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Abstract

Objectives: a)to analyze the intra- and inter-examiner reproducibiiity (reiiabil-
ity) of a calibration trial, at different diagnostic thresholds of dental caries; b) to verify
the accuracy (benchmark validity) though sensitivity (S), specificity (SP), positive
(PPV) and negative predictive (NPV) values. Participants: A group of dental exam-
iners (n-11), who had previous experience in epidemlological surveys and six to
seven-year-old children. Children were selected according to the dmft and dental
caries activity Methods: Theoretical and clinical training and calibration exercises
were arranged for a total of 28 hours. WHO criteria including the active initial lesions
(IL) were used. Main outcome measures: WHO and WHO+IL diagnostic thresholds
according to tooth and dental surface. Results: Excellent mean results of intra and
inter-examiner Kappa values were found for both diagnostic thresholds, according
to tooth and surface, during the calibration phase. The most relevant errors were
related to IL diagnosis and to the first permanent molars. When assessed against a
benchmark examiner, moderate to high validity values were observed (0.71-1.00),
with some loss mainly for sensitivity and positive predictive value, when including
IL Conclusion: It was possible and feasible to use the proposed methodology of
this study in epidemiological surveys, even with the inclusion of IL. However, further
examiner calibration studies are still needed in order to improve and establish a
methodology of calibration with this new diagnostic threshold.
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Introduction
Dentistry continually demands

strict control of research development
principles in order to obtain more
qualified and consistent results. Cali-
bration, by determining the examin-
ers' reproducibiiity before and during
a dental caries epidemiological sur-
vey, is an important factor for better
understanding of the examiners in re-
lation to the research criteria used. It
also sets the standard to which exam-
iners are expected to work and it pro-
vides information to establish whether
the survey results are reliable. Lack of
examiner agreement could indicate
inaccuracy and lead to problems of
data interpretation and lack of com-
parability with other datasets (1,2).

The process of examiner calibra-
tion for epidemiological diagnosis of

dental caries can be divided into theo-
retical and clinical training and cali-
bration exercises. Calibration exer-
cises and reproducibiiity and valid-
ity analyses enable formal results of
the examiners' understanding to be
obtained, thus allowing them to par-
ticipate in the survey (1,2).

The worldwide decrease in the
prevalence of dental caries in children
and adolescents, reported over the
past 20 years, has generated clinical
consequences such as the presence of
a larger number of non-cavitated cari-
ous lesions or initial lesions (IL), with
a reduction in cavitated carious le-
sions and the predominance of activ-
ity on occlusal surfaces (3,4,5,6).

Most epidemiological caries stud-
ies employ the WHO (World Heath
Organization) diagnostic criteria in

which a tooth or a tooth surface is re-
corded as being decayed when cavi-
tation is obvious, but excludes all ini-
tial lesions. This threshold has been
termed the Dj diagnostic threshold (1,
7). Therefore, initial lesions (IL) in
enamel, or even non-cavitated lesions
in dentin (hidden lesion) are ignored.
This may no longer be sufficient to
reflect changes in the incidence of car-
ies in populations showing a slow
overall rate of caries progression. It
also means that they fail to benefit
from some form of preventive manage-
ment strategy (3,4,8,9).

Among the problems of recording
IL appropriately are the difficulty of
diagnosing IL under epidemiological
conditions and the great difficulty
inherent to calibrating examiners at
more sensitive thresholds (10,11).
However, scientific literature has
shown the real possibility of doing so.
Nyvad et al. (1999), Fyfee et al. (2000)
and Warren et al. (2002) have shown
acceptable reliability (reproducibiiity)
and validity (accuracy) results at
more sensitive diagnostic thresholds
(6,8,9).

Therefore, in the face of the changes
in the dental caries pattern, the diffi-
culty of diagnosing the disease appro-
priately, particularly under epide-
miological conditions, and the prob-
lems with calibrating examiners, es-
pecially when the initial stages of dis-
ease are included in the examinations,
the aims of this study were: a) to ana-
lyze the intra and inter-examiner re-
producibiiity (reliability) of calibra-
tion trial, at different diagnostic
thresholds of dental caries; b) to verify
the accuracy (benchmark validity)
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though sensitivity (S), specificity (SP),
positive predictive (PPV) and nega-
tive predictive (NPV) values, accord-
ing to the diagnostic thresholds, re-
spectively.

