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Abstract

Aim: The aim of this study is to compare the different caries diagnostic thresholds under epidemiological and clinical
settings among 7-15 year old school children. Materials and Methods: A cross-sectional study was undertaken among
7-15 years old school children of Bangalore city. Total 738 children were enrolled in the study. General information
was collected regarding oral hygiene practice and personal habits of the schoolchildren. Subsequently, examination was
done under both the settings to record Decayed, missing and filled surfaces index for permanent teeth (DMFS) and
Decayed, missing and filled surfaces index for deciduous teeth (dmfs) using the World Health Organization (WHO)
and WHO + IL criteria. Results: The present study showed that both the settings (clinical and epidemiological) and
diagnostic thresholds (WHO and WHO + IL), could influence the detection of carious lesions. Mean Ds under WHO +
Initial lesions (IL) criteria (3.92 + 3.49) was nearly double of WHO criteria (1.88 + 2.73,) and the influence observed was
more in 14 years of age, where mean Ds under WHO + IL criteria (5.43 + 2.5) which was more than double of WHO
criteria (2.02 + 1.9). Conclusion: The choice of a diagnostic threshold (WHO and WHO + IL) and the conditions of

examination (epidemiological and clinical) are important for the detection of caries.
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INTRODUCTION

Dental caries has been described as a disease involving
the localized destruction of the tooth tissue by
microorganisms. It is a chronic disease process that
usually progresses slowly and infrequently is self-
limiting. Dental caries can affect enamel, dentine, and
cementum. It manifests clinically along a continuum
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from initial loss of mineral to the complete tooth
destruction.l' Over the last few decades, the pattern
of dental caries has undergone a profound change,
and consequently, there has been a large number of
initial lesions (IL), a reduction in cavitated lesion and
the predominance of activity on the occlusal surfaces.
These modifications in the pattern of the dental caries
are very relevant, not only for clinicians, but also for
epidemiologists and oral health service planner.’! Not
all non cavitated lesions progress to become dentinal
lesions requiring restorative treatment; and, a good
proportion of them remain static or even rematerialize,
especially the smooth surface lesions. These lesions are
thus reversible, as opposed to a dentinal lesion, which
is generally considered irreversible. Because there
are usually more non cavitated than cavitated lesions,
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at any one time in both high-caries and low —caries
population,®¥ the decision as to whether to include or
exclude them, can make a substantial difference in the
oral health profile obtained.

Scientific literature has discussed epidemiological
studies which use diagnostic criteria that consider
caries as a cavitated lesion, e.g. the World Health
Organization (WHO) diagnostic criteria. The point is
that these studies have underestimated the dental caries
in populations/groups, since initial lesion have been
more prevalent than cavitated lesions. Dental health
programs that focus only on the treatment of cavitated
lesions are not enough to re-establish health in an
individual/ population because they do not consider the
different stages of carious lesion progression.®! Surveys
that include IL could be very relevant to show distinct
preventive and operative needs. The present study
aims to investigate the influence of different diagnostic
thresholds and different settings (epidemiological
and clinical) on caries detection in the primary and
permanent teeth of 7-15 year old school children of
Bangalore city, India.

MATERIALS AND METHODS

The study was approved by the Ethical Committee in
Research at M. S. Ramaiah Dental College, Bangalore
(India). The schools granted permission for the study
and informed consent was obtained from the parents.

Sample and examiners

The sample was calculated by the age group, based
on caries experience of pilot survey carried out in a
school of Bangalore City. The highest sampling error
was 5% in a confidence level of 95%. The final sample
was of 738 participants, 7-15 year-old children who
were randomly selected from the schools. Children
with oral or general problems, such as children with
fixed orthodontic treatment, severe dental fluorosis,
and serious systemic disease were excluded from the
sample. Two examiners with clinical experience and
epidemiological experience in surveys using WHO
criteria (WHO, 1997) participated in the study.

