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The aim was to assess the validity and consequences of different methods of expressing severity of dental
fluorosis in a subject. The analyses were based on Ugandan children (z = 481), aged 1014 years, with life-
long consumption of drinking water with either 0.5 or 2.5 mg fluoride per liter. Fluorosis was assessed
using the Thylstrup and Fejerskov (TF) index. All children (z = 219) with 28 teeth and fluorosis on at least
1 tooth pair were selected to test methods of expressing fluorosis, e.g. the TF score on the most severely
affected tooth, a maxillary central incisor, the median and the mean scores. A test group (n = 40), the 10 most
and the 10 least severely affected children in each district, was used to evaluate the methods and a reference
group (n=179) to confirm or refute the findings in the test group. To evaluate consequences of the different
methods of expressing severity of fluorosis in a subject, children from the low (2 =130) and the high
fluoride (n = 132) districts not included in the test or reference group formed the community comparison
groups. Comparison between the median (gold standard) and mean scores showed a significant deviation in
the reference group only. Most of the partial recording methods, such as the score for the most severely
affected tooth, were significantly and systematically higher than the median. While for all recording
methods the median score was zero in both communities, the distribution of the subjects according to
severity differed significantly between the communities. 0 Dental fluorosis; expressing severity; mean; median;
partial recording
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Both partial and full-mouth recording methods, as well as
different indices, have been employed or recommended to
reflect the severity of dental fluorosis in a subject (1-21).
The partial recording methods are based on the severity of
cither a single tooth or the 2 most affected teeth (Table 1).
Full-mouth recordings have been reported in terms of
either a measure of location (mean or median) or the
frequency of scores at a certain level of severity (Table 1).

Partial recording presupposes a high degree of agree-
ment between full-mouth severity scores and the selected
tooth or subsets of teeth. The severity of fluorosis is known
to vary within the dentition (3,22-27). The late miner-
alizing and erupting teeth are usually the most severely
affected. The partial recordings are based on either the
carly (6-10) or the late mineralizing and erupting teeth
(11). Hence, partial recording may under- or over-report
dental fluorosis compared to full-mouth recording.

To our knowledge, only two studies (15,28) have
compared different methods of expressing the severity of
fluorosis in a subject (Table 2). The comparisons were
based on bivariate correlation analyses; a questionable
approach as high correlation does not necessarily mean
agreement between two methods (29). Moreover, correla-
tion analyses do not reveal systematic under- or over-
recording by one method as compared with another.
Besides comparing different indices, no attempt seems to
have been made to study the validity and consequences of
different methods of reporting the severity of fluorosis. The

aim of this paper was to assess the validity of different
methods of expressing the severity of fluorosis in subjects
and to determine any effect on comparisons between
communities.

Material

The material used in these analytical assessments has been
described previously (20). It comprised children (n = 481)
aged 10-14 years who were continuous residents of rural
small-scale subsistence farming communities in Kasese

Table 1. List of methods used or recommended for expressing the
severity of fluorosis in a subject. The severity was based on Dean’s
index (1, 2), Thylstrup and Fejerskov’s index (3, 4), and/or the Tooth
Surface Index of Fluorosis (5)

Methods Source/reference
Partial recording
Central incisor 6-9)
Central incisors or 1st molars (10)
Ist premolar (11)
Two most affected teeth (1,12-14)
Full-mouth recording
Mean (15-18)
Median (3,11, 15)
Frequency of scores at certain level of severity (19-21)
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Table 2. Previous comparisons of methods of expressing the severity of fluorosis in a subject, using bivariate correlation analyses (15, 28). The
severity was based on Dean’s index (1, 2), Thylstrup and Fejerskov’s index (3, 4) and/or Tooth Surface Index of Fluorosis (5)

Method

Source/reference

Kingman (15) Katz and Brizendine (28)

Partial recording

Highest score + _

Two highest scores + -

4th highest score + +

Mode score - +
Full-mouth recording

Mean score + +

Median score - +

Percentage of scores for whole dentition + +

Percentage of scores for anterior or posterior teeth - +

+ Method included, — Method not included.
Table 3. Distribution of children according to group and district

Kasese (0.5 mg F/I) Kisoro (2.5 mg F/1) Total

Group (n) (n) (n)
Test — validation of methods 20 20 40
Reference — verify the test 13 166 179
Community comparison 130 132 262
Total 163 318 481

(n=163) and Kisoro (n = 318) districts in western Uganda.
The fluoride concentration of the drinking water was 0.5
and 2.5 mg per liter in the respective districts.

