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different socio-economic status

ELSA K. DELGADO-ANGULO"??, JOHANA PRADO-ARMAS* & EDUARDO BERNABE!-?

' Department of Social Dentistry, Universidad Peruana Cayetano Heredia, Lima, Peru, >Dental Public Health Research Unit,
Universidad Peruana Cayetano Heredia, Lima, Peru, >Department of Microbiology, Universidad Peruana San Martin de
Porres, Lima, Peru and *Department of Dentistry of the Child and Adolescent, Universidad Peruana Cayetano Heredia,
Lima, Peru

Abstract

Objective. The aim of this study was to evaluate the association between the eruption stage of the lower first permanent
molar and dental plaque acidogenicity. Socio-economic status (SES), gender, and oral hygiene condition were also variables
considered. Material and methods. 230 children between 6 and 8 years of age were recruited from one public and one
private primary school with different SES in Lima, Peru. Clinical examinations were performed to assess lower first
permanent molar eruption stage, plaque acidogenicity, and oral hygiene condition. Bivariate associations were analyzed
through chi-square tests and the variable interactions were analyzed through a hierarchical log-linear analysis with backward
elimination. Results. 21.8% of the population had highly acidogenic plaque, 34.3% acidogenic plaque, and 43.9% non-
acidogenic plaque. Of the lower first permanent molars, 46.1% were fully erupted, whereas 53.9% were partially erupted.
According to the final log-linear model, children with fully erupted molars and non-acidogenic plaque are less frequent in
low than in high SES. Also, the frequency of children with partially erupted molars and acidogenic to highly acidogenic
plaque is higher in males than in females. Finally, fully erupted molars and non-acidogenic plaque are more frequent in
children with good hygiene than in children with moderate to poor hygiene. Conclusions. Association between eruption
stage of the lower first permanent molar and plaque acidogenicity was not significant in a bivariate context. However, in a
multivariate context, socio-economic status, oral hygiene condition, and gender had an impact on the association between
the two main variables.
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Introduction and permanent teeth is one of the best known factors
[9—13], the association between eruption stages and
dental plaque acidogenicity has been overlooked in
the literature [14,15].

The eruption of first permanent molars is an
important milestone for the development of dental

caries [12,14—17] because of its influence on plaque

Several studies have established that the cariogenic
potential of the oral microorganisms depends par-
tially on their capacity to release acids [1—4]. In this
context, plaque acidogenicity is defined as the
bacterial ability to produce lactic acid immediately

after exposure to fermentable carbohydrates [1,5,6],
and it is measured i vivo as its velocity to decrease
plaque pH under the critical level of 5.5.

The aforementioned chemical changes are asso-
ciated with differences in dental caries experience in
both dentitions [3,5-8], due primarily to their
demineralization effect over dental enamel. Further-
more, certain oral events have previously been cited
as being associated with changes in dental plaque
composition. Although the eruption of deciduous

composition changes [12,13], the retentiveness of
partially erupted surfaces [12,14], and the lower
resistance to acid solubility of the recently erupted
enamel [17—19]. For all these reasons, the eruption
of first permanent molars has been considered as a
second infection window in dental caries develop-
ment in children [20].

Since a misbalance in oral conditions, such as
increased plaque acidogenicity acting over newly
erupted molars, may derive from the development
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and progress of dental caries, the association
between dental eruption stages of first permanent
molars and plaque acidogenicity may be important
in the design of better preventive measures for this
specific age group [12]. If the association between
both variables is null, then the teeth are probably
resistant enough to defend against acid attack;
however, the existence of this association could
lead to even more attention being given to recently
erupted molars for decreasing the effect of the
acid attack.

Only two studies have previously assessed the
association between dental eruption and plaque
acidogenicity [14,15]. Although these studies found
that both variables were significantly associated,
certain others factors were not considered, such as
oral hygiene [4,21], gender [22-24], and socio-
economic status (SES) [25]. These factors have
been demonstrated to be individually related to
dental eruption or plaque acidogenicity. A multi-
variate analysis could permit evaluation of the
association between dental eruption and plaque
acidogenicity by controlling for possible confounders
or effect modifiers.

The purpose of this study was to evaluate the
association between eruption stages of the lower first
permanent molar and plaque acidogenicity by con-
trolling for socio-economic status, gender, and oral
hygiene condition.

