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Abstract 
Objectives: This report describes the interexaminer reliability achieved using 

Dean’s Index in a study of dental fluorosis, and shows the effect on kappa values 
of assigning different weights to the various components of Dean’s Index. Meth- 
ods: Three denfisfs conducted replicate fluorosis examinations on 202 children 
in Newburgh and Kingston, NY. Examiner reliability was assessed by computing 
percent agreement and weighted and unweighted kappa statistics. Results: 
Agreement on the presence or absence of fluorosis using Dean’s definition of 
fluorosis ranged from 92 to 97 percent and the respective kappa values ranged 
from 0.75 to 0.94. A comparison of subject-level severity scores for Dean’s Index 
resulted in percent agreement ranging from 79.6 percent to 86.8 percent and 
kappa values ranging from 0.67 to 0.76. Weighting the kappa Statistics improved 
agreement and reduced the differences. Conclusions: Examiners showed good 
to excellent agreement beyond chance in the use of the index. Subject level kappa 
scores were higher than tooth-level scores. [J Public Health Dent 2000;60( l):57- 
591 
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Dean’s Index of dental fluorosis has 
been in continuous use for more than 
50 years (1). Since the time of Dean’s 
original work, several other indices of 
dental fluorosis have been developed 
to address some of the shortcomings 
of Dean’s Index when used in analytic 
epidemiology (2-5). However, Dean’s 
Index has remained popular for preva- 
lence studies because of its simplicity 
and its ability to make comparisons 
with numerous earlier studies. 

Rozier has suggested that due to the 
subjective nature of classification, as- 
sessments of fluorosis may be subject 
to more variation than those of many 
other oral conditions (5). However, 
studies of examiner reliability of 
Dean’s Index have not been widely 
reported. In 26 studies using Dean’s 
Index conducted between 1980 and 
1992, Rozier found that only 11 in- 
cluded estimates of examiner reliabil- 
ity (5), and most reported only percent 

agreement scores rather than the gen- 
erally more meaningful kappa statis- 
tic. Mabelya et al. (6) compared Dean’s 
Index to the Thylstrup-Fejerskov In- 
dex and found the overall kappa 
scores to be 0.69 and 0.70, respectively. 
Evans reported a kappa score of .61, 
and Songpaisan and Davies reported 
a kappa score of .35 (5). The latter score 
falls below the range of kappa values 
generally regarded as representing ac- 
ceptable agreement among examiners. 
Consequently, it is difficult to general- 
ize from the existing literature about 
the reliability of Dean’s Index or other 
indices of fluorosis. 

This report presents findings for in- 
terexaminer reliability in a study of 
dental fluorosis conducted in New- 
burgh and Kingston, NY. The objec- 
tives of this report are to present the 
levels of interexaminer agreement 
achieved during the study, and to de- 
termine the effect of reducing the seri- 

ousness of disagreement by assigning 
different weights to the various com- 
ponents of Dean’s Index. 

Methods 
Data for this communication were 

obtained in a study of 3,326 children, 
grades 1-8, who attended schools in 
fluoridated Newburgh or in non- 
fluoridated Kingston. Data from 202 
replicate examinations conducted by 
two experienced dental epidemiolo- 
gists and a third dentist who had no 
previous experience in epidemiologic 
studies were used in the assessment of 
reliability of Dean’s Index of fluorosis. 
These examiners were trained in the 
fluorosis evaluations by a consultant 
with extensive experience in the use of 
Dean’s Index. Training consisted of a 
didactic presentation of Dean’s classi- 
fication criteria using color transpar- 
encies and discussions of fluorosis 
cases in the field at a study site. 

Field examinations were conducted 
using portable fiber optic lights; teeth 
were not air-dried prior to the 
fluorosis assessments. Subjects were 
first given an overall score for Dean‘s 
Index based on the two teeth display- 
ing the most severe signs of fluorosis, 
with the overall subject score being 
determined by the score assigned to 
the least severely affected of the two 
index teeth. Following the overall 
score, each fully erupted tooth was 
scored individually. A distinction was 
made between dental fluorosis and 
other opacities that appeared to be 
nonfluoride in origin, as described by 
Russell (7). The prevalence of ques- 
tionable and very mild to severe den- 
tal fluorosis in these children was 15 
percent and 21 percent, respectively. 
At the tooth level, the prevalence of 
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questionable and very mild to severe 
dental fluorosis was 9 percent each. 

