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SUMMARY

Objectives: The aim of the study is to determine norms of polymorphic variation in the sequence of permanent teeth in Czech children in order
to establish first standards applicable to individuals. Setting out such standards, derived from the population to which they will be applied, are
essential for diagnoses in paediatric dentistry, orthodontic treatment planning and for anthropological application.

Methods: Dental examinations were performed on a sample of 1,370 children (696 girls and 674 boys) aged 4-15 years. All emerged perma-
nent teeth (other than third molars), when at least some part of crown has penetrated the oral mucosa, and the child’s gender were recorded.
The frequency of sequence polymorphism was calculated for each gender by counting instances of absent/present and present/absent across all
possible intra-arch and inter-arch tooth pairs.

Results: Differential frequencies of polymorphic sequences were more common in the inter-arch tooth pairs than in the intra-arch pairs. The
most similar frequencies in inter-arch pairs were observed in second mandibular premolar/second maxillary premolar in both genders. However,
in the mandible there was a polymorphic sequence in the first molar/central incisor pair in both genders. Furthermore, mandibular polymorphisms
were more commonly observed in the sequences of canine/second premolar in girls than in boys. Additionally, canine/second premolar polymorphic

sequences were found to be more common in the maxilla in both genders.
Conclusions: The data presented in this article are useful in the prediction of tooth emergence sequence in individual Czech children and are

important in paediatric dentistry and in orthodontic treatment.
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INTRODUCTION

The emergence times and sequences for permanent teeth are
important factors in dental treatment planning, particularly in
orthodontics, paediatric and forensic dentistry. Tooth eruption is
defined as a process whereby the forming tooth moves from its
intraosseous location in the jaw to its functional position in the
oral cavity (1), but according to Demirjian (2) gingival emergence
(often called eruption) represents only one stage in the process of
eruption which is the first visible evidence of the tooth through
the gingiva (3). The emergence of permanent teeth occurs in
two stages. The first transitional period is characterized by the
emergence of the first permanent molars and incisors, while in
the second transitional period, canines, premolars and second
permanent molars emerge.

Because of different environmental, ethnic and socioeconomic
backgrounds, it is recommended to relate the variation in time of
permanent tooth emergence to the population to which they are ap-
plied, e.g. in Africa teeth emerged earlier than in Asia (4). Because
of this, there are many studies focusing on the investigation of
standards specific to their own populations (5-10). The sequence
of permanent teeth emergence in the studies (11-13) is formed by

putting the tooth emergence age medians into an ascending order.
This approach is overly simplistic and is considered inadequate
for the accurate prediction of tooth emergence sequence in an
individual due to the fact that frequencies in sequence variability
have not been taken into consideration (8). The polymorphic
variation standards in the sequence of tooth emergence outlined
in this article would be more useful for dentists because they
enable them to assess the normality/rarity of tooth sequence in
an individual child.

The study aims at providing first standards for sequence poly-
morphism in permanent teeth emergence specific to the Czech
population and has become a resource for dentists in identifying
developmental abnormalities, treatment planning and in estimat-
ing dental ages for individual children.

MATERIALS AND METHODS

Study Population
The sample comprised 1,370 Czech children (696 girls and 674
boys) aged between 4 and 15. The data were collected in accord-
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ance with Act No. 101/2000 Coll. on the Protection of Personal
Data and the study was approved by the Ethics Committee of
the General University Hospital in Prague. Children examined
in this research were also participants in a cross-sectional survey
conducted over the years 2013 and 2014 in 11 elementary schools
and kindergartens in the Czech Republic. Schools and kinder-
gartens were pre-selected in accordance with WHO guidelines
for national cross-sectional oral-health surveys whose aim was
to study subjects in both urban and rural areas. After getting the
principals’ approval detailed information statements and informed
consent forms were sent to the parents of the children selected.
Out of the total number of children who consented to participate,
only white Caucasians of European background were included in
the study as representatives of the traditional Czech population.

Data Collection

Data was collected directly in the classroom. The children
were examined for the emergence of permanent teeth by the main
author of the study. A tooth defined as emerged had any part of
it penetrating the gingiva and in this respect the outcomes were
dichotomous: absent, where the tooth is not visible within the
mouth, and present, where the tooth is clinically visible perma-
nent tooth within the mouth). All emerged teeth (other than third
molars), age and gender of the children were recorded. Teeth
were identified according to the World Dental Federation (FDI)
two-digit system (14).

