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INTRODUCTION

Abstract

Objective

To analyze whether two simplified indices, “DMF in 6 Teeth”(DMF6T) and “DMF in
two quadrants” (DMF2Q), could be indicated for epidemiological surveys of oral
health according to dental caries distribution.

Methods

The sample came from epidemiological data in 29 municipalities. A total of 2,378
examinations were done on 12-year-old schoolchildren. The mean DMFT from each
locality was utilized to obtain three DMFT prevalence groups (low, moderate and
high), for which the simplified indices were calculated. Statistical analysis was done
using intraclass correlation and the Wilcoxon and chi-squared tests, with a significance
level of 5%.

Results

Intraclass correlation between the DMFT index and the simplified indices ranged
from 0.82 to 0.95 (p<0.05). No significant differences in the prevalence of the studied
parameters were observed between the means of the DMFT and DMF2Q indices
(p>0.05), although DMF6T showed differences. The proportions of decayed, missed
and filled teeth were similar between the DMFT and DMF2Q indices (p>0.05).
Conclusions

The simplified DMF2Q index can be used in epidemiological surveys in areas with
low, moderate and high prevalence of dental caries. However, better evaluation of the
DMF6T index needs to be made.

of the epidemiological conditions of populations
of children.

The DMFT index has been widely utilized in epi-

demiological surveys of oral health. It is recom-
mended by the World Health Organization (WHO)
for measuring and comparing the experience of den-
tal caries in populations. The index expresses the
mean number of decayed, missing and filled teeth
in a group of individuals.?? Because caries has char-
acteristics of symmetry and bilaterality, some au-
thors proposed simplified indices for dental car-
ies.#1418.20 Pinto!? stated that such indices were used
for obtaining fast and practical overall knowledge

Although in practice these indices were utilized in
local epidemiological surveys, according to reports
from dentists and the records of public oral health
services, there are few descriptions in the literature of
studies of the utilization of these simplified meas-
urements. It was found in most locations where such
measurements were utilized in a more routine man-
ner that a high prevalence of caries was observed.

However, over the last thirty years, important studies
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have demonstrated an evident reduction in the preva-
lence and severity of dental caries among children in
industrialized countries,***® Latin America and the
Caribbean,?and also in various localities in Brazil .3

Considering this new epidemiological reality, there
is a need for assessing whether the simplified indices
can still be recommended for investigating the distribu-
tion of dental caries, as an alternative for the DMFT
index or when detailing of the caries is unnecessary. It is
also believed that reducing the number of teeth to be
examined would enable investigation of dental caries
activity. This situation is still not considered in the WHO
diagnostic criteria, while it is fundamental for increas-
ing the quality of service planning and the definition of
the most appropriate strategies for controlling caries.

Despite the unmatched contribution and impor-
tance of epidemiological measurements for organiz-
ing and planning healthcare services, it is known that
municipalities have difficulty in undertaking peri-
odic epidemiological surveys of oral health. There
are also difficulties in making professionals avail-
able for calibrating and collecting data, to put this
type of study into practice. Thus, methodologies that
reduce the duration of the oral examination may be
desirable for specific situations in which conven-
tional measurement cannot be utilized, thereby ena-
bling a degree of resource rationalization.

Thus, the objective of the present study was to verify
whether the simplified indices known as “DMF in 6 teeth”
(DMF6T) and “DMF in 2 quadrants” (DMF2Q)* can be
indicated for epidemiological surveys of dental caries,
considering the present-day distribution of caries.

METHODS

Between 1998 and 2001, epidemiological surveys of
oral health were carried out in 30 municipalities located
in the region of Campinas, State of S&o Paulo. The sur-
veys included different age groups of the population
and evaluated different dental problems. To diagnose
the dental condition, the methodology proposed by
WHO? was utilized. Inthis, between-examiner concord-
ance percentage was measured during the calibration
processes (results greater than 85%) and the within-ex-
aminer concordance percentage was measured in around
10% of the sample during the data collection phase (the
final values achieved were over 89%). This was a sys-
tematic probabilistic sample, without replacements, and
a response rate of 84.1% was obtained.