Material and methods

The study was authorized by the Ethics Board of the
Universidad Peruana Cayetano Heredia.

Study population

The study population included 269 children
between 6 and 8 years of age attending two primary
schools located in two districts with different SES in
Lima (Peru). A public school in Puente Piedra and a
private school in Pueblo Libre were selected as
representing low and high SES, respectively. Com-
pared to the high SES, the low SES had a lack of
basic services, e.g. potable water and drains and
poor access to electricity, garbage collection
services, public transportation, and dental/medical
care services.

Only 230 schoolchildren from the study popula-
tion fulfilled the selection criteria: a voluntary
consent letter signed for their parents; no systemic
conditions or use of medication; and lower perma-
nent first molars both erupting.

Chinical examination

All dental examinations were performed in the
morning by one previously trained examiner (J.P.)
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following standardized criteria [26]. Previously,
replicate examinations of plaque acidogenicity
and oral hygiene condition had been performed
by the only examiner and then contrasted with
those performed by a fully trained assessor (E.D.)
on a random sample of 10 children selected from
a similar population. Intra- and inter-examiner
reliability for the plaque acidogenicity test was 1.00
in both cases (weighted kappa, p <0.001) and for
oral hygiene 0.94 and 0.91, respectively (weighted
kappa, p <0.001 in both cases).

Each lower first permanent molar was classified
according to eruption stage as parually erupted if
the occlusal surface was not in occlusion or fully
erupted if the tooth was in full occlusion [12].
Oral hygiene condition was registered through
the Simplified Oral Hygiene Index [27] and classi-
fied as good if the index score ranged from O to
1.2, or moderate to poor if ranging from 1.3 to 6.0
[28].

Acidogenicity was measured as the velocity
with which the pH of plaque drops below 5.5.
The sampling/scraping method was used [29-31].
However, a modification was made in relation
to the instrument used to read the pH levels. Strips
of pH indicator paper (pH indicator strip 4.0—
7.0 Merck®) were used because of the impossi-
bility of accessing one pH-meter. The use of
pH indicator paper has been cited as an easy,
rapid, and reliable method for assessing pH levels
[32].

Plaque samples from lingual surfaces of both
lower first permanent molars were removed using
sterile dental scalers, disregarding quantity, and
immediately transferred to a sterile recipient and
mixed with 1 cc of 10% glucose (weight/volume).
The pH level was then measured using strips of
indicator paper at 1-min and 2-min intervals: if pH
was lower than 5.5 at the first interval, then plaque
was considered as highly acidogenic; if pH was lower
than 5.5 at the second interval, plaque was con-
sidered as acidogenic, and if it was constantly equal or
higher than 5.5, plaque was considered as non-
acidogenic [33]. No repeat measurements of the pH
level were done.

Statistical analysis

Because eruption stages were not statistically differ-
ent between right and left lower first permanent
molars (chi-square test, p =0.062), only first molars
from the left side were considered in the statistical
analysis. Descriptions of the variables and the codes
used in the statistical analysis are exhibited in Table
I. Bivariate associations between plaque acidogenic-
ity and eruption stage, as well as with each covariable
(oral hygiene condition, gender, and SES), were
analyzed using chi-square tests.
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Table I. Variables used in the multivariate analysis (log-linear
model)

Variable Description and codes

Plaque acidogenicity (PLAQUE) 0 =non-acidogenic

1 =acidogenic

2 =highly acidogenic
0 =partially erupted
1 =fully erupted

Eruption stage (ERUPTION)

Oral hygiene condition (HY- 0 =good
GIENE)
1 =moderate to poor
Socio-economic status (SES) 0 =low
1 =high
Gender (GENDER) 0 =male
1 =female

The interaction between plaque acidogenicity,
eruption stage, oral hygiene, SES, and gender was
analyzed fitting a log-linear model to a multidimen-
sional contingency table (3 x2 x2 x2 x2). Fitting
of the final log-linear model was done in two stages:
first, using hierarchical log-linear analysis to locate
significant interactions, and then using general log-
linear analysis in order to build a final model. Model
fitting was done in the present study, with the
frequency of cases in each cell taken as the depend-
ent variable. Finally, odds ratios (OR) were calcu-
lated on the basis of model parameters.

