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Correlation of Dental Plague Acidogenicity and
Acidurance with Caries Activity — Perspectives of
the Ecological Plaque Hypothesis

George Andreadis, Sotirios Kalfas, University of Thessaloniki, Greece

Abstract— The ecological plaque hypothesis for the
aetiopathogenesis of caries implies a microbial shift
towards a more acidogenic and aciduric dental plaque
microflora, due to a frequent carbohydrate intake.
Certain plaque bacteria exhibit metabolic activity, at a
low pH. A correlation exists between the increased
numbers of some aciduric bacterial species, e.g. mutans
streptococci and lactobacilli, and caries activity. The aim
of this study was to study the acidogenic (lactate
production / mg plaque x min., at pH 7.0) and aciduric
potential (lactate production at pH 5.5 / lactate
production at pH 7.0) of dental plaque in relation to the
caries activity. Samples of dental plaque were collected
from fifteen caries free and fifteen caries active children.
Plaque suspensions in Ringer’s solution containing 1%
sucrose and buffered with 0.5 M MOPS (pH 7.0) or MES
(pH 5.5) were incubated aerobically at 37 °C for 10-20
min. The production of lactic acid in the suspensions was
determined by an enzymatic assay. In caries free children,
significantly lower acidogenic potential at both pHs were
recorded than in caries active children. The highest
difference between the groups was in the acidogenic
activity at neutral pH. On the contrary, the aciduric
potential was lower in the caries active group than in the
caries free. Caries activity correlated with the acidogenic
potentials of dental plaque at both pH 7.0 and 5.5. A new
perspective of the ecological plague hypothesis based on
the increased catabolic ability of plaque is proposed.

Index Terms—: acidogenic, aciduric, caries, ecological
plague hypothesis

INTRODUCTION

The most recently suggested aetiopathogenetic
mechanism of caries, the ecological plaque hypothesis,
proposes that the disease is the result of a shift in the
ecological balance of dental plaque towards a more
cariogenic flora [1]. The shift is usually caused by an
exogenous factor, the frequent intake of fermentable
carbohydrates, which leads to changes in the plaque
environment, i.e. increased duration of acidic
conditions. The environmental changes favor acid
tolerant cariogenic bacteria that continue their catabolic
activity even at low pH. These conditions affect the
mineralization / demineralization equilibrium for the
tooth hard tissues and can lead to the formation of caries
lesions.
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The ecological plaque hypothesis considers the
caries disease as an ecological catastrophe characterized
by a proportional increase of aciduric bacteria in the
oral cavity, especially in dental plaque [2]. In its
extended form, the hypothesis rsefers to dynamic
changes in the plague ecosystem, the changes including
expression of aciduric characteristics by the bacteria and
the concomitant establishment of new aciduric species
as well [3], [4]. Several studies have correlated the
caries activity with increased numbers of certain
aciduric bacteria, such as mutans streptococci and
lactobacilli [5], [6], [7], [8], [9]. However, data also
indicate the involvement of several other aciduric and
acidogenic bacteria in the caries process, these bacteria
outnumbering the mutans streptococci and lactobacilli
in dental plaque [10], [11], [12], [13], [14].

Lactate is the main acidic end product found in
dental plague during its exposure to excess of
fermentable sugars, irrespective of the subject’s caries
activity [15], [16], [17]. Upon sugar challenge, the
concentration of lactate generated is higher in plaque
from caries active than inactive subjects [16], [17], [18].
Furthermore, a faster pH drop and a lower minimal pH
are associated with caries activity [10], [19].

The frequent acidification of dental plague due to
sugar exposure may induce adaptive microbial
mechanisms to enhance acidogenicity and acidurance
and it may also enable the proportional increase of
aciduric bacterial species or strains in this environment
[4]. The extent of these ecological changes depends on
the intensity of plaque acidification that includes the
extent of pH drop, the frequency and the duration of the
acidic periods. Besides the sugar exposure, plaque
acidification can be modified by several factors such as
salivary flow and buffering, diffusion phenomena etc.

The results in most of the studies published are in
line with the ecological plague hypothesis in terms of
association between caries activity and numbers of
aciduric bacteria and also increased acid production and
pH lowering in situ, as mentioned above. However,
there is no direct evidence on the acid production rate of
dental plaque in relation to environmental pH and the
caries activity of the subject. In an attempt to find
further support for the ecological changes occurring in

© 2014 GSTF

-

-
brought to you by .i CORE



https://core.ac.uk/display/233146312?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

GSTF Journal of Advances in Medical Research (JAMR) Vol 1 No 1

the oral cavity upon development of caries disease, the
present study was conducted with the aim to determine
the capacity of dental plaque to produce lactate at
neutral or acidic conditions and also to examine the
relation of the acidogenic capacity to the caries activity
of the subjects.

