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ABSTRACT
Objective: To determine the incidence of malocclusion in a 5-year follow-up of school children and
verify the hypothesis that individuals with previous malocclusion are more prone to maintain the
same characteristics in the transition from primary to mixed dentition.
Materials and Methods: School children, ages 8 to 11 years, participated. Inclusion criteria
consisted of normal occlusion in primary dentition or subsequent malocclusions, anterior open bite
and/or posterior crossbite and/or overjet measuring more than 3 mm, and that subjects had not
submitted to orthodontic treatment and adenoidectomy. Data collection was based on evaluation of
occlusion in school children in the actual stage of mixed dentition. Descriptive, Chi-square, and
relative risk (RR) 95% confidence interval (CI) analyses were carried out.
Results: The greatest incidence of malocclusion was found in children with malocclusion (94.1%)
when compared with those without malocclusion (67.7%) (RR 5 1.4 [1.2–1.6]; P , .001). Anterior
open bite (RR 5 3.1 [1.7–5.8]), posterior crossbite (RR 5 7.5 [4.9–11.5]), and overjet greater than
3 mm (RR 5 5.2 [3.4–8.0]) in the primary dentition are risk factors for malocclusion in early mixed
dentition. Spontaneous correction of the anterior open bite was confirmed in 70.1% of cases.
Posterior crossbite and overjet greater than 3 mm were persistent in 87.8% and 72.9% of children.
Conclusions: Malocclusion incidence was high. Individuals with previous anterior open bite,
greater overjet, and posterior crossbite had greater risk of having the same characteristics in the
mixed dentition. (Angle Orthod. 2012;82:495–500.)
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INTRODUCTION

Primary occlusion may improve or worsen as an
individual moves from primary to mixed and permanent
dentition.1,2 Longitudinal studies indicate that, in most
patients, a diagnosis of malocclusion and fairly
consistent prediction of the development of mixed
and permanent dentitions can be based on several
occlusal features of the primary dentition.3

Accordingly, the key clinical question is whether
these changes persist into the mixed dentition and to
what degree. The available literature suggests that
some occlusal characteristics persist into the mixed
dentition.4,5 Conversely, the anterior open bite can be
self-correcting in some cases.4,5–7

A large number of studies have included among the
etiologic factors identification of changes in the
normality pattern. Prolonged duration of nonnutritive
sucking might have consequences for the develop-
ment of occlusion.7–20 Thus, studies are needed to
clarify these assumptions, and new data from primary
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to mixed dentition are required for a full understanding
of this biogenetic course.

This study aimed to estimate the incidence of
malocclusion in the mixed dentition among groups
with and without previous malocclusion in primary
dentition during a follow-up period of up to 5 years, and
to confirm the presumption that individuals with
previous malocclusion are more prone to retain the
same characteristics in the mixed dentition.

MATERIALS AND METHODS

A longitudinal study was carried out to verify the
incidence of malocclusion and the occurrence of self-
correction of malocclusion during a 5-year follow-up
period from May 2004 to May 2009. Two hundred forty-
one school children were contacted. Two hundred
twelve children, aged 8 to 11 years, were randomly
selected from a representative sample to participate.26

Exclusion criteria were as follows: children with health
problems, with previous orthodontic treatment, with
adenoidectomy and any primary tooth problem affecting
the integrity of the mesiodistal diameter in relation to
dental caries. All children had the four upper and lower
incisors and the four first permanent molars fully
erupted, and congenitally missing or supernumerary
primary or permanent teeth were absent.

Children were tracked through a questionnaire,
thereby allowing participants to be located in current
schools, and by means of telephone numbers and
correspondence. The rights of individuals were protect-
ed, and informed consent and assent were obtained in
accordance with the Human Research Ethics Commit-
tee of the Federal University of Minas Gerais.

Economic Status Evaluation

Economic classification was based on possession of
the items by surveyed families and the level of education
of the head of the household, according to Brazilian
Association of Research Companies–ABEP criteria.21

Dental Arch Evaluation

All children underwent a clinical examination by a
unique previously calibrated orthodontist blinded (kap-
pa values ranging from 0.82 to 1.00 for anterior open
bite, overbite, posterior crossbite and overjet). Evalu-
ations included overjet and overbite measurements,
classification of primary canines and second molars,
first permanent molar relationships, and the presence
or absence of malocclusions in centric occlusion.

Measurements were made directly using a buccal
mirror, a tongue blade, and a millimeter probe to record
the amount of overjet and overbite.22,23 Criteria for
evaluating primary canines and second molars and first

permanent molars relationships in Class I, Class II,
or Class III, as well as posterior and anterior crossbite
or open bite, were based on previously described
methods.22,23 Anterior dental crowding was measured
directly to the patient’s mouth using a millimeter probe.32

All biosafety precepts were followed.