Results

The evaluated schoolchildren presented a mean age
of 7.3 years (SD =0.75), with the majority of them
being 8 years of age (47.8%). Distribution according
to SES, gender, oral hygiene condition, plaque
acidogenicity, and eruption stage is presented in
Table II.

When bivariate associations between variables
were evaluated, statistically significant associations
were found between PLAQUE and SES (p <0.001),
PLAQUE and GENDER (p =0.001), and between
PLAQUE and HYGIENE (p <0.001), but not

Table II. Distribution of evaluated students according to the study
variables

Variable n %

Socio-economic status (SES)

Low 166 72.2

High 64 27.8
Gender (GENDER)

Male 130 56.5

Female 100 43.5
Oral hygiene condition (HYGIENE)

Moderate to poor 169 73.5

Good 61 26.5
Plaque acidogenicity (PLAQUE)

Highly acidogenic 50 21.8

Acidogenic 79 34.3

Non-acidogenic 101 43.9
Eruption stage (ERUPTION)

Partially 124 53.9

Fully 106 46.1

between PLAQUE and ERUPTION (p =0.072).
Cross-tabulation between these variables can be
seen in Table III.

Hierarchical log-linear analysis with backward
elimination was conducted in order to find
the significant interactions and main effects. Inter-
actions between five and four variables were not
appropriated to propose a model (K-way tests, p =
0.975 and 0.925, respectively); however, at least one
third-order interaction resulted significantly (K-way
test, p =0.008). Therefore partial association tests
were conducted in order to find out which three of
the five variables interacted significantly (Table IV).
Although at least one two-order interaction and
main effects were also significant (K-way tests,
p <0.001 in both cases), they were not taken into
account because they were included in higher-
order interactions.

Thereafter, through the general log-linear analysis,
a model with the minimum number of non-zero
parameters was sought so that the model could give
almost the same cell counts as those observed in the
five-way contingency table (Table V). Log-likelihood
ratio was calculated to check the goodness-of-fit of
the final model (p =0.904). This indicated that the
model including three third-order interactions per-
mits the cell counts to be predicted similarly to the
saturated hierarchical model (which includes all
possible interactions and main effects).

Table V gives the parameters and significant ORs
for the final model, relating ERUPTION, GENDER,
SES, and HYGIENE to PLAQUE. According to the
final model, interaction between ERUPTION, PLA-
QUE, and SES indicated that the presence of
children with fully erupted permanent lower first
molars and non-acidogenic plaque is less frequent in
the low than in high SES. In addition, the interaction
between ERUPTION, PLAQUE, and GENDER
demonstrated that the frequency of partially erupted
lower first permanent molars and acidogenic or highly
acidogenic plaque is higher in males than in females.

Similarly, interaction between ERUPTION,
PLAQUE, and HYGIENE indicated that children
with good oral hygiene condition more frequently
presented fully erupted lower first permanent molars
and non-acidogenic plaque than those with moder-
ate to poor oral hygiene. Finally, interaction between
HYGIENE, GENDER, and SES indicated that
male and female children with moderate to poor
oral hygiene were more common in low SES than in
high SES. ORs for each described interaction are
presented in Table V.

Discussion

The study population included children attending
one public and one private primary school located in
two districts with different SES. Because both
schools were selected for convenience, based on the
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Table III. Plaque acidogenicity related to eruption stage, socio-economic status, gender, and oral hygiene condition of the evaluated

students
Variables Highly acidogenic Acidogenic Non-acidogenic p-value
plaque plaque plaque
n (%) n (%) n (%)
Eruption stage (ERUPTION) 0.072
Partially 21 (16.9) 41 (33.1) 62 (50.0)
Fully 29 (27.4) 38 (35.8) 39 (36.8)
Socio-economic status (SES) <0.001
Low 46 (7.7 68 (41.0) 52 (31.3)
High 4 (6.3) 11 (17.2) 49 (76.6)
Gender (GENDER) <0.001
Male 20 (15.4) 49 (37.7) 61 (46.9)
Female 30 (30.0) 30 (30.0) 40 (40.0)
Oral hygiene condition (HYGIENE) <0.001
Moderate to poor 50 (29.6) 73 (43.2) 46 (27.2)
Good 0 (0.0) 6 (9.8) 55 (90.2)

Chi-square test was used.

institutional association with the schools’ principals,
the students recruited are not representative of the
Peruvian population. However, owing to the lack of
similar studies in Peru, the present results could be
generalized, under the proper considerations, to the
population living in both districts of Lima who fulfil
the selection criteria.

