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Standards for permanent tooth emergence

in Finnish children

Ritva Eskeli, DDS; Maija T. Laine-Alava, DDS, PhD; Hannu Hausen, DDS, PhD, MPH;

Riitta Pahkala, DDS, PhD

Abstract: Two groups of Finnish children, 1008 from the eastern part of the country and 569 from the western part, aged
5 to 16 years, were examined to determine the timing of permanent tooth emergence and any regional variation therein. The
probit analysis was used to calculate the median ages of eruption. Permanent teeth in the first phase of the mixed dentition
erupted earlier and premolars erupted later than previously reported for Scandinavian populations. The former finding
could reflect the secular trend; the latter is probably related to the dramatically improved dental health in Finnish children.
No regional variation in eruption was found. The median ages of eruption of permanent teeth determined in the present
study are suggested for use as national standards for permanent tooth emergence in Finland, separately for girls and boys.
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en working with chil-
dren in pediatric den-
tistry and orthodontics,
it is essential to have adequate
knowledge of the timing and pat-
tern of eruption of permanent teeth
for diagnosis and treatment plan-
ning. Because a variety of factors
relate to tooth emergence,’ stan-
dards for emergence of the perma-
nent teeth are most useful when
they derive from the population to
which they are applied. Several au-
thors have reported differences in
permanent tooth eruption between
ethnic groups®* and genders.*'° So-
cioeconomic?!! and nutritional fac-
tors,'? caries conditions,?® and the
secular trend>*!* have also been
found to have some effect on the
eruption of permanent teeth.
Differences have even been re-
ported within a population of the
same ethnic origin.’>"’

Nystrom et al.’® stated that there
are differences in dental maturity
in the Finnish population, with the
dental age of children in at least
certain age groups in northeastern
Finland higher than that of children
of same age in southern Finland.
Accordingly, Pahkala et al.” found
advanced dental development in

Finnish children living in the north-
eastern part of the country, com-
pared with the results of an earlier
study in a group of children in
southern Finland.®

The aim of the present study was
to further evaluate the possible
differences in emergence timing
and pattern of permanent teeth in
different parts of Finland.

Materials and methods

The study was based on two
cross-sectional samples of Finnish
children, one from Juuka, in east-
ern Finland, and the other from
Vimpeli, in western Finland. Both
are rural communities where most
of the population has lived for
many generations.

The eastern group (EG) consisted
of 1008 subjects, 483 girls and 525
boys, from the municipality of
Juuka, which has a population of
about 7500. All the children and
adolescents in that area 5 to 15
years old were studied, the age co-
horts varying from 69 to 115 indi-
viduals. One child with cerebral
palsy and a few with mental handi-
caps who did not attend school
were not studied. Data were col-
lected by four dentists (RP, SK, HK,
AP) during annual dental check-up
visits in the school dental care cen-
ter of Juuka in 1988 and 1989. The
sample has been described elsew-
here.”

The western group (WG) com-
prised 569 children, 304 girls and
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265 boys, living in the municipal-
ity of Vimpeli, which has a popu-
lation of about 3800. The number of
children in different age cohorts
varied from 37 to 71. Age cohorts
from 5 to 15 years participated in
the study. A few children with
handicaps children and those who
were ill during the examination
dates were not included. In addi-
tion, 11 four-year-olds and 30 six-
teen-year-olds were studied. One
dentist (RE) collected the data dur-
ing annual dental check-up visits or
during separate appointments from
1990 to 1992.

The ages of the subjects were cal-
culated to the nearest month and
later recoded into 4-month groups.
The age for each group was then
stated as the mean of the respective
4-month period. Distribution of the
subjects according to age and gen-
der in the eastern and western study
groups is presented in Table 1.