Using an SAS computer program 
(s), percent agreement on Dean’s clas- 
sification and the respective kappa 
Scores were computed. Examiner 
agreement was determined for each 
pair of examiners. Analyses were car- 
ried out first at the level of the individ- 
ual subject, next for all permanent 
teeth combined, and then for subsets 
of permanent teeth composed of the 
incisors and first molars. A final analy- 
sis was carried out to obtain percent 
agreement on the simple presence or 
absence of fluorosis (prevalence), 
without regard to severity. Procedures 
for computing the unweighted kappa 
statistics are those described by Fleiss 
(9). Because disagreements between 
the various categories of Dean’s Index 
may not be of equal importance (de- 
pending on the study objectives), a 
weighting scheme was devised that 
would assign less emphasis when ex- 
aminers disagreed by only one sever- 
ity level of Dean’s Index, and greater 
emphasis when they disagreed by 
more than one severity level (Table 1). 
The procedure described by Cohen 
(10) was used for deriving weighted 
agreement and kappa values. 

To provide a qualitative meaning to 
the numeric kappa values, the guide- 

lines suggested by Landis and Koch 
(11) were used. Kappa values of less 
than 0.4 indicate unacceptable agree- 
ment beyond chance between examin- 
ers, and values of 0.75 or greater de- 
note excellent agreement beyond 
chance. Values between 0.4 and 0.75 
represent fair to good agreement be- 
yond chance. 

Results 
Table 2 shows the percent agree- 

ment and the respective kappa scores 
among the three examiners. At the 
subject level of comparison of Dean’s 

Index, unweighted percent agreement 
and the unweighted kappa values 
ranged from 79.6 to 86.8 percent and 
0.67 to 0.76, respectively. The 
weighted percent agreement and the 
corresponding kappa values exceeded 
88.9 percent and 0.76, respectively. 

When all teeth, rather than subjects, 
were considered as the units of obser- 
vation, percent agreement scores were 
relatively unaffected, but kappa val- 
ues were reduced. Unweighted kappa 
and weighted kappa values ranged 
from 0.52 to 0.65 and 0.59 to 0.75, re- 
spectively. To evaluate reliability by 

TABLE 1 
Weighting Matrix Used for Computing Weighted Kappa Statistics for 

Dean’s Index 
~ 

Normal 
Question- 

able 
Very mild 
Mild 
Moderate 
Severe 
Exclude 

Questiona 
Normal ble 

1 .5 
.5 1 

.5 0 
0 0 
0 0 
0 0 
0 0 

~~ 

Very 
Mild Mild 

Mod- 
erate Severe Exclude 

TABLE 2 
Interexaminer Reliability Using Dean’s Index, Unweighted and Weighted Percent Agreement and Kappa Statistics, 

by Examiner and Type of Analysis 

Unweighted Weighted 

Examiner Examiner Examiner Examiner Examiner Examiner 
n AvsB n AvsC n BvsC AvsB AvsC BvsC 

Subjects 68 
Agreement (%) 

Kappa 

Kappa 

Kappa 

Kappa 

Kappa 

All teeth 1,018 
Agreement (“6) 

Incisors 272 
Agreement (%) 

First molars 272 
Agreement (%) 

Prevalence 68 
Agreement (Yo) 

86.8 
0.76 

87.4 
0.65 

84.9 
0.68 

88.2 
0.76 

97.0 
0.94 

80 54 
82.5 
0.67 

1,726 978 
88.2 
0.53 

320 216 

0.60 
320 216 

0.52 
80 54 

0.75 

85.3 

82.8 

92.0 

79.6 
0.68 

84.7 
0.52 

80.1 
0.59 

80.1 
0.58 

96.3 
0.9 

92.7 
0.83 

92.8 
0.75 

90.3 
0.77 

93.4 
0.84 

- 
- 

91.3 
0.78 

93.3 
0.63 

91.6 
0.70 

89.1 
0.62 

- 
- 

88.9 
0.76 

91.1 
0.59 

88.2 
0.71 

88 
0.64 

- 
- 

Note: Prevalence of fluorosis is based on Dean’s classification of very mild to severe categories 
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tooth type, analyses were carried out 
separately for permanent maxillary in- 
cisors and permanent first molars. 
These results did not show any clear- 
cut overall conclusions with respect to 
reliability by tooth type. Rather, the 
results appeared to vary by examiners. 
For incisors, Examiner A versus Exam- 
iner B displayed an unweighted kappa 
of 0.68, while the value for Examiner B 
versus Examiner C was 0.59. The 
weighted analysis improved these 
scores to 0.77, 0.70, and 0.71 for the 
three pairs of examiners. On first mo- 
lars, both the unweighted and 
weighted percent agreement kappa 
scores were slightly higher for Exam- 
iner A versus Examiner B when com- 
pared to the other pairs. Overall, Ex- 
aminer A showed slightly better 
agreement and higher kappa scores on 
every comparison at the subject level 
and on tooth level scores. The im- 
proved percent agreement and kappa 
values in the weighted analyses illus- 
trate that the examiners’ disagreement 
tended to be less than one severity 
level while using Dean’s classification. 