Approval for the study was obtained from the Re-
search Ethics Committee of Piracicaba Dental School,
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Universidade Estadual de Campinas (no. 089/2002).
Following this, computerized databases were created
using the information available from these munici-
palities up to March 2002. Examination records with
incomplete data and invalid fields were excluded.
The final selection consisted of epidemiological data
on 2,378 12-year-old schoolchildren. The DMFT in-
dex was obtained for each locality.

The municipalities were then divided according to
a severity scale® that suggests that the DMFT index
for 12-year-old children can be utilized as an indica-
tor of the state of health between different popula-
tions. This scale indicates very low prevalence when
the DMFT is between 0 and 1.1; low prevalence be-
tween 1.2 and 2.6; moderate prevalence between 2.7
and 4.4; high prevalence between 4.5 and 6.5; and
very high prevalence when the DMFT is greater than
or equal to 6.6.

The prevalence groups were made up as follows:
one municipality was considered to have very low
prevalence of caries (125 oral examinations); 13 with
low prevalence (n=1,141); 14 with moderate preva-
lence (n=1,018); and two with high prevalence
(n=188). No municipality presented DMFT=6.6 and
thus no sample was obtained for the very high preva-
lence category.

The variability (standard deviation) of the mean of
the DMFT index was calculated, accepting an error
of 5% and a confidence interval of 95%.% This ena-
bled verification of whether the number of sample
elements in each prevalence group would be suffi-
cient for the analyses. The schools in the municipal-
ity with very low prevalence were thus excluded, be-
cause of insufficient sample size for the analyses,
according to the criteria adopted for the present study.
Thus, in the end three prevalence groups were ob-
tained (low, moderate and high), and these were iden-
tified in 29 municipalities.

The simplified indices selected were the ones pro-
posed by Guimardes.* These are known as “DMF in 6
teeth” (DMF6T) and “DMF in 2 quadrants” (DMF2Q).
The DMF6T index corresponds to the mean number of
permanent teeth attacked by caries in six selected teeth
(16, 11, 24, 37, 32 and 45). It is calculated by means of
simple linear regression, based on a regression coeffi-
cient of 0.27 for the age of 12 years, with a signifi-
cance level of 5%, using the following equation:*

X=Y/B

where:

*Adapted from Guimaraes® (1971)
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Figure - Dispersion and intraclass correlation coefficient (r) graphs between observed DMFT and the simplified DMF6T and
DMF2Q indices, in municipalities with moderate caries prevalence among 12-year-old children.

X = estimated DMF index
Y = DMF in 6 teeth

B = regression coefficient according to age, with
the value of 0.27 for the age of 12 years

The DMF2Q index corresponds to the mean number
of permanent teeth attacked by caries in the upper
left and lower right quadrants. It is calculated by
multiplying the DMFT value obtained from the two
guadrants by two.

The DMFT, DMF6T and DMF2Q indices were cal-
culated in this way for each individual in the sample,
in each prevalence group and each municipality. The
Epi Info version 5.01 software was utilized for the
calculations and EPIBUCO for the processing and
analysis of the data (Narvai & Castellanos, 1999).*
Specific adaptations were developed for the calcula-
tion of the simplified indices.

For the statistical analysis, a significance level of
5% was adopted. The intraclass correlation coefficient
and statistical significance were calculated for each
caries prevalence group, along with sensitivity and
specificity measurements. The Wilcoxon test was ap-
plied to verify whether there were differences between
the means for the DMFT index and the simplified in-
dices. The utilization of non-parametric tests was justi-
fied since the DMFT index did not present normal
distribution in any of the situations studied (p<0.0001).

To verify the dispersion of the data, dispersion dia-
grams were utilized. The chi-squared test was also
utilized, with the purpose of verifying whether the
percentages of decayed, missing and filled teeth ob-
tained via the DMFT index were similar to the per-
centages found via the simplified indices.

RESULTS

The relationship between the DMFT index and
the simplified indices was verified by means of the
dispersion diagrams, for low, moderate and high
prevalence of caries. There was a very similar pat-
tern for the three caries groups, i.e. there was greater
closeness of the results between the DMFT index
and the DMF2Q index. The intraclass correlation
coefficient for moderate caries prevalence was 0.87
when the DMFT index was compared with the
DMF6T simplified index, and 0.95 in relation to
the DMF2Q index (Figure).