The clinical dental examination
was performed using the same
method in both groups. The deve-
lopmental stage of the dentition
was determined by grading each
tooth according to its clinical erup-
tion. The grades were as follows:

Grade 0: tooth not visible in the
mouth

Grade 1: at least one cusp visible

Grade 2: entire occlusal surface/
mesiodistal width of tooth visible

Grade 3: tooth in occlusion or at
the occlusal level, if the anta-
gonistic tooth is not fully erupted

Grade 1 was used to determine
the clinical eruption age for each
tooth. Based on the patient records,
confirmed congenitally missing
and extracted teeth in the EG group
were omitted from analysis for that
tooth. Correspondingly, in the WG
group, information about extrac-
tions was obtained from the patient
records. The tooth was regarded as
congenitally missing if it had not
erupted within the expected time of
eruption, which was considered to
be the mean emergence time of
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Table 1
Distribution of two groups of children, one from eastern (EG) and one from
western (WG) Finland, according to age and gender

Age EG (n=1008) WG (n=569)
midpoint Range Girls Boys Total Girls Boys Total
(years) (months) Y% % n % Y% n

4 42-53 0.0 0.0 0 1.3 26 11
5 54-65 1.0 241 16 3.0 8.3 31
6 66-77 10.6 10.9 108 3.0 3.0 17
7 78-89 8.1 114 99 53 45 28
8 90-101 8.3 7.4 79 125 8.7 61
9 102-113 12.6 10.7 117 12.5 12.8 72
10 114-125 9.3 8.4 89 8.6 8.7 49
11 126-137 7.0 9.7 85 10.5 7.2 51
12 138-149 6.4 7.4 70 8.9 9.4 52
13 150-161 12.0 12.6 124 118 8.3 58
14 162-173 9.7 7.8 88 9.2 10.6 56
15 174-185 8.3 7.6 80 7.9 10.9 53
16 186-197 6.6 4.0 53 5.6 4.9 30
Total 1008 569
Table 2

Median eruption ages (years) of the maxillary and mandibular permanent
teeth in Finnish children

Tooth Girls Boys Ratio of median 95% confidence
ages (Girls/Boys) interval for the ratio
Maxilla
M, 11.90 12.39 0.96 0.94, 0.98
M, 6.13 6.30 0.97 0.94, 1.01
P, 11.59 11.72 0.99 0.96, 1.02
P, 10.32 10.92 0.95 0.92, 097
C 10.81 11.34 0.95 0.93, 0.98
I, 7.64 8.08 0.95 0.92, 097
I 6.75 6.80 0.99 0.96, 1.02
Mandible
I 5.85 6.03 0.97 0.93, 1.01
I, 6.82 7.05 0.97 0.93, 1.00
C 9.74 10.50 0.93 0.87, 0.98
P, 10.27 10.69 0.96 0.89, 1.03
P, 11.32 11.56 0.98 0.93, 1.03
M, 6.10 6.21 0.98 0.95, 1.02
M, 11.59 11.96 0.97 0.95, 0.99

each individual permanent tooth
plus four standard deviations. The
mean emergence times reported by
Hégg and Taranger' for a Scandi-
navian population were used. Chil-
dren who were missing a particular
tooth were not included in the
analysis for that tooth.

In both the eastern and western
samples, interexaminer and
intraexaminer consistencies were
evaluated by kappa values for the
28 variables studied, based on
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double measurements of 40 cases.
The interexaminer consistencies
within EG between four dentists
(RP, SK, HK, AP) varied from sat-
isfactory to excellent, from 0.57 to
1.00. For calibration, because the
western group was measured by
another dentist (RE), the consis-
tency of the measurements was
tested between RE and RP. The
kappa values ranged from 0.46 to
1.00. The intraexaminer consisten-
cies for RE, based on double mea-



surements of 40 cases with one
week interval, were excellent with
kappa values for individual teeth
varying from 0.91 to 1.00.
Median values for age at the
emergence of the teeth were calcu-
lated by probit analysis." Calcula-
tions were based on the relative
frequencies of emergence in 4-
month age groups. The ratio of
median ages of emergence of the
teeth between girls and boys was
counted separately for every tooth,
as were the 95% confidence inter-
vals for that ratio. The statistical
significance of the differences in the
emergence pattern of contralateral
teeth was evaluated by McNemar
tests, one pair of teeth at a time.