Under field conditions, the children were clinically
examined by one dentist (C.M.R.) while seated on a chair
outside the school building in the shade. Natural light was
the source of llumination. Cotton rolls were used to wipe
the teeth clean and to control saliva. Severity of fluorosis
was assessed on the vestibular surface of each permanent
tooth (excluding 3rd molars) using the modified Thylstrup
and Fejerskov (TT) index (4). The prevalence of dental
fluorosis (TF score >1) was 35% in the low and 77% in the
high fluoride district. Fluorosis at TF score >5 was
recorded in 6% and 32% of the children, respectively.

In order to assess the validity of different recording
methods, each subject had to fulfill the following criteria:
all 28 teeth present and at least 1 tooth pair with fluorosis.
This left 219 children: 33 and 186 from low and high
fluoride districts, respectively. Among the 219 children, a
test group of 40 children, the 10 most and the 10 least
severely affected by fluorosis, was selected (Table 3). The
most severely affected children were chosen on the basis of
the highest score for any tooth pair, whereas the least
affected had at least 1 tooth pair with a TTF score >1. In
these children (n = 40), severity scores from 0 to 8 were
represented. The remaining 179 children: 13 and 166
from the low and high fluoride communities, respectively,
were used as the reference group (Table 3) to confirm or refute
the findings in the test group.

+ FDI tooth nomenclature.

Children not included in the test and reference groups:
130 and 132 from the low and high fluoride districts,
respectively, were employed to ascertain whether or not
the different methods of expressing the severity of dental
fluorosis in a subject affected inter-community compar-
isons. These children constituted the community comparison
groups in Table 3 and do not represent their original
districts. They had a varying number of permanent teeth
and their TT scores ranged from 0 to 9.

Methods

Reporting dental fluorosis in a subject

To reflect the severity of dental fluorosis within a
subject, either partial or full-mouth recording methods were
used. The partial mouth recording employed the score for
the maxillary right central incisor (tooth 1171), the score for
the maxillary right first premolar (tooth 147), the score for
the most affected tooth (MAT) and the mean score for the
2 most severely affected teeth in a subject represented by
tooth 151 and 241 (mean 15 and 24). Full-mouth recording
methods included the median and the mean TF scores
for a subject, as well as the tooth prevalence of fluorosis
(TPF %) at scores >1.

Statistical analyses

Data were analyzed using the Statistical Package for
Social Sciences (SPSS). The frequency distribution of teeth
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Fig. 1. Distribution of children according to the proportion of teeth
per child exhibiting fluorosis of TT scores >1, >3, and >5 (n = 40).

per child with fluorosis at different levels of severity was
employed to describe the material (Fig. 1). Dental fluorosis
indices such as the TT index (3,4) provide graduated
scores of severity on an ordinal scale of measurement. This
dictates use of non-parametric statistical analyses (30).
However, for samples of at least 20 (31,32) or 30
observations (33), parametric procedures can justifiably
be employed for skewed data typical of fluorosis scores.
To compare different methods, a useful first step is to
plot a scatter diagram of one method against a true status
or gold standard (29). In order to meet the assumptions of the
ordinal scale of measurement, and to provide for complete

Median TF score
L

Mean TF score

Fig. 2. Scatter plots and cubic regression between the median and the
mean TF score of a subject (n=179). The broken line indicates
perfect agreement between the methods.
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Fig. 3. Scatter plots and cubic regression between the relative median
TF score of a subject (%) and the tooth prevalence of fluorosis (TPF,
%) at scores >1 (n = 40). The broken line indicates perfect agreement
between the methods.

inventory of the dentition, the median was chosen as a gold
standard. The scatter diagram and the cubic regression
line were used to show the relationship between the
median score and any other method of expressing severity
of fluorosis in a subject (Figs 2-5). The number of plots
may be less than the number of paired observations
because of ties (identical scores). The cubic regression line
(continuous line) described the observations better than the
linear regression line, and was therefore chosen. The line
of equality (broken line in Figs 2-5) was drawn to indicate
the location of perfect agreement, and hence any

Median TF score

7 o 1 2 3 a 5 & 7
TF score for maxillary right central incisor
Fig. 4. Scatter plots and cubic regression between the median TF
score of a subject and the TF score for the maxillary right central

incisor (n = 40). The broken line indicates perfect agreement between
the methods.
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Fig. 5. Scatter plots and cubic regression between the median TF
score of a subject and the TF score for the maxillary right first
premolar (n=40). The broken line indicates perfect agreement
between the methods.

Table 4. Comparison of the severity of dental fluorosis based on
various recording methods of expressing the severity in a subject
according to group of children

Test Reference
Methods (n = 40) (n=179)
Median vs mean ns *
Median9 vs TPF at score > 1 *
Median vs tooth 11 ns ns
Median vs MAT, tooth 14, mean 15 and 24 * *

*P<0.01; ns = not significant; 9§ relative median TTF scores (%);
TPF = tooth prevalence of fluorosis (%) at score >1; Mean 15 and
24 = mean score for tooth 15 and 24; MAT = most affected tooth.

systematic deviation between the methods. Wilcoxon
signed ranks test for paired observations was used to
check for significant intra-subject differences between the
median score and other methods (Table 4).

