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Prevalence and change of malocclusions from primary to early

permanent dentition:

A longitudinal study

Lillemor Dimberga; Bertil Lennartssonb; Kristina Arnrupc; Lars Bondemarkd

ABSTRACT
Objective: To follow a group of children from primary to early permanent dentition and determine
the prevalence, self-correction, and new development of malocclusions; the need for orthodontic
treatment; and the possible influences of habits, breathing disturbances, and allergies.
Materials and Methods: Two hundred and seventy-seven children were followed at 3, 7, and
11.5 years of age. Malocclusions and orthodontic treatment need were determined by clinical
examinations. Data on sucking habits, breathing disturbances, allergies, dental trauma, and
orthodontic treatments were collected from a questionnaire and dental records.
Results: Malocclusions were found in 71% of participants at 3 years of age, 56% at 7 years of age,
and 71% at 11.5 years of age. Self-correction was noted for anterior open bite, sagittal
malocclusions, and posterior crossbite, while deep bite developed. A high number of contact point
displacements and spacings contributed to the prevalence of malocclusion rate of 71% at
11.5 years. Severe or extreme orthodontic treatment need was apparent in 22%. Habits, allergies,
or breathing disturbances found at 3 years of age had no associations with malocclusions at
11.5 years of age.
Conclusions: This sample revealed a significant percentage of malocclusions and orthodontic
treatment need. A substantial number of self-corrections and establishment of new malocclusions
occurred during the transition from primary to early permanent dentition. (Angle Orthod.
2015;85:728–734.)
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INTRODUCTION

The prevalence of malocclusion among children has
been reported to range from 39% to 93%.1–4 This wide
range of prevalence figures may be due to variations in

ethnic group, age group, and methods of registration.
Even a high prevalence of malocclusion does not
indicate that all children or adolescents with malocclu-
sion are in need of orthodontic treatment. Malocclu-
sions can vary from mild to severe, with varying
impacts on esthetics and/or function.

The etiology of different malocclusions is complex
and varying and includes both hereditary and environ-
mental factors. A relatively high heritability of cranio-
facial dimensions and low heritability of dental arch
variations have been described, but it is still unclear
how this relates to the etiologic process of malocclu-
sions that have both skeletal and dental compo-
nents.5,6 Environmental factors such as sucking habits
have been associated with anterior open bite and
posterior crossbite.7,8 Mouth breathing as a result of
allergic reactions, hypertrophic adenoids, and/or en-
larged tonsils has been associated with posterior
crossbite.7,9 Snoring and nocturnal breathing distur-
bances may also have negative effects on the
dentition.10–12 Consequently, it is not just hereditary
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factors, but also environmental components, that have
the potential to affect the developing dentition.

In prevalence studies of malocclusions, study
samples should be obtained from well-defined popu-
lations, should be large enough, and should cover
non–orthodontically treated participants of different
ages.2 Most previous studies on the prevalence of
malocclusions are cross-sectional and, thus, do not
allow assessments of stability or change of individual
malocclusions. Longitudinal studies would be of great
value in increasing our knowledge and understanding
of dentition development and in gathering information
for effective planning related to orthodontic treatment.
Thus, the aim of this study was to follow a group of
children to determine the following:

N The prevalence of malocclusion from primary to early
permanent dentition;

N The frequency of self-correction and new develop-
ment of malocclusions;

N The orthodontic treatment need among children in
early permanent dentition; and

N The possible influence of habits, breathing disturbances,
and allergies on the prevalence of malocclusion.

MATERIALS AND METHODS

The study sample was sourced from three Swedish
Public Dental Service clinics, each located in a small
rural community of about 22,000 inhabitants. Of the
457 children included at baseline (age 3 years), 386
remained at the first follow-up (age 7 years) and 277
remained at the final follow-up (age 11.5 years).
Consequently, 277 children (128 boys and 149 girls)
constituted the sample in this study. In order to reduce
potential confounding factors, such as ethnic differ-
ences and environmental conditions, only Scandina-
vian children were included. Children with syndromes
or developmental disorders were excluded. Every child
was given at least two opportunities to attend each
examination. The ethics committee of the Uppsala
Health Care Region, Sweden, approved the study
protocol and informed consent form (ref: 2012/273).

