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Background: Digit sucking, tongue thrust swallowing, and mouth breathing are potential risk factors for development of mal-
occlusion. The purpose of this study was to verify the prevalence of different occlusal traits among 5-7-year-
old children and assess their relationship with oral habits.

Material/Methods: The study included 503 pre-school children (260 boys and 243 girls) with a mean age of 5.95 years. Different
occlusal traits were verified by intraoral examination. Oral habits were diagnosed using data gathered from
clinical examination of occlusion and extra-oral assessment of the face, combined with a questionnaire for
parents.

Results: The study demonstrated that 71.4% of the children presented with 1 or more attributes of malocclusion and
16.9% had oral habits. The vertical and sagittal malrelation of incisors, as well as spacing, were the predomi-
nant features.

This study showed that digit suckers have higher incidence of anterior open bite (P=0.013) and posterior cross-
bite (P=0.005). The infantile type of swallowing demonstrated strong association (P=0.001) with anterior open
bite.

Conclusions: Non-nutritive sucking habits and tongue thrust swallowing are significant risk factors for the development of
anterior open bite and posterior crossbite in pre-school children.
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Background

Malocclusion is common in children and prevalence in differ-
ent age groups ranges from 20% to 93% [1-4]. Most epide-
miological studies of occlusion traits are concentrated on the
permanent dentition [5]. Studies assessing the deciduous and
mixed dentition stages, when interceptive treatment and de-
veloping occlusion guidance measures are typically prescribed,
are much less common. Nevertheless, some studies reported
that as early as 3 years of age prevalence of malocclusion is
as high as 70-82.5% [3,6,7]. Among pre-school children, the
most common conditions are anterior open bite (AOB), exces-
sive overjet (0J), Class Il malocclusions, and posterior cross-
bite (CB) [3,6,8,9].

Malocclusions are believed to be caused by a combination of
inherited and environmental factors acting together. Oral habits
are among the most evident examples of environmental etiol-
ogy of malocclusion [10,11]. It is well accepted that nonnutri-
tive sucking habit persisting beyond 3 years of age are impli-
cated in the development of AOB [3,12]. However, data on the
prevalence of oral habits among pre-school children are incon-
sistent and ranges from 1.1% to 67.9% [13-16]. This could be
because most of these studies used retrospective question-
naires to characterize the presence or absence of oral habits.
The use of a single retrospective questionnaire makes it dif-
ficult for parents to accurately assess the presence of habits,
and, in turn, makes it difficult to estimate their effects on oc-
clusion. The validity of such data is somewhat questionable [9].

Since oral habits like digit sucking, tongue thrust swallowing,
and mouth breathing are modifiable factors, reliable data and
knowledge of how such behaviors contribute to malocclusion
is important for its cessation and prevention [17].

The purpose of this study was to determine the prevalence
of different occlusal traits among 5-7-year-old pre-school
children and assess their relationship with oral habits, using
data gathered from clinical examination of occlusion and ex-
tra-oral assessment of the face, combined with a question-
naire for parents.

Material and Methods

The study was approved by Bioethics Committee of the
Lithuanian University of Health Sciences (No. 2003-87/03).

Subjects. The inclusion criteria were as follow. Subjects should:
1) be 5-7 years old; 2) have central permanent or deciduous
incisors; 3) be non-syndromic and non-cleft patients; and 4)
have no history of orthodontic treatment.
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Figure 1. Relationship of incisors: O) (overjet) — sagittal overlap,
OB (overbite) — vertical overlap.

The sample size calculation was based on data from a study
by Warren et al. [9], which was chosen because it consisted
of children in mixed dentition stages and analyzed relation-
ships between non-nutritive sucking habits and occlusion.
They found a 55% prevalence of malocclusion and 51% of
children had a predominant digit-sucking habit at the early
mixed dentition stage. Assuming prevalence of malocclusion
and oral habits as not less than 50%, the sample size calcula-
tion indicated that 384 subjects would be sufficient to detect
a prevalence of malocclusion and sucking habit with a pow-
er of 95% (alpha <0.05).

Clinical examination. All clinical examinations were made by
the same investigator (KK) in the nursery room of selected
kindergartens in natural daylight, using latex gloves, a sterile
dental mouth mirror, and an orthodontic ruler. Registration of
the occlusal characteristics was carried out according to the
principles developed by the Federation Dentaire Internationale
[18], consisting of an objective measurement of the occlusal
traits. This method has been adapted to the primary dentition
and a brief description is outlined below.

