Community Dent Oral Epidemiol 2004; 32 (Suppl. 1): 19-27
Printed in the UK. All rights reserved

A standardized photographic
method for evaluating enamel
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Abstract — Objectives: The objective of this study was to demonstrate the
reproducibility of a standardized photographic technique for recording fluorosis
when used by a group of epidemiologists as part of a large multicentred
European study. Methods: Studies were first carried out to develop the equipment
specification and photographic method. The author (JAC) was then trained and
calibrated in this method. She was then responsible for the training and calibration of
examiners from a further six European study sites. The method involved taking
two transparencies of the permanent maxillary central incisors of 8-year-old
children, the first after 8s while the teeth were still wet and the second after 105s
when the teeth had been allowed to dry out naturally. Data were collected at a
central location during a training/calibration exercise and subsequently, during the
conduct of a large study to measure fluorosis prevalence, at the seven sites. Intra-
and interexaminer reproducibility of the photographic method were measured by
grading the transparencies produced by all the examiners according to the DDE and
TF indices. Results: The time period in which the transparencies were taken

was to within 4s among the examiners. Transparencies scored according to the
TFindex gave a range of Kappa values of 0.45-0.66 for intraexaminer reliability and
0.32-0.55 for interexaminer reliability. When using the DDE index Kappa values
ranged from 0.43 to 0.70 for intraexaminer reliability and from 0.34 to 0.69 for
interexaminer reliability. Conclusion: The photographic method was mostly robust
and reproducible when used by epidemiologists from seven European study sites.
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Interest in monitoring levels of fluorosis has
increased in recent years, but lack of standardized
methods for recording enamel defects combined
with the use of a wide variety of, largely subjective,
measurement indices, has made comparison
between studies very difficult. An obvious solution
to this problem would be the development of a
standardized system which would provide a per-
manent record of the condition of the enamel at any
given time point. A number of authors (1-11) have
reported photographic studies as a means of collect-
ing epidemiological data on enamel opacities. The
major benefit of a photographic system is the oppor-
tunity for blind scoring of colour transparencies

from one or more studies by one or more examiners.
However, variation in photographic technique,
equipment, lens, lighting system and film quality
can all annul the advantages of the photographic
method. In addition, such details as lens aperture,
film batch and processing are rarely reported.

It has been shown that there is a positive linear
relationship between the prevalence of enamel fluo-
rosis recorded using the Thylstrup and Fejerskov
(TF) index and drying periods of 15, 45, 75 and up to
105s (12). None of these reported studies (1-11)
gives details of the enamel-drying period before
taking photographs of the teeth. Thus the contribu-
tion of the drying effect to the prevalence of opacities
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observed from colour transparencies in each study
compared with the reported prevalence from direct
observation of the teeth is unknown. None of these
studies gives details of the quality of the transpar-
encies taken, with the exception of one study (11)
where it was reported that approximately 2% of
transparencies were of unacceptable standard.

The position and specification of the flashgun may
also affect the image of the tooth surface with regard
to specular reflection and lip shadow. For close-up
photography the flash may be a point source, ring
flash, or linear tubes. The use of a ring flash rather
than a linear tube may result in a greater surface area
of the tooth being affected by specular reflection.
Where the light source is fitted on the lens of the
camera, altering the position of the camera angle
alters the amount of reflected light, which results in
specular reflection. As the angle of light source
increases above horizontal the likelihood of resul-
tant lip shadow on the tooth image in the region of
the cervical margin increases and the likelihood of
specular reflection on the tooth surface decreases. In
mild cases of enamel fluorosis, it is usually the
incisal edges which are affected (13). A limited
degree of lip shadow in the cervical region of the
tooth is therefore preferable to specular reflection
when grading transparencies of the teeth. When
using directional lighting in the 12 o’clock position,
a camera flash angle of 45° has been demonstrated to
minimize the effects of both specular reflection and
lip shadow (14).

Aim

The aim of this study was to demonstrate the level of
reproducibility of a photographic method used by a
number of examiners to record enamel opacities,
including fluorosis, in 8-year-old children as part
of a multicentre epidemiological study involving
seven European study sites (Project FLINT) (15).
A secondary aim was to demonstrate that the colour
transparencies taken to represent the subjects’ teeth
either as ‘wet” or ‘dry” were taken within defined
time restrictions.