Material and Methods
Ethical approval was obtained

form the Ethical Committee in Re-
search at the Piracicaba Dentistry
School/UNICAMP (State University
of Campinas), Protocol No. 068/2002,
in agreement with Resolution 196/96
of the National Committee of Health/
Health Department (BZ). The schools
granted permission for the study and
informed consent was obtained from
the parents.

Study design: Sample and examiner
selection- A heterogeneous group of 11
dentists (4 salaried public health den-
tists and 7 post-graduate students),
all experienced examiners in dental
caries epidemiological surveys ac-
cording to the WHO codes and crite-
ria, participated in the study (1).

Six- to seven-year-old children
from public schools in Piradcaba-SP-
Brazil, which has had 0.7 ppmF in
the water supply since 1997, were
previously selected in an outdoor set-
ting (schoolyard), by a professional

who did not participate in the experi-
mental phase. The examiner used a
dental mirror, a ball-ended CPI (Com-
munity Periodontal Index) probe with
a diameter of 0.5mm, and previous
dental brushing and drying for the ex-
ams. Therefore, 10 to 12 different chil-
dren with mixed dentition were se-
lected for each training session and
for the calibration period. All children
were born in the town or had lived
there since the age of two and had
consent for participation included in
this study. Children were selected be-
forehand, in order to represent a vari-
ety of findings. Priority was given to
children with caries experience, i. e.
with cavitated and initial lesions, al-
though some caries-free children were
also included, so that the examiners
did not go into the exercise with the
preconception that all children had
caries (2,12). Children that had local
or general problems, such as the use
of fixed orthodontic devices, severe
fluorosis and hypoplasia, or serious
systemic diseases were excluded from
the sample.

Diagnostic criteria and codes - The
criteria and codes were those based
on the WHO recommendations (1). For
the IL, active caries with intact sur-

faces were recorded; an adaptation of
the criteria according to Nyvad et al.
(1999) and Fyffe et al. (2000) (8,9).
Thus, an IL (initial lesion) was de-
fined as active caries which, through
visual assessment by a calibrated ex-
aminer, indicates intact surface, no
clinically detectable loss of dental tis-
sue, a rough, whitish/yellowish col-
ored area of increased opacity, with
loss of luster and presumed to be cari-
ous (when the probe is used its dp
should be moved gently across the
surface). Smooth surface: caries lesion
typically located close to gingival
margin. Fissure/pit: intact fissure
morphology: lesion extending along
the walls of the fissure. In this study,
localized surface defects (active
microcavities) restricted to enamel
only were included (use of the same
code - W) in the IL group. Active
white spot lesions and microcavities
contiguous to sealants, restorations
and cavitations were also recorded
(Table 1).

Examiner training and calibration -
A benchmark dental examiner ("Gold
Standard") conducted the complete
process of training and calibrating
examiners. The benchmark examiner
(dentist who routinely uses the WHO

TABLE 1
Summary of the criteria and codes, according to WHO and WHO+IL diagnostic

threshold for caries, restorations, sealants and other dental conditions

Criteria
WHO
Codes

Prim
A

B

C

D

E
-
F

G

T

Perm
0

1

2

3

4
5
6

7

8
T
9

Criteria

Sound

Decayed

Filled, with decay

Filled, no decay

Missing, as a result of caries
Missing, any other reason
Fissure sealant

Bridge abutment, special crown
crown or venner/implant
Unerupted tooth
Trauma (fracture)
Not recorded

