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A new caries assessment instrument, the Caries Assessment Spectrum and Treatment (CAST), was developed. It covers
carious lesion progression from no lesion, sealants and restorations to lesions in enamel and dentine, advanced stages in
pulpal and tooth-surrounding tissues, and tooth loss owing to dental caries, in nine codes. The objective of this study
was to determine the reproducibility of the CAST instrument in primary and permanent dentitions, using three age
groups. Two epidemiological surveys were conducted in Brazil, covering three age groups: 2–6-year-old and 6–9-year-old
children and 19–30-year-old adults. Four trained and calibrated examiners performed the examinations. Reproducibility
was calculated for intra- and inter-examiner at surface and tooth levels and expressed as unweighted kappa-coefficient
value (j) and percentage of agreement (Po) for CAST codes (0–7) and for the categories healthy (0–2) versus diseased
(3–7), and non-cavitated (0–3) versus cavitated (4–7) teeth. Using CAST codes (0–7) for the 2–6-year-old age group in
primary dentitions, inter-examiner consistency was j = 0.74 and Po was 98.3%. In the 6–9-year-old age group in pri-
mary dentitions, inter-examiner consistency ranged from j = 0.68 to j = 0.86 and Po was ≥93.7%. In the 19–30-year-
old age group inter-examiner consistency was j = 0.87 and Po was 94.1%. The reproducibility of the CAST instrument
for use in the primary dentition of 2–6-year olds and of 6–9-year olds was ‘substantial’ to ‘almost perfect’. The repro-
ducibility for its use in the permanent dentition of 19–30-year olds was ‘almost perfect’. The CAST instrument can reli-
ably be applied in epidemiological studies covering these ages.
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INTRODUCTION

Various diagnostic instruments have been developed
for detecting clinical signs of carious lesion progres-
sion, distinguishing its different stages in enamel and
dentine1 and, more recently, determining the conse-
quences of untreated dental caries in pulp and tooth-
surrounding tissues2. The detection of carious lesions
in epidemiological surveys needs to be carried out
adequately. Therefore, a detection instrument that is
uncomplicated, validated and can meet the study’s
objectives should be used.
Following the reduction of dental caries in the Wes-

tern World in the last decades of the 20th century,
emphasis on caries epidemiology shifted from, in most
cases, merely counting dentine cavities to assessing car-
ious lesions in enamel and dentine and, in particular, to

determining the level of caries lesion activity in enamel.
The most frequently used assessment instrument for
the latter purpose is that developed by Nyvad3.
With the purpose of creating one suitable dental

caries assessment instrument for use in the 21st cen-
tury, a group of researchers developed ICDAS (Inter-
national Caries Detection and Assessment System)4.
This is a two-digit system in which the first digit
refers to the presence and condition of sealants and
restorations, and the second refers to various stages of
carious lesion progression. It was developed for use in
dental practice, education, research and public health
(epidemiology). However, its use in epidemiological
surveys has been criticised. Some authors have had to
simplify ICDAS either during the examinations5 or
during analysis and presentation of results6,7. Further-
more, ICDAS does not differentiate between the
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stages of dental caries progression confined to dentine
and those reaching the pulp, and tooth-surrounding
tissues [pufa(pulp, ulceration, fistula, abscess)-index]2.
The ICDAS Coordinating Committee (ICDAS CC)

has accepted some of the criticisms of ICDAS and
proposed a merged codes system, termed the Interna-
tional Caries Classification and Management System
(ICCMS)8. This system consists of one-coding scheme
and the suggestion is that caries codes be merged;
from the original seven into four codes. Apparently,
this adjustment is an effort to overcome the difficulties
reported when ICDAS (II) has been used in epidemio-
logical surveys. However, instructions about how to
operate and report this merged-system (ICDAS/
ICCMS) are currently (autumn 2013) unclear. There-
fore, ICDAS CC intends to produce an updated ver-
sion of the learning programme, book and software to
clarify its use in the coming years8.
The frequently used caries assessment criteria,

