LI HLVHBEDEA SN, Es
DHBIZBWTREBREHR LT CoLwd) Thb
W, FOBMWEEIEZGLHENMmENnG, 1<
&, AP REERHRILEIS IR TE vl ShT
WED, TOBMITHLTESRIOTIER V., RS
REFHESDOIEETIZ 150 g BEDEIZ & 2SO A
REDTVBEHY, L OB EITERIRILD
TREMEZHET L L b TELY, B EHV LV,
HBHVTHVE LTHRIGOHF 2 EsHIMHHE LW
BERAEFERINTVEY, LhL, HBOADEE
BT AL, WEGROREBIRE LSS5 (Y, HICH
DA+ 5 A EEES 0 & ) 2 EFBS I, et
DRELLPEL AT ENBIBEENSY, £/, BIF
DEERICBIT 2 EEELOFIE L, FRERHES, BEES
ERERAE, DIEHAESS, WHO 2 EDSFNENGIEIC
RITTBIM—3INTVRW,, &5 ICHaEICHT 5
RIS RMBEMIZ L o TEDFH B L bR T aY,

BRERERSlE (, BET L EETIERV EFEEICE
ABIKIEDEI DT W) TEMEZETHYES—,
FERHE ORI, EREERE L EASENE A &
ENBETH L, ilf, BEE*SFECNETE S8
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W o S AR AR AR B > 62 R & M S AT AT

B & LT DIAGNO dent™ (KaVo 1) »SB&E & EE &
NTWw5h, DIAGNO dent™ 1¥, HIRHER 6550m DL —
Wb R EES T ICIBST A b, BEEEICEED LN
72\ 670~800 nm DEIEFIHEAEL B & v ) R 2
WTW5Y, DIAGNO dent™ 13, HEEUREICHERL T
WIos L TR TH B 720, ROHEFLEHIL S
BARLOBEL LET H2LEN RN EPL Y, EF
DIAGNO dent™ DBWIHERE ICET 51580 % &1, [E
RADHEFEORENHLNDY,

—75, PERD SRR RO AT L RaHE S
HBY5 Tl%, mutans streptococci DRI ILERIZZED D 5
ZEDPRE SN TNEY,

T, PREAREAE A, CO H B\ IdEReE (B

PEIZOWT HIRES T 5 2 & DS KR AR DS, CO
RN C o (BREE) CHEETHALI LE
Z 77 A, CO, C OREEIIIAR, Bk OBl
BFWRRERITHLENH B, Lo L, WEMES
BT R A METT A ICId R 2 ik E L2 T id e 5,
BHEEHFENZV, FITRFEICBVTE, 1 - ik
BICTREHE, COHDLVIZIC EBHLAYNESE—K
Fli® 5 VI8 T REASR O AT/ NGRERICH U L HR
AUE M mutans streptococei O L > FERE BT
T o (LT, EEehEIRE ), Dentocult SM®IZ
L BillsE, 545 HIEMEE, Dentobuff Strip®% Hv:7z
MEVE AR AR 3 & OF DIAGNO dent % & &1, FRIRIZH
WTINSDBEWET WPIDETREPEE L2,
WHkE LVHE

g & L UHieE

AR A /N BRI RIRIE L, LT 04
am v /hNE37% (BT 194, KT 184, 5K~9
B ES—KEIH, 11RE~147% 0 £ TKRARK) HBIE
L7 ¥/, BE - MBIlBWT, ARERERES
DEESOBUIEEY L), EEHE, COHLVIIC LF
WL, vy 7 ARETRA O RIRRTEH 2 E—,
ETREAER D DORERE L L, HREOHRDS - fil
2% KRAHEEBROEIE ORI, Dentocult SM i #fll
72 54 TEIEMBEE S, Dentobuff Strip®il X % M A% H
BeDTE, DIAGNO dent fHIBIE IZFEZE DT - 720

1. e D D WITIE S —, SRR EE/NER
BHIIBWT, CObIVIECESELNAL IEKEZAT
AU BEERE A LTy,

2. BAEFOIGEBUPICHEECIRAL TRy,
3. BEROIBEUAICHKE, REZ 2T

Vi,

4. BERO 2 EEDPNUCEEEZFER L Ty,
5. BRI REEHEREN RV,

B, KBIEE, ARKERFRFHHEERZERICT
AR aN, (KFEFES EC 01021 5)

1. HEFRRE
1) BCEHREL, 2#B & UER

e, COHDLVITCLBMLNES—, £
KEEOW AT/ NERELOEIREZRET 7)) 7 —5 —
ZTHRELL, 72725 Tris-HCL buffer (0.05M, pH
72) 1.0ml \ZIRA#, K& T T Sonicator® (K B AE
) & RVERLEE (50W, 30 sec, 20 kHz) 12 TaUE&
STz, ZOBBEY 10BERARL T, TR
WICERELEELZIT - 72
2) fHEHEER

L v BRI A IC Mitis Salivarius agar (LT MS 5%
#iI, Difco), mutans streptococci 312 MS 52 0.2 U/m!
bacitracin (Sigma) 3 & U715% sucrose & fil & 72 B #h
(LLF MSB ¥5#h) &M L7z
3) EEELH

MS E24b1d 10% CO, Gas Pack system (2 & 1) Gas Pack
jar T37°C, 4 BMEER, ERTURHABEL
MSB k2#1 13 Gas Pack jar C 48 BRi], BEREEEZIT o
720
4) MEHOBEES L UHOREE

MS BEHLIC S H L2 EED» L EFRBREA (colony
forming unit, CFU) %% % L, MSB B IZ%F L%
Y2 DWW TIE mutans streptococei DIFH D 5 LR A%
FARPEMEE T CHERRGE, £ CRU 2 EZEL, WIFHD
HRERE IR A RO 72,
5) Dentocult SM®IZ & A EE{E F mutans streptococei O]

E

fEFEREIZHEVY, Dentocult SM® % F V>, HERAH mu-
tans streptococci DPIE % 1T o 720 KEE I B E
ANT 4 A4 FOERAWT 37T, 48 BERIEEER, 7V
F % — MIZTHE L, Dentocult SM fE% KD 7z,
2. ERIRE

5 43P IS IE 7 8 O % B & U° Dentobuff Strip®lZ & %
W AR 8 RE Dl 2

R REICIEY, 8974 YT v 7 A30MEE
%, —BEOENOERE 2T SE72R%I255HNT 7 4
Y7y s ARG EE, FEEED Y TP T &
, IHSEEGEEF T L7z, 0%, B % Dentobuff
Srip®liE T L, SARBICHT —F v — b E v, ERT
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BIEREDHIE ERIT 2720
3. XFHRE

DIAGNO dent™ (2 X 5 {58

NERBOWIE LRI L 727%, FIMAL 2 EEMERL Y
FUITHEZERL, §15HEKE Hi10BE7
—EIE L, BRELOFRD SN WIEAIEE IS THIE 24T
VW, TR ERELERAL % DIAGNO dent™ % FI W THIZE L
720 MIEPREGRALIC THEEENIZ L, 209 bEEZ
RL7Z3EDREEN S B, HEES DIAGNO dent
L7,
4. HEthnzg

LW, CO, C B L SWmEoLE L, Hi
HRERANEE LR, 54 MIMEMREE £, DIAGNO dent fED
ZFNEFNOEHEIZB VTl Kruskal-Wallis MER2 B2 7%
Y, Dentocult SM 1E, ME{HAREREICB Tk pREE
BIhoil,

w R

1. 2%, CO,CICh T 3RERR
1) BEemiconT
BT - MBICBVTRESEEBH L 8 4FNFho

AR B IR BRI [ ER, 5 4 BIEMENE &, Dentobuff

Strip®iZ & 2 MEFARE BE DBIEfE, Dentocult SM f, DI-

AGNO dent % 3 1-1 IZ7R T,

(1) BEEREEILERIT, 0.15+20.09% TH o7,

(2) 54MHEHBERE I 5.5022.07 ml THh o7,

(3) Dentobuff Strip®iZ & % HE i #% & B% |2 high %7 %,
medium 251 & TdH o 72,

(4) Dentocult SM EIZ TR TOHEBRBIZBNTOTH
277,

(5) DIAGNO dent 1813 10.8+1.4 TH o 7,

ANREREMEE 42(3) 2004

2) CO DN\ T
R - MZIBVWTCOLBILAE1TZFNEFAD
WX YR PR IR, 5 4 MIEMEME R 2, Dentobuff
Strip®lZ X % MEE AR BE DM %EME, Dentocult SM f&, DI-
AGNO dent A% 3% 1-2 127" T,
(1) BEBHELLERIT 8.68+9.86% TH o 7=,
(2) 59 FIHMBER ST 8.26%4.15ml TH o7,
(3) Dentobuff Strip®iZ & % BEFIARE BEIZ L T OHIRE 1T
BWT high TH o7,
(4) Dentocult SM 1H(Z 9 &450, 7 &%%1,
277,
(5) DIAGNO dent 11 21.3%10.9 TH - 72,
3) CizonT
WL - MBIIBVTCLBLE REFNEFROH
T BE B U ERAL T L EE, S B MHMBRE ML &, Dentobuff
Strip®|Z & % MEVEEE fE DI, Dentocult SM 1, DI-
AGNO dent fE% & 1-3 12777,
(1) BEALEILERIT 54.39+18.60% TH o 7=
(2) 5OHHEMBEREIL521+1.39ml Tho7,
(3) Dentobuff Strip®lZ & % EEE#ZE AL L 6 & 7% medium
T 6 %7 high TH o 72,
(4) Dentocult SM 1L 5 %251, 7 &D52 Th o770
(5) DIAGNO dent fE1% 54.6+18.7 Th o720
2. BREBREBED - MBICTRRL ARE s 0/
%
1) BRELE LR
HREHE LR L, M MBI T L2 ERE DD
L, Bewms CHl, COLCHIZEEEFZDOLNT:
(%2),
2 ) Dentocult SM f&
Dentocult SM E &, #& - B2 THM L 2 Htas
IITBA BRSO b (3),

1%&52Th

F1-1 A%, MBI TREEEDW L IRE

] I . 5N BME R Dentobuff Stri Dentocult DIAGNO
EaEs M T HY AhEEE PR (9 7 S e At P
TR WA BEELE (%) (it (EVRGEE) M A dent 1
5 5 ET6 0.0 9.0 high 0 12
12 5 ELk7 0.3 6.0 high 0 11
9 e HEe6 0.0 3.0 medium 0 8
14 s £k 0.2 4.0 high 0 12
7 5 ETF6 0.1 8.0 high 0 10
13 5 HE7 03 5.0 high 0 11
9 n HE6 0.1 4.0 high 0 10
12 S AT 7 0.2 5.0 high 0 12
Mean +SD 0.15+0.09 5.50+2.07 10.8+1.4
DMFT =0
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I B P UN el b I oblncd:Rat i)z e : DR

F1-2 HP, MBICTCO LBWTLoHRE

o weml T AhSEEE sk 5 5 FINEMREEE  Dentobuff Strip  Dentocult DIAGNO
TR RMAL SEREE (%) (1) (EEWE)  SME dent i

i1 5 K7 3.0 15.0 high 1 18
7 5 Eke6 2.4 16.0 high 1 17
8 n ko6 18.0 5.5 high 1 18
7 % ET6 32.3 9.0 high 2 30
7 5B HT 6 12.6 16.0 high 0 8
6 5B HTF6 1.7 4.0 high 1 17
7 s AT 6 47 2.0 high 1 34
13 5 HT 7 10.9 7.0 high 1 28
12 k8 ELk7 18.1 7.0 high 1 44
8 s EHT 6 4.1 6.0 high 0 19
6 5 EHT6 1.4 7.0 high 0 7
13 S A7 27.8 10.0 high 0 26
6 5 Lte 2.5 6.0 high 0 4
7 5B ET6 35 8.0 high 0 19
6 % HlEe 4.0 11.0 high 0 11
13 LS ETF7 03 4.0 high 0 27
11 5 HTFT 0.3 7.0 high 0 35

Mean=£SD 8.68+9.86 8.26+4.15 21.3+10.9

DMFT=0
F1-3 0P, MEBICTC LB LIEE

" R AhEEES e 5 43 HNLIRMER &  Dentobuff Stri Dentocult DIAGNO
9 s ET6 47.5 3.5 medium 2 56
8 5 FT6 75.4 40 medium 2 78
8 " k6 84.2 5.5 high 2 37
6 % £F6 56.4 3.5 medium 2 86
12 7w kb7 50.8 6.0 medium 1 67
11 8 ET7 26.5 7.0 high 1 47
12 E HT7 54.8 8.0 high 1 41
13 S k7 33.1 5.0 medium 2 32
13 S BT 54.6 5.0 medium 2 38
13 B ETF7 81.3 6.0 high 2 50
11 n BT 7 55.1 4.0 high 1 43
6 5 L6 33.0 5.0 high 1 80

Mean+SD 54.39418.60 5.21%1.39 54.61+18.7

DMFT=1

&2 WP

R TR L Ao & AR L

®3 B

fllE 2T

W L 72 B i& p & Dentocult

L OMR SM & & DR
BRERE LR (%) Dentocult SM & 0 1 2
Mean=+SD

sl 8 0 0
et 0.15+ 0.09 co 7 1
co 8.68+ 9.86 7 | C 0 5 7

C 54.39+18.60 -

(%)
* 1 p<0.05 p<0.05
*x 1 p<0.01
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3) 5 5 HIEBERE