Diagnostic thresholds and diagnostic criteria

Two diagnostic thresholds were used in the study:
WHO diagnostic thresholds (WHO, 1997), where caries
was defined as cavitated lesions only; and WHO + IL
diagnostic threshold, where active IL were also defined
as caries. The unit of evaluation used in examination
was the DMEFS and dmfs (decayed, missing, and

July-December 2013, Vol. 3, No. 2

filled surfaces for permanent and primary dentition,
respectively). The criteria were those based on the
WHO recommendations (WHO, 1997). Active caries
with intact surfaces were recorded as IL: an adaptation
of the criteria according to Nyvad ef al. (1999) and Fyfte
et al. (2000). Thus, IL are defined as active caries which,
through visual assessment by a calibrated examiner,
indicate an intact surface, no clinically detectable loss
of dental tissue, a whitish-/yellowish coloured area of
increased opacity, rough surface with loss of lustre and
surfaces presumed to be carious; and, when the probe
is used, its tip moves gently across the surface. For the
smooth surface, the caries lesion is typically located
close to gingival margin. For the occlusal surface, the
lesion extends along the walls of the fissure.

Calibration of examiners

Three examiners were calibrated prior to the study.
Examinesr were trained and calibrated in the diagnosis
of IL using similar criteria as in other studies by Biscaro
et al., 2000 and Assaf et al., 2004. The training and
calibration exercise was carried out in both the settings.
Mean inter-examiner agreement, measured using a
Kappa calculation (Landis and Koch, 1977) were, Kappa
= 0.87 for the WHO + IL, and Kappa = 0.95 for the
WHO diagnostic threshold under epidemiological
conditions, and Kappa = 0.90 for the WHO + IL
diagnostic threshold under a traditional clinical setting.

Examination procedures for the epidemiological and
clinical settings

All subjects were examined using a dental mirror
and ball-ended probes with a diameter of 0.5 mm
for removing the debris and assessing presence of
fissure sealants, and to check the surface texture of
IL, associated with previous dental drying in both
the epidemiological and clinical settings by the two
examiners. Prior to examination, dental drying was
carried out for approximately 5 seconds per tooth with
the use of compressed air through a dental compressor.
All clinical examinations followed the epidemiological
examinations due to practical reasons. A minimum
interval of 15 days between the epidemiological
and clinical examinations was established to avoid
examiners’ familiarity to the clinical conditions of the
volunteers.

Epidemiological examinations

The examinations of cleaned and dried teeth were
carried out in an outdoor setting under standardised
conditions using natural light. Examinations were
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only performed on days with an appropriate natural
luminosity.

Examinations in clinical settings

The examinations were carried out using the same
method of exam and diagnostic adjuncts as the
epidemiological examinations, except for the additional
use of artificial light. Children were positioned in the
dental chair as closely as possible to that used in the
epidemiological setting, so that the dental chairs were
not fully reclined. Re-examinations were done in 10%
of the sample for each epidemiological and clinical
examination.

Statistical analysis

Data obtained subjected to statistical analysis using
Statistical Package for Social Sciences (SPSS) version
16. Descriptive statistics was used to obtain mean Ds,
DMFT, ds, dmfs and One — sample Paired t test was
used to compare Ds, DMFT, ds, dmfs means according
to different diagnostic thresholds and settings.

RESULTS

There were total 738 subjects, which included 261
(35%) boys and 477 (65%) girls. All the school
children were stratified in to 9 age groups, ranging
from 7 to 15 years old. Table 1 depicts comparison of
mean Ds, DMFS, ds and dmfs under epidemiological
examinations using both the criteria. WHO criteria
showed significant differences (P < 0.001). With
WHO criteria, the percentages of underestimation
observed were 48% for D component and 86% for
ds. Table 2 depicts comparison of mean ds, dmfs,
Ds and DMES under both the setting, using WHO
+ IL criteria. Results showed that epidemiological
examinations presented with significant differences
(P < 0.001). In epidemiological setting, the percentages
of underestimation observed were 62.8% for D, and
81% for ds. Table 3 depicts the comparison of mean
Ds, DMEFS, ds and dmfs under epidemiological
examinations using both the criteria. Result showed
significant  differences when both the criteria
were compared (P < 0.001). The percentage of
underestimation observed for D component was
maximum for the 8 years age group (35%), followed
by the 14 years age group (37%), and least for the 13
years age group (57%). For ds, it varied from 79.7%
(for 10 years age) to 94.2% (for 15 years age). Table 4
depicts the comparison of the Mean ds, dmfs, Ds
and DMFS of the epidemiological examinations to
the clinical setting, both using WHO + IL criteria.
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Table 1: Comparison of mean Ds, DMFS, ds and
dmfs under epidemiological examinations using
WHO and WHO + IL diagnostic threshold for all the

age groups
Threshold (epidemiological) (d2) P value
WHO WHO + IL
Ds 1.88(2.73) [47.95%]  3.92(3.49) [100%] <0.01
DMFS 1.98(2.78) [49.62%]  3.99 (8.56) [100%] <0.01
ds 1.84(2.68) [85.89%]  1.56 (2.85) [100% ] <0.01
dmfs  1.48(2.83) [87.05%]  1.70(2.99) [100%] <0.01