Eligibility criteria for normal occlusion in the mixed
dentition were positive overjet and overbite from 1 to
3 mm, the primary canine relationship in normal
occlusion (Class I), a distal terminal plane of primary
second molars in the mesial step or vertical plane, first
permanent molars in a straight or Class I relationship,
anterior dental crowding up to 2 mm, and absence of
any malocclusions.23,24 Children with malocclusion had
at least one of the following alterations: anterior or
posterior open bite and/or crossbite, overjet and/or
overbite greater than 3 mm or less than 1 mm, primary
canines or first permanent molars in Class II or III
relationships, distal terminal plane of primary second
molars in the distal step, and upper and/or lower
anterior dental crowding greater than 2 mm.24 No
discrimination was made between unilateral and
bilateral for any type of malocclusion.

Assessment of Nonnutritive Sucking Habits

All information regarding the history and duration
of existing pacifier-sucking and digit-sucking habits
came from the questionnaire answered by parents or
guardians and applied by the examiner in a previous
study (in 2004) at the school.18 Participating children
were categorized into groups for analysis of results:
those who had never used a pacifier and those who
used one up to the age of 2 years, 4 years, 6 years,
and older than 6 years. The probability of self-
correction of the malocclusion was evaluated by
considering the first examination and the 5-year
follow-up.

Statistical Analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS) for Windows, version 17.0
(SPSS Inc, Chicago, Ill). Bivariate analysis was the
initial analytic strategy (Pearson’s Chi-square test and
relative risk, 95% CI). These tests evaluated risk
factors between main variables in the transition from
primary to mixed dentition. The level of significance
was set at a 5 .05.

RESULTS

A total of 241 schoolchildren from 20 schools in Juiz
de Fora, Brazil, were enrolled in the study. The
response rate was 80.3% (92.6% in the malocclusion
group and 68% in the nonmalocclusion group). The
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final sample was composed of 212 children (119 with
malocclusion and 93 without malocclusion). It was
verified, however, that nonagreed participants pre-
sented the same characteristics as those in the sample
(ie, dropouts occurred at random). No statistically
significant differences were observed with regard to
the following confounding variables for dental maloc-
clusion in the primary dentition and development of
malocclusion in the mixed dentition: gender (P 5 .390),
age (P 5 .633), and economic status (P 5 .832)
(Table 1).

The sample comprised 111(52.4%) girls. Children
were 7 (4.3%), 8 (27.8%), 9 (52.8%), and 10 (15.1%)
years old. Categorized occlusal variables are dis-
played in Table 2. Confounding variables of gender,
age, and economic status in the primary dentition were
not considered risk factors for developing malocclusion
in early mixed dentition (P . .05). The incidence of
malocclusion in the early mixed dentition was 94.1%
for the group with previous malocclusion and 67.7% for
the group with no previous malocclusion. When normal
occlusion frequency was evaluated, only 17.5% of the
children retained such classification. Otherwise, the
likelihood of schoolchildren with malocclusion rose
from 56.1% to 82.5% between primary and early mixed
dentition. Participants who had anterior malocclusion
in the primary dentition had a 1.4 times greater risk of
having malocclusion in early mixed dentition than
participants without anterior malocclusion (RR [95%
CI] 5 1.4 [1.2–1.6]) (P , .001) (Table 3).

The prevalence of malocclusion in the primary and
early mixed dentition was 36.3% and 17% for anterior
open bite (Table 4), 19.3% and 26.4% for posterior
crossbite (Table 4), and 33% and 33.5% for greater
overjet (Table 4), respectively.

In univariate analysis, a statistically significant
association was found between primary and mixed
dentitions for anterior open bite, posterior crossbite,

and greater overjet (P , .001). Children who had
anterior open bite in primary dentition had a 3.1 times
greater risk (RR [95% CI] 5 3.1 [1.7–5.8]) of
presenting this malocclusion in mixed dentition than
did children without anterior open bite in the primary
dentition. Furthermore, children with previous anterior
open bite showed 70.1% of self-correcting in the early
mixed dentition (Table 4).

Table 1. Univariate Analysis of Relative Risk Between Confounding Variables in the Primary Dentition and Malocclusion in the Early

Mixed Dentition

Variable (Primary Dentition)

Malocclusion (Early Mixed Dentition)

P Value RR (CI 95%)Yes, n (%) No, n (%) Total, n (%)

Age, y .633*

5 and 6 64 (84.2) 12 (15.8) 76 (100.0) 1.0 (0.9–1.2)

3 and 4 111 (81.6) 25 (18.4) 136 (100.0) 1

Gender .390*

Female 94 (84.7) 17 (15.3) 111 (100.0) 1.1 (0.9–1.2)

Male 81 (80.2) 20 (19.8) 101 (100.0) 1

Economic status .832*

Less favorable 49 (81.7) 11 (18.3) 60 (100.0) 1.0 (0.9–1.1)

More favorable 126 (82.9) 26 (17.1) 152 (100.0) 1

Total 175 (82.5) 37 (17.5) 212 (100.0)

* P . .05.