described by the World Health Organisation (WHO),
merely distinguish absence and presence of obvious
dentine cavities9. Data regarding the presence of cari-
ous lesions in enamel and dentine, and those involving
the pulp and those not involving it, cannot therefore
be obtained through use of the WHO criteria.
As a consequence of the difficulty in using ICDAS

and the limitations of the WHO criteria, a pragmatic,
reliable and internationally accepted caries assessment
instrument for use in epidemiological surveys was still
needed. An attempt to develop such an instrument
was made by the research group that had used ICDAS
II7 and the pufa index10 for assessing the oral health
of schoolchildren. It resulted in the development of
the Caries Assessment Spectrum and Treatment
(CAST) instrument1,11, which covers the complete
range of carious lesions: from ‘no carious lesions’, to
‘caries protection’ (sealants), ‘restorations’, ‘lesions in
enamel’, ‘dentine’, ‘advanced stages in pulpal and
tooth-surrounding tissues’ and ‘teeth lost due to the
caries process’ (Table 1). Use of CAST makes calcula-

tion of a DMF (decayed, missing and filled) score pos-
sible, thus allowing comparison of CAST results and
the DMF scores available in the many publications
worldwide11.
The CAST instrument has been validated for face

and content by a group of 56 epidemiologists from 24
countries, using the e-Delphi consensus method12. Its
construct validity has been obtained13. Complemen-
tary to the validation process, the reproducibility of
the CAST instrument needs to be determined to
ensure its reliability for use in epidemiological sur-
veys. The objective of this paper was to present the
level of reproducibility of applying the CAST instru-
ment to primary and permanent dentitions of three
different age groups.

METHODS

The reproducibility of the CAST instrument was
assessed among Brazilians of three age groups: chil-
dren aged 6–9 years (Study 1), infants aged 2–6 years
and their 19–30 year-old mothers (Study 2). The Eth-
ics Committee of the University of Bras�ılia approved
the study protocols (CEP-FM 014/2011 and 047/
2011). Being also a controlled clinical study, study 1
was registered at the Dutch Trial Registration Centre,
as number 1699. Parents and legal guardians (Study 1)
and mothers (Study 2) were given a consent form
explaining the nature of the study. Only those who
returned the duly signed form and agreed to be exam-
ined were included in the study. The research was
been conducted in full accordance with the World
Medical Association Declaration of Helsinki.

Sample

Study 1

In 2009, a 4-year mixed-longitudinal study covering
6–7-year-old children in Parano�a, a district of Bras�ılia,

Table 1 The Caries Assessment Spectrum and Treatment (CAST) instrument codes and descriptions validated for
face and content12

Characteristic Code Description

Sound 0 No visible evidence of a distinct carious lesion is present
Sealant 1 Pits and/or fissures are at least partially covered with a sealant material
Restoration 2 A cavity is restored with an (in)direct restorative material
Enamel 3 Distinct visual change in enamel only. A clear caries-related discolouration is visible, with or without localised

enamel breakdown
Dentine 4 Internal caries-related discolouration in dentine. The discoloured dentine is visible through enamel, which may

or may not exhibit a visible localised breakdown of enamel
5 Distinct cavitation into dentine. The pulp chamber is intact

Pulp 6 Involvement of the pulp chamber. Distinct cavitation reaching the pulp chamber or only root fragments are
present

Abscess/fistula 7 A pus-containing swelling or a pus-releasing sinus tract related to a tooth with pulpal involvement
Lost 8 The tooth has been removed because of dental caries
Other 9 Does not correspond to any of the other descriptions
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Brazil was introduced7. Two years later these children
were re-examined on their school premises, together
with a new birth cohort of 6–7-year-old children, by
three trained and calibrated examiners using the CAST
instrument, portable equipment and artificial light.

Study 2

A primary oral health care programme, aimed at
reducing early childhood caries in infants from
deprived areas and at improving the oral health of
their mothers, was delivered at the dental clinic of the
School of Dentistry of the University of Bras�ılia. Two
trained and calibrated examiners using the CAST
instrument evaluated the programme between October
and December 2011.