The age group was selected because it represents
the time period when lower first permanent molars
erupt. This event has been shown to modify the oral
microflora [12,13] and has been cited as a second
window for caries infectivity [20]. The study con-
templates three of the four health dimensions
described on the Health-Field Model [34]. The field

Table IV. Interactions and mean effects between plaque
acidogenicity, eruption stage socio-economic status, gender, and
oral hygiene condition of the evaluated students

Interaction effect Partial df p-value
chi-square
ERUPTION*PLAQUE*SES 6.45 2 0.038
ERUPTION*PLAQUE*HYGIENE 8.72 2 0.021
ERUPTION*PLAQUE*GENDER 6.25 2 0.049
ERUPTION*HYGIENE*SES 0.06 1 0.805
ERUPTION*HYGIENE*GENDER 0.06 1 0.811
ERUPTION*SES*GENDER 3.19 1 0.074
PLAQUE*HYGIENE*SES 1.54 2 0463
PLAQUE*HYGIENE*GENDER 1.14 2  0.566
PLAQUE*SES*GENDER 1.15 2 0564
HYGIENE*SES*GENDER 5.17 1 0.037
ERUPTION*PLAQUE 4.81 2 0.078
ERUPTION*HYGIENE 0.05 1 0.820
ERUPTION*SES 0.20 1 0.651
ERUPTION*GENDER 2.41 1 0.120
PLAQUE*HYGIENE 54.66 2 <0.001
PLAQUE*SES 11.05 2 0.004
PLAQUE*GENDER 8.01 2  0.016
HYGIENE*SES 12.30 1 <0.001
HYGIENE*GENDER 1.70 1 0.192
SES*GENDER 0.30 1 0584

df =degrees of freedom.
Asterisks represent interaction between variables.

related to health care organization was not consid-
ered in the actual design because few if any of the
subjects referred to dental visits in the 6 months
prior to the study.

In relation to the methodology followed in the
present study, one important issue was the relatively
uncommon method used to determine plaque
acidogenicity [33]. Although three different methods
have been established in the literature, i.e. the
sampling/scraping method, the electrode system,
and the indwelling electrode system [35-38], there
is no ideal method for measuring plaque pH [7,36].
Since these methods measure pH at different dental
locations and at different dental plaque depths, they
could yield differing results with respect to both pH
drop and recovery [35,36].

The advantages and disadvantages of these meth-
ods have been discussed in the literature [7,35,36].
The sampling/scraping method requires neither
sophisticated equipment nor stricter recollection
methods, thus diminishing time and costs of data
collection [29-31]. A modification of the original
sampling/scraping method was used in this study.
The pH level was measured using pH indicator
paper more than a pH meter [33]. The use of pH
indicator paper for measuring acid concentration in
the oral cavity has been compared with more
sophisticated techniques [32]. It was found that the
results obtained using indicator paper were reliable
compared to the other methods, the conclusion
being that this technique may have applications in
clinical practice [32].

Quantification of the plaque present was not
sought in the present study. The amount of plaque
collected from each child was on average similar,
although it was dependent on the amount of plaque
available at selected teeth. This situation was not
expected to be a problem because small differences
in plaque wet weight have not previously been
reported as a bias factor for acidogenicity measure-
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Table V. Results of the log-linear model for evaluated students

Effect

Parameter SE  OR
value

95% CI

Lower Upper
bound bound

(ERUPTION =1)*(PLAQUE =0)*(SES =0)

—2.72 1.10 0.07 0.01 0.56

(ERUPTION =0)*(PLAQUE = 1)*(GENDER =0) 134 053 3.82 136 10.71
(ERUPTION =0)*(PLAQUE =2)*(GENDER =0) 129 0.61 3.64 1.10 11.99
(ERUPTION = 1)*(PLAQUE =0)*(HYGIENE =0)  1.63  0.82 5.10 1.02 25.46

(HYGIENE =1)*(GENDER =0)*(SES =0)
(HYGIENE =1)*(GENDER = 1)*(SES =0)

2.30 1.09 9.92 1.17 84.53
3.25 1.0225.77 3.47 191.22

SE =Standard error.
95% CI =95% confidence interval.

