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I. INTRODUCTION

Dental plaque plays a great role in cariogenicity,
and consists of microbes and non-cellular materials.
Glucan, which is extracellularly synthesized from su-
crose by glucosyltransferase, acts as the basic material
of dental plaque. There are two constituents in glu-
can, water-soluble dextran and water-insoluble mu-
tan. Mutan is the more important constituent in the
formation of dental plaque and dental caries. Mutan
is mostly synthesized by Streptococcus mutans.
Streptococcus mutans has been known to enhance
dental caries in the human oral cavity*®. Strgbtococcus
muans forms colonies in retentive sites on human
tooth surfaces, but does not form on the oral mucous
membrane. Streptococcus mutans needs a tooth to
form a colony. So we could see few numbers of
Streptococcus mutans in the oral cavities of newborns
or edentulous adults. The primary source of
Streptococcus mutans that affects children has been
thought to be the mother of that child. When
Streptococcus mudans are suppressed in the oral cavi-
ty of the mother, the number of colonies of
Streptococcus mutans in the oral cavity of the child
could be reduced™. Strains of Streptococcus muitans
are serologically divided into eight types. Among
these serotypes, strains of serotype ¢ are most fre-
quently isolated from people from different
countries”.

Severe dental caries are sometimes present in the
oral cavities of children who have eaten food-contain-
ing sucrose'. Sucrose and the aggregation of
Strepiococcus mutans produce acid*é54%,
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Orthodontic appliances in the oral cavity offer mul-
tiple sites for microbial propagation. The purpose of
this study is to evaluate the factors that effect the for-
mation of plaque on orthodontic brackets.

II. MATERIALS AND METHODS

Streptococcus mutams type ¢ was cultured in brain
heart infusion broth (BHI broth, Difco, Detroit, M,
USA) at 37°C in a C0z incubator. Brain heart infusion
broth is a nutrient in which Streptococcus mutans
growth is optimized.

The effect of pH on the formation of artificial
plaque was determined. Nine central incisor .018" X
025" standard edgewise brackets (146-13, TOMY in-
ternational inc. Japan) were suspended in three
beakers each containing BHI broth containing 0.5%
yeast extract and 10% sucrose. The pH of the broth in
the different beakers was adjusted to either pH 5.5,
7.0 or 85. The media in each beaker was inoculated
with 2.5X10° Streptococcus mutans cells per ml.
Three brackets were immersed in the broth of each
beaker, The beakers were placed into a C0z incubator
at 37-degree Celsius. After five hours the brackets
were removed from the beakers and the average
weight of the brackets in each medium was deter-
mined.

The effect of stirring of the culture media was de-
termined. Three .018” X .025" standard edgewise
brackets were suspended into each of two beakers
containing broth. The broths were inoculated with 2.5
X 10¢ Streptococcus mutans cells per ml, and the
broths were incubated for 5 hours at 37°C. During in-
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cubation the broth in one beaker was stirred and
broth in the other beaker was unstirred. After incuba-
tion, the brackets were removed from their respective
broths and weighed using a balance. Weights were
determined to the nearest one hundredth of a mil-
lig,am. The weight used was the average weight of
the three brackets in each broth.

In order to determine the effects of CaCl on the
colonization of Streptococcus mutans, the concentra-
tion of CaCl in four different beakers was adjusted to
either 0.25, 1.0, 4.0 or 160 mM. Similarly, four other
beakers of broth were used to determine the effects
of KCl on the colonization of Streptococcus mutans.
The concentration of KCl in each beaker was adjust-
ed to 2.5, 10, 40 or 160 mM. Four different beakers of
broth were used to determine the effects of MgCL, on
the colonization of Strgptococcus mutans. The con-
centration of MgCl in each beaker was adjusted to
0.1, 04, 1.6 or 6.4mM. The broth in each beaker was
inoculated with 25X 10° cells of Strgptococcus mu-
tans per ml. The beakers containing the broths and
brackets were placed in an incubator for five hours at
37° C. The beakers were then removed from the incu-
bator and the weight of each bracket was deter-
mined. Weights were determined to the nearest one
hundredth of a milligram. The weight used was the
average weight of the three brackets from each broth.