5 HEIMSEE L R - MRS IS TN L B o
IH, BEWE COLLPIIC LOMICEEZIRD
Lol (Fd).

®4 AT - MRBITTHW L RS & BB SR

& OBE
5 S EEMSEREE (ml)
Mean+SD
fath 5.502.07
co 8.26+4.15
C 5214139

HEEEROONEho7 * p<0.05

®5 BZ - WPICTRW L YRS & IEERFE

& DBR
High Medium
st 7 1
CO 17 0
C 6 6
(%)
p<0.05

g6 M- MFICTEW LM E & DIAGNO

dent {H & D%
DIAGNO dent B
Mean +SD
festh 10.8+ 1.4
co 213£109 7, |
C 54.6+18.7
*: p<0.05
## ;. p<0.01
R AR B b 3R (%)
80 * .
y=09x-5.1
60 R=0.748
(P<0.01)
40
20
0 L 1 ) "
20 40 60 80
DIAGNOdent{&

1 DIAGNOdent 1B & BB &R L3R & O R

INBEREEMEE 42(3) 2004

4) Dentobuff Strip® & 5 MK B fe

EERERE SRS BB B L BREIC3EE
REABRAFED SN (ES5).
5) DIAGNO dent fH

DIAGNO dent 1B & % - BURZ IS CRWT L 2 1
DHL, BEHEL CH, COL CRICEEENED S
iz (&6),
3. DIAGNO dent 18 & EEBRELER & ORIR

Mtk 37 B5 > DIAGNO dent fE% X &, #EELE L=
T YHhE Lol EORBEKIE y=09x—51TH VY,
EDOEM 2RISR SR (K1),

£ E

RHFFE T, #WREZHE - M2 I CHARERERIE
SOFMED TV, BeH, COBLUC EZHL 7,
B, HREDI B, B - MBSk o IS RERE
MIE SRR M2 S C L BU LRI BERE 217 -
776

DIAGNO dent™ 12D\, MIELYE, kAEEHS

SR, Ty 7 ABBENS CO LB L2E® DL
AGNO dent fE1Z 15.9+12.5, C & 27 L 72 DIAGNO
dent fE1330.1£234 TH oz L HE L, X5 IZHEaK%
F7%12 DIAGNO dent™ |2 THIET 5 & BEA T A5 B
IRICEPERTH 5 LE L T 5, Sheehy 5, 4
BADPAPL 82 A ROBEH LE—KAEYHZ
DAL > THW L7724, DIAGNO dent™ il E &
P0-13 13 LW, 142013 = F A VEERL, 21-29 13 %
FEGE D BEDOH ) TR A TRBT HH 29 H»
FIET, 30 LEIRMELZIT) LMEL T 5, HEYE,
REB I ERER RNV % AV THE L, DIAGNO dent™
DREMA S0 UL L THFEIET B FMISHEET S &
HELTWD,

—7, Lussi 5%, tiEwEHORESE 25, DI-
AGNO dent™ D Bl EME A0 20 & 413, Hhehd F o 7%
Vb LB F A LVEDIRUT, 55 10
RS T F A NVED 12 LRI R R T F A NVEIZR
B, ML EIBLTIREFED 1/2 £ TOREEL, 190 E
BEFEBMEFRE L TBY, Amil™id, FEL2S
—, ETIEAEE A, HEYWH > 5 DIAGNO dent™
DEIEMBEA0-9 2 Eed L IS - AV EEE, 10
17 & T+ A VE RS, 18 DL LA ST EEES L A L
TWh, 72, Ross®id, hEHED» S OFEHEYF 25 DI-
AGNO dent™ DEIEMEAT 0-10 #ELHD L gz 2
VEIEAERSE, 1120 % =) A VEFEREEMD Lz
FANVGEFEIE L2 BEe, 2030 2R FHIEL -
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T P2y NS ] b v DR et

g, 30l hEERIEEmEL TV,

Z O X ) ITRBEERRE & 02 R ENRE OB WS
712 & 2T DIAGNO dent fEIZKE (E% L ZEHER
BB, REIFEIZB W THEAAEIZIEES S I LA
WETHo722 ehb, BRMAZEHEL L TwAH/I%S
DfERVER LS, BITEMZEZRL, &5
IZARHFSE & FBRIC CO D& E B E R TWwad ETCOo
7% 5 N2 C 1281 % DIAGNO dent fEDIRHERAEDK &
<, DIAGNO dent fE72{J T CO, C DBWHIEEL WV Z
ERRLTWAHALELL TS,

Ikeda 5'"id, FEHICBIT L THEE - KEEHEE L
18720 AH, F—HEA8ELER BICBRELL
WYRD S, mutans BTN RE L 2 WERIBICHAE
BIZHZWIEEREL TS, F/2, BRIGESIE, /NG
BT A O VEEBRENICBIT S S mutans DIEHIERIE
100% TH o 72 L e L T b, Littleton 51, WA
fReh A T ERE TR IE P O BRENE LAY 41% TH S L
HLTWE, NS OHED O ERETE EOEYEH O mu-
tans streptococci BT R &L DL 2124 <, e
HBHAEWZ ERERESI NS,

— 7, MEWL$ D mutans streptococci 17T — 7 D
mutans streptococci % B L T2 L bt Twns™
FAE 52, /AEICH LT Dentocult SM® & 5 H 74
PLL TV AEEAEEIMEREE I 2~ 7 v FO% H VTR
MEERALZFMTEILLEREL, TO/KR, 12
— 5y MEDE L A I ONEEERBREROS WES
BN BEMATA S N L3RG L, BRIE 57IE, EE
D S. mutans & WHEVERREE &L OMIZIZEEOMEE D
BOOLNIZEWMELTVD, IEL™™IE, Ia2—F7Y
v MEDE < 2 B O NERELRE BIRRE LS < 2 B E[ D
o bNTz s LT b, AREFZE T Dentocult SM fE
P52 7R L 72 VE O SRR PR AR TR H R IR R 12 B v
T30% LLEThY, FAsOESFICTBL 22, i
DOWEEZ D mutans streptococci VL HAER L TWz/2d
BEEZRLZ2E, MOREEEELZBEEL TV RVWOT
HWF L d s, MICEEE 5D &) 2l enwZ e
5, 201 HWOZHIIOENTREOEFeSEORRMED
By, MofELEE~? mutans streptococci DILFE R
EEFCERTOIRANLHREIZL2HHAEETD
L EBbniz,

AR ICBNT, HP - BZ T COo LBH LR
DIAGNO dent fHa& % \» 13 85 FP ER L L a0 R i 12
L RELESODVWAEEO—DIZ, CIZTHEI L THgk
EHERL TV AN LT Co EHHEl L COMEEBE
o TWhHWI BTG, F00, R - i

2T CO LW L 723tk o 7 T DIAGNO dent fE&
BV PERAE R & OIS FIEDUR L S LB ER]
HER s Nz, BIE, g - MBIt TCo L
W7 L 724k #086 T DIAGNO dent fE#%35 % /R L7225, B
JErh ERah T LAY 0.3%, Dentocult SM fEAT0 &> ) B§
BIEEIMEDR WV EFE R SN AER], F7- DIAGNO dent
fEAS30 #7R L, S ERELE 2 2%32.3%, Dentocult
SM MBS 2 &) FEFITHWEDFES] b 3B b N7z, 7
FIIHL - MBI ) COLBWLATYHIL T
WEOBESH LT WnwI &9 5, DIAGNO dent {8
Mo CDWREENEZOND, Lo L, EEEEEEA
Bz &, wRIEPEREELENMRNC &, ERERT O
mutans streptococci ALV L s, HEOOBREN
REDSHERF SN NEEARALAMEE S 1, EEeEST %1k
FLMEEMI BN O LN EN S, BEIE, HELD
3 DIAGNO dent fEDSERV 72O EDFRIEID L NH D
EEZLNDD, wYEREEELESEREIIE NI L,
BEHE O mutans streptococci BASH W I &b, RIED

CRENBREATTE SN2 TS, HIRHE I CITET S
BT DRSNS,

NEMBNE & & Dentobuff Strip®iZ & % BEVEAREFEIC D
W, RS, MEEE N E & e R IREE & OBIR
BEBRD NG h o 7278, BERRERE L B BIRE L 13
@B NIRRT 5E, T, HZELYE, %
IEHI DR REBRE, H TR ORIz e
TOBRERICE DR TVEBRNTWE, RAFFEHERT
X, BB L Eed, COo,C LOMICEIIROLN
oS, BB EHEIZC LB LALARIZBY
T, B GZBEBRIRDLNZ 0 1 HOEEIZB W
T Dentobuff Strip®D il EAERICKEE N TS &
b,

AEFFERER LY, PEARARKEEOBMEZI 2 60
ICEBIEICH 2o T, EFRTEREELED LI,
DIAGNO dent™ & DD ER L EZ b7z, HERR
RIZBWT, +9hen7—7u—%HnHlBic,
TS A /EREENICERNEY, BOBRBETLIREICED
E T, A, COo, C OB, 1FIFMETE, &
512 DIAGNO dent™ @ L 9 7t RyEFH & Ml S RYEE
MizBEAT 22 L2k > THEDRBEOIREE L BREEE)

BOREN L) FENE B DT EPTRRTET,
w W

1. SFEAANEOW EENEHERLODE TREM,
CO, C OBWE, PBRTTORB L BENFEBIZL DM
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ZTIEIIMETE

2. EEELOMBEZBITICIE, EIETBAE =L e
THEIEEL E Bbiz,

3. MR OEEAE L= L DIAGNO dent f & O
1213, EEOBM2AHBBERIFED Sz,

4. 1 EOBEEELIZB W TL Dentobuff Strip®? il s F 12
KELE N Twa EBEbhi,

5. SR L ERBE L SO 2o, 1S
fREE 720 TIld e CREME L M © & 2 2D HE
T& % DIAGNO dent™ & HEEITEENE % ST & 24
BFWZWOFAPENTH L Z L0 bh o7z,

DEnZ & holghhBE»0BMIIE, BHRTTOH
LB TIEEMETE L), SS5IINENBIETH
% DIAGNO dent™ EHIEZMEEMAEAT A I &Ik
> THHE D BRIEOIRE L FeFEE LB T, Heis
MO FHREEL GO ERBEORENTREE 25
Z AR BNz,

Wefzhildil, BREL 2HIEE - HEHE
B0 L AHEFYZ I CEE R NE L RHoEE
BIrET,

KEFGRIIFEM 70 v 7« THBEEEB LI PN F ¥
—WIER SR EEOMB % 21T 72,
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il B ShE R AR IAR B O G I & M RO

Study of the Diagnosis to Early Stage of Caries
in Premature Permanent Teeth

——The assessment of inspection /palpation, optical examination

and microbiological finding—
Masaru Yamazaki

Department of Pediatric dentistry, Nihon University School of Dentistry at Matsudo
(Derector : Prof. Takahide Maeda)

The author was interested in the reliability of diagnosing dental caries in the occlusal pit and fis-

sure of premature first and second molars.

The teeth, diagnosed as caries free, CO and C based on inspection and examinatied with an ex-

plorer were measured and assessed using the DIAGNOdent™

value, the ratio of mutans streptococci
against the total amount of streptococci in the plaque, the salivary volume and salivary buffer, respec-
tively.

The results were as follows.

1. The accuracy of caries diagnosis with inspection and examination using an explorer under a bright
light was generally correct based on the DIAGNOdent™ value and the ratio of mutans streptococci
against the total amount of streptococci in the plaque.

tT.Vl

2. Positive relationships were found among the DIAGNOdent™ value, the ratio of mutans streptococci
against the total amount of streptococci in the plaque.

The results suggested that the accuracy of caries diagnosis by inspection and examination using an
explorer under a bright light was generally correct, and the assessments of the optical and microbio-
logical findings indicated enamel destruction and caries activity were useful for the prevention and in-

struction concerning early stage of caries in youngster.

Key words : Early stage of caries, Microbiological examination, DIAGNOQdent™, Premature perma-

nent teeth
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ST 4 —FREOBEMEFY b (DT, $UNF vy

SM™) BV =Y —HICXVEEINERILI N, F
7z, ¥US. mutans K1) 7 A—F VA ERWI AL Y
U NSTITT4—Fy M (BR) brywTrsvE
REIMMEFHEICL D RFERAR SN, RERKRABRFH
TH5H"e TNHREF v hOEIEREEL, BEE %
WIRE LI2BE, WTRLTROMSHEES v b Dento-
cult SM™ (Orion, Finland)? D # N & I TFEE L HfiE X
NTWb, 0T, 1A/ 70< b 5714 —FEEH
wWizIh b oWERER, BEEEomLEsKax Mt
PEBR TSN, AFE L BHEEICERTYS, Blb,
CNDPOLDF=THA FICBITA)AZ7BHEL LTRE
OTHETH 5,
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FlCEE L, RFEHEFY PTHL I IYTT VS
Vi#EEy P LFIDEX Y b)) & YUNF v
SM™, S5 F v b Dentocult SM™ @ 3{RIZD &,
ERWHBEDT T v Y v IER 20 Bk E BT S mutans
B~V EOBEEE FROICRE L. TORR,
D ¥ v FERELBREEO—FEURUMHELZ RTE
EXRROLPY, FITHRFEIL, EIEHEZ B WL TD
Fv MUEROERELEET A2 L2 FHNE L

KEAEB L UONEEFF 1482 LFBMLEHOT
Sy IEEREERIKL LT, TD ¥ v MIX5 S
mutans WL NNV E AL FNVEBRETHEBICEEL
72 S, mutans B E OB OBEMEICO X HEM LRI T
To7

MR LOHE

1. HgE

HAKSEREEESSEE 84 Z (B 455, 39454, 20
B2 BIUENER6FELE20% (BF 124,
LT84, 11~12%) ZxBEHEL L. B BEME
i, BRKERFHEFHROMERZBROKR (KBES
ECO2-015%) #1BTHEH, MEFIZIFMICTH%H
HET-> CHAERCEO(AELBALLTERL
2. WIROHFERS L OCREFE

Neta 5", FBEYOHFECEWELTTROLILTT T Y
VY UEREBFRRL, BELL, BEO2EEE (T
3B E), KEKCTEL—REFHIE, T TOH
HEzHE 7S vCc1HME7Iv 7L, #IgLERD
BB (N2 TT vV IEEE VS, #5ml D
Y U B ELEE AR (PBS) KX 530 EOEW
MBIZX VKD Yy FICER L7 SOT Ty ¥ v TR
KB R, N TL— 7B TR EE, TOFF
HEFT) BLUS% VAFNVANVFEFY F (DMSO)
£ 10% AFAINTEFIML 10EFRLAS D2 HE
Lize ZNFNEAEF Y MREAB LS. mutans DE
BEFERORE L LT, oW E T—80C TTHHER
FL7.