WHO+IL
Codes

Prim
A
W

B
BW
C
CW
D
DW
4
5
F
FW
7

T

Perm
0
WP

1
lW

' 2
2W
3
3W
4
5
6
6W
7

8
T
9

Sound, excluding W (white spot)
W (active white spot/ surface
discontinuity in enamel only)
Decayed without W (chronic lesion)
Decayed with W (active lesion)
Filled, with decay (chronic lesion)
Filled, with W + decay (active lesion)
Filled, no decay
Filled with W
Missing, as a result of caries
Missing, any other reason
Fissure sealant
Fissure sealant with W
Bridge abutment, special crown
or venner/implant
Unerupted tooth
Trauma (fracture)
Not recorded

Note: code W- presence of white spot or surface discontinuity in enamel in dental surfaces (W, WP), as well as in sealants (FW 6W)
filled (DW, 3W) and other conditions.
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criteria for exams) had been previ-
ously trained and calibrated in the di-
agnosis of IL and had routinely ex-
amined using these criteria in another
study (11).

The training and calibration se-
quences were as follows: training ses-
sions performed in a total of 5 peri-
ods (1 theoretical, 4 clinical training)
and 2 calibration sessions conducted
after the clinical training.

Theoretical discussions were first
held and clinical photographic slides
shown to provide visual examples of
each criterion, in order to verify ex-
aminers' knowledge about epidemio-
logical diagnosis, according to WHO
(1); to instruct the examiner in the use
of the criteria and the examination
method; and finally, to achieve an ini-
tial standardization of the 11 exam-
iners as regards the criteria used in
the study (e.g.: to measure the ability
to diagnose IL, mainly focusing on the
clinical characteristics, accord îng to
the location). Two tests, one before
and one after the benchmark
examiner's explanation were applied
to the examiners, using 25 clinical
photographic slides in each one. In
the first test, the examiners described
what they thought about the slides
representing the various clinical con-
ditions. Afterwards, the benchmark
examiner gave them all theoretical ex-
planations about the criteria and
codes besides other general informa-
tion, which could be important for the
development of the study. Later, in the
second test, other 25 different slides
were projected and answered by the
examiners in another paper sheet. For
this second one, examiner had to
mark both, the code and condition re-
garded to each slide.

The clinical training sessions were
held, followed by the calibration ex-
ercises. Both clinical training and cali-
bration were done in an outdoor set-
ting under standardized conditions
such as adequate natural light (e.g.
on sunny days), with dental mirror
and ball-ended CPI probes with a di-
ameter of 0.5mm (to clear up doubts
about visual diagnosis, remove debris
and assess presence of fissure seal-
ants), dental drying and previous

tooth brushing. Tooth brushing was
done before the individuals were ex-
amined, according to the modified
Bass technique with fluoridated den-
tifrice for a standardized time of 2
minutes. Prior dental drying was car-
ried out during the examinations for
about 5 seconds per tooth with the use
of compressed air through a dental
compressor (Proquest Delivery Sys-
tem, model 4010, Compressor Tech-
nologies LTD, Englewood, Colorado,
USA). During the examinations, all
the examiners were helped by note
takers.

For each period of clinical train-
ing, each dentist examined 10 to 12
children, with different dental caries
prevalence. Discussions were held
among the examiners and the bench-
mark examiner during the training,
regarding clinical diagnosis, codes
and criteria used, recording and other
errors.

After the clinical training exer-
cises, the examiners undertook two
calibration exercises with an interval
of one week between them (2 periods
of 4 hours). As mentioned above, the
children presented different clinical
situations, especially cavitations in
dentine and IL. In the calibration
phase a 12th benchmark examiner
joined the examiners. They examined
the same group of children (n-12) in
both periods. No discussion was per-
mitted among the examiners and the
benchmark examiner with regard to
interpretation of the criteria during
these calibration phases.

It is important to mention that to
avoid problems with getting children
to cooperate and growing tired, in
each training and calibration period,
the same children were always first
examined by 6 dentists. After a 11 /2
hour interval they returned to be ex-
amined by other 5 dentists (including
the benchmark examiner in the cali-
bration section), in the same place and
with all examination conditions stan-
dardized. The mean time for each ex-
amination period was 55 minutes,
and another 20 minutes spent to take
children from the classes and to per-
form previous dental brushing.