Different commercially available orthodontic brack-
ets were used to evaluate the colonization of the
Strepiococcus mutans on different types of brackets.
Five 018" x 025" standard edgewise brackets (146-
13, TOMY International Inc. Japan), were suspended

Table 1. Artificial Plague Formation by pH (unit: mg)

“Plaque 0.06 0.06 0.08
Formation 0.04 0.09 0.06
(mg) 0.03 0.08 0.08
Mean 0.04 0.08 007
SD. +0.02 +0.01 +0.01

ke

s 1 p<O.001 {

solok

within the broth of one beaker. The broth was inocu-
lated with 2.5 X 10¢ Strgprococcus mutans cells per ml,
and incubated for five hours at 37°C. In a second
beaker, five .022” X .028" Roth brackets (A-5570,
RMO Inc., Denver. Colorado, USA) were suspended
and in a third beaker, five .022” x 028" Broussard
brackets (A-5075, RMO Inc., Denver, Colorado, USA)
were suspended. After incubation, brackets were re-
moved from their respective broths and weighed us-
ing a balance. The weight used was the average
weight of the five brackets of each type.

Il. RESULTS

The amount of plaque that formed on the bracket
after culturing was measured to the nearest milligram.
Values were compared to the weight of the brackets
as supplied by the manufacturer. Differences be-
tween groups were compared with the Mann-
Whitney and the Kruskal-Wallis tests. Differences
were considered statistically significant at p value
<0.05.

The effect of pH on the formation of artificial

plaque was determined. The artificial plaque that was
formed by culturing Streptococcus muttans at pH 5.5
for 5 hours, was significantly less than that cultured at
pH 85 or pH 7.0 (p <0.00D. The average weight of
the plaque adheting to each bracket surface at pH 5.5
was 0.04 mg. The average weight at pH 7 increased

Fig. 1 Artificial Plague Formation by pH



Tab!e 2 Artrﬁcnal Plague Fomation by S’umng (unrt mg)

.  Stning  Nostiting
Plaque 0.06 0.01
Formation 0.09 0.01

(mg) 0.08 0.01
Mean 0.08 0.01 R
SD. +0.01 +0.00
w0 p<0.001

Table 3. Artificial Plague Formation by CaClz
Conoentratlon (unit: mg)

Cmiﬁ; 025mM i 4mMH'16mM];
Plaque 008 004 008 006
Formation 005 011 007 004

(mg) 000 010 010 006
Mean 007 008 008 005 NS
S.D. 1002 £004 £001 £001

NS : non significant

Table 4. Artificial Plague Formation by KCI
Concentration (unit: mg)

o 25T 1M
Plaque 009 008 004 006
Formation 007 007 007 004
(mg) 009 007 010 006
Mean 007 007 007 005 NS
S.D. +£001 +£000 +003 +001

NS : non significant

10 0.08mg and the weight at pH 8.5 was 0.07mg
(Table 1, Fig. 1.

Stirring also increased the number of colony form-
ing units of artificial plaque. More artificial plaque
formed when the media was stirred during incuba-
tion. In the stirred medium, 0.08mg of plaque formed
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Fig. 4 Artificial Plague Formation by KCl Concentration

whereas plaque formation in the unstirred mediums
was 0.01 mg. This difference was significant (p
<0.001) (Table 2, Fig. 2).

Effects of Ca, K, and Mg ion concentration in the
media were evaluated. The amount of artificial
plaque was not statistically different irrespective of the
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Table 5. Artificial Plaque Formation by MgClz
Concentration (unit: mg)

_ MgCe  OfmM O4mM 16mM 6AmM

Plaque 008 009 009 009
Formation 013 009 007 006

(mg) 009 007 009 009

Mean 010 008 009 008 NS

S.D. +003 001 £001 +002

NS : non significant

Table 6. Artificial Plague Formation by Bracket
Shape(unit; mg)

010

Plaque 0.05
Formation 0.08 0.06 0.06
(ng) 008 006 008
0.07 0.04 0.04
0.08 0.06 0.06
Mean 0.07 0.06 0.06 NS
S.D. +001  £0.02 +0.01

NS : non significant

concentration of CaClk, KCl and MgCl in the media
(Table 3, 4, 5, Fig. 3, 4, 5).

After 5 hours incubation the amount of plaque
growth was not dependent on bracket shape. The
weight of the artificial plaque that formed on the
018" x 025" standard edgewise (146-13, TOMY
International Inc., Japan), the .022" X .028”" Roth
brackets (A-5570 RMO Inc., Denver, Colorado, USA),
and .022" x.028” Broussard (A-5075, RMO Inc.,
Denver, Colorado, USA) brackets was not significant-
ly different (Table 6, Fig. 6).