Table 2. Sample Distribution in Relation to Occlusal Variables in

Early Mixed Dentition

Variable n %

Occlusion

Normal 18 8.5

Angle Class I 115 54.2

Angle Class II 60 28.3

Angle Class III 19 9.0

Posterior crossbite

No 150 70.8

Yes 62 29.2

Anterior crossbite

No 205 96.7

Yes 7 3.3

Overjet

Normal (1–3 mm) 135 63.7

Increased (.3 mm) 71 33.5

Reduced (,1 mm) 6 2.8

Overbite

Normal (1–3 mm) 111 52.4

Increased (.3 mm) 60 28.3

Reduced (,1 mm) 41 19.3

Anterior open bite

No (.0 mm) 176 83.0

Yes (,0 mm) 36 17.0

Dental crowding

No or physiologic (#2 mm) 138 65.1

Yes (.2 mm) 74 34.9

Total 212 100.0
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Conversely, children who had posterior crossbite in
the primary dentition had a 7.5 times greater risk (RR
[95% CI] 5 7.5 [4.9–11.5]) of retaining this malocclu-
sion in early mixed dentition. Crossbite was persistent
in 87.8% of the children, with new cases occurring in
20 children (35.7%; Table 4). Likewise, children with
overjet greater than 3 mm in primary dentition had a
5.2 times greater risk of retaining this malocclusion in
early mixed dentition (RR [95% CI] 5 5.2 [3.4–8.0]).
According to this overjet, more than 3 mm was
persistent in 72.9% of the children; moreover, new
cases appeared in 20 participants (28.2%; Table 4).

It was further confirmed that pacifier-sucking time
played a significant role in spontaneous correction of
the anterior open bite (70.1%; P , .05), more
adversely in posterior crossbite (12.2%) and greater
in overjet (27.1%; P . .05; Table 5).

DISCUSSION

Although data collection had been thoroughly
planned, we confirmed a 19.7% dropout rate. Dropouts
occurred at random and produced no significant effect
on the results. Dropouts presented similar character-
istics to those in the sample, with no statistically
significant differences with regard to confounding
variables for malocclusion (gender, age, and economic
status). Thus, the final sample may be considered a

representative sample of schoolchildren from 7 to
10 years of age in Juiz de Fora, Brazil, and the results
could be generalized for the entire population.

The study design makes the occurrence of recall
bias unlikely because information used was collected
during or shortly after exposure, leading to short recall
periods. Observation bias is unlikely to have occurred
because the observer was unaware of the children’s
exposure status when conducting the oral examina-
tion. Moreover, the accuracy of the examinations was
greater in the clinical context owing to the fact that
natural and artificial lights were used and a dental chair
was available.

We confirmed the hypothesis that individuals having
anterior malocclusion in the primary dentition present-
ed greater risks of having malocclusion in the mixed
dentition than those without anterior malocclusion.

The general proportion rate for malocclusion
(82.5%) in the mixed dentition was significant to the
point of being a public health problem. The risk is
notable, and its reduction would be of value for
maintaining more acceptable social and financial
support levels. In our investigation, the prevalence of
anterior open bite in the mixed dentition was similar to
previous data.4,7 A survey of the literature provided
evidence confirming this hypothesis with regard to the
etiologic factors of malocclusion. The causes of
malocclusion are complex and are influenced by

Table 3. Univariate Analysis of Children With and Without Malocclusion Between Primary and Early Mixed Dentitions

Variable

Early Mixed Dentition

P Value RR (95% CI)With Malocclusion, n (%) Without Malocclusion, n (%) Total, n (%)

Primary dentition

With malocclusion 112 (94.1) 7 (5.9) 119 (100.0) .000* 1.4 (1.2–1.6)

Without malocclusion 63 (67.7) 30 (32.3) 93 (100.0) 1

Total 175 (82.5) 37 (17.5) 212 (100.0)

* P , .001.