The means for the DMFT index according to caries
prevalence group can be seen in Table 1. This shows
that the numerical differences between the values of
the simplified indices and the DMFT index are very
small, according to the prevalences analyzed. The
intraclass correlation coefficient between the DMFT
index and the simplified indices was more than 0.82
and significant in all the situations analyzed. The val-
ues from the sensitivity and specificity tests are also
shown. The simplified indices were seen to be highly
sensitive for detecting individuals with caries. How-
ever, the specificity ranged from 0.37 to 0.80 and did
not correctly identify the individuals without caries.

With the aim of testing the simplification measures
in relation to the differences in the degree of caries,
the data were also stratified by municipality (Table
2). The DMFT index did not present normal distribu-
tion (p<0.0001). It ranged from 1.76 to 2.64 in the
municipalities with low caries prevalence, from 2.71
to 4.00 in the municipalities with moderate caries
prevalence, and from 5.20 to 6.20 in the two munici-
palities with high caries prevalence. In the low preva-
lence group, statistically significant differences were
observed in four municipalities when the DMFT and

*Narvai PC, Castellanos RA. Levantamento das condigdes de saide bucal — Estado de S&o Paulo, 1998 [on-line]. Sdo Paulo: Nuicleo de Estudos e Pesquisas de Sistemas de Satide,
Faculdade de Satde Publica da USP; 1999. [Report presented to the Health Department of the State of Sdo Paulo as the conclusion for the research project]. Available from: <http://

www.saude.sp.gov.br/html/fr_sbucal.htm> [2004 Oct 23]
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Table 1 - Intraclass correlation coefficient and sensitivity and specificity tests between the DMFT and simplified indices,
according to the prevalence of caries at the age of 12 years. Region of Campinas, State of Sdo Paulo, 1998 to 2001.

Variables Prevalence of caries
Low Moderate High
(N=1,141) (N=1,049) (N=188)
DMFT (se)* 2.29 (0.06) 3.36 (0.10) 5.54 (0.27)
DMF6T (df)** 2.06 (-0.23) 3.20 (-0.16) 5.10 (-0.44)
Intraclass correlation 0.82 0.87 0.87
p-value <0.0001 <0.0001 <0.0001
Sensitivity 1.0 1.0 1.0
Specificity 0.57 0.80 0.37
DMF2Q (dfy** 2.32 (+0.03) 3.40 (+0.04) 5.68 (+0.14)
Intraclass correlation 0.94 0.95 0.95
p-value <0.0001 <0.0001 <0.0001
Sensitivity 1.0 1.0 1.0
Specificity 0.80 0.77 0.65

*se: Standard error

**df: Numerical difference between the DMFT and simplified indices

DMF6T indices were compared. In the moderate
prevalence group, statistically significant differences
were found in only three municipalities when the
DMFT and DMF6T indices were compared, and in
one municipality when the means of the DMFT and
DMF2Q indices were compared. In the high preva-
lence group, there were differences in one municipal-
ity between the DMFT and DMF6T indices.

In the low, moderate and high caries prevalence
groups, the Wilcoxon test demonstrated that the
means for the DMF2Q simplified index were similar

(p>0.05) to the means for the DMFT index. However,
the opposite was found between the means for the
DMF6T simplified index and the DMFT index: a sta-
tistically significant difference (p<0.05) was observed,
as shown in Table 2.

With the aim of verifying whether the simplified indi-
ces could be recommended for the planning of services,
the percentage compositions of the components of the
DMFT index and simplified indices in the low, moder-
ate and high caries prevalence groups were verified (Ta-
ble 3). Thus, differences were presented as the propor-

Table 2 - Averages for the DMFT and simplified caries indices for 12-year-old children, according to the municipalities
investigated in the region of Campinas, State of S&o Paulo, 1998 to 2001.