IV. DISCUSSION

Dental caries is one of the most prevalent dental
diseases and the main cause of tooth loss in children.
Stregptococcus mudans is a primary pathogen in dental
caries™®, Streptococcus mulans is an anaerobe, re-
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Fig. 6 Artificial Plaque Formation by Bracket Shape

sides in the acquired enamel pellicle on the tooth’ s
surface and degrades the catbohydrates®, especially
ghicose and fructose etc. from digested foodstuffs.
The enamel surface 'is decalcified by the extracellular
releasing of lactic acid obtained from metabolic path-
way of the catbohydrates. This bacterium adheres to
the tooth surface”. The edentulous newboms and in-
fants with few teeth do not harbor Sirgptococcus mu-
tans. As the number of erupted primary teeth in-
creased, there is a gradual increase of early coloniza-
tion of Streptococcus mutans on the interproximal
surfaces of primary teeth™.

Strains of Strgpiococcus mugans are divided serolog-
ically into eight groups, and among these serotypes,
the C strains are most frequently isolated in man in
many countries”.

Toda et al.”” and Loimaranta et al® investigated the
ultrastructure of the extraceltular polysaccharide pro-



duced by S. muutans. They revealed that the polysac-
charide consisted of three structural components;
fructan in a globular structure, dextran in a single-
stranded filament and mutan in a double-stranded
fibril. On the other hand, two kinds of structures, a
globular body and an amorphous substance, were
observed by scanning electron microscopy.

Mutan that is water-insoluble glucan enhances the
accumulation of . mutansand other microbes on the
tooth surface. Dextran and fructan that is water-solu-
ble glucan are considered to provide extracellular en-
ergy storage for microbes. Extracellular glucan is
formed by Streptococcus mutans, other Streptococcus
species and Lactobacillus species?#, So, these mi-
crobes adhere to tooth surfaces and affect the forma-
tion of dental caries.

A variety of factors could affect the formation of ar-
tificial plaque. The effect of pH, stirring, concentration
of CaCl, KCI, MgCl, and bracket shape was consid-
ered in this study. At first in regard to effect of pH, lit-
tle artificial plaque was formed at pH 5.5(Table 1, Fig.
1. Streptococcus mutans growth did not increase un-
der acidic condition but increased growth in alkaline
medium was obsetved. Metabolic products such as
lactic acid produced by bacteria neutralize the alka-
line medium. Stirring the medium enhanced the
growth rate of Streptococcuss muitans increasing the
formation of plaque (Table 2, Fig. 2). A lot of artificial
plaque eventually will form if more microbes includ-
ing Streplococcus mutans exist on tooth surface.

Mattingly and his colleagues® reported that
Streprococcus mutans showed a distinet tendency to
increase in case bracket was attached, compared with
the opposite case. Abe” reported that Strepiococcus
muians increase in case a patient has dental caries,
but there is none of report on the relation between
the shape of bracket and the amount of Streptococcus
mutans formation

In this study the amount of Strepiococcus mutans
formation according to three different types of brack-
ets, 018" x 025" standard edgewise (146-13, TOMY
Intemational Inc. Japan), 022" X.028” Roth (A-3570,

93

LH&HA0FX| 2} 8L3] K| 26(1) 1999

RMO Inc. Denver. Colorado, USA), and 022" x 028"
Broussard (A-5075, RMO Inc., Denver, Colorado,
USA) was compared but they did not show any sta-
tistically significant differences. According to the result
the amount of Streptococcus mutans formation seems
to be more related to whether bracket is attached or
not than to the shape. Further research is required.

V. CONCLUSION

In conclusion, the artificial plaque that formed on
the orthodontic brackets was significantly increased
by culturing in a more alkaline broth and by stirring
the media during incubation. Differences in the
weight of artificial plaque formed on the brackets af-
ter 5 hours incubation were not statistically significant
when cultured in broths that contained different con-
centrations of CaCl, KCI or MgCl. The amount of ar-
tificial plaque that formed on the 018" X.025" stan-
dard edgewise, the 022" X .028" Roth brackets, and
the 022" x.028" Broussard brackets, were not signifi-
cantly different from each other after 5 hours incuba-
tion.
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