Materials and methods

The co-ordinating centre for the study was in Cork,
Ireland (site A), and the author had sole responsibi-
lity for ensuring that all partners followed the stan-
dardized method. Throughout the text, the research
groups formed at the seven sites (A-G) may be
referred to as partners, epidemiologists, examiners,
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photographers, or dentists. The dentist (JAC) con-
ducting the training in the photographic method is
referred to as the ‘Gold Standard’. The sampling pro-
cedure for the main study is described elsewhere (16).

Equipment specification and testing

The seven participating dentists each used an iden-
tical 35-mm, single-lens, reflex Minolta camera sys-
tem with the following specification: Minolta 600si
classic camera body on manual setting with data
back and automatic advance/rewind, Minolta AF
100 mm £/2.8 macro lens magnification ratio 1:1,
Minolta Macro flash 1200AF, Grid focusing screen,
Minolta AC adapter Ac-1000 (115V type 198-264 V
for use in Europe).

A macro lens was necessary to produce a life-size
image of the teeth as this is considered to be the
conventional magnification ratio to use when photo-
graphing two or three teeth (17). The macro flash,
although designed with four separate flash tubes,
was set to use only one tube in the 12 o’clock position
to reduce specular reflection. The flash unit was
mounted on the end of the lens to avoid shadows
on the image. It was powered from the main elec-
tricity supply, allowing an unlimited number of uses
and providing a consistent 95% recharge time of
approximately 10s. Each flash unit was tested prior
to the study to ensure consistency of light output
and recharge time.

Kodachrome ASA 64 colour film was used as it
provided optimum archival stability of the colour
transparencies (18). All film was purchased from the
same production batch and stored in a freezer prior
to use to minimize ageing, in line with the manu-
facturer’s recommendation.

Photographic method

Prior to the photography each child was given a new
toothbrush and asked to clean their teeth without
water or toothpaste. Each child was then positioned
leaning against a wall with the Frankfort-maxillary
plane parallel to the floor. A cheek retractor was
inserted and the child was asked to close the incisors
in edge-to-edge contact. Teeth were kept moist using
damp cotton wool. When the photographer was
ready the research assistant started the timer and
at this moment the teeth were allowed to start drying
out. Two timed photographs of the permanent max-
illary central incisors were taken — one after 8 s while
the teeth were still wet and one after 105s when the
teeth had dried out. The research assistant provided
a verbal countdown from the timer for the 5s lead-
ing up to the time of each photograph. The actual



time of each exposure was recorded both in writing
and automatically on the transparency by means of
the data back facility on the camera. The camera was
held at a 45° angle during exposure to minimize spe-
cular reflection while still aiming to avoid lip shadow.

Dentists and their assistants from each of the seven
participating European study sites were trained in
this photographic method by the ‘Gold Standard’
examiner (JAC) in Cork. As most of the participants
did not have English as their first language, a video
was made in conjunction with the audio-visual
department in University College Cork (19), a copy
of which was available for each study centre. The
‘Gold Standard’ photographer/examiner had pre-
viously been trained in this method and in the use of
the Developmental Defects of Enamel (DDE) and
TFindices, following which she demonstrated an
extremely high level of both intra- and inter- repro-
ducibility for both indices. She also gained consider-
able experience in the photographic method through
the conduct of preliminary development studies
(12, 14).

The photographers underwent a calibration exer-
cise following training. The seven photographers
(the ‘Gold Standard’ and the six photographers from
the other sites) photographed the permanent max-
illary incisor teeth of nine 8-year-old children in one
school in Cork. The transparencies were then mixed
in a random fashion with nine sets of seven trans-
parencies of the same subjects taken in a previous
study to reduce the likelihood of memorizing
grades. The transparencies were viewed on a light
box in a darkened room (background light meter
reading between 6.5 and 7.0 Electron Volts (EV)) and
graded using both the DDE index and the TFindex
by the ‘Gold Standard” examiner (JAC). No informa-
tion about the subject or photographer was available
at the time of grading. The grades of the transpar-
encies of each photographer were compared with
the grades for all the transparencies taken by the
‘Gold Standard’ photographer using Cohen’s kappa
value of reproducibility (20).