Ds= Decayed surfaces in the permanent dentition; DMFS = Decayed,
missing and filled surfaces in the permanent dentition; ds = Decayed
surfaces in the deciduous dentition; dmfs = Decayed, missing and filled
surfaces in the deciduous dentition; WHO = World Health Organization;
WHO + IL = World health organization + Initial lesions.

Table 2: Comparison of mean ds, dmfs, Ds and
DMFS under epidemiological setting and clinical
setting, both using WHO + IL criteria

Setting P value
Epidemiological Clinical
Ds 3.92 (3.49) [62.82% ] 6.24 (5.175) [100%]  <0.001
DMFS  8.99(3.558) [63%]  6.33(5.264) [100%]  <0.001
ds 1.56 (2.858) [80.82%] 1.98 (8.448) [100%]  <0.001
dmfs  1.70 (2.992) [80.18%] 2.12(8.590) [100%]  <0.001
13N = WHO  38.16 (3.99) [57.45%* 38.40 [60.28%]] (3.98)
139 WHO + 5.50 (4.188) [100%*  5.64 [100%] (4.246)
IL

14 N = WHO 2.02 (1.99) [37.2%]*
112 WHO +  5.43 (2.54) [100%]*

2.11 [89.07%] (1.979
5.40 [100%] (2.461)

IL
15 N = WHO 2.01(1.69) [88.57%]* 2.22 [40.29% ] (1.74)
67 WHO +  5.21 [100%] (2.82)*  5.51 [100%] (2.946)
IL

Ds= Decayed surfaces in the permanent dentition; DMFS = Decayed, missing
and filled surfaces in the permanent dentition; ds = Decayed surfaces in the
deciduous dentition; dmfs = Decayed, missing and filled surfaces in the deciduous
dentition; WHO = World Health Organization; WHO + IL = World Health
Organization + Initial lesions.

Results showed significant differences when both the
setting were compared (P < 0.001). The percentages
uof nderestimation observed for D component were
maximum for 7 years age group (27.4%), followed by
the 8 years age group (55.7%) and least for 11 years
age group (75%). For ds, it varied from 76.8% (for 11
years age) to 84% (for 12 years age). Table 5 depicts the
comparison of mean Ds, DMEFS, ds and dmfs under
clinical setting using both the criteria. Results show that
WHO criteria presented with significant differences
when compared to the WHO + IL criteria (p < 0.01).
With WHO criteria, the percentages of underestimation
observed were 34% for the D component, followed by
35% for DMES, 48% for dmfs, and 79% for ds.
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Table 3: Comparison of mean Ds, DMFS, ds and dmfs under epidemiological examinations using WHO
and WHO + IL criteria according to 7-15 year-old age group