Clinical Examination

The examinations at baseline (T0, age 3 years) and
first follow-up (T1, age 7 years) were undertaken by
one experienced clinician (LD) between 2003 and
2009. At the final follow-up (T2, age 11.5 years), the
clinical examination was carried out by two experi-
enced clinicians between 2012 and 2013. The exam-
iners used a mouth mirror and probe and followed a
specific protocol. The methods of Björk et al.13 and
Foster and Hamilton14 served as guidelines for
registration of malocclusion in centric occlusion.

Occlusal Measures

The occlusal measures were stratified as unilateral
or bilateral and checked for anterior or lateral shift in
the mandibular retruded position. A stainless-steel
ruler was used to measure overjet and overbite to an
accuracy of 0.5 mm.

Sagittal relations. Sagittal occlusion was determined
by the following two measures: (1) The relationship
between the primary canines at 3 years of age, as
follows:14

N Class I (normal occlusion): The tip of the maxillary
primary canine tooth is in the same vertical plane as
the distal surface of the mandibular primary canine
tooth.

N Class II (postnormal occlusion): The tip of the
maxillary primary canine tooth is in anterior relation-
ship to the distal surface of the mandibular primary
canine tooth.

N Class III (prenormal occlusion): The tip of the
maxillary primary canine tooth is in posterior rela-
tionship to the distal surface of the mandibular
primary canine tooth.

(2) The relationship between the first maxillary and
mandibular permanent molars at 7 and 11.5 years of
age, as follows:13

N Class I (normal occlusion): Normal, or at most one-
half cusp postnormal or prenormal relation;

N Class II (postnormal occlusion): More than one-half
cusp postnormal relation. Class II (postnormal
occlusion) was also subdivided into division 1
(proclined maxillary incisors) and division 2 (retro-
clined maxillary incisors);

N Class III (prenormal occlusion): More than one-half
cusp prenormal relation;

N Overjet was measured at the most protruding
maxillary incisor and classified as normal (0–4 mm),
increased (4–6 mm), or excessive (.6 mm). The
occurrence of incomplete lip closure was also
registered;

N Anterior crossbite was registered if one or more
maxillary incisors occluded lingual to the mandibular
incisors.

Vertical relations. A deep bite was registered when
more than two-thirds of the mandibular incisors were
covered by the maxillary incisors. Checks were also
made for gingival or palatal trauma.

A negative vertical overlap was recorded as an
anterior open bite, but lack of overlap due to
incomplete eruption of the incisors was not considered
to be open bite.

Transverse relations. Posterior crossbite and scissor
bite were recorded if at least two teeth were involved.
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Anterior space discrepancies. Contact point dis-
placement was registered at T2, with a displacement
of 2–4 mm defined as ‘moderate’ and displacement of
.4 mm defined as ‘severe.’15 Spacing was also
recorded at T2, defined as (1) general spacing and
(2) diastema (.2 mm) between the maxillary incisors.

Single tooth anomalies. Impaction and supernumer-
ary and congenitally missing teeth were recorded for
permanent teeth.

Orthodontic treatment need. Assessment of treat-
ment need was based on the Dental Health Compo-
nent of the Index of Orthodontic Treatment Need
(IOTN-DHC).15

Questionnaire

Data on sucking habits, breathing disturbances,
allergy, dental trauma, and orthodontic treatment were
collected via a semistructured interview following a
questionnaire that the children and their parents were
asked to complete in conjunction with the clinical
examinations at T0, T1, and T2. The questionnaire
protocol comprised the following ‘‘Yes/No’’ questions
(questions 1 and 2 were specifically addressed to the
parent and question 6 was only asked at T2):

1. Does you your child snore while sleeping?

2. Does your child have breathing interruptions while
sleeping?

3. Do you have any allergies? If yes, what kind of
allergies?

4. Do you have a bite or sucking habit? If yes, what
kind of habit?

5. Have you experienced any dental trauma? If yes,
which tooth/teeth?

6. Have you ever had orthodontic treatment? If yes,
what kind of treatment?

Statistical Analysis

Data were analyzed using version 22.0 of the SPSS
software package. McNamara’s test was used when
analyzing dependent data (ie, repeated measure-
ments). Chi-square analysis was used to analyze
categorical variables, and odds ratios (ORs) with 95%
confidence intervals (95% CI) were calculated to
measure the strength of associations. Each sagittal,
vertical, and transversal malocclusion was dichoto-
mized in contrast with others and associated with
sucking habits, breathing disturbances, allergies, and
dental trauma. Differences in probabilities of less than
5% (P , .05) were considered to be statistically
significant.

An interexaminer test was performed using kappa
statistics; the kappa values ranged from 0.84 to 1.00.

