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The aims of this study were to test the suitability of normal dental records in determining the eruption
times of teeth and to compare the retrospective longitudinal DMF values with the statistical cross-sectional
means. Patient records for two cohorts (1970 and 1980) were collected from three Finnish towns. The
study population comprised 1910 children. The eruption times of the permanent teeth, DMFT and DMFS
curves (excluding F due to fractures and M due to orthodontic reasons) were investigated for the year of
examination in different study locations. The cross-sectional DMF values were compared to longitudinally
calculated data. Tooth eruption was earlier in girls than in boys. However, girls did not have significantly
higher DMF values than boys. In all towns, dental health was significantly better in the 1980 cohort than in
the 1970 cohort. Comparison of the cross-sectional DMF values in the municipal health center statistics
showed that the mean statistics gave considerably higher values than the measured values did after 15 years
of age. The inconsistency between measured longitudinal DMF values and the cross-sectional statistical
DMF values indicates the importance of creating computer programs for analyzing data longitudinally
from normal dental records. O3 Dental health survey; DMF index; DMES; tooth count; tooth eruption
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Patient documents provide a large, retrospective longi-
tudinal data bank for scientific analysis when oral health
services include dental examinations (and treatments), e.g.
at l-year intervals. Since 1972, these services have been
available to all children and youths under the age of 19
years in Finland. Annual examinations provide the basis
for national mean DMFT and DMFS indexes in different
countries which are also reported in scientific journals, the
latest analysis reporting caries decline and incidence in
terms of DMF scores among Norwegian adolescents (1).
From a strictly scientific point of view, DMF(S) values
should be recorded by calibrated examiners only. Because,
in practice, the F component determines a great part of the
DME(S) value after the age of 10 years in industrial coun-
tries, analysis of DMF values from normal dental records
may be accurate enough also for scientific purposes.
Dental health is influenced by tooth age, which can
differ considerably during the period of mixed dentition,
i.e. during the pre-teens and teens (2—4). It should be noted
that the term ‘tooth age’ can be replaced by the term
dental age, which is also used for the age of a child based
on an evaluation of the developmental stage of the
dentition. We therefore use the term ‘tooth age’ when
describing the age of a tooth from its eruption. The
differences between DMF values may be due to differences
in the eruption times of the teeth, e.g. the differences in the
DMTF values between boys and girls may simply be due to
the earlier eruption of the teeth in girls (5). There is no
doubt that the length of exposure of the teeth to cariogenic
challenge is of primary importance on an individual level,
but this is also true on a population level if the tooth
eruption times vary systematically between cohorts. In
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Finland, scientific data on the eruption time-table have
recently become available (6) and therefore comparison of
data between scientific analysis and retrieved from dental
records is possible.

The aim of this study was, first, to test the suitability of
normal dental records in the routine determination of
dental health in terms of longitudinal DMFT and DMFES
values and the eruption times of teeth in the course of
normal dental treatment to provide a scientific basis for
everyday clinical practice. The second aim was to
determine whether the eruption times of the teeth differ
systematically between sexes and in different towns in
Finland, one of which had fluoridated drinking water. The
third aim was to compare the retrospective, longitudinal
DMEF values from dental records with the cross-sectional
statistical means of the health centers in cohorts born in
1970 or in 1980 in these towns. Because most scientific
cross-sectional DMF analyses are conducted by calibrated
examiners who are unable to determine the reasons for
extractions, the order of magnitude of for example
orthodontic extractions or fillings due to trauma in the
MF component is also determined here.

Materials and Methods

In this retrospective study, data were collected for three
towns in Finland (Oulu, Turku and Kuopio). Patient
records were collected for two cohorts; in the first were
children born in 1970-71 (1970 cohort) and in the second
children born in 1980-81 (1980 cohort). Either the sub-
jects were randomly selected from the files of the health
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center or a total sample of the age cohort was taken. The
study protocol was approved by the Ethics Committee of
the Medical Faculty of the University of Oulu.