Simplified indices

Statistical tests (p-values)

Municipalities Sample DMFT DMF6T DMF2Q Normality Wilcoxon test
DMFT and DMFT and
DMF6T DMF2Q

Braganca Paulista 84 2.51 2.16 2.55 <0.0001 <0.0001* 0.9111
Cabrelva 64 2.17 2.02 2.31 <0.0001 0.1514 0.3316
Cosmopolis 85 2.34 2.13 2.33 <0.0001 0.6903 0.2392
Indaiatuba 88 1.84 1.68 1.86 <0.0001 0.2701 0.7981
Itupeva 104 2.33 1.92 2.37 <0.0001 0.0107* 0.7405
Jaguariuna 85 1.88 1.74 1.95 <0.0001 0.1716 0.2074
Joanoépolis 130 2.51 2.16 2.63 <0.0001 0.0086* 0.1367
Jundiai 99 2.30 2.22 2.24 <0.0001 0.5695 0.2217
Louveira 87 2.43 2.17 251 <0.0001 0.1757 0.5497
Nova Odessa 102 2.41 2.25 2.31 <0.0001 0.0577 0.2043
Pedreira 54 1.76 1.71 1.67 <0.0001 0.5893 0.4518
Piracaia 73 2.64 2.53 2.77 <0.0001 0.4735 0.2742
Santo Antdnio da Posse 86 2.42 1.89 2.35 <0.0001 0.0051* 0.5140
Total for low prevalence group 1,141 2.29 2.06 2.32 <0.0001 <0.0001* 0.3254
Aguas de Lindoia 76 3.62 3.70 3.87 <0.0001 0.7415 0.0808
Arthur Nogueira 100 3.59 3.59 3.52 <0.0001 0.8069 0.6322
Atibaia 59 3.19 2.57 3.49 <0.0001 0.0487* 0.0161
Campo Limpo Paulista 66 3.60 3.31 3.46 <0.0001 0.1434 0.2230
Holambra 31 3.13 3.46 2.97 <0.0001 0.1769 0.4131
Hortolandia 92 4.00 3.90 4.09 <0.0001 0.3407 0.6918
Jarind 90 2.71 2.47 2.82 <0.0001 0.0297* 0.2691
Monte Mor 87 2.71 2.47 2.62 <0.0001 0.1173 0.4046
Tuiuti 62 3.70 3.46 3.74 <0.0001 0.4954 0.7941
Valinhos 72 3.50 3.39 3.42 <0.0001 0.5381 0.6173
Vargem 104 3.90 3.34 3.94 <0.0001 0.0027* 0.6339
Vinhedo 81 2.83 2.28 2.89 <0.0001 0.8016 0.5432
Pinhalzinho 68 3.28 3.32 3.35 <0.0001 0.2143 0.5451
Bom Jesus dos Perd&es 61 2.98 291 3.08 <0.0001 0.7697 0.4231
Total for moderate prevalence group 1,049 3.36 3.20 3.40 <0.0001 <0.0001* 0.2243
Pedra Bela 123 5.20 4.66 5.30 <0.0001 0.0027* 0.4445
Monte Alegre do Sul 65 6.20 5.92 6.40 <0.0001 0.2213 0.2315
Total for high prevalence group 188 5.45 5.10 5.68 <0.0001 0.0019* 0.1816

*Statistically significant differences
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tions of missing teeth in the low prevalence group and
filled teeth in the high prevalence group, between the
DMFT index and the percentages estimated via the
DMF6T index. No significant differences in the per-
centages of decayed, missing and filled teeth were ob-
served between the values obtained by means of the
DMFT index and the DMF2Q simplified index.

DISCUSSION

The simplified indices were developed through the
application of linear regression. Although the data in
our samples did not present normal distribution, the
same equation was applied with the aim of verifying
the viability of using the simplified indices. Another
presupposition that supported the development of
these methods was the theory of bilaterality of dental
caries, which was subsequently confirmed by work
done among children and adolescents aged seven to
15 years.2*11% However, this theory was rejected by
Wood.? In a study of the distribution of dental caries
among 12-year-old children, this author found that
44% of the first upper molars and 32% of the first
lower molars presented occlusal caries in just one of
the teeth of each pair.

Jackson et al” evaluated a total of 32,000 records
from a population aged over 15 years. It was observed
that caries attacks were asymmetrical in most indi-
viduals, but that the degree of asymmetry remained
effectively constant after the age of 20-30 years, con-
sidering specific sites on the tooth (occlusal, mesial
and distal surfaces). Hujoel et al® also stated that the
distribution of caries is nonrandom and is concen-
trated on one side of the mouth. These latter authors
examined 12,776 adult individuals, of whom approxi-
mately 50% had two or more pairs of homologous
teeth that were discordant.