Results
Table 2 gives the median ages for
emergence of permanent teeth for
girls and boys in the whole sample.
All the permanent teeth except the
maxillary left second premolar ex-
hibited advanced eruption among
girls as compared with boys. For
maxillary lateral incisors, maxillary
first premolars, maxillary and man-
dibular canines, mandibular left
first premolar, maxillary right sec-
ond molar, and mandibular right
second molar, the null value (1)
was not included in the 95% confi-
dence interval of the ratio of me-
dian eruption ages between girls
and boys, which implies that these
differences between girls and boys
were statistically significant at the
0.05 level. Gender was therefore in-
cluded in further analyses.
Because no statistically significant
differences in the eruption pattern
of contralateral maxillary and man-
dibular teeth, tested by McNemar
test, were found within the two
samples, only the teeth in the right
side of the maxilla and mandible
were considered in the sequel.
Permanent mandibular teeth in
the incisor and canine regions were
advanced in eruption compared
with maxillary teeth in both girls
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and boys (Figures 1 and 2). Differ-
ences in the median eruption ages
between maxillary and mandibular
teeth were largest for the central
incisors (10.80 months in girls and
9.24 months in boys), lateral inci-
sors (9.84 months in girls and 12.36
months in boys), and canines (12.84
months in girls and 10.08 months
in boys). There were few differ-
ences in the lateral segments in
eruption of antagonists.

Because there were statistically
significant differences between
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girls and boys in the timing of
eruption, differences between the
eastern and western groups were
tested for both genders separately.
Differences in the timing of erup-
tion of permanent teeth varied
equally among girls between the
eastern and western groups. The
largest difference was seen in emer-
gence of the maxillary second mo-
lars, namely 5.04 months.
Differences for the other perma-
nent teeth ranged from zero to 3.84
months. None of the differences
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was statistically significant. Simi-
larly, differences in the median
eruption ages of permanent teeth in
eastern and western boys were
minimal, ranging from 0.12 to 2.76
months, and were not statistically
significant.

Discussion

The two groups of Finnish chil-
dren included in the present study
originated from rural communities.
There are divergent opinions on the
impact of urbanization on the erup-
tion of permanent teeth. Some au-
thors have reported accelerated
eruption in rural children,* other in
urban children,® while still others
have said there is no significant dif-
ference in eruption between pro-
vincial and metropolitan children.®
The Finnish people can be consid-
ered ethnically and socioeconomi-
cally homogenous and to have the
same kind of lifestyle, regardless of
where they live. The prevalence of
dental caries, which can affect
eruption,® is about the same all
over the country, and is low.”!
Therefore, it is highly unlikely that
factors causing differences in the
eruption of permanent teeth in ur-
ban and rural Finnish children
would be found. The present study
group can thus be considered rep-
resentative of Finnish children and
the median emergence ages ob-
tained can be applied to the whole
population.

Most of the studies concerning
tooth emergence, including the
present one, are cross-sectional,>’
although a few longitudinal stud-
ies exist.’®?? The cross-sectional
method means larger samples can
be collected, with more representa-
tive results; the risk of bias is
smaller than in the longitudinal
studies, which can give later esti-
mates of eruption times, as stated
by Dahlberg and Menegaz-Bock.”

The probit analysis is used quite
often in tooth emergence stud-
ies*19132 and is found by some au-
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thors to be the best method of ana-
lyzing tooth eruption.'” The emer-
gence ages of permanent teeth are
agreed to be normally distrib-
uted,??® which is the prerequisite
of using the probit procedures as-
suming an underlying normal dis-
tribution.

Our results of equal eruption of
contralateral teeth, earlier eruption
of mandibular teeth compared with
maxillary ones, and the differences
between girls and boys all agree
with earlier studies.*'%¥