Only significant interactions are exhibited (p <0.05).
Log-likelihood ratio =12.33; degrees of freedom =20 (p =0.904).

ments [39]. The plaque samples were immediately
exposed to glucose [8,40,41] to determine how
quickly they produce acids (acidogenicity) and
concurrently reduce the pH to values at which
enamel loses its integrity [42].

Another important issue could be that the plaque
sampled to determine acidogenicity may not have
been the plaque primarily responsible for the devel-
opment of dental caries in the evaluated subjects.
Controversy still exists in this regard, but it has been
shown that acids released from plaque affect every
tooth surface [7]. This fact may support the use of
different surfaces for plaque collection [1,2,4,7,39—
41], although lingual surfaces provide an excellent
site for plaque accumulation [37].

According to the bivariate analyses, plaque aci-
dogenicity was associated with SES, gender, and oral
hygiene condition but not with eruption stage of
lower first permanent molars. Nevertheless, it has
previously been established that the extent of plaque
accumulation, as well as its composition, is related to
tooth eruption stage, tooth functional use, and
specific anatomy [12]; in fact, teeth that are in full
occlusion and fully functional retain less plaque
than those that are not in occlusion and not fully
erupted [12].

In order to assess the association between eruption
stage of the lower first permanent molar and plaque
acidogenicity within a multivariate context, a log-
linear model was fitted which demonstrated that
SES, oral hygiene condition, and gender, in that
order according to OR values, seemed to influence
the association between both variables.

Hence, it was found that the presence of fully
erupted lower first permanent molars and non-
acidogenic plaque increased 15-fold and 5-fold in
children from high SES and with good oral hygiene,
respectively. The present results indicate that the
association between lower first permanent molar
eruption stage and plaque acidogenicity is favorably
modulated by better living conditions and adequate
hygiene habits. Tooth eruption seemed to be slowed
down in low SES groups probably related to

deprived nutritional status [43,44]. It is also known
that oral hygiene is frequently neglected in low SES
groups [45], which may expose them to an increased
variety of dental plaque microorganisms changing
the environment and modulating acidogenicity [46].

On the other hand, partially erupted lower first
permanent molars with acidogenic and highly acido-
genic plaque were 3.1-fold and 2.3-fold more
frequent among boys, which concurs with the fact
that eruption is delayed between boys compared
with girls [22-24]. Nevertheless, no biological
explanation for differences in plaque acidogenicity
between boys and in girls has been reported.

Current evidence indicates that increasing caries
activity is associated with an enrichment of plaque
with organisms having a relatively high capacity for
acidogenesis and acid tolerance. Such organisms
include the lactobacilli, mutans streptococci (MS),
and the so-called “low-pH” non-mutans strepto-
cocci (non-MS), as well as other types of “low-pH”
organisms [8]. So far, only a few studies have
reported on the flora of erupting molar teeth
[14,15].

Since the microflora is an essential component of
the caries process [12], it is important to completely
understand the association between tooth eruption
stages and dental caries induction. In relation to
plaque acidogenicity, the authors recognize that in
the present study an attempt was made to control
some of the several factors influencing the oral
environment by using some selection criteria (gen-
eral health status and medication). Nevertheless,
variables such as diet habits, previous exposure to
fluoride, and use of oral health services were not
analyzed. Further studies are therefore required to
evaluate the impact of those factors among the
present results. The use of alternative ways of
assessing plaque acidogenicity as well as inclusion
of the frequency of acidogenic episodes [7] in the
statistical modeling could be the following steps.
Similarly, the evaluation of other permanent and
deciduous teeth and the use of more complete scales
to classify dental eruption not only by simple



dichotomization (partially or fully erupted) in future
studies will also bring about a better understanding
of this phenomenon.

Conclusions

Association between eruption stage of the lower first
permanent molar and plaque acidogenicity was not
significant when assessed in a bivariate context.
However, within a multivariate context, SES, oral
hygiene condition, and gender seemed to influence
the association between both variables.
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