To ensure that skills learnt in Cork were transfer-
able to the site appropriate to the individual exam-
iners, each photographer was provided with two
rolls of film to pilot the method. On return of the first
set of exposed rolls of film to Cork, assessment and
comments were made by the ‘Gold Standard’ exam-
iner. The second set of rolls of film was then exposed
and returned to Cork following assimilation of these
comments.

During the conduct of the main study the intra-
examiner reproducibility of each photographer was
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measured by taking a repeat for 15% of the trans-
parencies. Additionally interexaminer reproducibil-
ity was measured by the ‘Gold Standard” examiner
visiting each study site to repeat 15% of the photo-
graphs. All the transparencies of the children’s teeth,
including intra- and interexaminer repeats, were
viewed and graded by the ‘Gold Standard’ as
described above using two different indices: the
TFindex (21, 22), which is an aetiological index
for measuring fluorosis, and the DDE index, which
is a descriptive index (23-25).

Statistics
To summarize the variability in the data for the
range of time periods at which the transparencies
were taken, box-and-whisker charts were plotted.
To demonstrate that the photographers and the
equipment used to take the transparencies could
produce reliable data, an indirect approach was
adopted for comparing two transparencies of the
same teeth. If the grades assigned to the teeth on
each transparency were the same then it could be
inferred that the transparencies were close to iden-
tical and therefore that the photographers and
equipment were producing reliable data.

The level of agreement between pairs of grades
was determined using Cohen’s kappa statistic (20).

Results

Return of the “pilot’ films revealed several problems:
cervical margins of the teeth did not appear on film;
the interproximal area of the central incisors was not
centred; the 1:1 ratio was inaccurate; timing was
inaccurate or clocks were not synchronized. The
problems were addressed in the form of a written
report specific to the needs of each photographer
and the results obtained from the second pilot rolls
of film appeared largely satisfactory. To obtain a
measure of the 1:1 ratio for the main study a 1-cm
scale was printed. Each photographer was then
requested to photograph this scale at the beginning
of each roll of film. Photographers were also
instructed to tape the focusing barrel if there was
a problem keeping it in a fixed position. Subse-
quently a 1:1 ratio was consistently achieved.

Calibration of the photographic method

Comparisons between the TF and DDE grades
assigned to the teeth viewed from the transparencies
taken by each photographer and those taken by the
‘Gold Standard’” photographer in the calibration
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Table 1. Kappa and percentage agreement for TF and DDE grades assigned to the permanent maxillary central incisors viewed
from colour transparencies taken by six photographers, and compared with those of the ‘Gold Standard’ photographer

TFindex DDE Grade DDE Extent
Country of No. of % agreement % agreement % agreement
photographer observations and kappa and kappa and kappa
B (18) 78% 100% 56%

0.65 (Good) 1.00 (Very good) 0.33 (Fair)
C (18) 78% 94% 89%

0.65 (Good) 0.73 (Good) 0.79 (Good)
D (18) 78% 94% 72%

0.64 (Good) 0.77 (Good) 0.57 (Moderate)
E (16) 94% 100% 94%

0.83 (Very good) 1.00 (Very good) 0.88 (Very good)
F (18) 89% 94% 56%

0.83 (Very good) 0.77 (Good) 0.25 (Fair)
G (18) 67% 100% 78%

0.49 (Moderate) 1.00 (Very good) 0.65 (Good)

exercise are presented in Table1. Agreements ran-
ged from ‘fair’ to ‘very good’. For example, in the
case of the agreement on the TFindex between the
transparencies taken by the photographer from
siteC and the author, there was 78% agreement
and a kappa value of 0.65. These figures would
indicate that the photographic technique used by
the site C team was similar to that of the ‘Gold Stan-
dard’. The poorest kappa for the TFindex was 0.49
(‘moderate’). This was found when transparencies
from siteG were compared with the transparen-
cies taken by the ‘Gold Standard’. There was mostly
good agreement for DDE grades and mostly mod-
erate agreement for extent of DDE defect.