MATERIALS AND METHODS

Subjects

Thirty children 5-16 year-old participated (Table I).
All subjects declared being in good general health and
receiving no medication. They visited the School of
Dentistry in  Thessaloniki, Greece for routine
examination and dental treatment if needed. None of
them was using orthodontic appliances and all children
exhibited cooperative behaviour. The subjects were
randomly selected as they were visiting the clinic. After
having been examined, the subjects were asked for
participating in the study and informed written consent
was obtained from all subjects and / or children’s
parent. The study was approved by the Ethics
Committee of the Dental School of the University of
Thessaloniki.

Dental examination was performed by the same
dentist (GA), to determine the dmft/DMFT, using a
dental mirror and an explorer under the dental chair’s
light. Dental radiographs were taken if necessary. All
the teeth with caries lesions of C2 (dentin lesion), C3
(pulp perforation), or C4 (only roots) counted as dt or
DT. Half of the subjects recruited (15 children) were
caries free and had no filling therapy during at least the
last year while the remaining 15 children had active
caries lesions that required treatment.

Sample preparation

The subjects refrained from tooth brushing for 2-3
days to allow plaque formation. On the 3rd day, they
visited the dental clinic without having consumed any
food or drink except water, during the 3 hours prior to
plaque collection. Dental plaque was carefully scrapped
off with a carver from all accessible tooth surfaces and
placed in a pre-weighed plastic tube. The plaque sample
was weighed to the nearest mg and suspended in
modified Ringer solution containing (per liter) 0.6 g
CaCly, 2.1 g KCI, 5.0 g NaCl, and 0.05 g MgSO4 x
7H,O to yield approximately 15 mg plaque/ml. The
suspension was homogenized with a glass mortar.

Determination of acidogenic and aciduric potentials
To an aliquot of plaque suspension, an equal
volume of modified Ringer solution containing 1 M
buffer and 2% sucrose was added. The buffer compound
used in the neutral reaction mixtures was 3-[N-
Morpholino]propanesulfonic acid (MOPS), pH 7.0 and
in the acidic mixtures 3-[N-Morpholino]ethanesulfonic
acid (MES), pH 5.5. The suspensions were incubated
aerobically, at 37 °C, for 10 minutes (neutral mixtures)
or 20 minutes (acidic mixtures). At the end of the
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incubation, the mixtures were placed in an ice-water
bath for 10 minutes to stop the metabolic activity and
then centrifuged (10,000 x g, 5 min). The supernatants
were aspirated and stored at -75 °C until analyzed. The
whole procedure was completed within 1 h from the
sample collection.

The concentration of L-lactic acid in the
supernatants was determined with an enzymatic method
using a commercially available reagent kit (Sentinel
Diagnostics, Sentinel CH, Milan, Italy)

The acidogenic potential of dental plaque was
defined as the concentration (in mg) of lactic acid per
mg plaque and min of incubation, at either neutral or
acidic pH. The ratio of acidogenic potential at acidic pH
by acidogenic potential at neutral pH is defined as the
aciduric potential.

Statistical analysis

The data were analyzed with the ANOVA test
(analysis of variance, software PASW Statistics 18) to
show the correlation of the dental plaque/saliva
potentials between the caries active and caries free
groups. Pearson's correlation 2-tailed test was used to
examine the correlation between caries activity and
acidogenic or aciduric potential.

RESULTS

Statistically significant differences were observed
between caries active and caries free children in the
acidogenic and aciduric potentials of their dental plaque
(Fig. 1). In caries free children, the acidogenic potential,
at pH 7,0 ranged within 0.11 and 0.28 (mean 0.19) mg
lactic acid / mg plague x min. At pH 5.5, the mean value
recorded (0.10) was approximately half of the one at pH
7.0. The acidogenic potential at pH 5.5 ranged from
0.04 to 0.18. In caries active children (mean dmft=6),
the corresponding values were 0.62 (range 0.12-1.51)
and 0.23 (range 0.05-0.72) at pH 7.0 and 5.5,
respectively.

The aciduric potential varied from 0.2 to 0.8 (mean
0.52) for the caries free children and from 0.12 to 1.51
(mean 0.4) for the caries active subjects. The difference
between the groups was —even barely- statistically
significant (Fig. 1).

The correlation between the caries activity
(number of decayed teeth) of the subjects and the
acidogenic or aciduric potential of their plague is shown
in figure 2 (Fig 2). The acidogenic potentials, i.e. the
lactate production, at pH 7 and at pH of 5.5 correlated
(p<0.05) with the number of cavities and the highest
correlation coefficient was observed with the potential
at pH 5.5. On the contrary, no correlation was found
between the caries activity and the aciduric potential.
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DISCUSSION

In accordance with earlier findings [16], [17], [18],
[20], [21] the dental plaque from caries active children
was found to produce more lactate from sucrose than
the plague from caries free children. The increased
lactate-producing capacity was evident both at neutral
and at acidic pH, indicating a significantly increased
acidogenic and aciduric potential of the plaque flora in
the caries active subjects. Furthermore, the increase in
the acidogenic potentials correlates with the caries
activity in terms of number of decayed teeth. These
results are in line with previous observations showing
that dental plague covering enamel carious lesions
exhibits higher pH-lowering capacity than plaque from
healthy surfaces [22].