Examiner training

The training sessions were conducted under the super-
vision of a senior epidemiologist (JEF). These com-
prised a theoretical explanation about the CAST
instrument (1.5 hours) and a practical session
(2 hours) in which a total of 20 extracted teeth were
examined and scored according to CAST by each of
the examiners. Individual scores were compared and,
where there was a difference, examiners discussed the
scores until consensus was reached. This process was
repeated until good agreement among examiners was
reached. After being trained, examiners of Study 1
(n = 3) were calibrated for 8 hours under the supervi-
sion of JEF. They examined 14 children of the same
age as those included in the main study and from a
similar socioeconomic background. The two examin-
ers of Study 2 (one examiner also participated in
Study 1) were calibrated in two afternoons spent in
examining 10 infants and their mothers. The kappa-
coefficient values for the inter-examiner agreement at
the end of the calibration session for studies 1 and 2
were 0.75 and 0.81, respectively.

Clinical examination

The oral examination started with assessment of the
presence of toothache, plaque14 and gingival bleed-
ing15. The examiners then brushed the patients’
teeth, without toothpaste, to facilitate clear visibility
of tooth surfaces. Dental floss and gauzes were used
to remove any remaining plaque. Thereafter, the
CAST instrument was used in assessing dental caries
status. A mirror handle with a battery-powered built-
in light source illuminated the tooth to be examined
(MirrorLite�; Kudos, Hong Kong). No air-drying
was applied. If necessary, excess saliva was removed,
using a cotton wool roll or gauzes. A trained recor-
der assisted each examiner. In both studies the senior

epidemiologist was present during the first week of
examinations to assist the examiners in case of
doubts, to answer questions and discuss cases.

Reproducibility test

Reproducibility of CAST codes was obtained through
an intra- and inter-examiner consistency test and
expressed as percentage of agreement (Po) and un-
weighted kappa coefficient (j) with standard error.
The percentage of agreement summarises the total
number of units in which there was agreement
between the first and second observations of one
observer or between two observers9,16. The kappa
coefficient expresses the agreement between two
observations corrected for chance17. The commonly
used categorisation of Landis and Koch18 was used
for classifying the kappa-coefficient values.

Statistical analysis

Data were analysed by an oral statistician using the
statistical package IBM SPSS (version 20.0 for Windows,
IBM, Chicago, IL, USA). Results are presented by
study, examiners and type of dentition (primary or
permanent) at surface and tooth level. As the CAST
instrument is ordered hierarchically, and as a tooth
lost because of dental caries is not considered a carious
lesion anymore, the prevalence of dental caries in the
present studies included only codes 0–711. The hierar-
chical order permits the calculation of a maximum
CAST score per mouth. Agreement was calculated for
CAST codes 0–7 and by determining two sets of cate-
gories. The cut-off points for calculating agreement
between examiners were determined as ‘healthy’ versus
‘diseased’ (codes 0–2 vs. 3–7) and ‘non-cavitated’ ver-
sus ‘cavitated’ (codes 0–3 vs. 4–7) teeth.

RESULTS

Study 1

The sample consisted of 1,617 children, 957 aged
6–7 years old and 660 aged 8–9 years old. A total of
171 children (10.6%) were examined twice or three
times, resulting in 349 duplicate examinations.
Table 2 shows the frequency distribution of CAST
codes (0–8), maximum CAST code per mouth and
cumulative percentages of CAST codes by dentition.
For the primary dentition, prevalence of enamel and
dentine lesions was 52.4% (codes 3–7) and 43.5%
(codes 4–7) of dentine lesions only. The most preva-
lent caries code was code 5 (21.1%). For the perma-
nent dentition, the prevalence of enamel and dentine
lesions (codes 3–7) was 14.1% and for dentine lesions
the prevalence was 8.0% (only code 5).
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Results regarding the reproducibility test of the
CAST instrument (codes 0–7) at surface level for both
dentitions are presented in Table 3. The kappa value
for the inter-examiner consistency tests in primary
and permanent dentitions ranged from 0.68 to 0.86
and from 0.28 to 0.67, respectively. The correspond-
ing Po values ranged from 93.7% to 97.0% and from
97.7% to 98.9%. Examiner 2 had lower intra-
examiner kappa and Po values than examiners one
and three.
Results of the reproducibility test at tooth level for