Examiner agreement on the pres- 
ence or absence of dental fluorosis was 
assessed using the criterion proposed 
by Dean, where presence of fluorosis 
is defined as a subject having very 
mild or greater severity of fluorosis. 
Agreement on the presence or absence 
of fluorosis ranged from 92 to 97 per- 
cent and the respective kappa values 
ranged from 0.75 to 0.94. 

Discussion 
The assessment of the reliability of 

Dean’s Index showed excellent agree- 
ment beyond chance when subjects 
were classified with respect to pres- 
ence or absence of fluorosis. This type 
of analysis would be appropriate in 
studies to determine the prevalence of 
fluorosis, without regard to degrees of 
severity, or in studies of fluorosis us- 
ing logistic regression, in wluch the 
dependent variable must be dichoto- 
mized. Dean’s subject level scores also 
showed excellent levels of agreement. 
Even our inexperienced examiner 
achieved good agreement with other 
examiners after proper training. 

However, differences among theex- 
aminers were noted, even though they 
were not great in most instances. 
Agreement was better between exam- 
iners when subjects were the unit of 
observation rather than teeth. This 
probably was due to several factors. 

For one, fewer diagnostic decisions 
were required. For another, some clas- 
sifications applicable to individual 
teeth, such as unerupted and non- 
fluoride opacity, are easier to record at 
the person level. Finally, the charac- 
teristic clinical features of dental 
fluorosis such as its bilateral manifes- 
tation and generalized presence of 
opacities are easier to observe at the 
person level. In short, fewer chances 
for examiners were available to dis- 
agree on subject scores as compared to 
tooth scores. 

We expected to find a higher level 
of agreement on incisors than molars; 
however, differences were not consis- 
tent among the examiners. It should be 
noted that Dean’s criteria for some 
milder forms of fluorosis make spe- 
cific reference to tooth type, e.g., 
“snow-capping” on cusp tips of mo- 
lars and premolars. It may be that the 
examiners applied Dean’s criteria 
somewhat differently for molars than 
for incisors. 

The use of weighted kappas re- 
sulted in improved agreement over 
the unweighted values and reduced 
the differences among the examiners. 
The question arises as to whether the 
unweighted or the weighted analysis 
gives a more appropriate measure of 
reliability. In prevalence studies, 
where the chief parameter of interest 
is the proportion of persons affected 
by fluorosis without regard to sever- 
ity, a weighted analysis might be con- 
sidered more meaningful. However, 
in studies where all disagreements 
about severity are considered equally 
important, unweighted analyses 
would be more appropriate. 

A second question is how to choose 
the component weights. In describing 
the weighted kappa analysis, Cohen 
proposed that weights be assigned on 
rational or clinical grounds, inde- 
pendent of the data actually collected 
(10). Thus, the relative seriousness of 
each possible disagreement can be 
quantified, where exact agreement is 
given a weight of 1 and all disagree- 
ments are given a weight of less than 
1. In our weighting scheme, a weight 
of 0.5 was assigned when examiners 
disagreed by only one severity level of 
Dean’s Index, and a weight of 0 was 
assigned to disagreements of more 
than one severity level. This scheme is 
somewhat arbitrary and it simply re- 
flects our best estimate of the relative 
importance of the disagreements in 

the context of the study’s objectives. 
This study showed good to excel- 

lent interexaminer agreement beyond 
chance for Dean’s Index. The results 
also compare favorably with the pre- 
vious reports of reliability of fluorosis 
examinations (5). However when 
more categories were used for class- 
ifying fluorosis, it invariably resulted 
in lower agreement levels. Although 
the mere fact that Dean’s Index has 
fewer categories compared to other in- 
dices of fluorosis should be advanta- 
geous in attaining excellent agreement 
levels, Mabelya et al. (6) found the 
Thylstrup and Fejerskov Index to be 
slightly better. They attributed diffi- 
culties encountered in the application 
of Dean’s Index to not drying the teeth 
before clinical examination and impre- 
cise definitions of categories (6). 
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