3. S mutans DEPEE

1) HEEksE

Ia-F VAV EREORE - WHEEERICIZ
Mitis-Salivarius £ X 35 #1 (Difico, Detroit) 12 15% ¥ 3
FE, 02Unit/mi DAY T B LU 2mgml DT T
I Vv G &HNZ 72 Mitis-Salivarius-Bacitoracin-Gramici-
din (MSBG) #EXEW9%, —F S. sobrinus DIRH -
BHHEFER C1E, MSBG B2 7 X+ LA+ 4 02 my/
ml % Bl Z 7= Mitis-Salivarius-Bacitoracin-Gramicidin-Aztre-
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onam (MSBGA) EXRIEHMOZHEH L7 AEHIHIC
t%, Brain-Heart-Infusion (BHI) & & 3% #b (Difico, De-
troit) & W7z,

2) BEE

BT L2 3E % 36 C~38C DR+ TR ERLE
L, BEELE (So0w, 20%) £, BHI ¥ T 10 K
R U720 BFIED 50ul % A8 S VEE (V¥
B, KK) % BT MSBG ¥#18 X U° MSBGA b
i@ L, 37C TT2~3 HEMEREE (u—V 25
) #fTo7%

3) HHEEE

MSBG EXKH FICWEL-I 7RBLTEI T 7
BOIa—y AL Y HIREEERES L U MSBGA £
KEH EIZHERE L7 S, sobrinus SE£HE % ERFEMET
THAETF LT, 3a—F Y ALY TEBEELD S. so-
brinus BEEFELFIC ZEICE DV BAEImI BH oS
mutans WY EE L7,

4) it F v b

TD Fv ME (BF) FrYFUILIRESRL
SOEMHA L. Fv ML A2EELAVEIEE, FH
SWDFFEICE L TUTO L 1T o7, WHBEF L2
Ty vy FERERE EBEE, F005ml BV v
STMELLEYES, YUY 7407 —2TCHEBL, S
mutans BT EOCRBEES T 71V F —ICHEL
oo #91ml OMEHE (1) W CHEBRBED % HIFEL
2o $91ml DM (2) ZIEE, 7TANF—ILERE
LA-RBEICTCERT, 25H0AET 52 LTS mutans
PR 2 L7z #5015m OB 3) #EBT 2
ZET, TANY — LD S muans PUR % WEHE (3)
FICER LA COBEDO0Iml %7 0T T INA
A0 FVEICHERIIL, 1050BEREESRZOT X b
TAVOBEBEATHEL, BHELVE0,1,2,304
E’“Btfﬁﬁ L7,

. FREthnE

TD ¥ v MEBEEEIZL S S mutans BE L~V O
RIS AT 1213 Spearman D NERIAREREL%, TD ¥ v M iC
L YERHNENZ TNV —TEICBITS S, mutans WETF
YME D BT IL Sheffe DE B Z H iz, 2B, ¥

CERCBVWTHRHBRFELT Th o 25EHI DWW TIE,

NRTHBEZHEIT LOFEED S Log CFUMI =200 & LT
M7z, T2, ASATIVEEFEICLS S, mutans W
BoHy bt 7E% 5X10°CFUmI, ¥ v MEMED
Ay MATEERIBEEI2EE LBO, TD ¥ b
OREE, BEE, —HEB LU Kappa EEXEH L7,
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" B

BELATIy vy 7@BEHRB % MSBG B LU
MSBGA EIRE# & W TREM DT L7124 R, RFEH
FHERIZH IIEND S mutans DHH SN, FOH b
DTEDS S mutans & S. sobrinus DWW HBHE S
Tzo /NEETIE, 208EE05 S mutans HRRH S,
FDIHLDS5ELMD S mutans & S. sobrinus DT 7 AR
HaEn,

1, #EHROT T v v v 7HER 4 BEETH
T oA, FIUVRERBEICL S S. mutans WL TD
Fv MIELAVEDHBEZRRIHERTH L, MEMH
7> Spearman O JIE fiZ 45 B4 4% #5132 0.86 (p<0.001) T &
D, BMWIEOHBEYTH B Z LIRS NL, TD Fv b
DUVEERNC B 5 NBOEIEE, LV, 1, 2, 3
HENZNA, 15N, I5A, I5ATH o7, TD
FyrDOLAWERNICBITE AN, T VERETO S
mutans BEDFHME (£SD) LNV, 1,2, 3EEFN
i, 3.92 (+1.39) LogCFU/mI, 5.57 (£0.53) LogCFU

8.00
7.00

6.00

5.00

S.mutans &% (LogCFU/mi)

4.00
=1.00x +4.07
3.00
2.00 ¢ 1 1 !
0 1 2 3
HIE L N
1 BEHERTT v O FEETO S mutans B
ETD *v b

WEL~VE DR (n=84)

/ml, 6.24 (+£0.49) LogCFU/ml, 6.79 (10.44) LogCFU/
ml Thorzo LNNVOEEEL3E (p<0.001), LNILO
B 2B (p<0001), LNV OEEE 1R (p<0.001),
LRV IEEE 3EE (p<0.05) FRENICAEBRENR
ot (®2).

M3 /PN EEHRED TS v ¥ v ZHE 20 AT B

*x%
~ 9 Xk |
T kik |
5 8¢t $4%
T
Q 1t
fe)]
bS]
= 6t
ey
m e
w
§ 4
g
“o,
~ 0 1 2 3
BT L AL *%%:p<<0.001
*%:p<0.05

2 ZEBERTI v PV IEITEFOTD $v PHIELAR

VRN BT B S. mutans WD LLE (n=84)

8.00

7.00

6.00

5.00

S.mutans E¥ (LogCFU/mi)

4.00 |

y =1.10x + 3.94

3.00 r

2.00 . L !

HIE LAV

B3 WEHETS Yy P IEHERD S mutans B
& TD Fv b
WL~V E OB (n=20)

1739



%%

/\g 9 £k [

3 ' **

o 7

S

~ 6

&

" 5

wn

£ o

g 3t

%) 9 .
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N N £ 2N A
RITEL A w06

4 BERETI vV IEFEFO TD F v MIELA
WENI BT B S mutans BE DB (n=20)

TATF o 72 A4 SIVEEREICL S S mutans B L TD
Fv MUBLANNVEDOHBEZHNHERTHL, 1D
MR LER, MEEICEWEDHEE (089, p<0.001)
MED LNz NBOEIEE, LV, 1, 2, 38EZFN
FNTAN, 4N, 3N, 6 ATHo72, S mutans BED
EHE (£SD) EFNFN3.57 (+£1.53) LogCFU/MmI,
6.04 (£0.90) LogCFU/m!, 6.09 (£0.10) LogCFU/m!, 7.04
(£0.43) LogCFU/Mml T o720 LNV OEEEL3IE (p
<0.001), LNV OBEL 28 (p<0.05), LRIV OFL
18 (p<0.05) CFhZFhAEELREVRD LN (K
4)
REEEEE L NEE S INRE 104 ZEBHD
DRI BWT, A5 FNVEREICL A S mutans
B A% 5X10°CFU/MmI LL LD b @ %55 & D T TD
Fy rOHELVANLVP 1D EDOL OS54 EDH D, 2
UEDL DA 39MHED o 720 T 72, 5X10°CFUMI %
WO 4OBEFTTID v FOHEL VP OERBD D
DI A5HRAE, 1DTObOD 49 BlkdH o7 Thd &
D TD ¥ v b D o/1 FHEEITBIVT BEEE 098, HRE
13092, —EEIL95%, Kappa fEIX 09 Tho7e E72
12 EHEZ BT BHUBE I 071, HBEEIE L0, —HE
13 85%, Kappa 1[I 0.73 L EE S hiz,

£ ¥

BAE, F2T7HA FCHERATEZI 2 -F VAL VY
KEOHEBLUSELFHET 52008 HEET v b
VL OBHREENTW S, {£FB % D D IT Dentocult
SM™”, MUCOUNT™ (BgAIZ#{LT, Hx), CRT™
(VIVADENT, England) & 5 (24, /N 9 — ) &
Fry ™ (25—, KR E285H s, 29 TH
Dentocult SM™ %, EORNOBKEF BT RS
SBUTOEY LTHHEENTWE, L2, WTFhois
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Ford, NIV UVEEBREY s EURRER
WO & BBk - RS, BIRANICEME LI a4
VAV EREOEERERARD L ERLE LTV
7o%, BT TR LD 8EMTLEET5H, L
b, NU T UVERES LMo VY Y EREE
S, EERY EAITHEMLTE A, $oe FOBICE
BIA2DIa—% YAV UHERERE (S muans &
S. sobrinus) THEATERWVWI L bHoT, WERED
KEPHEH I TWE,

COL)BBEIS, B, BEEOALLT, RIE
1LZ, DFEEFEMLRT7 TO0—-Fic L 2 0BRBF D
Sa—-F AV EEROKRN - EREICETAEE
MEPHAZFLIRERERT AT TV D, BEEC
LT, 7933 9023MLCGEREEZ SO
— & VAL VYREAOYR MSB B AT H LI &
D, S mutans O¥EEZEET L7 A ML FF L %2HBM
L7z S. sobrinus FIiEIRKEH MUT-SOB %% Hirasawa &
LRSI, $7, TROLOERERICHELL
S. mutans & S. sobrinus DSEIRBYIZIEFE S 5 MSBG ¥
& S sobrinus O HHHEIE T B MSBGA 5 #th A% &
LTI DRSS, BE, FNLOMEF Y MEOK
HHEO LN T WD, RBLFHFEEEREL-bDL
LTid, S mutans DEEREREFTH 5 Glucosyltrans-
ferase (GTF)-B IZx3 % €/ 7 0 —F VHifkB LUK
)y a—F ik E vz v B4 v F BLISA HIE &
AT %% Shinozaki 512X 0, S, mutans WHIZHT 5
B 70— FVHER R Za—F VR vz A
o< b5 74 —HEICL DS mutans BIRPIE
¥y MEELY, FHLMIZLVREE SN, T,
PCR L% ERfE L72d @ & L TiE, Oho 5*, Yano b*
# GTF-B & GTF-I1 ® & & T Wi i %, Igarashi 5™7F
Dextranase D BETFHH % 77 4 < —ICH W2 S mu-
tans & S. sobrinus DM AT L EFESL L TWh,

INGDFT, HEDD R IR HIERAE A D
S. mutans WV A_XVEZFHITE B4 L/ 7a= N5
T4 —=Fy M, INHLOF T HA FIZBIT AR
VAZPEFEE LTRIEFEIFEELN TS, BEIC
FaftesnTwasy—v—1Hofs/sa<k* v b
[FONFzy s SM] RREBRKEABTTHL Fo Y
*FYINVHO[TD F v M, ThFh3058E 15
S ERREOEEEBAICHER T O S. mutans BHOE
BARIE I 3B, BEIT4BBICFHMT 22 &R
%o BEETRD S mutans HE & @ Spearman DJIE
frFEREAR L 048 (p<0.01) L 052 TH Y, wFhd
a0 A7 BHICBEESH I TV A HEEESFY b
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Dentocult SM™ ¢ FEREOHIEREZ R T EHE SN
Tnph»,

BREL DFE PR OB ICBVWT, I 2—F VAL
VHEREREOFERLSE LM T 52000k L L
Tk, B, EENIVRVDITEEL W) BERETNRS
74 YHBERAAVSE R TS, L L&, Neta
bW, BB, £EEY 19M 7Ty ¥ v 7HICE
LERREBHE (79 v vy 7R PRER & R
EEMICEVFRCTETH Y, FA—FAAD» D ORI EE
B TS5y Yy VRIBECBITARL Y YEEICED S
Sa-F VAV EBEOSE (MS ) IZFRETIER
, OBZLICKENHAZEER L. TNODOHRA
iE, BREERE CTH 5 S mutans R S. sobrinus O IHERN
KB AFAERBREANCI-TELRY, W) X782
WicfER T 2 e L CHIBIERIITETH S 2 L &Ml
CRBELTWAEY,

FLWEELE, 0HDEEPSERLET I v v
FEEHBEREL LT, TDF Y b, FUNFz v
SM™, Dentocult SM™ @ 3 FZD &85k & OMEEM T
MEL, TDFy MO BREOMHBEERT I E2HED
72, ZOEBRICBVWTR, Ty Y IEEF S mu-
tans W LR T MSB b EDEFETBEE % R ICFERK
SEBEET CHEE Lo TD ¥ v b & Dentocult SM™ Dl
FEVVE B L7245 F, Spearman O NEALAE B4R EIZ
FNEFN0.76 (p<0.001) & 067 (p<0.01) TH o7z,
INLOFER»L, FUEHMBOEZEVLS, YYNFoy
7 SM™ OAEIE, BAER, TD ¥ v PomEiE, B
EEELIV T I v IHEREINE L TWA Z L AVRIE S
iz,

FICERBEE, 79 v v SEEEREAL TS TD
Fv MIZROERAGEHIETAZ L2 FENE L,
RFEBLONEEPORL2EHOT 7y v 7 Tt
JaaB 2 R & LT & 0 B 2 AHBI MR & A e AR
rgE Tk, EFL? MSBG 55 & MSBGA Bz M L
T, RFWFE L ZL/NFEE0EZPLTER LT T Y
VUTHFEFRORI A —F VAL Y EREE L S so-
brinus HEEBEE L2, BiEPLBEHEEZELIICI LI
SOBEIml BYDS mutans Bz EH Lz, B
HEIZBWTE, E2lORFRANA TVERIZLS
BHEBLUERERBET COEEREEZTT> T, BF
SEHLZ, COXHICLTHEERICIVENHLL S
mutans Wi E M7V F U I NVHETD F v MCX D
4 B PSR L 72 S, mutans WL~V & OB O Spearman
DIERLAHBIREE, KEE (844), IEE 204) B
LU0eMEE (104 %) HROBREKEIIBWTENLEN