Main outcome measures - Two diag-
nostic thresholds were used to calcu-
late the reliability/reproducibility
and the validity/accuracy of exam-
iners: WHO (1) diagnostic threshold,
in which caries is considered a cavi-
tated lesion, and WHO+IL diagnos-
tic threshold, including those active
IL. For the WHO+IL, an adaptation of
the WHO codes with the inclusion of
IL was developed (Table 1). For the
analysis of the results, both units of
measurement, tooth and dental sur-
face, were used for primary and per-
manent teeth.

Statistical analysis- The results of
the first calibration exercise were used
to calculate the inter-examiner repro-
ducibility and the vaUdity (S, SP, PPV,
NPV) while the first and the second
calibration exercises (after an interval
of one week) were used to calculate
the intra-examiner reproducibility,
according to different diagnostic
thresholds (WHO and WHO+IL), for
both units of measurement. High re-
producibility values were considered
for Kappa>0.85, for inter and intra-
examiner reproducibility (1). Data
from the first calibration exercise were
also used to calculate inter-examiner
Kappa values according to each tooth.

It is important to point out that
mean Kappa values (inter-examiner
reproducibility) are the results of the
final mean which were obtained
through crossovers among the 11 ex-
aminers (examiner versus examiner),
e.g.: examiner 1 versus examiner 2, ex-
aminer 1 versus examiner 3 ... 1x11;
2x3; 2x4....10x11. The benchmark
examiner's results were not compared
with those of examiners to calculate
the inter-examiner reproducibility.
Inter, intra-examiner Kappa values
and Kappa for each tooth were
unweighted Kappa, as all disagree-
ments were considered equally seri-
ous.

Validity values were calculated
comparing the examiners with the
benchmark examiner, and obtaining
a final mean value for each measure-
ment (S, SP, PPV, NPV). It is impor-
tant to observe that it is not possible
to assess diagnosis validity against a
true (histological) 'gold standard' in
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TABLE 2
Mean inter and intra-examiner Kappa values for teeth and surfaces at

WHO and WHO+IL diagnostic thresholds during the
calibration phase, Piracicaba, SP, Brazil, 2004

INTRA

INTER

Tooth

WHO+IL

0.97 (0.99)
[0.93—1.00]

0.90
[0.85—0.96]

WHO

0.99 (1.00)
[0.96—1.00]

0.95
[0.93 - 0.99]

Surface

WHO+IL

0.99 (1.00)
[0.98—1.00]

0.96
[0.95 - 0.98]

WHO

1.00 (1.00)
[0.98—1.00]

0.98
[0.97—0.98]

( ) Kappa Value from the benchmark examiner.
[ ] Examiners' Kappa Value Intervals

caries prevalence surveys. Therefore,
it is usual to substitute the diagnoses
made by a benchmark examiner as a
gold standard, in order to facilitate the
assessment of benchmark validity (9).

To complement mean DMFT and
dmft, either including the IL or not,
for 6 to 7-year-old children by exam-
iner (n=ll), the size and direction of
deviation (d) from the benchmark ex-
aminer (BE) were calculated for the
first period of calibration.

Results
The mean Kappa for all the exam-

iners in the final theoretical exercise
was 0.86.

Excellent mean intra and inter-ex-
aminer Kappa value results (K>0.90)
according to tooth and surface were
found for both diagnostic thresholds
during the calibration phase. How-
ever, the intra and inter-examiner
Kappa values according to the WHO
diagnostic threshold were slightly
higher than those according to the

WHO+IL diagnostic threshold. For
instance, for the inter-examiner repro-
ducibility according to the WHO+IL
threshold, the mean Kappa value was
0.90 (examiners' range: 0.85-0.93) for
tooth, and 0.96 (examiners' range:
0.95-0.98) for surface. Kappa value,
according to the WHO threshold, was
0.95 (examiners' range: 0.93-0.99) for
tooth, and 0.98 (examiners' range:
0.97-0.98) for surface (Table 2).