Age Threshold Ds DMFS ds dmfs
7N=55 WHO 0.11 (0.416) [36%]* 0.22 [55%] (0.567) 4.29 [80%]] (8.547) 4.55 [80.2%] (3.574)
WHO + IL 0.36 (0.98) [100%* 0.40 (100%) (1.09) 5.85 [100%] (8.47) 5.67 [100%] (8.482)
8N =50 WHO 0.48 (0.91) [35.8%]* 0.48 [85.3% (0.91) 2.32 [81.6%] (2.09) 3.24 [86.17%(2.745)
WHO + IL 1.36 (2.05) [100%* 1.36 [100%] (2.05) 2.84 [100%] (2.244) 3.76 [100%7](2.715)
9N =56 WHO 1.54 (2.16) [53.84* 1.57 [53%] (2.148) 3.39 [88.74%] (2.72) 3.43 [88.86%(2.709)
WHO + IL 2.86 (2.844) [100% * 2.96 [100%] (2.828) 3.82 [100%] (2.670) 3.86[100%7(2.652)
10N =52 WHO 1.77 (2.89) [54.12%* 1.77 [54.12%] (2.39) 1.81 [79.78%] (1.98) 1.81[79.73%7(1.981)
WHO + IL 3.27 (2.85) [100%* 3.27 [100%]] (2.850) 2.27 [100%] (2.161) 2.27[100%] (2.161)
11N =81 WHO 1.91 (2.47) [48.81%_* 1.94 [48.79% ] (2.47) 1.21 [85.81%] (2.23) 1.23[86.81%] (2.304)
WHO + IL 4.41 (8.28) [100%* 4.48 (3.297) [100% ] 1.41 [100%] (2.328) 1.43(2.892) [100%]
12N =126 WHO 1.77 (2.98) [56.54% * 1.83 [57.18%] (8.11) 1.94 [94.17%] (4.00) 2.25[95.74%(4.12)
WHO + IL 3.18 (3.43) [100% * 3.20 [100%] (3.578) 2.06 [100%] (4.061) 2.35[100%] (4.175)

Ds= Decayed surfaces in the permanent dentition; DMES = Decayed, missing and filled surfaces in the permanent dentition; ds = Decayed surfaces in the deciduous
dentition; dmfs = Decayed, missing and filled surfaces in the deciduous dentition; WHO = World Health Organization; WHO + IL = World health organization +

Initial lesions

Table 4: Mean ds, dmfs, Ds and DMFS of the epidemiological examinations compared to examinations
done in clinical setting, both using WHO + IL criteria, according to 7-15 years old group

Age Setting

Ds

DMFS

ds

dmfs

7N =55  Epidemiological (i)

Clinical (i)

0.36 (0.98) [27.5% *
1.31 (1.794) [100%]

8N =50 Epidemiological 1.36 (2.058) [55.7%*
Clinical 2.44(2.786) [100%]
9N =56 Epidemiological 2.86 (2.84) [72%*
Clinical 3.96 (2.53) [100%]
10 N = 52 Epidemiological 8.27 (2.850) [69.7%*
Clinical 4.69 (8.723) [100%
11 N =81 Epidemiological 4.41 (8.282) [715%*
Clinical 5.88 (3.803) [100%]
12 N = 126 Epidemiological 3.13 (8.485 [57.8%_*
Clinical 5.46 (4.370) [100% ]

0.40 (1.099) [34.5%*
1.16 (1.596) [100%]
1.36 (2.058) [55.7%]*
2.44:(2.786) [100%]
2.96 (2.82) [75.8%*
8.93 (2.57) [100%]]
8.27 (2.850) [69.7%*
4.69 (3.723) [100% ]
4.43 (3.297) [75.08%*
5.90 (3.818) [100%]
3.20 (3.578) [57.9%]*
5.52 (4.550) [100%]

5.35 (3.476) [88.8% *
6.02 (3.871) [100%]
2.84 (2.244) [78.2%*
3.88 (2.7) [100%]
3.82 (2.670) [83%*
4.59 (2.872) [100%]
2.27 (2.161) [73.7%]*
3.08 (2.896) [100%]
1.41 (2.328) [68.78%*
2.05 (3.380) [100%]
2.06 (4.061) [84.4%*
2.44 (4.874) [100% ]

5.27 (8.946) [92.9%*
5.67 (3.43) [100%]]
3.32(2.882) [88.83%*
8.76 (2.71) [100%]
3.68 (2.96) [95%*
3.86 (2.65) [100%]
2.15 (2.388) [94.7%*
2.27 (2.16) [100%]]
1.43 (2.39) [87.7%_*
1.63 (3.092) [100%]
2.35 (4.17) [92.5%]*
2.54 (4.75) [100%]

Ds= Decayed surfaces in the permanent dentition; DMFS = Decayed, missing and filled surfaces in the permanent dentition; ds = Decayed surfaces in the deciduous
dentition; dmfs = Decayed, missing and filled surfaces in the deciduous dentition; WHO = World Health Organization; WHO + IL = World Health Organization +