Number of photographs taken in the

main study

Table 2 shows the number of children photographed
and the number of children who had repeat

photographs in each study site in the main study.
In total, 2063 children took part, ranging from 210 in
site G to 327 in site A. Between 14% (site F) and 18%
(siteE) of children at each study site had repeat
photographs taken by the site photographer. Time
and financial constraints prevented the team from
conducting any repeat photographs in siteG.
Between 10% (siteG) and 18% (sitesD and F) of
the children at each study site had repeat photo-
graphs taken by the ‘Gold Standard” photographer.

Reproducibility of the time period for which
colour transparencies were taken

To be satisfied that all seven photographers taking
part in the main study were able to take transpar-
encies at standardized drying periods box-and-
whisker plots were drawn and analysed. The mass
of data for the original ‘wet’, intraexaminer and
interexaminer repeat ‘wet’ transparencies for each

Table2. Number and percentage of children who had original, intra- and interexaminer repeat colour transparencies taken in

each country

Intraexaminer repeats

Interexaminer repeats

No. of children photographed

No. of children photographed

No. of children photographed

Country (no. of transparencies taken) (no. of transparencies taken) % (no. of transparencies taken) %
A 327 (654) 49 (98) 15  NAP -

B 319 (638) 53 (106) 17 50 (100) 16
C 314 (628) 46 (92) 15 50 (100) 16
D 292 (584) 45 (90) 15 52 (104) 18
E 299 (598) 53 (106) 18 49° (98) 16
F 302 (604) 42 (84) 14 53 (106) 18
G 210 (420) 0 0 20 (40) 10
Total 2063 (4126) 288 (576) 274 (548)

“Figures in parentheses are the no. of transparencies taken.
PNA, not applicable.
“One child had no original photograph taken.
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Table 3. Reproducibility for TF grades assigned to original and intraexaminer repeat transparencies and original and inter-

examiner transparencies for each country

TF grades assigned to original and intrarepeat
transparencies

TF grades assigned to original and
inter-repeat transparencies

Country n % agreement kappa 95% CI n % agreement kappa 95% CI

A 196 79 0.66 0.62, 0.70 N/A N/A N/A N/A
(good)

B 210 80 0.65 0.61, 0.69 200 67 0.43 0.38, 0.48
(good) (moderate)

C 180 69 047 0.42, 0.52 200 68 0.45 0.40, 0.50
(moderate) (moderate)

D 178 69 0.45 0.39, 0.50 207 75 0.45 0.39, 0.51
(moderate) (moderate)

E 212 75 0.54 0.50, 0.59 188 72 0.55 0.51, 0.60
(moderate) (moderate)

F 164 74 0.60 0.56, 0.65 210 70 0.53 0.48, 0.57
(good) (moderate)

G No data No data No data No data 80 66 0.32 0.22, 0.42

(fair)

Kappa values for TF grades assigned to original transparencies and intraexaminer repeat transparencies compared with those
values assigned to original transparencies and interexaminer repeat transparencies for each country.

country was in the range of 7-11s. The vast majority
of the original transparencies were judged compar-
able in terms of being defined as ‘wet’.

The mass of original and intraexaminer repeat
data for the ‘dry’ transparencies ranged from 104 s
to 107 s, with the exception of intrarepeat transpar-
encies from one centre, which ranged from 100s to
111 s. Most timings for original and inter-repeat ‘dry’
data fell between 104 and 110s. The vast majority of
the original transparencies were judged to be com-
parable in terms of being defined as ‘dry’.

Reproducibility of the grades assigned to
original, intra- and inter-repeat colour
transparencies taken in the study
As it was concluded that the vast majority of the
transparencies were comparable in terms of the
tooth enamel drying period, all the transparencies
were used for grading teeth using the TF and DDE
indices. These grades were then used to assess the
reproducibility of the photographic method. Both
percentage agreement and kappa values are given
with 95% confidence intervals for TF grades
assigned by the ‘Gold Standard’ examiner to both
original transparencies and intraexaminer repeat
transparencies, and original transparencies and
interexaminer repeat transparencies (Table 3).
Using the TFindex to grade original and intra-
repeat transparencies the reproducibility of the
photographer was ‘good” in three cases and ‘mod-
erate’ in three cases. The reproducibility of the
photographers with respect to the ‘Gold Standard’