0.86 (p<0.001), 0.89 (p<0.001) B X 17087 (p
<0.001) THY, WTHIABWEOHBErHLZ L %
AL (M1, 3) INLOERDS, WEOT T v ¥
VIEIEORBIENERTH A Z EWRBENT, &
$, MSBG 55#h & MSBGA B ZIZ A L —ABEER %
RYFEIZ—F VAL VHEE (Non-MS H) 313 A
ERE ST, MRS R 2RRELET 5 2 &%
BENT, FL460, HRA LTI v v v 7R 104 18
Kb 93 MR B S, mutans DY, 12825 S sobrinus
P E N, MEEOSARNIEINE TORE LT
IZ—E LT, BIE, SUWLESHELILYE, A
DTy Yy SEEFIECBTERRBTTH 5,

TSV IEEERRWA D Ry MlERE, &
®, BETHYH, BHEESTY PRV IUNF v s SM
L OBWBEFREWI L2 b, BRRES TOEY) X
SHTCERICFIECE B EEZ DNz, 4B, S mutans
EHCEHEMBEHNEE LTEERI2—F VAL VHEK
HETH D S. sobrinus DERPEF Y PO LEH
b LEEN 5,

KD —E L, N F v —EEEREEHRSE
¥, PFHBEEBREREM 70T 4 TICLDERS
niz,
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Evaluation of a Rapid-Immunoassay Kit for S. mutans Using
Brushing-Plaque Samples from University Students and School Children

Kyouko Mizuno"?, Hiroya Gotouda"”, Chieko Taguchi”, Seigo Kobayasi'®

Tomomi Hashizume?, Takahide Maeda®® and Kazuo Fukushima®*

"Department of Dental Public Health, Nihon University School of Dentistry at matsudo
(Directer : Prof. Seigo Kobayasi)
“Department of microbiology, Nihon University School of Dentistry at matsudo
“Department of pediatric, Nihon University School of Dentistry at matsudo
“Research institute of Oral Science, Nihon University School of Dentistry at matsudo

The usefulness of a rapid-immunoassay kit for S. mutans (Tokuyama Dental company-made kit, the
TD kit), which was constructed by using an anti-S. mutans polyclonal antibody, was examined using
brushing-plaque samples from university students and school children.

The evaluation levels by the TD kit using the plaque samples from 84 university students and 20
school children correlated significantly with S. mutans counts determined by the spiral cultivation
method. The spearman’s correlation coefficient of the two plaque samples were 0.86 (p<<0.001) and
0.89 (p<0.001), respectively. In addition, sensitivity, specificity, agreament and kappa value of the
TD kit were 0.98, 0.95, 92%, and 0.90, respectively. Based on these results, it was confirmed that the
brushing-plaque the TD kit system is superior to the stimulated-saliva the TD kit system, and sug-

gested that this measuring system would be a useful tool for diagnosing the risk of caries.

Key words : Brushing-plaque, S. mutans school children, Rapid-immunoassay kit, Diagnosing the

risk of Caries
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BIRRC L o TOMETM R T 72, %72, BB 7 b4 4 Y BIEIC & 2 BGEHE -
PeSkEE, MR TR, BRI X 2 EIEMHEE, B & CHEREEE L~ L OfE 4 DIRE
Tk e CrliBahi & MIgehEE & CHERIEBIME B L U758, ITFO LS S R
770

L SR 7 vt1 4 BRI, S RO T &, B0 & 2 Mk )
TEDEFELOTRE L B o7z, % MR E X B4 & b 12 ERI & BRSO b & CHHEE
BIRDEED &4, BRRRIEIC B v Taic N TR OB SEEIC S o 72,

2. EEERRETRE D FHIE 2 B> T, Buffer pH 32, B THERBES L OBSEOLFR
KBTS, EEMHOMEIEBEEOML Y VEBIEL, 2P0 HECE 2
AR REME O IS B WIS TR & Tz, EERISE I 5\ T3S 5 7 Buffer pH ENE
HTH% &%z o, [HAOFEMRERGEEEHE 2175 541213, B2 L7l Fms
BELEBEDEDNEDTH 2 2 L mB s,

3. EEsEHEDTI vy T HRIETHE S, mutans W, ¥ S. sobrinus B, BXUBL Y
VERENC 5D B S. mutans DEIEIZEESEED 2 5 k DuIFhdbEL, mEMcERZ
VRO sz,

RFEORER, EMENRE LAREEDES & BRI BT, EEREHE
D7zDOBR T v A1 4 > 75Hk L BB HREHEEB L 075 v v ZHIES2 AW
EELE A T T 2 = &1, EERNTEEIMRER E L CERMSH 3 b0 EEZ BN,

T 271-8587 ARFHIARHTYE 2-870-1 (ERK 15 4 10 H 10 B2 AF, Rk 15 4512 B 1 H=2mE)
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Study on Methods to Assess Caries Activity
—Volume of Saliva, Salivary Buffer Capacity, and
Cariogenic Bacteria Level in Caries-susceptible
Group and Caries-free Group —

Hiroya Gotouda***

*Department of Public Health
**Research Institute of Oral Science
Nihon University School of Dentistry at Matsudo

Matsudo, Chiba 271-8587, Japan
(Director : Prof. Seigo Kobayashi)

Key words : the modified fluoride dilution method, volume of saliva, the
integration method, salivary buffer capacity, cariogenic bacteria level

Abstract : The volume of saliva was determined after taste stimulation
in 123 subjects using the Modified Fluoride Dilution Method. In this method,
a mouth washing with 5 ml of a 100 ppmF-solution for one minute was
applied. To evaluate salivary buffer capacity, the Buffer pH Method and the
Integration Method analyzing the titration curve were tried. The level of S.
sobrinus and S. mutans were determined in the brushing plaque. The values
of these caries activity tests were compared between caries-susceptible
group and caries-free group.

Results suggest that the Modified Fluoride Dilution Method is useful for
an epidemiological study in a large number of subjects. This method is also
practical in the case of taste stimulation. The volume of saliva after sour
stimulation was higher in men than in women. A significant correlation was
noted between the volume of saliva after tasteless stimulation and that after
sour stimulation. In clinical use for the individual, the Integration Method
appeared to be more accurate than the Buffer pH Method. The percentage of
the number of S. mutans relating to the number of total Sireptococcal
species, the total S. sobrinus level, the total S. mutans level in brushing
plaque, and the salivary buffer capacity were revealed to be closely associat-
ed with caries experience.

Nihon Univ. J. Oral Sci. 29 : 194~206, 2003
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WA, BT 2 BHNE 0, WRIEE I ERET
LOERD S FHER « HEBEHEOHANKE (ELL
DOobH B, PRI o - OEEH 2 ERT 2121,
TATAT =V izhbb¥ CTOREBICRET VA2 %
TFHIL: ke, @Yk BERE S L OB 21T
IBBENH B, 2070 OENIZ DOV TOEERRE
ABHREREL, VA7ETFEEEL, ZhoV R %
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aYho— VT B ENEEE LS, EMOBEY A2
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T3,
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B X 5T, LVMEPZEBENY A 7HERITS 2 L
Yxnz?,

BERICH S T w» 2 RS EIERER D% {13,
DWERFEBMETZ2dDT, F& L THBE2HE
B O HOTRERETH 2, —5, KT 23~ 2
REECIE, WECHT 230 L LT 2 VERES
BReD, HEWICEET 2 b 0D & U TR RSSO O 1
R CRRETRE, REPE, pH)S**92HIET 2 0RENH Y,
INHDOFTH, HEERE & BERERENS {fTbhT
Vw3,

LR & NI O 2B TR 2 HIE T 2 HENDH 39,
LEIGOSMEIE 2 HE T 5 Hikiid, ek, HH
&, WHREB L UHRERED H 0, Rl o LSRR E
HIE T 2 51, HERE LREERH 5, 205 b
LI TS B C T/ R 2 5 2 2 S —RTH
5%, Z OBRWRRIROBIE L, A ESERIC LY R
THL, EHRECAERSE W EOREND 5, Weatherell
SOFIDABERREE L CImlO 7 v{bMBERE L ©
Ny PCETEHETLUT 15 BT s €, 7 vt A 4
> DFRE» SRR E 2 HE T 2 HEEHEK Lz,
D7 v AEWIA A& AL, O T Il E
e OBEAREERESPBOMBREDER, I
FOREME, BLUBOXBOS D Thrrb s FHIE TS
2EQOHERESHZ, LrL, ZOFETRIED T v
EER % © Ry N THERT 2 7: D BRI S A DR
RN HED D 2, & 7 SRR X 2 HIE SRS &
N7, BARRRBIER R OEE I ThhTunin, —
73, WEWREMREOHIE HICIE, BWROTICEEETL,
W D WIHE pH {E2 5 HAY & 32 pHEICE 2 £ Tl E
THREEZFEL 720, BRIC—EBOBERINL T2
DERFD pH ZWTE T 2 DASEEE L 78 5 T B568ID L
U, COTETIIRRIEE D AN OMEIC & 2 MHEiE
EREDZERZHNT 25 27T, MEMZIME % > T
5L ICHERPH D EFZoND, % EMEREO
W 21T TROBBHRE X v M IIWEEHREL LT
5150, UipL, HEEHIRRE O 2B EEan s Eo
WIRTH Y, BEENSEIE 2 REH D S8 2 27291211,
YRR ORI T A LERNH 2P E 2 50D,

KW TIE, WR L7 vib4 #+ o R & v 4
DRI IR & & BRI IR B b & OB RS 2
L7z 7 vAtWA 4 v HREOWEZE E LT, £ A%
HHRICTE, BRI & 2 MR TR RE 2 5T 2

5 X512, 5ml D7 v ALYIESIROWEI 2ISHE L, SR
2 FRERYRRI T 2 1 RN EEE L CHIE 21T - 72,
—F, EEEEREOHEICE YTy, WELE7 vk
AF HREC L 2 HUEZRIET 2 2 & 250,
R & W 2 B L 72508 2 b Lol E R 2 sk 72,
Z OWEMBRD AW DT> TE, FEROFELHEL
TR TS & OB 2 EE L 202 2 it
U7z E72800, TEMED D 3 WL DWW CHRE
PTbh, 15D 7 5y v 7 %4t 755 T
LetRiERRER (LT, 79 vy o 7iiE) »20E
WS ZENTRENTY, I THIEENREIZ 7S5 v
Y TWIED S. sobrinus & S. mutans B BB T LW EL
BEE BB X - THOW LTI 21T 5 72,

SNBRNRE LT BDREEDE B L OEEWZE T D
EAZEHME LT, R L7 vbWA 4 > Rz &
ZUEETRE &, E3KD Buffer pH 3, tE U7 B FiE
R E R & 2 BIRRERE, BL TSy vy ViR
DEEBURIRER L~V & EEEEENTE & o B 2t L7
HER, BRD ZHAPESN-DOTHRET 3,

WERE LUV HE

I. BERES L URRBEREDEEH EDKRTT

1. Z9itM1F o FRECL FEEREDHTE

1) BIESTRE & R O SRR

PEOVERIRA O 72, B 5 4 (PR 38 1%, S
34, Z24) BXRELTI12:00, 14100, 16 00
WCHERR DRI 21T 5 120 £ 728 AB DB EHIE D 72
B, RFEEIER 1234 CELER 21.7 5%, B 69 4,
ZPEB44) BXRE LT 14 1 00~16 © 00 12 IEE DHERAY
217077,

AHETEE, HEARFERFREERORERESDEE
R TARB Bz (EC02-029 5), #WERE o0 L CHERIc
OB EIT o1 BT, WERE» S BRERICE S
EEZHB7,

2) MERERERIER 7 v bYER

BRI B & LT, Weatherell 5190 FHiEwhE
vy, NaF (FDEHEEE) 12 &Y 100 ppm 7 v (L4 4 >4
BB LB R v, F - RS R & LT,
% M 100 ppmF FIE A (AR 20z 995 7
bOEW, WABEEZ, RASZERGLEL T2
mM, 10 mM, 20 mM, KRZELE 3R 123 L E /R E LT
10 mM ZH w7z,
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3) RO EIE

K THRO LS & H U, SUWRREER
5.0 ml TE ML CE M LM% OL, HEH UK
Bt FWEREL L 72, BRI BI L T b ARk IT o
720 DITF, KA X 2EBEMEBREERLZBE 7 vt
AFUFEPEET S,

4) 7 vt A VIBEOREIESL

Y U 72 HE YR 50k 2.0 m1 42 0.2 ml o TISAB I AW
(A VA %) 2INZ, 447 FF4 ¥ —290A 4V F
Vi) R 7 v BEGER (FV A ) T
Tt A VIRERRE L., 7y BEEEROF v
V7 v—v g iciE, 1ppmF-, 10 ppmF-3 X 100
ppmF-0O 7 vLYIA A IR (4 ) 4 o) 2ERAL
726

5) MEEMEOE A

Weatherell 50D FEIC TIT o7z UTZZDERK %
Y, MR 7 v b1 4 BB % Fppm, TDE%
Vml &332, MEHLED 791 A 4 VIRE % {
ppm, 1 SEOMERGE (FEOERTO AENREERE %
i) #Xmledre, HEHLER (V+X) T,
FXV=fX (V+X) &%3%,