The primary criterion for inclusion was that subjects
had to be citizens born and living in the town in question.
The oral health records were copied so that the children
could not be identified (the last names and social security
codes were rendered). The 1980 cohort consisted of 369
children from Oulu, 200 children from Turku and 386
children from Kuopio, whereas 281 children from Oulu,
268 children from Turku and 406 children from Kuopio
made up the 1970 cohort.

The subjects were examined annually and treated free of
charge by dentsts in the municipal health centers.
Observations were made on every tooth (excluding the
third molars) on the tooth-surface level. Timing of the
eruption of each individual tooth, placement of first fillings
due to caries on each tooth surface and extractions were
recorded. Extractions for orthodontic reasons were ex-
cluded from the DMF values. Up to the age of 16 years the
normal interval between examinations was 10—13 months;
thereafter an acceptable interval was 18 months. If an
observation was longer than 18 months, it was censored. At
least one dental examination was carried out in the 1990s.
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Timing of the eruption of each individual tooth for boys
and girls was recorded and determined to an accuracy of 1
month. The placement of a filling due to dental caries
extending into dentin was classified as a D lesion. All
earlier stages of carious lesions were considered to be
sound.

Statistics for the mean DMF values of the health centers
were obtained from the Annual Reports of each health
center. In the longitudinal DMF determination, the 1970
cohort was registered as having been born on 1 January
1970 and the 1980 cohort on | January 1980, regardless of
the real birth date. Real chronological age was related to
the DMF value, and not when the fillings had been placed
in the tooth.

A computer was set up to handle all the data with SAS
statistical software. Differences betwcen groups were tested
using the ¢ test and one-way Anova. A difference was
considered to be statistically significant if the P value was
<0.05.

Results

The first set of permanent teeth erupted during the first
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Fig. 1. Box-plot of the eruption times of permanent teeth in years. Mandible and maxilla are drawn separately for both sexes and both cohorts.

Teeth are designated in accordance with the two-digit system.
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transitional phase at the age of 6-8 years and the second
set of permanent teeth at 10-12 years. The quartiles were
relatively narrow but the ranges were large (Fig. 1). The
extremes are also shown in Fig. 1. The tendency toward
early or late eruption was seen in the figures for eruption
times, so that if any tooth in the first transitional phase
erupted early, all other teeth in the first and also the
second transitional phases erupted early.

In both birth cohorts and in all towns teeth erupted
earlier in girls than in boys. This difference was statistically
significant. No consistent difference between towns was
observed and therefore the mean eruption times for girls
and boys, quartiles, range and cxtremes were drawn
combined (Fig. 1).

Comparison between the town of Kuopio, with fluori-
dated water, versus other towns resulted in a statistically
significant difference (P < 0.05) between eruption times in
only a few individual teeth, and there was no consistent
difference between fluoridated and low fluoride areas.
When eruption times between the 1970 and 1980 cohorts
were compared the difference was statistically significant
mainly in the first transitional phase in girls; in boys, the
eruption occurred earlier in the 1980 cohort than in the
1970 cohort.

DMF curves for the year of examination were drawn for
each of the three towns. The shapes of the longitudinal
DMEFS curves of the birth cohorts 1970 and 1980 were
different: the older cohort had a rapid upward bending at
the age of 7-8 years in all towns, which was not the case in
the 1980 cohort. The differences between the towns were
more pronounced in the 1970 cohort. Any difference was
not statistically significant (Fig. 2).

When the longitudinal DMFT values from the records
were compared to the official cross-sectional statistics of the
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municipal health centers in 1985, the mean statistics gave
about the same values in the 1970 cohort than the measured
values did (Fig. 2). In Oulu, a great difference existed
between the two data sets after the age of 16 years (Fig. 2).
Fillings inserted due to fractures as well as teeth extracted for
orthodontic reasons played a minor role (maximum 0.2
DMF units) compared to MF values due to dental caries.