photographer as assessed by comparing grades for
original and inter-repeat transparencies on the TF in-
dex was ‘moderate’ for five of the six photographers.
The exception was for the photographer from site G
whose kappa value was ‘fair” and this was reflected
in the confidence interval being much wider than
that for the other countries. Overall there was a
slightly higher level of intraexaminer reproducibil-
ity than interexaminer reproducibility (Fig.1).
Table4 shows percentage agreement and kappa
values for DDE grades assigned by the ‘Gold Stan-
dard’” examiner to original transparencies and intra-
repeat transparencies, and original transparencies
and inter-repeat transparencies. The results showed
that the reproducibility of the photographers with
respect to the ‘Gold Standard’ photographer, as
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Fig. 1. Kappa values for TF grades assigned to original trans-
parencies and intra-examiner repeat transparencies com-
pared with those values assigned to original transparencies
and inter-examiner repeat transparencies for each country.
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Table4. Reproducibility for DDE grades assigned to original and intraexaminer repeat transparencies and original and

interexaminer transparencies for each country

DDE grades assigned to original and intra repeat

DDE grades assigned to original and inter repeat

transparencies transparencies

Country n % agreement  kappa 95% CI n % agreement kappa 95% CI

A 196 84 0.70 0.67, 0.74 N/A N/A N/A N/A
(good)

B 210 83 0.70 0.67, 0.73 200 72 0.54 0.47, 0.56
(good) (moderate)

C 180 72 0.43 0.37, 0.49 200 80 0.62 0.58, 0.66
(moderate) (good)

D 178 78 0.59 0.54, 0.64 207 71 0.49 0.44, 0.54
(moderate) (moderate)

E 212 74 0.58 0.54, 0.63 188 80 0.69 0.66, 0.73
(moderate) (good)

F 164 80 0.64 0.60, 0.69 210 83 0.69 0.65, 0.72
(good) (good)

G No data No data No data No data 80 63 0.34 (fair) 0.25, 0.43

Kappa values for DDE grades assigned to original transparencies and intraexaminer repeat transparencies compared with those
values assigned to original transparencies and interexaminer repeat transparencies.

assessed by comparing grades for original and
intrarepeat transparencies, was ‘good’ in three cases
and ‘moderate’ in three cases. The reproducibility of
the photographers with respect to the ‘Gold Stan-
dard” photographer as assessed by comparing
grades for original and inter-repeat transparencies
was ‘good’ for three photographers, ‘moderate” for
two and ‘fair’ for one.

Comparing the results for agreement on the DDE
index (mean kappa value 0.53, Table4), for agree-
ment on the TFindex (mean kappa value 0.43,
Table 3), the level of agreement for the DDE index
would appear to be slightly higher.

Figure2 shows the kappa values for intra- and
interexaminer results for transparencies, as graded
on the DDE index. In sites C, E and F there was a
slightly higher level of reproducibility between the
individual photographers and the ‘Gold Standard’
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Fig. 2. Kappa values for DDE grades assigned to original
transparencies and intra-examiner repeat transparencies com-
pared with those values assigned to original transparencies
and inter-examiner repeat transparencies.
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photographer than there was within the individual
photographers themselves.

Site B was the only case where the kappa value for
original and inter-repeat transparencies was lower
than that for original and intra-repeat transparencies
and was without overlap of confidence intervals
using both indices. The confidence intervals for
the intra- and inter-repeat data did not overlap for
sites B, C and E. The mean value for interexaminer
reproducibility for five countries, with the exception
of site G, was approximately 0.60 +0.11.

Discussion

The indices used to determine the prevalence of
enamel opacities, including fluorosis, are subjective
by nature and it is difficult to validate claims that the
prevalence of fluorosis is increasing. The develop-
ment of a reliable and reproducible photographic
method for measuring enamel fluorosis has been
receiving increasing attention from epidemiologists.

The present study aimed to demonstrate that a
standardized photographic method could be robust.
The main advantage is that if a method is standar-
dized and shown to be robust, it will be reproduci-
ble. A reproducible photographic method enables
direct comparisons of the prevalence of enamel
opacities to be made for both contemporaneous
studies and those conducted at two or more points
in time.