Lo TRD ZHEEHED X ml iZ,

X={FXV)/f}—-V L5tEsh 3,

2. B TEREZLESESLIUREERIC L ZERRE
FETREDEIE

D HIE S RE & MRE OB

KEE S FERFMS 4 CEEER21.25%) ZXNRIC
14 : 00~16 : 00 1217 > 7=,

2) AR FERE & AR & A IEREEERE O HIE
MR & 0 RERFERE R BRI L, > Ty 7
W CHBRSKAIREE T 30 S LIPNICBIZE L 72,100 ppm 7 v
L4 A »IRE D NaF %8 5.0 ml (pH 7.0 ([ZF%E) LI
W 1.0 ml 23R4, 0.01 N R (FLHEE) 2~4 270
By NT01ml 3O00%, pH &k (HANNA ) 2H
WT pH 2HIFEL, 1.0ml £ THRIML, MEdhis % /el L
7oo NaF ¥ 6.0ml 22> bu—n & LT, AEDHE
TO.01 NiEEEZAIIL, FEEMSREIERL 2,

1 bR TEREE I £ 5 REERE

TR 7G0T E RO BR TR 2 H I L, &
BEZRHE U7z, % 7o WIHAREMTAE (0.01 N JEES 0~0.5 ml §§
TEIRF) & B HAEMETRE (0.01 N 152 0.5~1.0 ml F§EFF) %

BHL,

(2) BB & B EERE

TR IEROMERE . 2> b o — VSR REE
frezBa L TR EBOERZEL, BEEET
i L7z, & 7-WIHAREMETRE (0.01 N HEEE 0~0.5 m1 JHERF)
L BHAREERE (0.01 N 3EEE 0.5~1.0 ml JEER) 2EHL
725

3) fEEEED Buffer pH i & 3 fEMEHED

HHEIC & D BEFIEE 2 BRI L, > T vay 72
TEBERAPIREE T 30 57 EAICHEIZE L 72,100 ppm 7 w1k
WA A& YREED NaF ¥ 5.0 ml (pH 7.0 ICFH%E) &K
1.0 ml %2 EF1#, 0.01 N 3HEED 0.5 ml & 1.0 ml FHERFD
pH % b - THEMTRE %2 3 L 72,

II. SHEehBE e MEEMBEIC B 1T 2 EaREIIEBERDLE

1. AREREE CEHEOE

K3 EROBM 71 4 CEXIFR 22.0 %) % XHR
2, ToRBIETTS 7 — e stV BARERER
B ORI CE D X OENBE 1T - 7o, RALER, 58
Jeh K OALE B OB MR B EALCRISR L, MARMO
DMFT %33R 7:,DMFT D434fiH> & DMF 855 0 0 11
% % JEEREBAEE, DMF B4 13 DLk o 12 44 % EiiBakEE
& U THRBRFCEE LTz,

2. MR 7 vt A F o HIREIC L 3ERREDRE

R HERLEE & MEMRRREE £ ST, SECRINEUTETR & BRIk
FIEAEEZ v, SR v (B4 4 ok & 0
W 2 WE L7,

3. BoERUHE TEREE L #KED Buffer pH %
o & BEREEREDEIE

TEHEELEE L SR AREE 2R IZ, 100 ppm 7 v {b¥IA A
S YEFE NaF Y% 5.0 ml (pH 7.0 (2 TH8) & ZesEEYg 1.0
ml 2EME, 0.01NIEES 0.1ml 3D 1.0 ml X THIM
L, Bon/ciifie b & MR R THEBEEK &
2R AEERE 2 HIE Uz, £72, 0.01 N3EEE 1.0 ml FiE
B pH E% & - T Buffer pH IEDFEHRE L L7,

4. MIROBESHREF v Mo & 2 EEEFENMMERER
D #HEESZHEES v b
IEE (D mutans streptococci 2 0 = —# % FHii 3 %
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Dentocult-SM® Strip mutans (Orion Diagnostica, LA
FFRIC D-SM) &, 285 7 4 > 7 v 7 ZAUHIBHC & 2 F R
W& D FEERE % WITE 3 % Dentobuff® Strip (Orion Diagnos-
tica, PATIEHRIC D-Buff) %7z,

2) HEFHE

TNTNOHAT LI S N FEcit > THEIEL,
EAEIC L D IBBEE M 2 LI D & 5 wEM L THE L 7z,
INT T 4 YTy 2 A WA B S, 557 R 2 5 L
72 D-SM DT AMA MYy 7RBEREB D FD LT 10
[ElHE URIE R BRI, F—HEEBETLF v — M X
D 48 IFEIEEBICHE U (class 0=10°/ml LI FTh
T AT, class 1=105/ml BLF, class 2=10°/ml~
10°/ml, class 3=10%/ml B\ ), Z7-EREL L 7-1BHE % &
Xy b TERELL, D-Buff OFEEREHIEH 7 A bty bz
WTL, sOMEAsE, BREHEELLBLHEL:
(class O=TEH#RMERE, class 1= PIEMRE, class 2={KiEE
BE)o

5. MEAOBHEEEYICL 2HERE

D 79y vy JWmEOR R

15077y vy 7rgicEalEk (PBS) 5.0 ml 12
TERL 7R RER 2 I L, #EEEy > 7 ve L
Teo B L7272 v v > ZHidRIZ, 5% DMSO—10 % A %
NIV IHET T 1 B, —80°C TTHAMEE: T
WHRERE L 72,

AL, HAREMFEEROMEREELSDE
B2 TRR @72 GRFRES EC02-015 ), #ERE 12
XU CHERIC o 2Bl 2T - 72 £ T, #EE» 5 HE
BRICEISHERE:,

2)  HERRREML K OB R

WV o ERFBEE I MS 52302, S, mutans & S, so-
brinus DB EF I MSB B2 2 U7, BTG
L7285+ > 7 v % 36 °C~38 °C DEWATHCRIEL, 8
B (50 W, 20%) %1T -7z, % BHIEFHIT 10 £
BT E L, 2050yl 2 X854 VIR (7Y VE
%) EHWT, ZRZNOEKE SRR ®HEL 7,

3) o rAVUYEREORE & EHEERE

37°C T T2~3 HHBERKE B, By v vRREROE
JE, S.mutans & S. sobrinus DEMEE BITo 77y I 2 —
§ YAV HEREEOFRNZE & U TEERERE T oL
BRI T, HIRIEE 2 EZ L TE s 5 X
BEREME, 7% A b7 U BHEN, ELISA S0 &M e,

Bl THELE ST -7, BL, BEXIERH DR
DWW TIHET EDOEE & 5T log CFU=2.00 & L
7z

WMETACH720, MHAREF Y Mk 2RERT 2 B
FIC BT 5 PHEDZEDOHIE 1Z Mann Whitney’s U-test
ZHWIz, ZNESHT 2 BB T 2 FSEDZOWMRE
W& F test I & DT EDHLOME 21TV, SHELE 75 S
N7235E 1% Student’st-test, A E Bl s N WIEE
1& Welch’st-test = H\ 7z, FIE&OEIX v 2ME 2w
7zo FHBEBAR D3 HT13 Peason’s correlation coefficient
test Wz,

& 2

1. BERED L UERBERDIEEDKRS

1. BR7 vt F o FERFCL 3EETRE

SRR & SRR ORI & 2 MR E O
A 3 EHIEEfE % Fig. 1 1CRT, WL 54D 5
A, fLOPERE & iR U T, SRR & 3T O A
TR DERRRIEC B TR E 2% {, #ERE E
B2 S O E D 72 5 T2, 5 4 O MR
12 & % PHER R E 1Z 1.2410.41 ml/min (LA F mean=+
SDIZTARY), 2mM, 10 mM, 20 mM DG EEEE DR
PRI & 2 PH MG E 13 2 12 MBS 1.6840.55
ml/min, 3.41+1.16 ml/min, 4.50+1.66 ml/min &
L7z,

AREER 3 R B R GUTAT o 7 EWRAIET & 2 BT E
DFER % Table 1 1233, Bk, 1.2140.35 ml/min, %
P, 1.1540.28 ml/min, SHREFLAETIZ, 1.1940.32 ml/
min TdH o 7z, SRR & 2 BRI E 2B R
FRRD BN o T, BRI & 2 MERE DR

8 Subjects
— ——A
—g 7t -e-B
= —&—C
E 6r
= —&—D
@ 5 ——E
2
g 4f
o«
© 3L /
[
5 | /
S
Z ot L ———

0 . . \

0 2 10 20

Tartaric acid (mM)

Fig.1 Volume of saliva after taste with tartaric acid in five
subjects.
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Table1 Volume of saliva after tasteless stimulation by the Modified Fluoride Dilution Method

Subjects n Range (ml/min) Mean=®=SD (ml/min) Significance of difference*
Men 69 0.70-2.13 1.21£0.35 NS
Women 54 0.74-1.73 1.15%0.28
Total 123 0.70-2.13 1.19£0.32
*: ttest

NS : not statistically significant

Table2 Volume of saliva after sour stimulation by the Modified Fluoride Dilution Method

Subujects n Range (ml/min) Mean=SD (ml/min) Significance of difference*
Men 69 1.50-4.63 3.11+0.72
p<0.05
Women 54 1.46-4.55 2.831+0.79
Total 123 1.46-4.63 2.99+0.76
*: t test
(ml/min) (mi/min)
25 2r
§ c .
.:_S * § .
E 27 2151
% % 5"
3 . ¢ 8
° s
215 ]
§ .0 . g’ ]
1
2 * %
© «
@ 1 %
2 F
8 505 y =0.19x + 0.62
I g r =054
g 05 y = 0.27x + 0.39 3
.g r=0.55
> o . . . . ,
0 . ‘ ‘ ] ) 0 1 2 3 4 5 6
0 1 2 3 Volume of saliva after sour stimulation (ml/min)

5
o (ml/min)
Volume of saliva after sour stimulation

Fig.2 Correlation between volume of saliva after sour stimula-
tion and after tasteless stimulation by the Modified Fluoride
Dilution Method in men.

% Table 2 12779, B, 3.1140.72 ml/min, &,
2.831+0.79 ml/min TH o 7z, MHEF 2, 2.991+0.76 m1/
min TH - 7=, BEURHIEIC & 2 BRI B 2o &
DERCE» -7 (p<0.05),

PR O MRS & % 556 & BRWERHIBIC X 2 58 O
WIREDOEBEEEGR %R LTz, Fig. 2 13581, Fig. 3 1340k
EOWTORIRTH 5, FMEHRAE & BURRIEIC & 2 MR
WEOBIzIE, B, r=055(p<0.001), Zik, r=0.54
(p<0.001) DOHEE L IEDOHBEBFZIRD 5Nz,

Fig.3 Correlation between volume of saliva after sour stimula-
tion and after tasteless stimulation by the Modified Fluoride
Dilution Method in women. :

2. MR TEBEECEIES LIURREZICL 2ELRRE
&8

FEERIERD S B 54 & a > ba—)VOREMRE
Fig. 4 TR T, INSWHEMMBMTH LN THE T L, B
WINENSHIS L TR E N5 pH HDHERS 13 B 085w
BHETH o7z, BlZIE, BEHEMED 0~0.7ml 2B VT,
BWERE DAY pHIEIZ A DR HIEL, EXROEL I
F—EDOEMTHER L, B, C, DXPHOEERLTW
7zo L L, 2L EOBERMEICB VT, #HEE B, C
OpHEIZKRE LS TREL, DO pHEIZE b Buiiis
AL, BEERELTO 1L.0ml BEIFSICBWT, &
WeBRE YRS pH EDONERLIZERITE S 0.7 ml LUF DREF
HEBFEZ->Twiz,
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8.00 Subjects
7.00 &

b
6.00 |

500 r

pH

400 +

300

200

100

0.00 s 2 : L L . . . .
0 01 02 03 04 05 06 07 08 09 1

0.01N hydrochloric acid (ml)

Fig. 4 Buffer titration curves in five subjects and control solu-
tion.

Subjects
7r HA
Z]=)
ac
61 @p
v oE

Buffer capacity

7

.
.
|
.
.
.
|
%
|
%

First term Latter term Total term

Fig. 5 Comparison of buffer capacity by the Method of Calculat-
ing Area Under Curve.

26 OREME b L ICHF THEREED 5RO 148
BREIZDWT, P, BB L Ueko 5 ZofEIHE %
Fig. 512, MBI & 2918, BB L 0 &eficsd3 5
#ZDERIE % Fig. 6 [ZmT, 7z, Buffer pH 3EIC & 2%
IR 0.5ml & 1.0ml B 2 BERED 5 4 O (R F{E
% Fig. 7 2T, MR TEBEC & 2BEETHS &,
HIHNC B 1 2 EfEZE NS <, BIASSE CEAE
Bz o Tniz, 612, BOETHIRT 5 & S E
FEMEDOMAEZE > Z 5SS PICKAITE 2 £ H RS
n, B eficB T, BWHEICE, D, C, B, ATho-
720 —7F, Buffer pH I & AT, e 2 Hikk D
FERDZEIVNES {220, 1.0 ml BBERIINC 38 1) 2 MEIAETE
BEfEDIEAIIE D, E, A, C, B & Alftb > Tz,

3 - Subjects
BEA
B
25 ac
D

mE

Buffer capacity
&

7

AAIMIIIIIHInHIN]

N

| 7

Total term

First term Latter term

Fig. 6 Comparison of buffer capacity by the Integration Method.

7.00 Subjects
6.00
7 %
500
4.00 "
T .
a
3.00
2.00
1.00 .
oo R | 77 _

0.5 1
0.01N hydrochloric acid (ml)

Fig.7 Comparison of buffer capacity by the Buffer pH Method.