In the light of the results obtained in the present
study and in view of the divergences found in the
scientific literature, it was considered important
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to verify whether there was similarity in the distri-
bution of caries between pairs of homologous teeth
(result not presented). Both in the upper and lower
arches, the proportions of teeth with some caries
were very similar. No statistically significant dif-
ferences were found for any pairs of homologous
teeth, and the p-values were greater than 0.1542
(chi-squared test).

Thus, the results from the present study for the age
and prevalences studies have shown that the dental
caries is distributed such that it affects homologous
teeth similarly. No differences were found between
the means, from applying the DMF2Q simplified in-
dex or the DMFT index. This confirms the theory of
bilaterality of dental caries for the age of 12 years,
considering that the DMF2Q is based on examina-
tion of one upper and one lower quadrant. It is, how-
ever, emphasized that no investigation of the symme-
try of caries in relation to specific sites on the teeth
was done, since our data did not allow such analysis.
This merits future investigation.

Small numerical differences were observed be-
tween the means for the DMFT index and the sim-
plified indices (Tables 1 and 2), with better results
for the DMF2Q index. The simplified indices there-
fore had acceptable levels of reproducibility, both
in relation to the means and considering the corre-
lation, for which the values were very high and
significant. Thus, the findings of Guimaraes* were
corroborated.

With regard to validity measurements, the simpli-
fied indices were shown to be very sensitive for cor-
rectly detecting occurrences of caries (Table 1). How-
ever, their specificity was shown to be inadequate, with
worse results for the DMF6T simplified index in rela-
tion to the high caries prevalence group. This is there-
fore a limitation to the application of these indices. In
other words, the simplified indices were shown to have
the sensitivity to detect the disease, but did not cor-

Table 3 - Percentage compositions of the DMFT and simplified indices, according to the prevalence of caries at the age of 12

years. Region of Campinas, State of Sdo Paulo, 1998 to 2001.

Components Components Components
of the DMFT of the DMF6T of the DMF2Q
Low prevalence group
Decayed (%) 26.69 26.57 26.51
Missing (%) 2.45 0.94* 2.24
Filled (%) 70.87 72.48 71.00
Moderate prevalence group
Decayed (%) 31.43 32.09 31.45
Missing (%) 4.73 2.09* 4.43
Filled (%) 63.83 65.82 64.13
High prevalence group
Decayed (%) 29.66 24.71 30.53
Missing (%) 3.55 1.93 3.18
Filled (%) 66.79 73.36* 66.29

*Significant differences (p<0.05) by means of the chi-squared test
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rectly identify the individuals with no occurrences of
caries. Thus, it must be considered that the purpose of
these indices is to measure the disease in population
groups, and they were shown to be adequate for this.

The DMF2Q simplified index showed similarities
with the percentages of components in the DMFT in-
dex. It presented the same proportions of decayed, miss-
ing and filled teeth, independent of the prevalence of
caries. This indicates that the DMF2Q index can also
be utilized for the planning and evaluation of oral
health programs. This result corroborates the findings
of Guimardes & Guimaraes,® who observed this simi-
larity among young people aged 18 to 25 years. How-
ever, the DMF6T simplified index did not show this
similarity: significant differences were observed with
regard to the percentages of missing teeth in the groups
with low and moderate caries prevalence and the per-
centages of filled teeth in the groups with low, moder-
ate and high caries prevalence (Table 3).

It is very likely that the differences observed with
regard to the components of the DMF6T simplified
index are related to the present importance of caries
occurrences in the molars. Some researchers have re-
lated a tendency for caries to be concentrated in
grooves and fissures.®'51° The DMF2Q index takes
such situations into account, but the DMF6T does
not. The results from the present study suggest that
an adjustment should be made in the equation, so as
to give greater weight to the occurrence of caries in
the molars, or even to select other teeth that better
express the hierarchy of dental caries attack.

There may be another explanation, related to the
present distribution of dental caries. It is possible that,
at the time when these simplified indices were devel-
oped, dental caries was following patterns of normal
distribution in most localities. This was not observed
in the present study after applying the test of normal-
ity (p<0.0001). The samples analyzed emphasized
differences in attack, identified through the wide
variations in the DMFT index.

In addition, Guimardes* and Rodrigues et al** com-
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