Statistical Data Analysis

The analysis involved only the teeth on the right side, because
there are no statistically significant differences in the timing of
permanent contra-lateral pairs, as has been shown in numerous
other studies (13, 15). All inter and intramaxillary tooth pairs of
the combinations present/present, absent/absent, present/absent,
absent/present were counted. The cases of present/present and
absent/absent were then excluded, because they do not influence
the sequence. Only instances of present/absent and absent/present,
where frequencies of sequence polymorphism were found, were
computed and then expressed as percentages. Frequencies of 5%
or higher are considered polymorphic and frequencies lower than
5% are rare. The statistical analysis was performed using statistical
software IBM SPSS Statistics 23.

RESULTS

The results are presented in Table 1, which follows the same
form as in similar studies on different populations (7, 9, 16). In
Table 1, teeth are ordered according to sequence determined by
the median tooth emergence ages for Czech children, which dif-
fer in each gender. According to median age, the first transitional
period begins with the emergence of the mandibular permanent
central incisors in boys and the mandibular permanent molar in
girls. The sequence of the second transitional period, based upon
median age, is the same in both genders, with one exception:
second premolars in the upper jaw emerge before canines in boys.

The polymorphic sequence of intermaxillary tooth pairs were
present in cases 46/16 (87%), 43/14 (68%), 44/14 (7%), 45/15

(57%), 45/13 (81%), 47/17 (65%) in boys and 41/16 (83%),
42/11(10%), 42/21 (94%), 43/14 (69%), 44/14 (28%), 45/13
(34%), 45/15 (68%), 47/17 (92%) in girls. The highest poly-
morphic frequency was found in the pair 45/15 in both genders
(boys 57% and girls 68%). For the maxillary arch there was a
polymorphic sequence in the pair 13/15 in both genders (girls
77% and boys 23%). Girls also had a marginal polymorphic
sequence in the pair 11/16 (10%). In the mandible there was a
polymorphic sequence in the pair 46/41 in both genders (boys
46% and girls 54%) and in the pair 44/43 (13%) only in girls.
Intra-arch sequence polymorphism was found to be more com-
mon in girls. In addition, sequence polymorphism in both jaws
was not observed in the tooth pairs through the first and second
transitional period (Table 1).

DISCUSSION

There are many approaches in determining the sequence of
permanent teeth emergence. The simplest and most widely used
model of constructing the sequence is based on placing the median
age of individual teeth in ascending order. Nevertheless, this ap-
proach provides no information as to the frequencies of sequence
variability (9) and therefore this model is considered misleading
in evaluating tooth emergence sequences in individuals. In this
study, the variability of tooth emergence sequence was determined
in accordance with other studies (9, 16), which were based on
the pairwise frequencies. Since it is a cross-sectional study, each
child was examined only once and only pairwise frequencies
were determined. The better approach would be a longitudinal
study enabling the child to be observed over time (8) and would
provide seven-teeth (except third molars) sequence frequencies
instead of pairwise variations.

Given that this study was not intended clinically with access to
X-ray examination but more anthropologically, neither agenesis
nor retention of permanent teeth that could be recognized, clini-
cally, as unerupted, could be observed. Agenesis of permanent
teeth (excluding third molars) occurs in a range between 1.6-9.6%
of the general population; most often missing teeth (excluding
third molars) are second lower premolars and second upper
incisors (17). According to Holman and Jones, who focused on
the effect of unrecorded agenetic teeth as potentially distorting
results, a sufficiently representative sample of subjects does not
lead to substantially distorted results (to measurement bias). In
this study, they demonstrated that there was an overestimation of
the average age at which teeth erupt irrespective of agenetic teeth
which is less than 1%, while the standard deviation in this study
ranged between 3 and 5%. According to these findings, agenesis
can therefore be discounted (18). However, in our study, the
sample group was sufficiently large to not expect agenetic teeth
to affect the results. Because it is a cross-sectional study, it was
not possible to assess the effect of premature loss of temporary
teeth on permanent dentition emergence. Cross-sectional studies
provide relatively good and on hand information (19) since we
were able to work with a larger set of subjects and the risk of bias
is also smaller when compared with longitudinal studies (20).