1. SiEshis s EEEMBIC B 2RSS EHDLE SR
%‘:j-

1. ME7 vitA F o HFREICL 3IERHKE

WE 7 v b4 & VBRI & B LR R R R &
BRILRHNAER R R 1 DWW, IRERALEE » BigahEt » Tt
WU 7GR % Table 3 1Zand, FEHEALEE o LR G
P& 1.31+0.35 ml/min & BRBRH]EENE R & 3.290+0.73
ml/min &, =S O MESRFEIERR L E 1.231+0.30 ml/
min & BB ISR R E 3.1940.66 ml/min £ ¥ % H -
7233, MEMCEEZERED SAE» 572,

2. MR TEHREZEEIES JURREC L 2ERE
Eige

EHREREE & EEERE S X UV 3 > b o — Vv OREE R &

Fig. 8 IR, T HEEHEE oD W E Bl AR (3 SEHE AT & Thie L
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Table 3 Volume of saliva by the Modified Fluoride Dilution Method in caries-susceptible group and caries

~free group (Mean=®SD, ml/min)

Caries-free group

Caries-susceptible group

So ignifi i *
Tastless/Sour (n=11) (n=12) Significance of difference
Tasteless stimulation 1.31+0.35 1.23%0.30 NS
Sour stimulation 3.29*0.73 3.191+0.66 NS
*: t test k
NS : not statistically significant
4 -

—@— caries~free group
—~{1- caries—susceptible group
~—&— control

o ) L L L L L 2 L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

0.01N Hydrochloric acid (m})

Fig. 8 Buffer titration curves for salivary samples taken from the
group of caries-susceptible and caries-free, and the control
solution. The vertical bars represent the standard deviations from
the means.

THAREPET, BAME G L T 2 B0z BRI
o Tz, MR THEBEL EEMES LSRRtk 3
WEEREITRE W DT, MEEERITE & REGALTE & LU L 72
L% Table 4 [Z/R T, MEEGELEF O AR FHBZEIC X %
WEWE R METRE 6.1240.37, FESIRIC & 2 MERARETARE 2.51 =
0.37, Buffer pH %12 & 2 MEVGHEERE 5.29+0.81 13, =l
Bl BAR T TEIRRIR 1T & 2 MEEAREAE 5.5240.37, &5
R & 2 RIS RETETRE 1.92+0.37, Buffer pH #1412 & % M
TRERE 4.16£0.56 X D WIh b &<, M FHEERIC X
2 HRMETRE (p<0.001), FE/MIERIC & 5 #EHRE (p<0.001),
Buffer pH 3512 & 2 $EfHTRE (p<0.001) IR EE =
DD 5Tz,
EERRLEE L MEIRRLEE, BT 23 BB NHRE L, O
& 2 #EfETRE & Buffer pH 33:1C & 2 FE{liRE & OIHEARER %

w
T

y =0.51x -~ 0.19
r=0.96

Buffer capacity by the
Integration Method
N
T

0 1 2 3 4 5 6 7
Buffer capacity by the Buffer pH Method

Fig.9 Correlation of buffer capacity between by the Buffer pH
Method and the Integration Method.

Fig. 9 WR U7z, BESEB X OB TEREEIC X 3 BF
HE & Buffer pH EIC & 2BEREDMEICIX, r=096 (p<
0. 001) @ﬁ:u\&l@*ﬁ%%{? i])muy) PO 7}’[1?':0

3. HEROBBRES y b (=& 5 USRI

iR & EREANEE I DV T D-SM, D-Buff @ L)L
ZHEE L 72 R % Table 5 2R T, EEEELEED D-SM,
D-Buff 3O ZF NS I VT b Ed - 7225
HERcEEEPTED ooz,

4. URASBHEERICL DHERE

EHERLEED 12 40 124 (100 %) 1 S. mutans HSHH
i, MEEEHEED 114901048 (90.9 %) 1T S. mutans D3
WmHan, 7, SEEREED 124054 41.7%)
S. sobrinus HMRH S, MEEBIEED 11 4P 14 (9.1%)
I S. sobrinus IR E Nz, FEEBEED S. sobrinus DR
HELEDEEZIRD st (p=0.095), EHERLHEE

Table 4 Salivary buffer capacity by three methods in caries-susceptible group and caries-free group (Mean*

SD)
ies-f ies- tibl
Method Caries Lee group Caries susc_ep 1ol group Significance of difference*
(n=11) (n=12)
Area Under the Curve Method 6.12X0.37 5.52+0.37 P<0.001
Integration Method 2.5110.37 1.92+0.37 P<0.001
Buffer pH Method 5.29+0.81 4161+0.56 P<0.001

*1ttest
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Table5 Caries activity level by test kits in caries-susceptible group and caries-free group (Mean=*S8D)

Caries-free group

Caries-susceptible group

est kit (n=11) (n=12) Significance of difference
Dentocult SM® 0.64+0.81 1.42%+1.00 NS
Dentobuff® Strip 0.27+0.65 0.33+0.65 NS

*: Mann Whitney, s U test
NS : not statistically significant

Table 6 Numbers of S. mutans and S. sobrinus in brushing plaque in caries-susceptible group and caries-free

group (Mean=*SD)

Caries-free group

Cries-susceptible group

. . . N
Bacteria (n=11) (n=12) Significance of difference

Total Strep (log CFU/ml) 7.86+0.62 7.861+0.32 NS

Total S. mutans (log CFU/ml) 4.56+1.05 6.15+0.49 P<0.001

S. mutans/Total Strep (0.251+0.35)X 1072 (3.07£2.79)X107? P<0.01

Total S. sobrinus (log CFU/mi) 2.09710.30 3.39%1.83 P<0.05

*:ttest
NS : not statistically significant

LV EWER R LT,

EEE AR & ISR EE DR L v YV EREEL, 1B S mutans
B, BV UVBEREIC D B S mutans DEIE, 5 S. so-
brinus WEUE LR U 7o 5 5R % Table 6 I2/Rd, Sl BhEE
DS S. mutans BEXIL 6.15+0.49 log CFU/ml, &L >+
HREWCH D 2 S mutans DEE 1T (3.07+2.79) X102, &
S. sobrinus HEL 3.3911.83 log CFU/ml %75 L, fiiEah
FEDME S. mutans BEIE 4.561+1.05 log CFU/ml, #L >
FERFE I HD B S mutans DE|E (0.251+0.35) X102, &
S. sobrinus T #1 2.09+0.30 log CFU/ml 2R L 72, ¥ S.
mutans B (p<0.001), ¥8v B ERE I H D 3 S. mutans
DOEE (p<0.01), ¥ S. sobrinus EWE (p<0.05) 1T D
T, mlERREE A L v EL, AEESED s,

% =y

ARIFEIC B W CHER FLEEE /7 & L T Weatherell
S5O0 HERIGH, FEE ¥z, Weatherell 5 1F, £2v
M EHWT Loml @7 v LA 2 & T An 15 #R
E S ¢, SERERBIER IR R 2 HIE Uz, A5 T,
5.0 ml O 7 v ALYIER CHRBFESEY 1 RO 2 325
TETHZ, TOEIIERy bEFERLEWIEOEI
£ D AR E N ORI RE L i o Tz, E72, BR
BRIFINEIC 1E 10 mM EABE T L 72 7 v {biid R 2
FH U 7z MEVE DO EREVER Iz DWW T, Dawes!™®|3 & b DB
53D circadian rhythm I DWTEHRE L, BB X #54%
2F~4 FFEHE TOEED DL, BHBEEL T2 L
HLTWD, I TRWIETIETRT I ORI Ic EBx

BTS2 & &Lz,

5 F TIThbh T w2 JIEOBIE D AFRI 2 7715 1 nH g
F L REFIEOKRE 2 D0 E 3589, Watana-
be 59%, MK D53 UhE X NHIE O BARAHRNE X 0 RED
FEOFTRE O REGFEEE2 5, LWRELTWS,
AWTFE BV CHRERIBUS AR TT o 12 FIR 519
WEhE, BN, /IE, mal, EEr = -2 0FBIE
ZHV, & b OETRRMERWE % R RR, RER
WO & ZMEIETINEE, WAl (), AR GERR),
R = — % (EFR), B (H%R) OETE <, g%
mb% MM EEZWREIEARE (BN Tharen
WESNTW B, 72 Yamamoto 570%, RIKY ¥ ¥12
BIEREBER % 5 2 5 E CHEH TR & ORI E 1
BEABEIRKRT, BEK, EEr=—*, ERFEKDIE
5 ZEEHEL TS, & o TANITE TIIERRS W%
b RTBEDOBEAMIC TIT 572, Chauncey 5'¥iZ
2LAAESMTERZREL, B TIRERSWE & H]
HmEE e ORIOBAREHR2, L L, 2D swabbing i
Tk, BRITESE ) 3L, HRE CEENS
W EDREND B, WE7 v WA 4 v FFETIZZ
NoDORERMBEHEL, HROOHBELFETHENEFET
b5, Weatherell 5DHED 1 ml YR %E 5mlicF 3
ZETHEANDOKRERBMAERE D K& BVBRMEL S &
Ezohb,

% { OMERRTIE, BHEO TP A TR
Bi3E <, ZoWERLEOBERPNES I LITES
HDEHREZINTWDY, ZIIFLHFNER & FI SRR O
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R AR B E R BRI BT 5T

WHICHTIEEY, R LERBICOELTELDTH
2, AR BT, SERRBERIC & 2 BETE I
BOTHEINC X 2EPRD Sk o, BRREBE
Wiz k 2EEREC B TEEENS L, BAEEINRD
57z, Ericsson'™ZFHTHROK & & & MK ST ILE & D
I AHRERAR DS H B L LT\ b, Scott? i3 DER
THOKRE 2 ZBELID /NS EREL TS, Th
5M I Lo R EDMEZEDERE 2 —HK & U TR
DREEIWHDEEZOND,

FEEA & THIERIRE O MR W = I3 FEBE S E k&
TWw3Y, SEOWNR 7 vk & FHTEC & 5 bk
TR TR R & BROR B TR B X R tH BB R s
Hoonlz, UL, BUWRRNBERREHZ oS fEuRf]
BIERHRE RS ZWEDAI TN, Lo THEED
IV 37 B2 L~V OFREER Bl 3 % 1 75 O BRI % %
T EMHEYITHD EEZOND,

PR % CIT il el & MRV IR O Y 2 B & T
BTN T & 720, A & U CiigehosEw s d
RWBANTIE, HERES WL ACEENERRELZ W H DD,
WE ORI PN ERERZ0H 5 2 & 2R LI
BARBESNTWEY, RGO MEEATE & Sl ehe
DT HRD & 5 R & 2% o7z, IEEBLEE & mEBeREE
D LT 3T, SR TR O e R VI Y 1.81 &
0.35 ml &Y 1.234+0.30 ml, F 7= BRBRF EE R T2 13
Wz 45 3.294+0.73 ml & 3.19+0.66 ml THiIF 135% &
DEWEERL]Z, LaL, SHEOMRFCODTIEE
BERaEM RO OhEI o7z,

W & 3R 7 v b4 + > FHPEEFALTRD
& O BEHEDE & e, BRIURF QRS (RREEE)
EEEICBETE, ROTE 2 A THNETENTHY
) IREGT, RIS BOBKORARET
Holze TOFHIEIGM:H NS T i 7E P e O
WEREWER OBIE, Eing 72 & o BEmREREY, &
IRF[H] CHE 2 BRI C & THERE I I3 EHE T R WTOD
WENHRETH 7 &, BWERHEEELFFEXEZ S
na,

WEWE D B B AR R I3 RS — BRI Y AT A, VU VIR
Wy AT L, 500 BYATF LD 3 DOEEY AT L
KXo THEfi s w3y, RS > /37 JERE TH
fEL, WHEEEERICNT 255 3bTrThs L sh
T3, EROBEEREE EET 2 0DREF, —E&
DEEE O EE 2T L, HEOWIHAO pH 5 & pH

6, pH5 7213 pH4 W E L ZCET2BELTHET 27
EDMThHh N T & 7281, Ericsson?ld, WEIZ & 5 AEI
RZ2T, BEREBENz2 CREL, ZOROEE pH
(resulting pH) % HI7E 3 2 FRRAVEBRE 2T L7z, F
BRI EHA 2%, Dreizen 5292 & B EERERIEE 25
133720k, BRC—EEZDEEZMZ T % OKO pH
PREET A 2R A, Fx TV A FTHRFEICERTE
% Buffer pH B2 DWW T U7z, Frostell?®|, Erics-
son DAERBRR L, —EEOERNERCHER pH %I
iR X D EEERER A 7V —= > 2" ¢ % Dentobuff®%
B Lz, SO INEWREL, HBHCERERTL
5 (B R BEWZ L 7z b D A3 Dentobuff® Stript*9T %
%, BFE, Dentobuff® Strip 3HRENTED, %D
BRKRC L > TSN TWwS, Lal, Efficizosn
REREEFRIFADOIGHC OV TIEL T3 LIFE W
#fvy, F 72 Dentobuff #EIC & AF5HE1E, BRCHEALRE A
JREE & ORI BIEM A S 3RO sz L a8 T
Vs 52620 AREFFEIC B CIEBRLEE T 11 £ 9 £, SlE
BEET b 12 4 9 B EABERE (class 0) ThH Y, Wk
EEMERBROFRE 2 EET 2 tZ YR T 3 E-Bb
N5, HESDH/NET 0 BLL P EBEREIC R >z &
WELTBY, FHMICRERE2ETEEZON S,
WR7 w4 & v HEREOEHLIRENHAT 5 2
& RHiRIC, MEEEENENOIEHEZENE LT, n
vitro (ISR 12 B W TR 1.0 ml & NaF &% 5.0 ml %
WAL, WERAEERED D ITEHIlE 25 L7z, RO
ERE 2 EEBINCFR T 5 - O OREIEHEICIE, MHEOH
CBREHTL, ROV pHE2 5 HE § 5% pHIE
CEZFCRETIHBBRFHAL: D, BRIC—EED
B L <% DD pH 2MIE T 5 DWEE LR > T
W3, Lal, Z0ORETEEREMEDAIOMHER
& BMERERE DR 2T 2 5 2T, WY 25
EROTnB I L MBS DS, MR THHE S 2
O S NIEHBROAIIE £ > TREN L EEEDE
WEEHRNIZLRTE 2t FE 2 o5, UEDZ Enb,
I D FE 22 EEAR T HE 2 FHIl 3 2 48556, MR THEE
ERESENENITHE EEZ 0N, £, HEHT
TR Tl R R O R E BRI T TR B 2 &
WTEEDELVES CFiTE 72, —H, BAETE
av b VERORHEMREFRICANS TETDH S
ZEedn, EEAT Y 73250, METEELELY
YRBEOBWIIICORN2bDEEZbND, KHHF
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WV 12 3R A T2 DS LD IR B UM R % U 7 W IRR A 7
ET2HBRLAKCICATEEEZ >N S, £7-
Buffer pH % & ghiff FEBELS X OBMEOMITIZ r=
0.96 & = WIHBEREIR SR D & iz s, EHEELEE Tl r=
0.99 L& <, FMEEBAEECIEr=090 L 2N & D IRVIER
PRSI, FICEBMECB L TREIERRED S 57
LB E L Bbhi, SHBEINRALEZHELL TR
HEITHI>FETH S,