Analysis according to each tooth
showed lower mean inter-examiner
Kappa values for the posterior teeth,
mainly according to the WHO+IL
threshold, compared with the front
teeth, showing that it was more diffi-
cult to calibrate examiners in those
regions. The lowest values were for
the permanent molars with a varia-
tion from 0.51 to 0.69 and for the sec-
ond primary molar (number 85) with
a Kappa value of 0.63 (table 3).

Results of high accuracy (S, SP,
PPV and NPV) were found for the
WHO diagnostic threshold, while

TABLE 3
Mean inter-examiner Kappa values for each tooth, according to WHO

and WHO +IL diagnostic thresholds. Piracicaba, SP, Brazil, 2004

Tooth

16
55
54
53

52/12
51/11
61/21
62/22
63/23

64
65
26

WHO

0.72
0.90
0.90
0.95
1.00
0.97
0.96
1.00
1.00
0.97
0.83
0.80

WHO+IL

0.55
0.78
0.78
0.90
1.00
0.98
0.95
0.98
1.00
0.85
0.78
0.69

Tooth

36
75
74
73

72/32
7l/2>\
81/41
82/42

83
84
85
46

WHO

0.60
0.89
0.89
1.00
1.00
1.00
1.00
1.00
1.00
0.98
0.85
0.77

WHO +IL

0.51
0.72
0.79
1.00
1.00
1.00
1.00
1.00
1.00
0.78
0.63
0.52

specificity and negative predictive
mean values were high (K>0.96) and
S and positive predictive values were
considered moderate to high accord-
ing to WHO+IL diagnostic threshold.
For instance, S mean value was 0.71
(examiners' range: 0.46-0.84) for
tooth, and 0.82 (examiners' range:
0.58-0.99) for surface, according to the
WHO+IL threshold. Positive predic-
tive mean value was 0.75 (examiners'
range: 0.65-0.90) for tooth, and 0.85
(examiners' range: 0.79-0.92) for sur-
face, according to the WHO+IL
threshold (Table 4).

In general, there were small varia-
tions for the dmft and dmft+IL in ei-
ther direction from the benchmark.
However, deviation values were con-
sidered proportionally higher for the
DMFT whether or not the IL was in-
cluded (2) (Table 5).

Discussion
This aim of this study was to verify

the reproducibility (reliability) and
validity (accuracy) of the calibration
at two different thresholds: WHO (1)
diagnostic threshold, which is usu-
ally used in surveys and (2) the
WHO+IL diagnostic threshold, which
could generate more diagnostic errors
among the examiners due to the in-
clusion of IL. The choice of the "het-
erogeneous" group (although all ex-
aminers had already had some expe-
rience in WHO epidemiological sur-
veys) was made to evaluate whether
standardization would be achieved
after the training phase, even with
these examiners, whose clinical expe-
rience and professional backgrounds
were different. Kwan eta/. (1996) also
used a heterogeneous group (dentists
and dental auxiliaries) to verify the
reproducibility of caries diagnoses
according to WHO criteria (1,13).
Fyfee et al. (2000) used examiners with
clinical experience, public or non-
public workers, to verify the effect of
distinct diagnostic thresholds on the
reliability and validity of epidemio-
logical diagnosis of dental caries (9).

In general, intra and inter-exam-
iner reproducibility values, as well as
accuracy values (S, SP, PPV e PNV)
were high for the WHO threshold,
therefore, indicating that the expecta-
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TABLE 4
Diagnostic performance measurements for the examiners. Data from

calibration at different diagnostic thresholds (WHO and WHO+IL), using
the benchmark examiner as a 'gold standard' - unit of evaluation, tooth

and surface, Piracicaba, SP, Brazil, 2004

Threshold

WHO+IL

WHO

WHO+IL

WHO

unit

tooth

tooth

surface

surface

S
0.71

(0.46—0.84)
0.90

(0.84—0.96)
0.82

(0.58—0.99)
0.96

(0.92—1.00)

SP
0.97

(0.95—0.99)
0.98

(0.97—0.99)
0.99

(0.98—0.99)
1.00

(0.99—1.00)

PPV
0.75

(0.65—0.90)
0.89

(0.82—0.96)
0.85

(0.79—0.92)
0.96

(0.91—1.00)

NPV
0.96

(0.93—0.98)
0.98

(0.98—0.99)
0.98

(0.97—1.00)
1.00

(0.99—1.00)

Mean: S=sensitivity, SP=specificity, PPV-posifive predictive value, NPV= negative
predictive value
( ) Range of the measurements.

tions for calibrating this 6 to 7-year
age group were perfectly achieved
(Tables 2 and 4). The visual tactile
method associated with diagnostic
adjuncts such as prior dental brush-
ing and drying under natural light
were used in the examinations.