Initial lesions, * - p < 0.001

DISCUSSION

Surveys are used to monitor the trends in oral
health and disease, to develop policy, to evaluate
dental health programmes, and to assess the dental
needs.’) However, when the epidemiological data are
compared with those obtained in the standard clinical
setting, epidemiological surveys underestimate the
prevalence of the disease.[®) Furthermore, authors such
as Kassawara et al.®l Assaf et al.l! Lindwood et al.l’]
have justified that the epidemiological evaluation of
dental caries is a poor indicator for determining the
number of surfaces that will subsequently be treated!®”!
and has no discriminatory power in the prediction

of an individual’s future restorative treatment.!']
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Difference in the examination methods of both the
settings (epidemiological and clinical setting) may
be a relevant factor in the accurate estimation of
the disease magnitude in the surveys, for instance;
artificial light, compressed air, radiographs and other
diagnostic aids (Fibre optic transillumination - FOTI )
are frequently used by dentists in clinical setting, while
epidemiologists usually use only clinical examinations
under conditions very different from those found in a
clinical setting.>¢!!)

In addition to these factors, the criteria employed in
most of the cross- sectional surveys consider dental
caries only at the point of cavitation, excluding the
initial lesion, thus resulting in an underestimation of
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Table 5: Shows comparison of mean Ds, DMFS, ds
and dmfs under clinical examinations using WHO
and WHO + IL criteria for all the age groups

Threshold (clinical)(D1) P value
WHO WHO + IL
Ds 2.11(3.20) [33.81%]  6.24 5 (.17) [100%]  <0.01
DMFS 2.23(3.28) [35.22%]  6.33(5.26) [100% ] <0.01
ds 1.58 (8.09) [79.27%]  1.93 (8.44) [100%] <0.01
dmfs 1.67 (3.23) [47.95%]  3.49 (3.590) [100%]  <0.01

Ds= Decayed surfaces in the permanent dentition; DMFES = Decayed, missing
and filled surfaces in the permanent dentition; ds = Decayed surfaces in the
deciduous dentition; dmfs = Decayed, missing and filled surfaces in the deciduous
dentition; WHO = World health organization; WHO + IL = World Health
Organization + Initial lesions.

the disease magnitude which interferes with further
planning. Many researchers have stressed on the need
to introduce modifications in the diagnostic criteria for
dental caries, mainly under epidemiological conditions.
Because of the significant changes in the manifestation
of the dental caries in the last few decades, such as a
reduction in the prevalence of caries and decrease in the
progressive speed of the lesion*®land remineralisation
of initial lesions, recent epidemiological research has
shown that initial lesions have become more prevalent
than the cavitated dentin lesions>?! Therefore, the
real condition of the disease in the population has
been underestimated, and this can consequently
generate inadequacies in the data for implementing e
the therapeutic non-invasive measures to control the
progression of the disease.!"!*]

Thus, the objectives of the present study were; 1) to
compare the different caries diagnostic thresholds
under epidemiological setting. ii) and, to compare
these diagnostic thresholds under the epidemiological
and clinical settings. The present study showed that
both the settings (clinical and epidemiological) and
diagnostic thresholds (WHO and WHO + IL) could
influence on the detection of the carious lesions in
6 - 15 years old children. The inclusion of IL in the
epidemiological examinations could be an important
and relevant factor in the accurate estimation of discase
magnitude. Mean Ds under WHO + IL criteria (3.92
+ 3.49) was nearly double of the WHO criteria (1.88
+ 2.73) [Table 3], and the influence observed was more
in the age group of 14 year olds, where mean Ds under
WHO + IL criteria (5.43 = 2.5) was more than double
of the WHO criteria alone (2.02 = 1.9). Authors such
as Nuttall et al.,"” Meneghim et al.,'> Andrea,!'® Ismil®
have shown the need and justification for including
IL in the epidemiological surveys. The reason is that
there is a higher prevalence of IL compared to cavitated
lesions, particularly in the low caries prevalence
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areas. Therefore, its inclusion would contribute to a
decrease in the level of underestimation of the disease
magnitude, and would provide a better classification of
the dental caries levels in the population.!*]

Some other researchers demonstrated™ that the
pattern of dental caries has been undergoing profound
modifications in the industrialized countries over the
last few decades, showing drastic decrease in prevalence
and incidence of the disease, and consequently, increase
in the number of children who are free of dental
caries.>”) Most of this epidemiological research still
uses the criteria of dental caries as cavitated lesions.