During the conduct of the multicentre photo-
graphic fluorosis study 2063 children from seven



different European cities were photographed.
Approximately 15% of the children photographed
in each country had repeat photographs taken by the
original photographer and approximately another
15% of the children photographed in each country
had repeat photographs taken by the ‘Gold Stan-
dard” photographer. There were two exceptions: (i)
the photographer from site G lost time and film as a
result of incorrect exposure of film at the start of the
study; (ii) it was not necessary for the ‘Gold Stan-
dard’ photographer to produce her own inter-repeat
transparencies. This resulted in 548 transparencies
that were used to determine the level of reproduci-
bility for the photographic method. There were also
548 records for exposure time to demonstrate that all
the transparencies were taken within defined time
restrictions. If the photographic method was robust,
it would be possible by definition to teach the
method to a number of epidemiologists and obtain
reproducible data.

As there had been no previous multicentre studies
cited using a photographic method to record enamel
opacities it was first necessary to determine to what
extent photographic variables would need to be
standardized. Lack of set standards for important
variables might affect the robustness of the method.

For many, the obvious question is why digital
imaging was not used. There are three main advan-
tages of using a digital imaging system. An image
can be produced at much greater speed than is the
case with conventional photography. Whilst this
may be an advantage in some fields of medical
photography it would be of no real advantage with
respect to monitoring the prevalence of fluorosis.
Digital imaging can be used to maintain confidenti-
ality, which may also be an important advantage in
some aspects of medical photography more so than
may apply to photographing teeth. With images that
are formed digitally, it is possible to make measure-
ments of variation in density with accuracy. The
disadvantages are that the equipment is much
harder to use than the equipment used for conven-
tional photography and thus operators must be very
experienced. It is more difficult to obtain the correct
exposure, as there is little latitude for error. The cost
of a camera alone is approximately eight times more
than the equipment used in this study and support-
ing computer hard- and software costs would be
considerable. The use of digital imaging was there-
fore not feasible. The need for a positioning device to
standardize the position of the child relative to the
camera was considered but dismissed as it was
considered that the minimum of equipment should
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be used to facilitate the ease with which dental
personnel were free to move in and out of schools.

The level of agreement between pairs of grades
beyond that which can be expected by chance was
determined using Cohen’s kappa statistic (20).
Guidelines have been given for the interpretation
of kappa (26): a value of less than 0.20 is considered
‘poor’; 0.21-0.40 is considered ‘fair’; 0.41-0.60 is
‘moderate’; 0.61-0.80 is ‘good’; and 0.81-1.00 is con-
sidered to be ‘very good’. Landis and Koch consid-
ered a kappa value of more than 0.7 to be excellent
(27). This approach to measuring the consistency of
the photographic technique may give a conservative
estimate because there will always be some dis-
agreement because of the inability to grade colour
transparencies with absolute consistency. If the col-
our transparencies are not identical the degree to
which this will be reflected will be limited by three
factors: the difference between the colour transpar-
encies in terms of observed enamel opacities or
enamel fluorosis; the sensitivity of the index; and
the reproducibility of the examiner. It cannot be
discounted that two colour transparencies taken of
the same tooth may differ slightly but not to the
extent that the grading is affected.

It is possible to photograph with a high level of
reproducibility, but inappropriately. The photo-
graphic method requires practice and self-appraisal
and, in the initial stages of training, the support of an
experienced photographer. Data on the level of
agreement for the transparencies from site G graded
according to both indices did not reflect as high a
level of agreement as was found in other countries.
The point has been made that direct comparisons
between kappa values should not be made, because
the data sets are not the same and differences in
prevalence will affect kappa. However, the kappa
value between the transparencies taken by the
author and the transparencies taken in siteG is
quite different from the kappa values for the other
five countries. This difference is also reflected in
the percentage agreements.

Site B was the only country for which there was
consistently, across all three indices, no overlap of
confidence intervals for intra- and interexaminer
kappa values. A notable occurrence of specular
reflection on the transparencies from this centre is
likely to have been the reason for this. For four out of
the five countries, excluding siteG that had no
intrarepeat data, both intra- and inter-repeat repro-
ducibility of transparencies, as scored by the TFin-
dex, were similar. The reproducibility data using
the DDE grades for sites C and E were slightly
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unexpected, as one would normally expect to find
that intra-reproducibility values were higher than
inter-reproducibility values.