Some criticism could be leveled at
the use of such diagnostic adjuncts,
mainly in the case of tooth drying,
which is not used in WHO surveys
and it might facilitate the diagnosis
of not only the IL but also of cavitated
lesions. However, Assaf et al. (2004),
when comparing epidemiological ex-
aminations by the visual tactile
method (WHO standard method),
with or without the association of
tooth drying and brushing, and the
examinations in a dental setting for
groups of low and moderate caries.

showed that dental drying does not
improve the diagnosis of lesions at the
WHO diagnostic threshold but brush-
ing does for the low caries prevalence
groups. On the other hand, for exami-
nations according to WHO +IL thresh-
old, both adjuncts should be used to
facilitate the diagnosis of IL, mainly
dental drying (11). Therefore, dental
drying is not important for facilitat-
ing the detection of cavitated lesion
but is relevant for the diagnosis of IL.

As the intention was to standard-
ize all examination conditions accord-
ing to both diagnostic thresholds,
brushing and drying were used, but
not artificial light. Although artificial
light has been used in examinations
with criteria that include IL lesions
(7,8,9), this diagnostic adjunct is not
currently used in WHO surveys. Thus,

TABLE 5
Mean DMFT and dmft either including the IL or not, for 6- to 7-year-old children

by examiner (n=ll) and the size and direction of deviation (d) from
the benchmark examiner (BE) for the first period of calibration,

Piracicaba, SP, Brazil, 2004

Examiner
BE

1
2
3
4
5
6
7
8
9
10
11

dmft (d)
3.25

3.08 (-0.17)
3.08 (-0.17)
3.00 (-0.25)
3.00 (-0.25)
3.58 (+0.33)
3.58 (+0.33)
3.42 (+0.17)
3.42 (+0.17)
3.42 (+0.17)
3.58 (+0.33)
3.33 (+0.08)

DMFT (d)
0.00

0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)

0.08 (+0.08)
0.08 (+0.08)
0.08 (+0.08)
0.17 (+0.17)
0.17 (+0.17)
0.25 (+0.25)
0.08 (+0.08)

dmft+IL (d)
3.92

3.75 (-0.17)
3.50 (-0.42)
3.67 (-0.25)
3.42 (-0.50)
4.08 (+0.16)
4.17 (+0.25)
4.00 (+0.08)
4.17 (+0.25)
4.17 (+0.25)
4.42 (+0.50)
4.00 (+0.08)

DMFT+IL (d)
0.08

0.00 (-0.08)
0.00 (-0.08)
0.08 (0.00)
0.08 (0.00)

0.25 (+0.17)
0.17 (+0.09)
0.25 (+0.17)
0.58 (+0.50)
0.25 (+0.17)
0.75 (+0.67)
0.17 (+0.09)

agreement among examiners in cali-
bration according to the WHO thresh-
old could have been be overestimated
if artificial light had been used in the
present study. Moreover, the intention
was to verify whether good agreement
results could be achieved at the
WHO+IL diagnostic threshold even
under natural light in an outdoor set-
ting, as the natural light is usually
recommended in tropical countries
because of the good light conditions
during the year. The same cannot be
said of cold countries, where exami-
nations are only possible under arti-
ficial light in indoor spaces.