In the present study, examination was also performed
in a clinical setting, with variation in the use of the
light source and compressed air. In the epidemiological
setting, natural light and chip blower were used,
whereas artificial light and compressed air were used
in the clinical setting. It was observed that when both
the settings were compared using same criteria (WHO
+ IL), clinical examination showed almost 40% more
carious lesion than epidemiological examination.?>!”!

This influence of the light source is well evaluated
in the previous studies.[¥) White spot lesions, loss of
discontinuity of the enamel surface, and determination
of the depth of penetration can be well appreciated in
the artificial light, and therefore helps in the diagnosis
of the initial™ as well as cavitated lesions."® In
epidemiological examinations, this could be one more
reason for the underestimation of IL.["

One of the previous studies has shown that the use of
diagnostic adjuncts, such as prior tooth brushing and
drying were more important than the employment
of the Community Periodontal Index (CPI) dental
probe, mirror or blade to diagnose non cavitated
(NC) carious lesions in the enamel, mainly for the
low caries prevalence group.®” However, even
with the employment of the diagnostic adjuncts
of dental drying and brushing, the results of these
studies showed that none of the combinations for
the epidemiological examinations approached the
diagnosis obtained in the dental setting in relation to
the IL diagnosis for any of the two prevalence groups.[®
Such information, once again, confirms the difficulties
in examining the dental caries and underestimation
in epidemiological examinations. Epidemiological
surveys are very important for obtaining the data of
the disease magnitude in a population. Such data
is frequently used in health care planning, monitor
service delivery and track disease trends,!'”) to plan
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preventive programs for the school and community and
to assess the effectiveness of heath programs at school
and community levels. In spite of this, even with such
solid justifications for including IL in epidemiological
surveys, continued research is needed so that future
epidemiological information may capture the carious
conditions more accurately. Thus, such changes
can aid in deciding how funds should be directed
to adequately meet the needs of the individuals and
groups in question./*"*! Furthermore, this would guide
the public health service planning processes, and lead
to improvements in the diagnosis and preventive—
therapeutic treatments in the dental health programmes.

Some of the studies have evaluated the conventional
clinical examination by using a method of validation,
such as the determination of the depth of the lesion
by minimal operative intervention. Such validation
methods are currently not used in clinical research,
although, this is a ‘gold standard’ for detecting caries.
In the present study, this was not possible due to the
practical and ethical issues, such as the ethical problem
of opening a lesion.

Some epidemiologists consider that one of the major
problems lies in the difficulty of diagnosing dental
caries in epidemiological surveys because of the
examination conditions, the resources employed, the
inherent difficulties in diagnosing initial lesions, the
time spent on the evaluation, as well as the high cost
of diagnostic adjuncts.*?!] At the present time, it is
necessary to make the changes in the caries diagnostic
threshold, and in the examination conditions (good
quality light such as FOTI, additional diagnostic
adjuncts like brushing and drying during examinations),
tor the development of epidemiological survey
techniques and to evaluate the accurate magnitude of
the disease in different groups. In addition, further
studies should be directed to analyze the feasibility of
adopting this new measure.

CONCLUSION

Opverall, it was found that both the settings (clinical and
epidemiological) and diagnostic thresholds (WHO and
WHO + IL), could influence the detection of carious
lesions in the 7- 15 year old children.

The major conclusions from the study are

* The choice of a diagnostic threshold (WHO and
WHO + IL) and the conditions of examination
(epidemiological and clinical) are important for the
detection of caries.

* The inclusion of IL in the epidemiological
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examinations contributed to the reduction of caries
underestimation among children aged 7-15 years
old. Influence was more evident for the decayed
component in the deciduous and permanent
dentition.

* In the present study, examination was also done in
a clinical setting, the only source of variation being
use of artificial light, with only natural light used
in the epidemiological setting. This had a great
influence on detecting the decayed component
of the permanent teeth, with clinical examination
showing almost 40% more carious lesions than the
epidemiological examination.

* The examination adjuncts, such as dental drying
and artificial light, improved the dental caries
diagnosis significantly.

* It was observed that some of the major problems
in correctly diagnosing the dental caries in
epidemiological surveys are the examination
conditions, the resources employed, the inherent
difficulties in diagnosing the initial lesions, the time
spent on the evaluation, as well as the high cost of
diagnostic adjuncts.
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