RESULTS

The dropout rate for the whole study period (T0–T2)
was 39.4% (Figure 1). There were no differences in
gender, clinic, and prevalence of malocclusions or
sucking habits at 3 years of age between those who
participated in the final follow-up and those who did
not. At the time of the examination more than 80% of
the children had all the permanent teeth ahead of the
first molars in occlusion or under eruption.

Orthodontic treatment had been performed in 37 of
the 277 children participating in the final follow-up
(13%) between T1 and T2. Treatment between T1 and
T2 aimed to correct functional disturbances (n 5 34),
and an additional three children were treated with full
fixed appliances.

Prevalence of Malocclusions

At T0, at least one malocclusion was recorded in 71%
of the children. The corresponding figures at T1 and at
T2 were 56% and 71%. Two or more malocclusions
were recorded in 18% of children at T0, 7% of children
at T1, and 37% of children at T2. The most common
malocclusion at T0 was open bite, followed by
postnormal sagittal relation (Class II), excessive overjet,
and unilateral posterior crossbite (Table 1). With the
exception of open bite, the picture was similar at T1. At
T2, contact point displacement was the most prevalent
malocclusion, followed by increased or excessive
overjet, deep bite, and spacing (Table 1). Incomplete
lip closure was common (41%) among those with an
overjet exceeding 4 mm. Of those with a deep bite, 12%
showed gingival or palatal trauma (Table 1). Deep bite
with gingival contact was more common in children with
increased/excessive overjet than in children with normal
overjet (67% vs 33%; P , .001; OR 5 9.0; 95% CI: 3.2–
25.3). At T2, postnormal sagittal relation (Class II
malocclusion) was recorded in 7.6% of the children,
with the majority classified as division 1 (proclined
maxillary incisors); see Table 1. Contact point displace-
ment of more than 2 mm was more common among
girls than among boys (40% vs 20%; P 5 .0001). No
other gender differences were seen.

Single Tooth Anomalies

Hypodontia was diagnosed in 15 children (5.4%) at
T2. The most commonly affected tooth was the
mandibular second premolar (eight children), followed
by the maxillary second premolar (six children) and the
maxillary lateral incisor (five children). Four children
(1.4%) were diagnosed with ectopic eruption of the
maxillary canines. One child had two supernumerary
teeth in the midline of the maxilla, and another child
showed a germinated tooth (left mandibular lateral
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incisor). Finally, transposition was found between 23
and 24 in one child.

Self-Correction and Development of
New Malocclusions

Between T0 and T2, significant self-correction had
occurred for open bite, and Class II and III malocclu-

sions had turned into Class I occlusion (Tables 1 and

2). The prevalence of anterior crossbite, anterior open

bite, Class II and III malocclusion, excessive overjet,

and unilateral posterior crossbite had decreased. On

the other hand, the prevalence of deep bite had

increased significantly from 5.8% to 18.4% (Table 1).

A high number of contact point displacements and

spacings had occurred.

Orthodontic Treatment Need

At T2, 22.0% of the 277 children had severe or
extreme treatment need, 23.5% showed moderate or
borderline need, and 54.5% showed little or no need
(Table 3).

Habits, Breathing Disturbances, and Allergies

The prevalence of sucking habits decreased from
82% to 0.4% (P , .0001) between T0 and T2; only one
child still sucked his/her thumb at T2. The reported
prevalence of snoring was 8% at T0 and 20% at T2
(P , .0001). Nocturnal breathing disturbances were
reported for 1.4% of children at T2 and 5% of children
at T0 (P 5 .049). The reported prevalence of allergy
was 13% at T1 and 32% at T2 (P , .0001). Habits,

Figure 1. Flowchart of the children in the study at baseline (T0), at the first follow-up (T1), and at the final follow-up (T2).
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allergies, or breathing disturbances found at 3 years of
age had no associations with malocclusions at
11.5 years of age.

Dental Trauma

Thirty percent of the children had experienced dental
trauma. The maxillary primary and permanent incisors
were the most commonly affected teeth. At T2,
experience of dental trauma was more common if an
increased overjet was present (44% vs 26%; P 5 .008;
OR 5 2.2; 95% CI: 1.23–4.04). Incomplete lip closure
was also more common among those with reported
dental trauma (54% vs 28%; P 5 .007; OR 5 3.1; 95%
CI: 1.32–7.22).