Discussion

This study is based entirely on data retrieved from dental
records; in other words, not data obtained by calibrated
examiners. The caries data are based on fillings in teeth
with dentin caries. Since it is well known that there is great
variability between dentists in their criteria for placement
of fillings, it should be requested how it is sure that fillings
were done on carious lesions only. And since there has also
been a general trend of dentists changing their criteria for
restoration over time, it is questionable whether these data
can be used to test differences in the real caries prevalence
between the two cohorts.

Whenever a filling or missing tooth is observed in the
mouth, the diagnosis of carles attack has been made by
another person on a previous occasion. There are there-
fore no epidemiological studies anywhere in world dealing
with the DMF values which have been conducted by
calibrated examiners in practice, although there are
hundreds of papers of DMF values by calibrated
examiners published in different countries and areas.
The concept of declining prevalence of dental caries is
based on declining DMF scores, which in practice is the F
value after the age of 10 years of age in industrialized
countries. Because the F value is the component which
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Fig. 2. DMFT curves for year of examination at different study locations. The Y-axis represents DMFT values and the X-axis the examination
years. The subjects are converged to be born on 1 January 1970 in the 1970 cohort and on 1 January 1980 in the 1980 cohort regardless of

their real birth date.
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determines the DMF value, ‘caries’ in all epidemiological
cross-sectional studies is determined by uncalibrated
dentists. A recent study from Norway used the expression
‘caries decline from 1985 to 2000’ in the title, while in the
text it was reported that ‘the mean DT at the dentinal level
remained at about 0.8 for 12-year-olds and 1.2 for
18-year-olds throughout the observation period’ (1). The
term ‘DMFT scores decline’ was used in the text and thus
only the title of the article was misleading for those who
are not familiar with studies of caries epidemiology.

It is now time to stop using DMF score as ‘caries
prevalence’ and also to understand that calibrated dentists
are not necessarily nceded in the determination of F-values
when most of the fillings are made of amalgam. On the
other hand, trained examiners are needed when composite
materials are the main determinant of the F value and, of
course, in clinical trials when researchers analyze the
incidence of new caries lesions during certain vyears,
calibrated dentists are urgently needed.

In our previous work, we demonstrated that some of the
problems concerning determination of the F component in
caries prevalence studies can be avoided by tooth-by-tooth
longitudinal determinations: we demonstrated that the
increase in caries attack of the second phase of mixed
dentition in the teens was less than the decline occurred at
the first permanent molars in the same subjects in the 1980
cohort, resulting in a decline of DMF values, although a
deterioration of caries situation has occurred in contem-
porary teeth (7). Here we can demonstrate that the
proportion of teeth filled or exiracted for orthodontic or
traumatic reasons was minor. We also demonstrated that
the statistical caries ‘incidence’ obtained from repeated
cross-sections in certain years was not much different from
the longitudinal caries increment when the change in the
oral health situation was small. However, during a rapid
change, as was the case in the 1970s in Finland, the
difference was great (Fig. 2). This should be taken into
account in the analysis, too.

Findings concerning the eruption pattern of permanent
teeth as seen in normal dental records indicate that
although the quartiles were narrow the individual varia-
tion in tooth emergence was great and that eruption
occurs earlier in girls than in boys (Fig. 1), a difference that
is statistically significant. The figures used are registered in
the course of ordinary dental treatment with a normal
interval of examination of 1 year (thus the mean can be
reported with an accuracy of 0.1 years); a deduction of 0.5
years should be made from the reported mean ages.
Thereafter, normal dental records give the same mean
times for tooth eruption as recent accurate longitudinal
epidemiological analyses do in Finland (6).