The average inter-reproducibility value was
0.48 0.05 for the TFindex, 0.6 0.1 for the DDE
grade index and 0.48 +0.07 for the DDE extent. On
average the inter-reproducibility was ‘moderate’ to
‘good’ depending on the index. This point demon-
strates how important it is for the photographers to
be aware of what specular reflection is and how the
camera angle may affect this. Specular reflection
appeared to be a much more common occurrence
than lip shadow. This suggests that photographers
are more inclined to hold the camera relative to the
teeth at a shallow angle than at a steeper angle. It is
recommended that where studies seek to compare
the prevalence of enamel opacities from transpar-
encies taken by different photographers the trans-
parencies should first be graded for the prevalence
of specular reflection and lip shadow and transpar-
encies failing to meet defined limits should be elimi-
nated from the study (16).

The effect of drying the teeth had, as expected, a
significant effect on the prevalence of opacities
observed. When transparencies of ‘wet’ teeth were
examined using the TFindex, 60% were defined as
‘normal’ but this dropped to 31% when the teeth
were viewed from transparencies of ‘dry’ teeth. The
drying effect had a similar impact on teeth graded
using the DDE index. Interestingly drying the teeth
had the effect of reducing the number of opacities
recorded as demarcated, and the impact was of the
order of 53%. This is an important finding as the
index may be used on either ‘wet’ or ‘dry’ teeth and
so it is important that where comparisons are made
between studies the examining conditions should
be similar with respect to the drying period. In
the current study it was found that it was not
possible to achieve a level of accuracy of anything
less than 4s in terms of drying period.

Timing may have also been influenced by the
photographer’s judgement as to whether accuracy
of timing was more important than ensuring that the
photograph was well composed and focused. No
such emphasis was conveyed during training but it
became clear after the study that the photographers
had different ideas about which was the most impor-
tant objective. For example, the site C photographer
reported that timing was more important than
focusing. The ‘Gold Standard’ photographer be-
lieved that the primary objective was to achieve a
well-composed and focused picture and that timing
was secondary. These beliefs may have been
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reflected in the results, as there was more spread
in the data from site A than for site C for both ‘wet’
and ‘dry’ photographs.

The median exposure times for transparencies
representing ‘wet’ and ‘dry’ teeth were comparable
within a few seconds for each country. For the
original transparencies of ‘wet’ teeth from each
country, 90% of the time periods at which the trans-
parencies were taken fell between 7 and 12 s; a range
of 5s. Likewise, for the original ‘dry’ colour trans-
parencies 90% of the data from each country fell
between 103 s and 109 s; a range of 6 s. In addition to
the latitude for human error in timing, the likelihood
that the child may move just at the point of taking
the photograph is also responsible for some of the
variation in timing. In view of these factors the
standardization of the time in seconds at which
photographs were taken was considered to be accep-
table. It was concluded that subsequent comparisons
made between transparencies, for example between
original and repeat transparencies, were valid with
respect to the similarity of the data for enamel
drying periods.

Use of the TF grades assigned to the permanent
maxillary incisors, for both the original and repeat
transparencies, is an indirect means of establishing
the similarity between two transparencies. The basis
upon which the comparisons are made depends
only upon the observed severity or absence of
fluorosis. No judgement is directly passed on
whether the composition or exposures of the trans-
parencies are the same. Where there is agreement on
the observed severity or absence of fluorosis, it is
assumed that factors such as composition and expo-
sure of the transparencies are similar enough for the
level of discretion required when grading using
either the TF or the DDE index.

As a result of intraexaminer error associated with
the TFindex, the comparison of TF grades between
original and repeat transparencies will tend to
underestimate the similarity between the transpar-
encies. It is important to be aware that the ‘accep-
table’ value of kappa depends on the circumstances
for which it is being calculated, and the circum-
stances under and for which it was calculated.

Conclusion

A standardized photographic method was devel-
oped and used by seven epidemiologists across
Europe. They were able to take colour transparen-
cies of teeth that were both reproducible when
measured against transparencies that they had taken
themselves and against transparencies taken by the



‘Gold Standard’ photographer to a moderate or
good level as defined by Landis and Koch. The
photographic method was mostly shown to be
robust, but the success of the project was dependent
upon a high standard of training and the dedication
of the photographers.
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