In order to compare the TPF and the median score, a
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relative median value was calculated: (median score x
100)/9 where 9 is the maximum score of the TT index. To
compare the severity of fluorosis between communities, the
median and mean values were estimated based on
different methods of reporting the severity in a subject
(Table 5). However, the median at a community level
could not be justified when the median score had been
used to reflect the severity in a subject (34). The Mann-
Whitney U test was employed to assess the significance of
differences between communities when different methods
were used to express the severity of fluorosis at a subject
level (Table 5).

In the comparison between methods at a subject level,
the significance was set at 1% to offset the effect of intra-
subject correlation. In the inter-community comparison,
5% was used.

Results

Comparison of severity within a subject

The tooth prevalence of fluorosis (TT scores >1) was not
significantly different in the test and reference groups
(P> 0.05, Mann-Whitney U test). In the test group, all the
children (n = 40) had fluorosis on 36% of their teeth (Fig.
1). The corresponding value in the reference group
(n=179) was 32%. The severity at TT scores >5, however,
was significantly different in the two groups. Twenty-five
percent of the children in the test group and only 3% in
the reference group had TF scores >5 on at least 50% of
their teeth.

Comparing methods of expressing severity in the test
and the reference groups generally gave similar results
(Table 4).

Full-mouth recording: In the intra-subject comparison, there
was no significant deviation between the median (gold
standard) and the mean TTF scores in the test group
(P> 0.01, Wilcoxon test). In the reference group, however,
the median scores generally exceeded the mean scores (Fig.
2). This deviation was significant (P < 0.01, Wilcoxon test).
The TPF at scores >1 overrated the severity compared to
the relative median scores in both groups. This deviation

Table 5. The median, mean, and the range for different methods used to express the severity of dental fluorosis in a subject according to
fluoride level in the drinking water in 2 communities. Estimates of dental fluorosis based on the modified Thylstrup and Fejerskov index (18)

0.5mg F/1; n=130

2.5mg F/1; n=132

Method Median Mean Range Median Mean Range
Median 0.4 0-3.0 1.2 0-7.0
Mean 0 0.3 0-3.1 0 1.1 0-6.4
MAT 0 0.6 0-5.0 0 1.9 0-9.0
Mean 15 and 24 0 0.4 0-4.0 0 1.8 0-8.5
Tooth 11 0 0.4 0—4.0 0 1.2 0-8.0
Tooth 14 0 0.6 0-5.0 0 1.8 0-8.0
TPF at scores >1 0 15.2 0-100 0 40.2 0-100

— Two or more median scores cannot be expressed as a median (34). MAT = most affected tooth; mean 15 and 24 = mean score for tooth

15 and 24; TPF = tooth prevalence of fluorosis (%) at score >1.
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was systematic and significant (P <0.01, Wilcoxon test;
Fig. 3).

Partial versus full-mouth recording: Paired comparisons be-
tween the median scores, i.e. the gold standard, on the one
hand, and the various partial mouth recordings on the
other, gave different results (Table 4). There was a non-
significant deviation between the median scores and the
scores on the maxillary right central incisor (tooth 11)
(Table 4, Fig. 4). The scores on the maxillary right first
premolar (tooth 14; Fig. 5), the single most affected tooth
(MAT), and the scores for the two most affected teeth
(mean 15 and 24) were systematically and significantly
higher than the median scores (P < 0.01, Wilcoxon test).

Comparing communities according to method of expressing the
severity

The prevalence of fluorosis (TF scores >1) in the low
(n=130) and high fluoride (n=132) communities was
18% and 45%, respectively. The corresponding tooth
prevalence of fluorosis (TPF) was 15% and 40%. In both
communities, all methods of expressing the severity of
fluorosis in a subject gave a median of zero, while the mean
indicated differences in the severity of fluorosis between
the communities. Thus, the mean TF score of the low-
fluoride community constituted 22-33% of the mean
severity for the high-fluoride community (Table 5). The
mean score for the 2 most affected (mean 15 and 24) teeth
was lowest at 22%. However, independent of the method
used to express the severity of fluorosis in a subject, there
were significant differences in the distribution of children
according to scores between the communities (P < 0.03,
Mann-Whitney U test).

Discussion

Comments on methodology

To avoid complications due to missing values and to
reduce the effect of ties for TF score 0, the evaluation of
methods of expressing the severity of fluorosis in a subject
was restricted to children having all 28 teeth present, and
fluorosis on at least 1 tooth pair. The test group was based
on the extreme cases of fluorosis to include a wide range of
severity scores: here 0 to 8. Most of the children in the
reference group were from the high fluoride district (93%) and
comprised intermediate severity scores.