Ericsson®®%, #EETRE & WEBLREER O [ 12 & o BIE % 3
HBEehs, b & LS N EEEMEPTIER T o3 E
WOBERTH S L LT3, HEIEERE & EaREBO
MICAOBEEL B2 Z L, ZLOBEPREL T
Z82D AR HFFEIC B T b R AR R oD I R RS 1 e
(Buffer pH 3%, HiF THIRESL X OO & EiEahE
OB IEELRENTED sz,

S a2—F AV HERE &R S N2 sl IR 3,
S. mutans, S. sobrinus, S. rattus, S. cricetus, S. dow-
net, S. macacae, S. ferus D 7 WEIE D> Twd, AD
Aot ENng 3 o — Y AV Uy EREIRFEI, S
mutans & S. sobrinus O 2 WETH 59, WH ITEHEE
YEL-TED, S mutans EHIRLED € b OEED S
HEansDwHL, S sobrinus BB I N2 DIE 104
2,3 HBETH D, 2 DIEHEEDE DS S, mutans
BWOAWERE L WS BREN—RINT, ZhE TOBH -
TRz 2HiRE L TGED SN TE T, LaL,
RILD 53 FEYFNIERDBE LT DRI S. so-
brinus W28 S. mutans WIZES LSS TEETH S 2
EREIRBLTWEY, Lad, MEEOS & IEahTE
BEOHEBEMERFAREOLOEZEIEOKEL, S
mutans & S. sobrinus DI REGE AR B D FE & HHEH
LTWwW3 ZEBMRBLTWw5S, Kohler 529, Hirose
530, BEIR & 303 /NE 2 5 R ERETIE 21TV, S mutans
& S sobrinus DB 2 REBE L TW3E 7 Vv—71F S
mutans DHERE T 2 7N —7" X D REFHEL ~)U & E
BERENERICE W & BR LTz, Okada 532, FFH®
b E 7z, BEOERRE R R ORADRED S S. mutans
& S. sobrinus DMEMELRH S N, HEALFRER N L )ME
WERAD & 1F S, mutans DAHBBEHENZ Z L2 R L
w3,

AWFE T BEEEEE DR S. mutans BIX, 8 S. sobrinus
B, Wy VBB D B S mutans DS 13 IEEERE
HozhsXhwnindbm<, MEMCEEE»ED S

Ntz BHEBLEED 12 8548 (41.7%) 25 S. sobrinus
&, EEEELEED 11814 (91%) 25 S so-
brinus DRI & iz, l%ﬁ@@{ﬁ@ S. sobrinus #HE L
JEIREIEE & VR WER R R L, 2 CRIHECEER
ERFEO SN ol (p=0.095) 78, HEEHSREND L
Mol FEZ 6D, WBUMFERICB T 2WEREDE
TERBEELZDDEEZOSNSD, BHESE TS mutans &
S. sobrinus ZRESFANT 2E X v FREFE I TV
V, F 7o HEBRJE KB mutans streptococei D FE R
ML LOBEETH 2, Lieds> CHERS BN & N5
oz 2701, EEPTOEEEEHT 2 LER
B 5P, WEEFRRE O 21T RO S REF v b
i, BIEEWA L LTHEBAL TW A2, 2hTh
Dentocult-SM®{3, % DERFICE > THHAENTE
D, BEERFEER & DMHBIME SRS ST 3199, K5 T
3 EHEELEE O Dentocult-SMOD{E | MEMEEIEEDME L v
RBholPERELRERRED ohR o7z, BT, Neta®™
SIEEWLDH 2 WRRIE I D 2R 2T, 15
D7 Ty TRBEELTRETHR LI 7Ty v
HYESE OHINCGED 2 L 2R LS, 2075y
v TwIEERY, S sobrinus & S. mutans ®EBT 5N
ROBERFRENC X > THOM i 21T - 72, BFETIZ,
LY BBEE RS mutans B O TGE * v b L U S. so-
brinus DEEWIF v FHEARFE L ED O N TV B,

BAE, SRABEELL, wORERET L OHEF
DHEEEHEAGEDLE S 2 & T, SRR X 7 HE
DN ET>Tw5, SERIINE 7 v b1 & 5%k
DEEETE BB~ OIS LBl N1 U R 7 FHOAER
HY AT AL SR, R FRAICRE S BT E
LEEZLHND,

&

WE 7 v b4 4 R & 2 ERRE L, ke,
HRAR TR, TR & 2 IEIREERE, B & OHEeR
HE L~V OfEL OMEFFEICOCTHREI Lz, 205
D Fid: % Fve CIESALEE & S BT & CHEELIE B % tt
BURER, UTo &> hiEme2E7,

LBR 7 vAtWIA A o HmREE, 2 ANBOEREREDS
TE, BWHEIC X 2 ERmREHE oL R
Lleolz, EMRIMEIZBL &b MR & %
BRFI D & & THHBERRIED o, BRI B
WTHMEHARTHEOBRRENEREICE 5 T2,

S
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2. B E RS O BHiE 12 38> T 3, Buffer pH i, HifR
THEHBERUOESEOVT BT, HiEahE
OEFFEBMFOMEE D bERCEL, FkEthn?
NOFTEI & 2 MERAEETREE O I &R 270
57z, FEEMIFEIC B W TIXE S 4 Buffer pH 303
ﬁ%’(% B EEZ 0N, AN EEEEEE

ERITIEHEWCR, FRU R TEREE 72138
BSEPEITH D Z EWRBEINT,

3. EEBEEED 7T v v v THRIETIE S. mutans B,
W& S, sobrinus B, ROV UHEREICHED S S
mutans DB G R EEMHEOZL IV TR E
 , MEHMCEREENRY SN, BB, HROMH
%@E%v%?%ém@ﬁﬁﬁﬁ%@Dmmwm
SM®D L~z BWTIE, WHEMICEREI R
nkroiz,

AWZEDOREER, EME2HRE LRAREEOBRNE
FWFRCB W T, BRREHED 2D OWE 7 v {1
I VAL LR ERREEER R T T v v TR
F CHERIIE S 2 53 2 2 & 13, HBAkTEEIIEER &
L CEBNTHERERDL D EHEZ i, ZL6Hl
EFEOFERIC LY, BENE Y A 2 EBTFOERINED
AREE 2D, L OHEDREERLY X ZHEERITD 2 ENT
ErrEZOHN5,

X B
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E &

S 2—F VAL UHERE L NOVEE R O BRI o AR50 SR

(23 325/ (AR 3 /S
FIEART ™" R T

HOFHT A RS
FEH A

A EE

LITHEE R A

BIE EFE, I2—F VALV HEOEE - MBBICZHINTWS MSBEBOX M GRIRERR) 2 ¥EL-UER
B MSB BB S Nz, AT, WEAE MSBERBOBEREOFREEZ ML, ZOWE MSB % v, &
TR @ Streptococcus mutans (S. mutans) 3 & UF Streptococcus sobrinus (S. sobrinus) BE L~V & 9 8A R & OBEMNE OB

FHEITV, UTofmeHL.

1. B S, mutans B & OV S, sobrinus DOIRME R & FHHRHEEL, ERE L ZREOME TIZIT &L A ZTEFRD

LN, YR TETRHAL & HITHEMLZ.

—%, 3a—F YAV YHEREUNDOL »HERE Non-MS H) DO

EHRP L OFRHERIL, LD CHEEBICBWTERIVEWEEZ R L2, MSB ¥ & R MSB B#lic 81 5 Ml
BoOBIL, S mutans B XU S. sobrinus TIZIEDMHBEEED b7z,

2. MV UHEBEICED B S mutans DEEPERAHEEBOHOMOFH DMFT (BB RENRD N7z, 72, S so-
brinus DIFRMERE L BB EHOPH DMFT IZBWTH, MEMOMEICHEBERENTED bR,
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Estimation of the Improved Selective Mediurn for mutans Streptococci
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Abstract . MSB media are frequently used for counting and detection of mutans Streptococci. In recent
years, improved MSB media have been developed by improving the demerits of existing MSB media (poor se-
lectivity) . In this study, we examined usefulness of improved MSB media for selectivity and the correlation
between the levels of Streptococcus mutans and Streptococcus sobrinus in saliva and the prevalence of caries us-
ing improved MSB media and drew the following conclusions.

1. There were almost no differences in the ratio of the number of subjects positive for S. mutans and S.
sobrinus in saliva when comparing the conventional medium with the improved medium. The improved me-
dium was slightly superior to the conventional medium in terms of the mean count of detected microorgan-
isms. On the other hand, the ratio of the number of subjects and the mean detection count for Non—MS micro-
organisms were significantly lower in the improved medium. When the numbers of microorganisms detected
in the MSB medium and the improved MSB medium were compared, A positive correlation was noted for S.
mutans and S. sobrinus.

2. A significant difference in the mean DMFT was observed depending on whether the percentages of S.
mutans out of the total Streptococcus count was low or high. Significant differences were also observed in the
mean DMFT between the groups in which S. sobrinus was detected and was not detected.

J Dent Hlth 55 : 89 —94, 2005
Key words : Improved MSB media, Strepfococcus mutans, Streptococcus sobrinus, The prevalence of caries
Reprint requests to T. GOTOUDA, Department of Hygiene, Nihon University School of Dentistry at Mat-
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Introduction

Abstract

There have been many studies on the relationships among various
methods for determining whole salivary volume and these methods’
effectiveness. The methods of determining this volume include those
that determine the salivary volume of a subject at rest and during
salivary stimulation. The convention method uses both the spitting
method at rest and the paraffin mastication method. In the present
study, we compared the reproducibility of the salivary volumes deter-
mined by the modified ion dilution method (the modified fluoride
dilution method) and conventional methods. Salivary volumes in
decreasing order were sour stimulation with the modified fluoride
dilution (MFD) method, during mastication, under tasteless stimulation
with the MFD method, and at rest. Higher correlations were found
between the salivary volumes at rest and during mastication deter-
mined by the conventional method (r=0.57, p<0.001) and between
salivary volumes under tasteless stimulation and sour stimulation by
the MFD method (r=0.56, p<<0.001). With a collection time of 1 minute,
the MFD method featured a smaller coefficient of variation and higher
reproducibility than those of the spitting and paraffin mastication
methods, indicating its usefulness.

stimulation include the mastication method and taste

Saliva plays an important role in maintaining the
health of the oral cavity and a lower salivary volume
has been reported to increase the risk of oral cavity
diseases such as caries and periodontosis (1-4). It
would be useful to measure and evaluate salivary
volume reliably, for maintenance of oral cavity
health.

Many studies have examined the relationships
among various methods for determining whole sali-
vary volume and these methods’ effectiveness (5).
The methods of determining whole salivary volume
include those that determine the salivary volume of a
subject at rest and during salivary stimulation. The
methods for measuring the whole salivary volume at
rest include the drainage method, spitting method,
suction method, and swab method, while those for
determining whole salivary volume during salivary

method. Of these, the conventional methods are the
spitting method and paraffin mastication method.
The author previously examined salivary volume
with the modified ion dilution method (the modified
fluoride dilution method) for measurement that was
developed and modified based on the method of
Weatherell et al. (6) and reported its usefulness in
permitting simultaneous collection of saliva from
many persons and its simplification of salivary vol-
ume measurement by sour stimulation (7). However,
no comparative study was made between this method
and conventional methods.

In the present study, the relationships among the
salivary volumes determined by the modified fluo-
ride dilution (MFD) method and the conventional
methods and these methods’ reproducibilities were
compared.
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Materials and NMethods
Subjects and salivary collection times

Saliva samples were collected from 5 women (aver-
age age, 20.5 years) between 14: 00 and 17: 00 for
evaluation of reproducibility.

Separately, saliva samples were collected from 70
students (35 men and 35 women with an average age
of 21.6 years) in our school between 14: 00 and
16: 00 in a larger-scale study for investigation of
salivary volume. The present study was conducted
upon approval (EC 02-029) by the Ethics Committee
of the School of Dentistry at Matsudo, Nihon Univer-
sity. The subjects, who were provided with an ade-
quate explanation, freely agreed to participate in the
study.

Salivary collection for the modified fluoride dilution
method

A sodium fluoride solution (Wako Pure Chemical
Industries, Osaka, Japan) containing fluoride ion at a
concentration of 100 ppm was used as a tasteless
stimulation solution and a solution of the 100 ppm
fluoride solution additionally containing tartaric
acid (Wako Pure Chemical Industries) at a concen-
tration of 10 mM was used as an sour stimulation
solution according to the method of Weatherell et al.
(6). After the subjects performed thorough mouthwa-
shing with distilled water, they gently gargled 5.0 ml
of the tasteless stimulation solution under the tongue
for 1 minute and expectorated the solution into a
paper cup. The samples of the saliva obtained with
sour stimulation were collected in a similar manner.
Separately, saliva samples were collected from the
selected five women ; their mouths were then imme-
diately washed with water and after 5 minutes, saliva
samples were collected again in a similar manner.
The same procedure was repeated up to 10 times.