In the present study the possible association of the socio-
economics and permanent teeth emergence times has not been
taken into account. Nevertheless, the relationship between socio-
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economics and childhood nutrition, as affecting the emergence
of permanent teeth, has been discussed in the literature (21). In
children of university-educated parents, in whom a higher stand-
ard of living is observed, teeth emerge earlier than in children
of parents with lower education (22). It would be reasonable to
assume that children from families with higher socioeconomic
status might benefit from higher-quality healthcare and nutrition,
resulting in faster development and emergence of permanent teeth.
Conversely, children from families with lower socioeconomic
status might be expected to suffer from less frequent visits and a
lower-quality of dental care which may result in premature loss of
deciduous teeth, which in turn has been found to affect the time of
emergence of the permanent teeth (23). On the other hand, there
are researchers that repudiate such associations (11, 24-26). The
influence of socioeconomic factors on tooth emergence of Czech
children will be the subject of future research.

An inter-examiner reliability test was not preformed, because
all subjects were examined by the same researcher (the main
author). Margin of error was not calculated, because Virtanen
et al. (27) pointed out that the criteria distinguishing emerged
(present) and non-emerged (absent) teeth are sufficiently deline-
ated. In order to minimize other potential errors, the data were
entered into the computer by one researcher (the main author)
and checked by the other (the second author).

Due to the fact that our research was the first of its kind
conducted in Europe and in the Czech Republic, it was not pos-
sible to compare our results with any available European data.
Based on available studies, that also followed sequence variation
expressing approach, it was possible to compare our results with
those undertaken in Jordan (16), Australia (7) and the USA (9).
All these studies showed similar results in maxilla. In upper jaw,
the polymorphic variation was more common within the second
transitional period and the sequence of polymorphism in the tooth
pairs crossing the first and second transitional period was rare in
both, boys and girls. The most common variable observed in our
study was in the tooth pair 13/15 in both genders. Although in
our study the sequence of polymorphism was most commonly
seen during the first transitional period in the lower jaw, in for-
eign studies it was seen during the second one (7, 16). The most
common mandibular polymorphism for Australians and North
Americans was the tooth pair 41/46 (9) and for Jordanians it was
the tooth pair 44/43 (16). When we compared the polymorphism
in upper and lower jaws, in the lower jaw the most common
sequence was for the tooth pair 41/46, which is consistent with
other studies (7, 9, 15). In the Jordanian study (16), the gender
differences in the polymorphic variation were the most evident
in lower jaw, the most differences were in the frequency of 44/43
tooth pair, being higher in boys, whereas in our results they were
higher in girls. Frequencies of polymorphic sequences of tooth
emergence in upper and lower jaws in girls and boys differ from
the order determined by median age of tooth emergence. In girls
the sequence is as follows: first premolar, canine, second premo-
lar and second molar. In boys second premolars emerge before
canines. The “incisor” pattern of tooth emergence, where in boys
the replacement of deciduous teeth begins with the emergence of
mandibular incisors, was observed not only in our study sample,
but also in that of the Lithuanian study sample (13). Other foreign
studies observed a “molar” pattern of tooth emergence (11, 12).
For Czech girls this “molar” pattern was observed for the left side

only, but in both genders the polymorphic variation in the tooth
pair lower central incisors/lower first molar is common.

From an orthodontic point of view, it is important that there
is no significant polymorphic sequence in tooth pair maxillary
premolar/maxillary canine, which is advantageous for interceptive
extraction of the first premolar in cases of crowding. The first
premolar emerges before the canine in the upper jaw in 97% in
girls and always in boys. The emergence order in the mandible is
not advantageous for the interceptive extraction of first premolars,
due to the fact that the polymorphic sequence in the tooth pair first
premolar/canine occur only in 13% of girls and not at all in boys.
The emergence of the second molar before the second premolar
could push mesially the first molar and cause the lack of space
for the eruption of second premolar. Our research proved that
there is a significant polymorphic sequence in tooth pair second
molar/second premolar in either jaws.

CONCLUSION

In conclusion, our research established the first norms for
polymorphic sequences in permanent tooth emergence in Czech
children, which could serve as the example of European Cau-
casians. Our findings may be useful to paediatric dentists and
orthodontics as these norms are important for the evaluation and
prediction of tooth emergence sequence in individual children.
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