The literature has shown a de-
crease in the prevalence of dental car-
ies in many areas all over the world
(5,14). It is interesting to note that even
now, most of the surveys stiU consider
caries as a cavitated lesion, ignoring
all the IL. However, even in studies
that include the IL diagnosis, the lack
of standardized criteria and terminol-
ogy among them is evident (6,8,9).
Therefore, the decision to use less sen-
sitive criteria, such as the WHO diag-
nostic threshold, was still justified for
a number of reasons: restorative in-
terventions are usually carried out at
the dentin cavitation stage; adequate
levels of reliability in the dental car-
ies diagnosis are more difficult to
achieve when the IL are included in
evaluations, mainly when large num-
bers of examiners have to be used; epi-
demiological conditions do not allow
a detailed examination when com-
pared with standard conditions, such
as in a dental setting (1,4,9,11).

Therefore, doubts have been raised
with regard to reliability at more sen-
sitive diagnostic thresholds. How-
ever, reliable and successful record-
ing of IL (with the use of portable
equipment or with the association of
diagnostic adjuncts during epidemio-
logical examinations) has been ob-
served (6,8,9). In this study, except for
the S (0.71-tooth and 0.82-surface) and
positive predictive value PV (0.75-
tooth) results, for the WHO+IL diag-
nostic threshold, excellent reproduc-
ibility (intra and inter agreement) and
accuracy (S, SP, PPV, NPV) results
were found for both evaluation units
(tooth and surface) (Tables 2 and 4).
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However, the most relevant errors
were related to IL diagnosis (isolated
lesions and lesions associated with
decayed teeth - active cavitated le-
sions). In addition, most of the diffi-
culties with calibrating examiners
were concentrated on the posterior
molars, mainly the permanent ones,
showing moderate to good Kappa re-
sults (variation from 0.51 to 0.69)
(Table 3). The difficulties with cor-
rectly diagnosing posterior teeth are
justifiable because they are difficult
to see without the use of artificial
light, and there are also inherent dif-
ficulties with diagnosing IL, mainly
under epidemiological conditions.
Therefore, differently from examina-
tions according to WHO threshold,
the results of the present study
showed the importance of using all
diagnostic adjuncts, including artifi-
cial light, when examining IL in sur-
veys. New studies with similar meth-
odologies and the use of the latter ad-
junct might confirm this observation.
Some discussion could also be raised
because of the diagnoses made by a
benchmark examiner, as a gold stan-
dard does not represent the 'true di-
agnosis', such as the histological
evaluation or even the determination
of the depth of lesion penetration af-
ter minimal operative intervention
currently used in clinical research.
Therefore, the validity values reported
in this study should be interpreted
with some caution. The aim of the
analysis of the size and direction of
deviation (d) of the examiners'
DMFT/dmft and DMFT+IL/dmft+IL
means for 6 to 7-year-old children, in
relation to the benchmark examiner
(BE), for the first period of calibration
at both diagnostic thresholds, was to
measure the distance between each
examiner and the benchmark exam-
iner, who was assumed to have found
the 'real diagnostic value'. In general,
this study presented small variations
in deviations for dmft at both diag-
nostic thresholds (= 0.5), while devia-
tion values were considered propor-
tionally higher for the DMFT whether

or not the IL was included (Table 5)
(2). This analysis, although recom-
mended in epidemiological surveys
(2), does not correctly reflect the coin-
cidence of diagnosis in relation to the
benchmark examiner. Therefore, dif-
ferently from the Kappa statistic,
which aims to make a comparison
between two examiners according to
each tooth/surface examined, equal
DMF and dmf mean values between
two examiners do not always repre-
sent agreement in the diagnosis,
mainly when the diagnosis of cavi-
tated and IL are included. In this case.
Kappa would be the most appropri-
ate statistic for the comparison among
examiners and the benchmark exam-
iner.

It is important to point out that this
study presents some limitations and
different reproducibility and validity
results could be achieved if, for in-
stance, the following factors had been
present: a smaller group of examin-
ers and examiners with different ex-
periences (e.g. inexperienced versus
experienced in surveys) had partici-
pated in the study; artificial light had
been used during the examinations;
children from different regions had
participated without being pre-se-
lected, and others. For these reasons,
further studies about examiner cali-
bration according to this new diag-
nostic threshold are still needed in
order to improve and establish a cali-
bration methodology that can be used
by dental caries epidemiologists and
the scientific community.
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