Table 4. Univariate Analysis of Anterior Open Bite, Posterior Crossbite, and Greater Overjet Between Primary and Early Mixed Dentitions

Primary Dentition

Early Mixed Dentition

P Value RR (95% CI)Yes, n (%) No, n (%) Total, n (%)

Anterior open bite

Yes 23 (29.9) 54 (70.1) 77 (100.0) .000* 3.1 (1.7–5.8)

No 13 (9.6) 122 (90.4) 135 (100.0) 1

Total 36 (17.0) 176 (83.0) 212 (100.0)

Posterior crossbite

Yes 36 (87.8) 5 (12.2) 41 (100.0) .000* 7.5 (4.9–11.5)

No 20 (11.7) 151 (88.3) 171 (100.0) 1

Total 56 (26.4) 156 (73.6) 212 (100.0)

Greater overjet

Yes 51 (72.9) 19 (27.1) 70 (100.0) .000* 5.2 (3.4–8.0)

No 20 (14.1) 122 (85.9) 142 (100.0) 1

Total 71 (33.5) 141 (66.5) 212 (100.0)

* P , .001.
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hereditary and environmental factors. Only 5% of
cases arise from specific known causes.24

The effect of nonnutritive sucking habits on the
development of occlusion has been under investiga-
tion for several decades.5,7,8,11,14,18,20 The main question
arising from these studies is whether such conditions
disappear once risk factors for malocclusion have
been identified and removed. The limited quantity of
data in the literature show that anterior open bite tends
to disappear when the habit is abandoned,4,5,7 but the
same does not occur in the case of posterior cross-
bite4,5,8,25–27 and Class II malocclusion with increased
overjet.4,11,28–32

In most patients in this study (70.1%), it was
observed that anterior open bite tends to be self-
correcting (n 5 54) in the transition from primary to
mixed dentition. In light of our findings, it appears
advisable to recommend that pacifier-sucking habits
be abandoned before the age of 6 years (ie, before
eruption of the upper permanent incisors) to facilitate
spontaneous correction of the anterior open bite in
most children. Other investigators have presented
similar data for this assumption.4,5–7

According to univariate analysis, children with
posterior crossbite and greater overjet in the primary
dentition had greater risk of having these malocclu-
sions in the early mixed dentition, respectively, when
compared with individuals without these anterior
malocclusions. It was further observed that the
prevalence of posterior crossbite increased in the
transition from primary to mixed dentition. In fact,
greater overjet remained remarkably stable. Moreover,
the occurrence of 20 new cases of posterior crossbite
may be explained by ectopic eruption of permanent
first molars, dental changes in the position of the
primary canines, and the appearance of unilateral
posterior crossbite.

To intercept the development of crossbite and
excessive overjet in mixed dentition, the developing
occlusion should be observed in the primary

dentition in children with prolonged digit or pacifier
habits.8,10,12,13,15,18–20 Vertical, sagittal, and trans-
verse occlusal relationships should be evaluated
at 2 or 3 years of age, particularly in children with
nonnutritive sucking habits.7,8,10,12,13,15,18–20 If interfering
contacts of the primary canines are noted, or if a
negative overbite or an excessive overjet is present,
parents should be instructed to reduce pacifier- or
finger-sucking time and to seek appropriate treatment, if
required.7,13,15,18–20 Adverse dental effects of nonnutritive
sucking habits may occur after the age of 2 years,8,18

3 years,7,12,15 or 4 years.13,19,20 Our results also discour-
age pacifier- and digit-sucking habits.

Primary

The transition period from primary to early mixed
dentition is suitable for environmental and genetic
factors to interfere with normal occlusal development.
Defining the exact stage of intervention is of utmost
importance for deciding upon and administering the
appropriate orthodontic therapy. Starting treatment in
the early mixed dentition could be advisable when lip or
tongue functions are markedly altered. Psychological
conditions related to esthetic problems and prevention
of upper incision fractures after trauma can influence
the decision in favor of an earlier intervention.11

CONCLUSIONS

N Children with previous malocclusion presented
greater risk of developing malocclusion in the early
mixed dentition.

N Individuals with posterior crossbite and greater
overjet in the primary dentition are more prone to
maintain the same characteristics in the early mixed
dentition.

N Anterior open bites tended to self-correct in the
transition from primary to early mixed dentition if
nonnutritive sucking habits were not/were no longer
present.

Table 5. Univariate Analysis of Malocclusions Self-Correcting According to Pacifier-Sucking Time

Variable

Anterior Open Bite Self-Correcting Posterior Crossbite Self-Correcting Greater Overjet Self-Correcting

Yes, n (%) No, n (%) Yes, n (%) No, n (%) Yes, n (%) No, n (%)

Pacifier-sucking time

No — — — 1 (100.0) 1 (25.0) 3 (75.0)

Up to 2 years old 3 (75.0) 1 (25.0) 3 (37.5) 5 (62.5) 1 (14.3) 6 (85.7)

Up to 4 years old 17 (85.0) 3 (15.0) 2 (14.3) 12 (85.7) 7 (35.0) 13 (65.0)

Up to 6 years old 27 (77.1) 8 (22.9) — 14 (100.0) 9 (34.6) 17 (65.4)

More than 6 years old 7 (38.9) 11 (61.1) — 4 (100.0) 1 (7.7) 12 (92.3)

P value .010* .113** .350**

Total 54 (70.1) 23 (29.9) 5 (12.2) 36 (87.8) 19 (27.1) 51 (72.9)

* P , .05; ** P . .05.
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