the categories ‘healthy’ versus ‘diseased’ teeth and for
‘non-cavitated’ versus ‘cavitated’ teeth for both denti-
tions are presented in Table 4. Inter-examiner kappa-
value in primary dentitions for ‘healthy’ versus ‘dis-
eased’ teeth, and for ‘non-cavitated’ versus ‘cavitated’
teeth ranged from 0.54 to 0.86, and from 0.78 to
0.88, respectively. The corresponding Po values

ranged from 88.5% to 96.6% and from 96.8% to
97.9%, respectively. For the permanent dentition,
kappa values for ‘healthy’ versus ‘diseased’ teeth ran-
ged from 0.24 to 0.58 with corresponding Po values
ranging from 95.9% to 97.2%. For ‘non-cavitated’
versus ‘cavitated’ teeth kappa values could not be cal-
culated for two of the three inter-examiner consis-
tency tests, because of the absence of variation within
scores.

Study 2

The sample consisted of 177 children (2–6 years old)
and their mothers (19–30 years old). Re-examination
of 24 infants (13.5%) and 24 mothers (13.5%) pro-
duced 96 duplicates. Table 5 shows the number of
surfaces scored by CAST code (0–8), maximum CAST
code per mouth and cumulative percentages of CAST
codes by dentition. The prevalence of enamel and den-
tine lesions for the primary dentition was 14.6%
(codes 4–7). The most prevalent caries code for the
primary dentition was code 5 (8.3%). For the perma-
nent dentition, the prevalence of enamel and dentine
lesions was 62.5%. The most prevalent caries code
was code 6 (33.3%).
Results regarding the reproducibility test of the

CAST instrument (codes 0–7) at tooth level for both
dentitions are presented in Table 6. The kappa and
Po values for the inter-examiner consistency tests in
assessing CAST codes in primary dentitions were 0.74
and 98.3%, respectively. The kappa and Po values for
inter-examiner consistency tests were 0.87 and
94.1%, respectively, for assessing the CAST codes in
permanent dentition.
Table 7 presents the results of the reproducibility

test at tooth level for the categories ‘healthy’ versus
‘diseased’ teeth and for ‘non-cavitated’ versus ‘cavi-
tated’ teeth for both dentitions. The kappa and Po
values for inter-examiner consistency test in primary
dentition for the category ‘healthy’ versus ‘diseased
teeth’ were 0.65 and 96.7%, and for the category

Table 2 Number of tooth surfaces, maximum Caries
Assessment Spectrum and Treatment (CAST) code per
mouth and cumulative percentages of CAST codes by
dentition amongst 6–9 year-olds

CAST code n Max Cumulative%

Primary dentition
0 10,488 58 34.1
1 2 1 34.7
2 147 5 37.6
3 192 15 46.5
4 15 1 47.1
5 435 36 68.2
6 363 32 87.1
7 44 5 90
8 105 17 100
Total 11,791 170 100

Permanent dentition
0 6,062 134 82.2
1 1 1 82.8
2 8 5 85.9
3 51 10 92
4 4 0 92
5 15 13 100
Total 6,141 163 100

n, Number of surfaces; Max, maximum caries score per mouth.