DISCUSSION

This longitudinal study adds important new knowl-
edge about development of malocclusions from
primary to early permanent dentition. The overall

prevalence of malocclusions was equal, 71%, at 3
and 11.5 years of age. However, on an individual level
changes were clear. Self-correction of open bites was
common. In addition, transition of Class II malocclu-
sion to normal occlusion occurred frequently and could
be assumed to be a result of mesial movement of the
mandibular first molars as the second primary molars
exfoliated. The shift from Class III to Class I occlusion
was unexpected. However, a similar pattern has been
presented in earlier longitudinal studies.16,17 One expla-
nation may be that incorrect sagittal registration was
performed at 3 years of age (the 3-year-old child is prone
to slide forward with the mandible in occlusion). Another
explanation may be the discrepancy in size between
maxillary and mandibular deciduous molars, resulting in
a flush relationship between the distal surfaces of the
maxillary and mandibular second deciduous molars.
This favors the normal relationship between permanent
molars when deciduous molars are replaced.

Deep bite increased in prevalence between primary
and early permanent dentition. In addition, a high

Table 1. Prevalence of Malocclusions in a Cohort at Three Time Points from Primary to Early Permanent Dentitiona

3 Years of Age (T0) 7 Years of Age (T1) 11.5 Years of Age (T2)
P for Difference

between 3 and

11.5 y

Valid nb Prevalence Valid nc Prevalence Valid n Prevalence

Variables n % n n % n n % n

Sagittal relationship 275 277 277

Class I 64.0 176 68.1 156 92.1 255

Class II 25.8 71 29.3 67 7.6 21 .0001

Division 1 –d – – – 5.7 16 –

Division 2 – – – – 1.8 5 –

Class III 10.2 28 2.6 6 0.4 1 .0001

Overjet 268 268 277

Increased (4–6 mm) 21.1 57 12.3 33 14.8 41 .050

Excessive (.6 mm) 2.9 8 3.7 10 6.5 18 .078

Incomplete lip closure – – – – 8.7 24 –

Anterior crossbite (,0 mm) 1.5 4 1.5 4 0.4 1 .375

Vertical relationship 275 230 277

Anterior open bite (,0) 54.9 151 9.6 22 0.4 1 .0001

Deep bite (.two-thirds) 5.8 16 2.6 6 18.4 51 .0001

Complete with gingival trauma – – – – 2.2 6 –

Transversal relationship 277 277 277

Unilateral crossbite 12.9 36 15.1 42 5.1 14 .001

Bilateral crossbite 6.5 18 2.9 8 0.0 0 –

Scissor bite 0.0 0 0.0 0 0.7 2 –

Space discrepancies 277

Contact point displacement .2 mm – – – – – – 31.0 86 –

Diastema mediale .2 mm – – – – – – 6.5 18 –

General anterior spacing – – – – – – 9.4 26 –

a McNemar’s test was used. P-value with the null hypothesis that there is no difference in prevalence of malocclusions among children between

3 and 11.5 years of age.
b At the clinical examination at 3 years of age, uncooperative behavior in two children precluded registration of sagittal and vertical

relationships. Overjet/anterior crossbite could not be measured in nine children.
c Because of erupting permanent incisors, measurement of overjet was precluded in nine children, and measurement of overbite was

precluded in 47 children.
d – indicates no registration.
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number of contact point displacements and spacings
that could not be diagnosed at T0 and T1 contributed
to the malocclusion prevalence rate at T2. These
findings about contact point displacements are parallel
with those of earlier studies.17–19

The previously reported strong association between
sucking habits and anterior open bite and posterior
crossbite at both 3 and 7 years of age1 was not apparent
at 11.5 years of age. This implies that sucking habits in
the early years have little or no later effect on the
permanent dentition. On the other hand, it has been
found that presence of a sucking habit until 5 years of
age was correlated with morphological malocclusion
severity at 12 years of age.20 No association between
malocclusion and allergies or snoring was seen in this
sample, in contrast to the results of other studies.10,21

One can always question if results from self-reported
data are valid, but it has been shown22 that such data
have good validity on a population level. However, the
validity of the questions about snoring and nocturnal
breathing disturbances can be disputed, and the results
should be interpreted with caution.

Dental trauma was found in 30% of the sample, and
a similar prevalence was found in another population.23

An association was seen between increased overjet
and dental trauma at 11.5 years of age, but not at 3

and 7 years of age. This is an interesting and important
finding from a clinical point of view, given the
discussion about the best time for treatment of
excessive overjet. This study supports correction of
overjet of greater than 4 mm in combination with
incomplete lip closure before 11.5 years of age.