The increased acidogenic potential of the plaque
flora from the caries active subjects was more prevalent
at pH 7.0 than at pH 5.5. Comparing with the caries free
subjects, the acidogenic potential of the caries active
plague was about three times higher at neutral pH but
only twice as high at acidic pH. Thus, the aciduric
potential, as defined in this paper, appears lower in the
caries active subjects. The terms aciduricity and acid
tolerance have often been used for oral bacteria to
indicate their capacity of being catabolically active in an
acidic environment. To be able to distinguish between
an increased catabolic capacity in an acidic environment
from an overall increased acidogenic capacity, we
expressed aciduricity in relation to the catabolic
capacity of the bacteria at the neutral pH. In this
context, the present results show that the plaque flora of
caries active subjects is rather characterized by a totally
increased catabolic capacity, being stronger at neutral
than at acidic pH, than by an increased aciduricity.

The pattern of a totally increased acidogenic
capacity observed for the plaque of caries active
subjects is similar to the one found for caries associated
bacteria such as  Streptococcus mutans and
Streptococcus sobrinus, while the acidogenic pattern of
plaque from caries free subjects resembles those of non-
caries associated streptococcal species [23], [24]. Caries
associated streptococci account for a minor part of
plague flora even in caries active patients [25], [26],
being thus partly responsible for the total lactic acid
production. Moreover, the acid production activity of
these bacteria cannot be related alone to caries activity
of the patients [27]. Strains of other oral microbial
species were also found to possess acidogenic and
aciduric capacities of similar magnitude [26], [28],
which possibly implies their considerable contribution
in the acid production in vivo. The present results
support the aspect of an overall increased catabolic
activity, irrespective of the environmental pH, that
characterizes the plaque flora of caries active people.

Upon a sugar challenge, plague with an increased
acidogenic potential will produce a higher amount of
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acids and will cause a more rapid pH drop on the tooth
surface than in the case of plaque with a lower acid
production velocity. From a cariological perspective,
this increased acidogenicity is decisive for tooth
demineralization to occur, especially if it cannot be
efficiently counteracted by the salivary flow. The good
correlation presently found between the acidogenic
potentials and the caries activity of the children supports
the suggestion.

Acid tolerance has been suggested as an important
property of the caries associated bacteria and several in
vitro studies with mixed cultures indicated that a low
pH rather than carbohydrate availability is responsible
for microflora shifts associated with development of
dental caries [29], [30], [31]. According to the
ecological plague hypothesis, aciduric bacteria have an
ecological advantage that allows them to increase in
numbers in sugar exposed dental plaque, while the
growth of the non-aciduric species is suppressed.

It might be argued whether the increased
aciduricity of the plaque flora is the main characteristic
of the ecological shift induced by the frequent sugar
intake in caries active people. Certain plaque bacteria
besides mutans streptococci and lactobacilli can
adaptively increase their acidogenicity when exposed to
an acidic environment for 1 hour [32]. This in vitro
finding indicates that a rapid adaptation of the plaque
flora is possible if shortly exposed in vivo to an acidic
environment, without a concomitant frequent exposure
to fermentable carbohydrates. Thus, the shift of the
microflora in terms of increased numbers of specific
aciduric bacterial species in plague from caries active
subjects is not fully supported by the low pH of the
plaque environment. The frequent exposure to excess
fermentable carbohydrate, mainly sucrose, is also a
prerequisite for this shift in the microflora [2].

Based on the present results and those earlier
published and mentioned above, we suggest the
following modification of the ecological plaque
hypothesis and its extended form. The exogenous
factor, i.e. the frequent sugar intake, increases the
concentration of the carbohydrate in the plaque
environment to levels and for certain time periods that
favours bacteria with an increased catabolic capacity,
i.e. a rapid acid production velocity. Together with a
possible suppression of the non aciduric flora due to the
low pH caused by the sugar fermentation, the increased
carbohydrate concentration allows strongly acidogenic
and aciduric bacterial species to colonize the habitat of
dental plaque at higher numbers. The plaque microflora
that undergoes such an ecological shift may contain
high numbers of species with these characteristics, such
as mutans streptococci and lactobacilli, but also high
numbers of strains belonging to other microbial species
and gained these acidogenic properties [33].
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Table I. Characteristics of the participants.

Group

Caries free Caries active
Males 7 9
Females 8 6
Mean age (in years) 8.2 8.5
[min-max] [5-14] [6-14]
dt/ DT (Mean + SD) 0+0 6.2+1.9
dt/ DT (Median [min - max]) 0[0-0] 6[3-10]
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Figure 1. Acidogenic and aciduric potentials (mean £ SD) of dental plaque from caries-free and caries-active
children. The statistically significant differences are indicated with asterisks. =; p<0.05, =: p<0.01, »: p<0.001.
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Figure 2. Correlation between the caries activity (dt /DT) of the caries active children and the acidogenic
potential at pH 7.0, at pH 5.5, and the aciduric potential. The Pearson's correlation coefficient (r) and the level

of significance (p) are given.

55 © 2014 GSTF