Table 3 Intra- and inter-examiner consistency test of assessing primary and permanent dentition at surface level
amongst 6–9-year-olds with the Caries Assessment Spectrum and Treatment (CAST) instrument (0–7)

Primary dentition Permanent dentition

n j SE Po (%) n j SE Po (%)

Intra-examiner
Examiner 1 2,227 0.86 0.02 97.0 949 0.67 0.10 99.1
Examiner 2 1,220 0.80 0.02 93.9 523 0.33 0.13 97.1
Examiner 3 1,793 0.82 0.02 96.8 1082 0.56 0.10 98.8

Inter-examiner
Examiner 1–2 1,220 0.86 0.03 97.0 441 0.67 0.11 97.7
Examiner 2–3 994 0.68 0.03 93.7 608 0.28 0.13 98.4
Examiner 1–3 4,933 0.86 0.02 96.3 1812 0.67 0.11 98.9

n, Number of surfaces; j, kappa-coefficient value; SE, standard error; Po, percentage of agreement.
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‘non-cavitated’ versus ‘cavitated’ teeth they were 1.00
and 100%. For the permanent dentition, the kappa
and Po values for the category ‘healthy’ versus ‘dis-
eased’ teeth were 0.82 and 95.3%, and those for the
category ‘non-cavitated’ versus ‘cavitated’ teeth were
0.88 and 98.6%.

DISCUSSION

Methodology

Kappa statistics are commonly used to determine the
reproducibility of a diagnostic test. They function well
if the codes that comprise the test are frequently

scored. This usually allows for sufficient variation in
scores per code. However, if the frequency of scoring
a code is low, one variation from the diagonal in a
2 9 2 table can lower the kappa-coefficient value tre-
mendously. The same is true when the prevalence of a
condition among the population is high19. In low-
prevalence populations the unit of analysis (surface,
tooth, mouth) also influences the kappa-coefficient
value. At surface level, the agreement between exam-
iners is expected to be higher than at tooth level. This
is because a tooth without the study condition counts
for four or five correctly determined scores, increasing
the prevalence of agreed scores considerably16. As a
result of the effect of the prevalence on the kappa-
coefficient value, it is scarcely possible to compare
kappa coefficients between different population
groups or characteristics20.
In contrast to the decision made by the ICDAS CC,

who instructed users of the ICDAS to apply the
weighted kappa coefficient, in the present investigation
the unweighted, simple kappa was applied. The CAST
codes, like many other caries lesion codes included in
other assessment instruments, are of a categorical and
not of an ordinal nature, which is a requisite for appli-
cation of a weighted kappa statistic21,22.
Although frequently done, merely reporting kappa

coefficient values is uninformative and can be mislead-
ing22. Therefore, it was recommended that informa-
tion about systematic disagreement among examiners,
marginal homogeneity of the sample, bivariate sym-
metry in misclassification and the underlying preva-
lence of the condition in the population should be
reported together with the kappa-coefficient value22.
Because of the absence of a gold standard (benchmark
examiner) in a sample size such as ours (total of 219
subjects), it was not possible to adhere to some of
these recommendations in the present study. As there
are at present no standards for reporting the existence

Table 4 Intra- and inter-examiner consistency test for primary and permanent dentition for categories healthy
(0–2) versus diseased (3–7) and for non-cavitated (0–3) versus cavitated (4–7) teeth among 6–9-year-olds

Primary dentition Permanent dentition

n 0–2 vs. 3–7 0–3 vs. 4–7 n 0–2 vs. 3–7 0–3 vs. 4–7

j SE Po (%) j SE Po (%) j SE Po (%) j SE Po (%)

Intra-examiner
Examiner 1 493 0.84 0.03 95.3 0.87 0.03 97.1 218 0.65 0.13 97.2 0.32 0.25 98.1
Examiner 2 272 0.82 0.04 93.0 0.93 0.03 98.1 121 0.40 0.14 90.0 1.00 0.00 100
Examiner 3 395 0.89 0.03 97.2 0.84 0.04 96.9 250 0.61 0.13 97.2 0.60 0.16 98.0

Inter-examiner
Examiner 1–2 271 0.86 0.05 96.6 0.86 0.05 97.7 105 0.48 0.22 96.1 *0.00 0.00 99.0
Examiner 2–3 219 0.59 0.07 88.5 0.78 0.08 96.8 148 0.58 0.19 97.2 *0.00 0.00 97.9
Examiner 1–3 1099 0.79 0.03 94.9 0.88 0.02 97.9 418 0.24 0.12 95.9 0.49 0.18 98.5

n, Number of surfaces; j, kappa-coefficient value; SE, standard error; Po, percentage of agreement.
*No statistics were computed because of the absence of variation. In the first case the examiners disagreed about one tooth and, in the second,
they disagreed about three teeth.