Not all malocclusions need to be treated, but 22% of
the participants in this study had, according to the
IOTN-DHC, severe or extreme orthodontic treatment
need at 11.5 years of age. An additional 23.5% had a
borderline need, and it is conceivable that at least half
of these will be offered treatment, resulting in a total
orthodontic treatment need of about 35% (well in line
with reports from other studies).24–26

Longitudinal studies are of great value and are
considered to generate a much higher level of
evidence than do cross-sectional studies. This type
of study is considered the most appropriate for
discovering associations between the different factors
behind the development or self-correction of maloc-
clusions. Consequently, the strengths of this study
were its longitudinal design and the use of a
homogeneous sample, one that included only Scandi-
navian participants. One drawback was the rather high
attrition rate, but a certain dropout rate is inevitable in a
long-term study. In order to minimize dropouts, an
examination at a Public Dental Service clinic in the
patient’s home area was offered. Although the total
attrition rate was 39.6%, the dropout analysis dis-
closed no differences between the final study sample
participants and those who failed to complete the
study. It is worth mentioning that the 37 participants
who had undergone orthodontic treatment were
excluded from the longitudinal analysis. However,
these patients had functional disturbances, and from
an ethical point of view it was not possible to postpone

Table 2. Change of Malocclusion in a Cohort of Children from Primary to Early Permanent Dentition; 37 Children Treated Between T1 and T2

Are Excluded (n 5 240)a

Valid nb

Malocclusion

Present

at 3 y

Malocclusion

Present

at 11.5 y
P for

Difference

Self-Correction of

Malocclusion at 11.5 y Among

Those with the Specific

Malocclusion Present at 3 y

New Cases at 11.5 y

Among Those Without the

Specific Malocclusion

Present at 3 y

Type of Malocclusion n % % % n % n

Anterior crossbite 233 1.3 0.4 .625 100 3 of 4 0.4 1 of 230

Anterior open bite 238 51.7 0.4 .0001 99.2 122 of 123 0.0 0 of 238

Deep bite 238 5.9 19.3 .0001 42.9 6 of 14 17.0 38 of 224

Class II 238 24.4 7.6 .0001 82.8 48 of 58 4.4 8 of 180

Class III 238 8.4 0 .0001c 100.0 20 of 20 0 0 of 238

Excessive overjet (.6 mm) 233 2.6 5.6 .143 83.3 5 of 6 5.3 12 of 227

Unilateral posterior crossbite 240 12.1 5.4 .007 82.8 24 of 29 3.8 8 of 211

a McNemar’s test was used. P-value with the null hypothesis that there is no difference between self-correction and new cases of

malocclusions among children between 3 and 11.5 years of age. T1 indicates 7 years of age; T2 indicates 11.5 years of age.
b At the clinical examination at 3 years of age, uncooperative behavior in two children precluded registration of sagittal and vertical

relationships. Overjet/anterior crossbite could not be measured in seven children.
c Binomial distribution was used since there were expected counts of less than 1 in more than one field.

Table 3. Orthodontic Treatment Need According to the Dental

Health Component of the Index of Orthodontic Treatment Need in

11.5-Year-Olds

Grade of Treatment Need n %

No need 64 23.1

Mild/little need 87 31.4

Moderate/borderline need 65 23.5

Severe need 51 18.4

Extreme need 10 3.6

Total 277 100
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treatment of features such as functional disturbing
posterior crossbite or excessive overjet. Anyhow, the
37 children were included in the presentation of
orthodontic treatment need since to receive orthodon-
tic care the children have to have a malocclusion that
is at least categorized as ‘‘severe treatment need.’’

CONCLUSIONS

N The prevalence of malocclusions was equal at 3 and
11.5 years of age.

N Self-correction of anterior open bite, sagittal maloc-
clusions, and unilateral posterior crossbite in the
primary dentition was common.

N Deep bite, contact point displacement, and spacing
were the malocclusions most commonly emerging
from primary to early permanent dentition.

N Gingival or palatal trauma was reported in 12% of
children with deep bites.

N Overjet exceeding 4 mm in combination with
incomplete lip closure carried a 3.1 times higher risk
for dental trauma in comparison with normal lip
closure.

N At 11.5 years of age, 22.0% of children had severe or
extreme orthodontic treatment need, 23.5% had a
moderate or borderline need, and 54.5% had little or
no need.

N Habits and allergies found at 3 years of age had no
associations with malocclusions at 11.5 years of age.
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