It has been reported that Finnish
children® have advanced eruption
of permanent teeth compared with
children of other Scandinavian
countries.”®! In the present study,
a clear tendency was found for per-
manent teeth in the first phase of
the mixed dentition to erupt one to
five months earlier than reported in
an earlier Finnish study® and in
other Scandinavian studies.”®!?
There was a time span of one to
four decades between the years of
birth of the children examined in
these different studies, so the ob-
served variation in tooth emer-
gence ages may reflect the secular
trend proposed to be seen in tooth
eruption.>*** On the contrary, the
situation in the second phase of the
mixed dentition was quite differ-
ent. The premolars erupted consid-
erably later in the present sample
than reported in earlier studies.®”51
The differences in the eruption ages
of premolars ranged from one to 17
months. One reason for the later
emergence of these teeth in the
present sample may be the dra-
matically improved dental health
of Finnish children.” The prema-
ture loss of deciduous teeth, espe-
cially the first and second
deciduous molars, due to caries
and its accelerative effect on tooth
eruption, has decreased. Differ-
ences in eruption of the canines and
second molars between the present
and other Scandinavian studies
were variable and not as great as
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for the eruption of premolars. Both
earlier and later eruption of these
teeth was found in our study com-
pared with previously mentioned
studies, reflecting the wide varia-
tion of tooth emergence during the
last stages of dental development.

Some authors have reported dif-
ferences in the timing and pattern
of emergence of permanent teeth
between population groups of the
same ethnic origin. Lavelle'® stud-
ied four groups of Caucasian chil-
dren from four regions in England
and found considerable variation
both in the order and timing of
tooth eruption. Factors such as he-
redity, morphology (including
body weight and head circumfer-
ence), and hormonal status of the
individuals were speculated to
have some effect on the diverging
results. Further, it was mentioned
by Lavelle!® that variability in the
timing of tooth eruption may re-
flect the variability of tooth forma-
tion, movement through alveolar
bone, or penetration of the oral
mucosa.

Nystrom et al.'® suggested the ex-
istence of differences in dental de-
velopment of children living in
different parts of Finland. They
concluded that children living in
northeastern Finland had an earlier
eruption pattern than children liv-
ing in southern Finland. In the
present study we did not find any
significant regional variation be-
tween children from eastern and
western Finland in the timing of
permanent tooth eruption. The con-
flicting results of these two Finnish
studies may be due to different
sampling and methods used. The
northeastern sample in the
Nystrém et al. study'® was quite
small and some age groups were
missing. The southern group was
composed of people living in the
city of Helsinki, without reference
to the region they were originally
from. Continuous migration to
Helsinki makes the population



there a mixture of people from all
parts of Finland. In the present
study, the two communities were
chosen to get more homogeneous
samples. Migration in these areas
is minimal and the population has
stayed there for many generations.
The differences in dental maturity
within the Finnish population ob-
served by Nystrom et al.’ can be
attributed to factors other than re-
gional variation.

In addition to distinct sampling,
the research methods used in these
two studies were different.
Nystrom et al.’® used retrospective
orthopantomograms from the files
of the public dental care center,
taken for different reasons (caries,
trauma, orthodontic treatment)
from 1979 to 1985, for their eastern
sample. Their southern sample con-
sisted of orthopantomograms taken
by 1986 for a longitudinal follow-
up study of dental development in
healthy children. They used the
method published by Demirjian
and Goldstein,”® where the dental
maturity of an individual is esti-
mated by rating the developmen-
tal stage of the seven left
mandibular permanent teeth, and
the dental age of an individual is
calculated according to those
scores. In the present study, the ex-
amination was done clinically with
no X-rays, and median age of emer-
gence, analyzed by probit analysis,
was determined instead of using
dental maturity index. Differences
in both sampling and research
methods could explain the conflict-
ing results of these two studies.

In summary, results of the present
study of permanent tooth eruption
confirmed earlier findings of con-
tralateral and intermaxillary varia-
tions in timing of eruption. The
intermaxillary variation was great-
est between central and lateral in-
cisors and canines. In the first
phase of the mixed dentition, the
median emergence ages of perma-
nent teeth were earlier, while
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premolars erupted distinctly later
than in other Scandinavian studies,
indicating the need for updated
standards for permanent tooth
eruption. No regional variation in
the emergence of permanent teeth
among Finnish children was found.
Thus, the results reported here ap-
ply to the whole population of Fin-
land.

In conclusion, the present results
provide new standards for the
emergence of permanent teeth in
Finnish children with separate val-
ues for girls and boys, to replace
those given several decades ago.
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