Table 5 Number of tooth surfaces, maximum Caries
Assessment Spectrum and Treatment (CAST) code per
mouth and cumulative percentages of CAST codes by
dentition amongst 2–6-year-olds (primary dentition)
and 19–30-year-olds (permanent dentition)

CAST code n Max Cumulative%

Primary dentition
0 1,908 38 79.2
2 12 3 85.4
3 31 0 85.4
4 1 1 87.5
5 22 4 95.8
6 23 0 95.8
7 8 2 100.0

Total 2,005 48
Permanent dentition
0 2,167 2 4.2
1 1 0 4.2
2 442 16 37.5
3 74 0 37.5
4 16 1 39.6
5 46 11 62.5
6 39 16 95.8
7 5 2 100.0
Total 2,790 48

n, Number of surfaces; Max, maximum caries score per mouth.
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of agreement coefficients22, the decision was made to
present not only the prevalence of the condition,
kappa coefficient and standard error, but also the per-
centage of agreement per code and per code-combina-
tion. The last measurement is easy to calculate and
has a strong intuitive appeal23. However, it is also
influenced by the unit of analysis (tooth, surface level)
and by the prevalence of the condition. Thus, it is
important to report the percentage of agreement
together with other agreement measurements when
the prevalence of non-diseased cases is high16. There-
fore, the prevalence, kappa coefficient and percentage
of agreement were combined as complementary mea-
surements to overcome the paradoxes faced by these
measurements when used alone.
The kappa-coefficient value for the inter-examiner

agreement in identifying cavitated versus non-cavitated
permanent teeth could not be calculated in two out of
three occasions. These results were caused by the
absence of sufficient variation in scores and because
the prevalence of dentine carious lesions in permanent
teeth in the age group of 6–9 years old was very low
(only 8%). Even when enamel carious lesions were
combined with dentine carious lesions, increasing the
prevalence to 14.1%, the kappa-coefficient value
remained low. Nevertheless, the percentage of agree-
ment among examiners was high, as examiners
disagreed in only a few cases. These paradoxes – low
kappa-coefficient values and high percentage of agree-

ment, and kappa-coefficient value variation or no com-
putation – are consequences of the very low
prevalence of CAST codes that are different from code
0 in the population (Table 2). This situation may have
occurred because the study children were only begin-
ning their mixed dentition, had relatively few recently
erupted permanent teeth, in most cases unsealed and
unrestored, and only a few with a carious lesion.
Therefore, the outcomes of the reproducibility test for
the permanent dentition in this age group should be
considered with extreme care.

Findings

The reproducibility test for the use of CAST in pri-
mary teeth was carried out on a group of young and
somewhat older children originating from a low and
higher prevalence of CAST codes, respectively. The
intra- and inter-examiner agreement for identifying all
CAST codes – those for the categories ‘healthy’ versus
‘diseased’ and ‘non-cavitated’ versus ‘cavitated’ tooth
surfaces – in both groups were ‘substantial’ to ‘almost
perfect’. The level of intra-examiner agreement was
higher in the older group of children and was gener-
ally higher than the inter-examiner agreement. The
former might result from the higher prevalence of the
individual CAST codes present in that group than in
the younger group of children. The latter indicates
that the calibration exercise could have been more

Table 7 Intra- and inter-examiner consistency test of assessing primary (2–6-year-olds) and permanent (19–30-
year-olds) dentition for the categories healthy (0–2) versus diseased (3–7) and for non-cavitated (0–3) versus cavi-
tated (4–7) teeth

Primary dentition Permanent dentition

n 0–2 vs. 3–7 0–3 vs. 4–7 n 0–2 vs. 3–7 0–3 vs. 4–7

j SE Po (%) j SE Po (%) j SE Po (%) j SE Po (%)

Intra-examiner
Examiner 1 228 0.60 0.16 97.8 1.00 0.00 100 260 0.76 0.05 93.0 0.82 0.06 96.9
Examiner 2 138 0.88 0.05 96.3 0.91 0.05 97.8 208 0.86 0.05 97.1 0.88 0.07 98.5

Inter-examiner
Examiner 1–2 92 0.65 0.19 96.7 1.00 0.00 100 151 0.82 0.06 95.3 0.88 0.08 98.6

n, Number of surfaces; j, kappa coefficient value; SE, standard error; Po, percentage of agreement.