Methods of determination of fluoride ion concentra-

tion and calculation of salivary volume

The fluoride ion concentration in each sample
recovered was determined by adding 0.2 ml of total
ionic strength adjustment buffer III™ (Orion, Bever-
ly, MA, USA) to 2.0 ml of the recovered saliva sam-

ple and measuring the concentration using a specific
fluoride ion-sensitive electrode (Orion) connected to
an Orion 290A™ ion analyzer. The fluorine multiple
electrode was calibrated using fluoride ion standard
solutions (Orion) containing fluoride ion at 1, 10, and
100 ppm. The salivary volume was calculated accord-
ing to the method of Weatherell et al. (6). The follow-
ing is a summary of the method. When the fluoride
ion concentration in the gargle solution is designated
as “F” (ppm), the volume as “V” (ml), the fluoride ion
concentration of the spit solution as “f” (ppm), and
the salivary volume per minute (including the sali-
vary volume remaining in the oral cavity immediate-
ly before mouthwashing) as “X” (ml), the amount of
spit solution is [V+X]. At the time of expectoration,
the following equation is satisfied :
FXV=fx[V+X]
Consequently, the salivary volume “X” (ml) can be
calculated from the following equation :
X={[FXV]/f}—V

Measurement of salivary volume of subjects at rest

The salivary volume was determined according to
the spitting method (5). After swallowing all saliva in
the oral cavity, subjects were encouraged to expecto-
rate all saliva secreted while the mouth was shut
(once or twice per minute). The saliva samples were
collected in a paper cup and salivary volume was
determined. The five women washed their mouth
immediately after the first collection of saliva and
another saliva sample was collected in a similar
manner after 5 minutes. The same procedure was
repeated up to 10 times.

Measurement of salivary volume with mastication

Each subject was encouraged to masticate paraffin
wax and the saliva secreted during a period of 1
minute was collected in a paper cup (5); salivary
volume was then determined. The five women
repeated the same procedure every 5 minutes up to 10
times, washing their mouths immediately after each
collection of saliva.
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Statistical analysis

For statistical analysis, coefficients of variation
were determined for comparisons of reproducibility
and Pearsson’s correlation coefficient test was per-
formed for correlation analysis.

Results

The mean=®SD of the salivary volume was deter-
mined by four methods: at rest, during mastication,
and with tasteless and sour stimulations with the
MFED method. The results for the five subjects in 10
repeated runs are summarized in Tablel. In all
subjects, the salivary volume was the highest with
sour stimulation as determined by the MFD method
and the resting salivary volume the lowest. The
mean coefficients of variation of the 10 measured
values of the subjects tested by the four methods are
summarized in Table 2 and the overall means are
shown in Fig. 1. The overall means of the coefficient
of variation were 39.49% for subjects at rest, 19.4%
during mastication, 14.69§ with tasteless stimulation,

Tablel. Mean salivary volume (Mean +SD, ml/min)
determined of 10 measurements by 4 methods for 5 sub-
jects

and 10.39% with sour stimulation as determined with
the MFD method ; the coefficient of variation de-
creased and reproducibility increased with the same
order of the four methods.

Results of the larger-scale test involving 70 sub-
jects concerning measurement of salivary volume by
four methods are summarized in Table 3. The sali-
vary volumes in decreasing order were with sour
stimulation, during mastication, with tasteless stimu-
lation, and at rest. Table 4 presents the correlations
between the four methods on the determination of

Table 2. Coefficients of variation of 10 salivary volumes
measurements determined by 4 methods for 5 subjects

tasteless sour
stimulation stimulation

Mean=+SD
1.44+0.14
4.55%0.49
2.30%0.37

resting mastication

Subjects

Mean=®=SD
0.314+0.14
0.43%0.19
0.33+0.12

Mean+SD Mean=®SD
0.47+0.11 0.62%+0.07
3.53+0.50 1.70+0.23
0.60+0.14 0.91%0.19
1.03+0.16 1.06+0.15
1.17+0.24 0.91£0.12

gjo|w | >

0.36+0.18
0.28+0.06

4.37£0.30
2.43+0.19

=

resting  mastication tasteless sour
Subjects stimulation stimulation
CV (%) CV (%) CV (%) CV (%)
A 45.2 23.4 11.3 9.7
B 44.2 14.2 13.5 10.8
C 36.4 23.3 20.9 16.1
D 50.0 15.5 14.2 6.9
E 21.4 20.5 13.2 7.8
®)
45
40
% 35
T a0
‘E 25
5 2
€ 15t
8 1wt
5 b
0
resting mastication tasteless stimulation sour stimulation
Fig. 1. Comparison of mean coefficients of variation of sali-

vary volumes determined by 4 methods for 10 measurements in
5 subjects

Table 3. Salivary volume determined by 4 methods in a study involving

70 subjects

resting mastication t_asteles.s | sour.
Subjects n stimulation  stimulation
MeantSD  Mean®tSD  Mean®SD Mean®SD
Men 35 0.39+0.33 1.77+£0.83 1.21+0.39 3.01+0.72
Women 35 0.33£0.30 1.54£0.80 1.15+0.34 2.78+0.72
Total 70 0.360.32 1.66+0.82 1.18+0.36 2.89+0.72
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Table 4. The correlation values between 4 methods in determination of

salivary volumes in 70 subjects

restin; mastication tasteless sour
g stimulation  stimulation
resting -
mastication 0.57*** -
tasteless 0,35+ 0.97* .
stimulation ’ :
*p<0.05, **p<0.01, ***p<0.001
(mY/min) (mY/min)
25 16 ¢
*
5 14 |
2
g 20 ® 2 ¢
&= * + . o
b ¢ * § M
L4
g * % LIS ® 10} .
[ N @ ©
g 18 £ R
s 3 0.8 * N
i g . . . o
E 10 r e 2 06 1 o 40 o y = 0.22x
2 § S o o o r=057
> o y =028 + 037 0.4 «*? . p<0.001
©
= * r =056 o9 ° . °
& 05 p<0.001 02 . ‘:: e T
‘0.:' * *
0.0 P, *N R . ) ;
0 1 2 3 4 5
0.0 * : : : ! Salivary volume during mastication (ml/min)
0 1 2 3 4 5

Salivary volume with sour stimulation (mYmin)

Fig. 2. Correlation between salivary volume with tasteless
and sour stimulations in 70 subjects

salivary volumes and their significances in coeffi-
cient values. The correlations between values
obtained with tasteless and sour stimulations by the
MFD method and between those at rest and during

mastication were higher (Figs. 2 and 3).

Discussion

Dawes (8) reported in his study on the circadian
rhythm of human salivation that this rhythm is most
stable with minimal variation between 2 and 4 p.m.
For this reason, saliva samples were collected in this
time period in the present study.

In the MFD method, saliva samples are collected in
a standard period of 1 minute using a 5-ml mouth-

Fig. 3. Correlation between salivary volume at rest and dur-
ing mastication in 70 subjects

wash fluoride solution so that samples can be col-
lected from a larger number of subjects and salivary
volume measurements can be performed in a simpler
and easier way with sour stimulation (7). In this
method, the conditions of stimulation (such as taste)
during collection of saliva can be more rigorously
standardized, and it is possible to collect a large
number of samples easily from individuals able to
gargle. For use in larger populations, conventional
methods proposed so far have the problems of requir-
ing a period of 3 to 5 minutes for collection of saliva
(5), imposing a greater burden on subjects. As a
result, the subjects swallowed their saliva during
sample collection, reducing its accuracy. However,
shortening of collection time generally decreases
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reproducibility, and thus limits always exist as to
how short the sample collection time can be. In the
present study the reproducibilities of the salivary
volumes of the subjects at rest and during mastica-
tion were investigated for the purpose of determining
the usefulness of the MFD method. The MFD method
featured a lower coefficient of variation and higher
reproducibility in the test with a collection time of 1
minute. These findings indicate that the MFD
method can reduce salivary collection time and
improve the reproducibility of salivary volume mea-
surement and thus is useful in practice. In particular,
salivary volume with sour stimulation as measured
by the MFD method was the highest in re-
producibility. The stimulations commonly used can
be roughly grouped into two types: mastication and
taste (5, 9). Watanabe et al. (10) reported that sali-
vary volume was influenced more by taste stimula-
tion than by mechanical masticatory stimulation.
Among taste methods, the one commonly used is
stimulating the tongue with a sour material intermit-
tently (5, 11). However, sour stimulation measure-
ment has the drawback of requiring a complicated
and tedious collection procedure and thus imposes a
greater burden on subjects. The MFD method elimi-
nates these drawbacks and makes the measurement
possible with a simple mouthwashing procedure.
Increase in the amount of mouthwash from 1 ml, as
in the method of Weatherell et al., to 5 ml leads to a
wider area of tongue receiving the taste stimulation
and thus makes measurement more effective.

Many studies have examined salivary volume by
various methods of measuring whole salivary vol-
umes and their correlations (5). Ericsson et al. (12)
reported that salivary volume at rest was 0.30 ml/
min and that salivary volume during paraffin masti-
cation was 1.50 ml/min on average. Heintze et al. (13)
found that resting (drainage) salivary volume was
0.36 ml/min in men and 0.26 ml/min in women, and
that salivary volume during mastication was 1.80 ml/
min in men and 1.40 ml/min in women. They also
found that salivary volumes at rest (drainage) and
during stimulation (mastication) correlated well
(men, r=0.49 ; women, r=0.42). Osterberg et al. (14)

reported in their study of elderly adults that the
resting (drainage) salivary volume in men was 0.25
ml/min and 0.18 ml/min in women, while the salivary
volume during stimulation (mastication) in men was
1.65 ml/min and 1.04 ml/min in women. The salivary
volumes at rest (drainage) and during stimulation
(mastication) correlated well (men, r=0.58 ; women,
r=0.51). White (15) concluded that salivary volumes
during mastication and at rest were more strongly
correlated (r=0.72) in his comparative study. In the
present study involving 70 subjects, the mean sali-
vary volume at resting was 0.36 ml/min and 1.69 ml/
min during paraffin mastication, both of which were
similar to the values reported in previous studies. In
addition, the mean salivary volume with tasteless
stimulation was 1.18 ml/min and 2.89 ml/min with
sour stimulation as determined by the MFD method ;
and salivary volumes in decreasing order were sour
stimulation, mastication, tasteless stimulation, and
at rest. Although the four methods were found to be
significantly correlated with each other, the correla-
tions between the salivary volumes at rest and dur-
ing mastication determined by the conventional
method (r=0.57) and between salivary volumes with
tasteless and sour stimulations by the MFD method
(r=0.56) were higher ; on the other hand, the correla-
tion between the salivary volumes during mastica-
tion and with tasteless stimulation was lower.

In the present study, salivary volumes in decreas-
ing order were sour stimulation by the MFD method,
mastication, tasteless stimulation by the MFD
method, and at rest. The correlations between sali-
vary volumes at rest and during mastication deter-
mined by the conventional method and between sali-
vary volumes with tasteless and sour stimulation by
the MFD method were higher. The results obtained
with a collection time of 1 minute revealed that the
MFD method had a lower coefficient of variation
and higher reproducibility than those of the spitting
method and the paraffin mastication method. In
addition, the MFD method allows measurement of
the salivary volume remaining in the oral cavity,
which is difficult with the spitting and mastication
methods, as well as measurement of saliva in smaller
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amounts (16, 17), for example in elderly adults, by
collecting saliva samples for a shorter period of time
without imposing a burden on suibjects, and thus the
MFD method would be suitable for epidemiological
surveys. The authors will continue to examine the
possibility of using this modified method in the field
of public health and epidemiological studies, which
typically include larger numbers of subjects.
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Usefulness of DIAGNOdent® in Place of a Dental Probe

Hiroya GOTOUDA™***, Chieko TAGUCHI*, Toshikazu UCHIYAMA*, Kazumune ARIKAWA* ***,
Rio YAMAUCHI", Seigo KOBAYASHI™ ***, Shihoko SAKUMA** and Kagumi UESU* ** ****
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**Division of Preventive Dentistry, Department of Oral Health Science,
Graduate School of Medical and Dental Sciences Niigata University
***Research Institute of Oral Science, Nihon University School of Dentistry at Matsudo
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Department of Mathematics, Nihon University School of Dentistry at Matsudo

Abstract : The DIAGNOdent®, a new device for diagnosing caries using a semiconductor laser, has been
shown to have the ability to detect even small carious lesions in a non-destructive manner, and is therefore
expected to be useful for the diagnosis of incipient caries or preclinical caries. A few reports have indeed been
published on the usefulness of DIAGNOdent® in the clinical diagnosis of caries. However, its usefulness for
perceiving the presence or absence of a feeling of stickiness in pits and fissures has not been studied to date.
Determination of the presence or absence of a feeling of stickiness in the teeth has been considered to be use-
ful for determining whether or not aggressive preventive measures against caries, such as the use of sealants,
are indicated. However, the use of a dental probe to assess such stickiness is associated with problems. Ac-
cordingly, we conducted a clinical epidemiological study of elementary school children to examine the useful-
ness of the DIAGNOdent® for assessing the stickiness of teeth and establishing criteria for the diagnosis. The
kappa value, which indicates the correspondence between the presence or absence of stickiness and the
DIAGNOdent® values, was the highest (0.49, indicative of a moderate correspondence ratio) when the
DIAGNOdent® value of 20 was used as the cutoff point. Using the same cutoff point, the sensitivity was 0.78,
the specificity was 0.74, the predictive value for positive responses was 60% and the predictive value for
negative responses was 87%. Thus, a relatively high efficacy of DIAGNOdent® for detecting healthy teeth
with no stickiness was demonstrated.

J Dent Hlth 55 : 159 — 164, 2005

Key words : DIAGNOdent®, A dental probe, The diagnosis of incipient caries, A feeling of stickiness
Reprint requests to H. GOTOUDA, Department of Community Oral Health, Nihon University School of
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