Longitudinal scientific studies are those which give
accurate mean/median values and deviations for tooth
emergence, but they are time and resources consuming to
conduct. Therefore, they are normally conducted on a
relatively small number of subjects. Recently, a longi-
tudinal study of the emergence of permanent teeth was
conducted on 187 Finnish children born in Helsinki or the
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vicinity in 1967-73 (6). The emergence was recorded in
dental examinations on a semi-annual or annual basis by
calibrated researchers (dentists) and confirmed by exact
dates recorded in specially designed booklets by parents. In
addition, clinical records were checked with the help of
dental casts and panoramic tomograms (9). This accuracy
in recording the emergence time should weigh against the
weakness of the analysis, e.g. are the 187 children born in
Helsinki (in 1967-77) a representative sample of 5.2
million Finns of today. Our results on more than 10 times
the number of children in 3 other towns in Finland suggest
that the answer is yes. Our values are exactly the same as
in Nystrom’s study (6), although they were recorded from
the patient records. If the examination interval is 1 year at
least during the first and second transitional phases of
tooth eruption, this determination can be included in the
normal treatment routine. Knowledge of the timing of
emergence of specific teeth and normal variations are
needed in clinical orthodontics and pedodontics, especially
because the risk for the first carious attack is highest
immediately after tooth eruption, at least in molars (8, 9).

Correctly filed normal dental records are evidently
accurate enough for determination of tooth eruption.
Consequently, very important times for dental examina-
tion are the first transitional phase (6-8 years of age) and
the second transitional phase (10-11 years of age). Another
clinical implication is the fact that early (or late) eruption
of any of the first permanent tooth predicts early (or late)
eruption of other permanent tooth, as has also been shown
previously (4). This points to use of the term ‘dental age™:
the tooth age of one single tooth reflects the development
stage of the dentition, i.e. dental age of the subject.

Dental health is normally based on cross-sections of
examinations of DMF(S) scores in certain years. In
Finland, where dental examinations are performed
regularly, a longitudinal data bank is also available; and
therefore repeated cross-sections can be replaced by
longitudinal data. When the present data based on records
were compared to the longitudinal data collected from the
repeated cross-sections, the shapes of the DMFT (and
DMEFS) curves were about the same but were considerably
different from the cross-sections for example in 1985 in
Oulu from the age of 16 years onwards (Fig. 3). The great
difference clearly demonstrates the difference between
longitudinal and cross-sectional studies. Subjects older
than 16 years of the statistics cohort were born in the
1960s when the prevalence of caries was extremely high in
Finland (9), resulting in the bending of cross-sectional
DMF value at the age of 16 years in 1985. This indicates
the importance of creating a computer program for
analyzing data longitudinally when possible instead of
using repeated cross-sections.

The differences between the annual statistics and the
measured DMF values of the 1970 cohort are probably
due to the fact that in the 1970s teeth extracted for
orthodontic reasons, fillings due to fractures, and even
enamel caries were often included in the DMF index. The
incidence of fractures in Finland is about 2.1% per year in
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Fig. 3. DMFT curves for boys and girls separately, calculated longitdinally from Oulu data of the 1970 cohort compared to cross-sectional
statistical DMF values in 1985 from Oulu. The study cohort was 15 years old in 1985; before that age their DMF values were worse than

average and after 1985 much worse than the cross-sectional average.

7—16-year-olds, resulting in about 0.02 DMF units if the
mean frequency of fractures is one tooth (10). This small
misinterpretation of DMF statistics disappeared in the
1980 cohort.

In the national statistics, the curves for boys and girls are
combined. Theoretically, this is not correct, because the
significantly earlier tooth eruption in girls means that girls
are exposed to caries for longer than boys are. However,
this longer exposure time is only 3-5 months, which does
not result in significantly higher DMFT and DMFS values
in girls than in boys; and thus the curves for boys and girls
can be combined. In conclusion, this study demonstrates
that: (i) normal dental records with examination intervals
of 1 year are accurate for individual determination of
tooth eruption times, which can then be used as the basis
of dental treatment; (ii) repeated cross-sections of DMF(S)
scores can easily be replaced by longitudinal data, which is
important especially when dental health is changing in
either direction; (iii) the proportion of fractures in the F
component, or orthodontic extractions in the M compo-
nent, is not as high as had been predicted in the situation
of low-caries communities; (iv) the follow-up of tooth
eruption and first caries attack from patient records is not
meant to replace scientific analysis, but it does give addi-
tional information on longitudinal changes for the clinical
background.
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