Table 6 Intra- and inter-examiner consistency test of assessing primary (2–6-year-olds) and permanent (19–30-
year-olds) dentition at tooth surface level with the Caries Assessment Spectrum and Treatment (CAST) instrument

Primary dentition Permanent dentition

n j SE Po (%) n j SE Po (%)

Intra-examiner
Examiner 1 998 0.61 0.11 87.0 1,275 0.89 0.01 95.5
Examiner 2 616 0.87 0.03 99.3 1,011 0.91 0.01 96.4

Inter-examiner
Examiner 1–2 400 0.74 0.10 98.3 750 0.87 0.02 94.1

n, Number of surfaces; j, kappa-coefficient value; SE, standard error; Po, percentage of agreement.
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intense. As all percentage of agreement values for the
three conditions under analysis were high, the indica-
tion is that the reproducibility of CAST in these two
age groups reached a substantial to high level.
In adults, the examiner agreement regarding the

identification of CAST codes 0–7, those for the cate-
gories ‘healthy’ versus ‘diseased’ and ‘non-cavitated’
versus ‘cavitated’ surfaces – were almost perfect, but
for the intra-examiner agreement of one of the exam-
iners that showed a substantial level of agreement.
This finding and the high values for the corresponding
percentage of agreement indicate a near to almost per-
fect reproducibility of CAST codes in this adult group
of 19–30 years old.
Measuring the reproducibility of a newly developed

diagnostic instrument with more than one measure-
ment in vivo is part of the evaluation process that
eventually determines the quality of the instrument
and, consequently, the quality of the data collected.
As this is the first time that the reproducibility of the
CAST instrument has been measured, it is not possible
to relate the findings of the present study to those of
others. Therefore, there is a need to measure the
reproducibility of CAST in the same age groups as
reported here, and in others, with varying prevalence
of CAST codes and by other researchers.
If the manner in which the level of reproducibility of

other recently introduced caries assessment instruments
is analysed, it emerges that the kappa-coefficient was
the only measurement used to express reproducibility
among examiners in the majority of epidemiological
studies that had used the ICDAS for the first time.
These studies used the ICDAS as if the level of repro-
ducibility in different age groups had already been
assessed and been considered to be sufficiently high.
Some studies reported weighted kappa-coefficient val-
ues6,24 or unweighted kappa-coefficient values6 and
others did not specify whether the kappa-coefficient
used had been weighted or not5,7. Only one study
reported, in addition to the kappa-coefficient values,
the percentage of agreement for two sets of categories
of ICDAS codes when reporting on its reproducibility7.
The level of reproducibility, using the kappa statis-

tics, of the other recently developed caries assessment
instrument, PUFA/pufa, was tested in three stud-
ies10,25,26. Hence, limited data regarding the in vivo
reproducibility of ICDAS and PUFA/pufa indices are
available.
In similarity to the present study, the reproducibility

of the Nyvad criteria was measured in vivo among the
9–14-year-old3 and 3–7-year-old children27 using the
kappa-coefficient and corresponding percentage of
agreement for different categories of instrument codes.
We conclude that the reproducibility of the CAST

instrument for use in the primary dentition of 2–6-
year-olds and of 6–9-year-olds was ‘substantial’ to

‘almost perfect’. Its reproducibility for use in the per-
manent dentition of 19–30-year-olds was almost per-
fect. Studies by other research groups on various age
groups are needed to further test the reproducibility
of CAST. The CAST instrument can be applied in epi-
demiological studies for the age groups studied.
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