Bivariate correlation analyses have frequently been used
to compare methods of measurement. These analyses can
give misleading results (29) since they do not show whether
or not there are systematic deviations. Scatter plots were
used to show the relationship between methods. The cubic
regression line was employed to summarize and to show
the direction of any relationship. It also indicated whether
or not there was systematic deviation between two
methods in relation to the line of equality. The cubic
regression line was chosen because it fitted the observa-
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tions more closely than the straight line. For validation
purposes, the median score was used as the gold standard.
Since the TPF values are proportions, the median scores
were transformed into relative values when comparing
these methods (Fig. 3).

When a partial mouth recording method was compared
with the median score for a subject, the score for that
particular partial recording was not included when
determining the median value. These exclusions, however,
did not influence the results. Similarly, including or
excluding the score for tooth 14 from the most severely
affected tooth (MAT) had no effect on the MAT score.
Thus, this study suggests that the score for tooth 14 may
substitute for the most severely affected tooth in this
material.

When determining the median scores for the commu-
nities, the estimates were based on the different recording
methods used for a subject. This approach excluded use of
the median score for a subject because when groups of
observations are pooled the median of the combined
group cannot be expressed in terms of the medians of the
component groups (34). Due to the selection of the test and
reference groups, the community comparison groups may
not represent the two districts. However, the groups are
composed of children exposed to different levels of fluoride
in the drinking water and had varying degrees of severity
of fluorosis.

Comments on_findings

The analyses based on the test and reference groups
showed that the degree of severity of fluorosis depended on
the method used to express the severity, even though all
recordings were based on the TF index. The findings in
the reference group generally corroborated those in the
test group, although the level of severity was different in
the two groups. In the validation approach, the partial
recording methods significantly overrated the severity
compared to the median score, except for the score on
tooth 11. Among the partial recording methods, the score
for tooth 11 provided the closest approximation to the
gold standard. Using full-mouth recording to express
severity of fluorosis in a subject, the mean scores deviated
significantly from the median in the reference group only
(Fig. 2).

The median values were zero in both the low and high
fluoride communities (Table 5), thus implying no differ-
ence in the severity, albeit 15% and 40% of the teeth and
18% and 45% of the children were affected in the
respective groups. By definition, the median will be zero
unless more than 50% of the observed units are affected.
Less than 50% of the teeth or the subjects may be affected
by high severity of fluorosis, but the median will not show
fluorosis at the subject or at the community level. Although
the community median values were zero, there were
significant differences between the communities in the
distribution of children according to scores. This inter-
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community difference, however, was independent of
methods used to express the severity in a subject (Table 5).

Provided there are at least 20 (31, 32) or 30 observations
(33), the mean may be used to summarize ordinal data, such
as index scores for the severity of fluorosis. Moreover, the
mean score for a subject or a community takes into
account all the observations. For public health purposes,
the mean has the advantage that it reflects dental fluorosis
in a subject or community provided it has been observed.
In this material, the differences in the mean values of the
recording methods between the two communities varied
from 0.8 to 1.4 (Table 5). The 2 most affected teeth (mean
15 and 24) gave the largest mean difference at 1.4. No
such differences could be revealed by the median,
however. Owing to the ordinal level of the severity scores
and regardless of the method used to express the severity
in a subject, statistical comparisons between groups should
rely on non-parametric tests.

The proportion of teeth with fluorosis at certain levels of
severity (TPF) has been recommended for use to
summarize such materials (4, 11, 19). The TPF, based on
all teeth observed in a subject, is the basic unit of this
system and has been used in analytical epidemiology
(20, 21). The drawback of the TPF at a chosen level is that
the variation in severity of fluorosis is not measured. It may
also be influenced by a floor or ceiling effect depending on
the cut-off point and the prevalence or the severity of
fluorosis in the population. It may also be difficult for
public health workers to interpret. From a statistical point
of view, when the severity of fluorosis has been expressed
as TPF at certain level of severity, parametric as well as
non-parametric tests may be applied.

Conclusions

Various methods of expressing the severity of dental
fluorosis in a subject might give different results at a
subject level. Compared to the full-mouth median score,
the partial recording methods generally resulted in a
systematic and significant over-recording. By definition,
the median does not indicate dental fluorosis unless more
than 50% of the teeth or subjects are affected. Irrespective
of the method of recording the severity of fluorosis in a
subject, the median was zero, but the distributions of
subjects according to severity were significantly different in
the two communities. Thus the median may give
misleading estimates. Since the mean utilizes all the
observations, it will be a more informative method of
summarizing and expressing the severity of dental fluorosis
in a subject, or community, provided there is adequate
sample size.
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