Incisal segments (Figure 1). The OJ at the level of the central
incisors was measured by a metric ruler to the closest millime-
ter. The amount of vertical overlap of the upper incisors on the
lower incisors was marked with a pencil and measured with
a metric ruler to the closest millimeter. The amount of AOB
was measured directly.

Lateral segments (Figure 2). Sagittal relationship of first per-
manent molars was evaluated according to Angle classification.
Terminal plane relationship of deciduous second molars was
measured between perpendicular projections on the occlusal
plane, from the distal surfaces of the maxillary and mandibu-
lar second deciduous molars. A flush terminal plane was con-
sidered when the distance between perpendiculars was less
than 1 mm in either direction. A difference equal to 1 mm or
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Figure 2. Sagittal relationship of the molars.
FPM — first permanent molar,
DM - deciduous molar. (A) Mesial
step of DM and Angle Class | of
FPM. (B) Flash terminal plane of DM.
(C) Distal step of DM and Angle Class
Il of FPM.
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Figure 3. (A) Normal dental midline. (B) Dental
midline shift.

more was classified as distal or a mesial step, depending of
the direction of the deviation. The relationship was not as-
sessed in case of prematurely lost second deciduous molars.

The transverse relation of the lateral segments was measured
by direct inspection: 1 of 3 separate relationships was record-
ed: (i) normal relationship; (i) buccal crossbite; and (jii) lingual
crosshite. The existence of a buccal or lingual crossbite was
registered each time 1 or several teeth in the lateral segment
were involved. Upper midline shift was registered if the mid-
line was displaced by at least 1 mm (Figure 3).

Spacing exceeding 1 mm was registered as present.

Oral habits were diagnosed using methods validated by other
studies assessing data from the parents’ questionnaire [19,20]
and updated by extra-oral examination of the face. Mouth-
breathing patterns and thumb-sucking were diagnosed only if
our clinical examination indicated and parents confirmed the
presence of those habits in the questionnaires.

Mouth breathing. Extraoral observation of the face was com-
pleted in a relaxed position of the children (watching a car-
toon movie). Lip incompetence at rest, the tension of the oral
muscles while closing the lips, and dilated nostrils when asked
to breath through the nose were considered for a diagnosis
of mouth-breathing.

Digit sucking. This non-nutritive sucking habit was diagnosed
after inspection of the fingers to see if they were asymmetric
or had other signs indicating persisting sucking.

Infantile type of swallowing. Hyper-activity of the perioral
muscles and the tongue protrusion between upper and lower

incisors or cuspids with no molar contact during swallowing
was registered as infantile swallowing. The children were asked
to swallow their saliva 3 times during the same visit. When in
doubt, another swallow was requested until the observer was
satisfied with the judgment.

Statistics. Intra-observer method error was tested by exam-
ining 50 randomly selected children in the 3 kindergartens
twice. Quantitative measurements (0J, OB) were analyzed us-
ing a method suggested by Bland and Altman [21] and an un-
weighted kappa statistics for the categorical data.

The absolute and percentage frequencies were obtained for
data analysis. Chi-square analysis was used for binary vari-
ables and an odds ratio with a 95% confidence interval was
calculated to measure the strength of associations for binary
variables. Each sagittal, vertical, and transverse occlusal trait
was dichotomized in contrast with the others and correlated
with oral habits. The level of probability was set at alpha=0.05.
Differences in probabilities of less than 5% (P<0.05) were con-
sidered to be statistically significant.

Results

The initial sample consisted of 709 children registered in
17 kindergartens. Parents of 101 children refused to partic-
ipate in the study; 64 children were absent on the day of
the examination; 37 children were excluded from the study
because of not fully erupted, decayed, or missing central
incisors; and 4 because of using pre-orthodontic trainers.
Thus, 503 children (mean age of 5.95+0.61 years) partici-
pated in the study.
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Table 1. The prevalence of malocclusion and differences between genders.

Occlusal traits

Sagittal relationship

Edge-to-edge 47 9.3 27 10.4 20 8.2 NS*
""""""""""""""" 02mm 205 408 106 407 99 408  NS*
""""""""""""""" >2mm 232 461 119 458 113 465  NS*
""""""""""""""" <omm 19 38 8 31 11 45 NS*
CDeciduousmolars
 Rightside POM 19 38 2 46 7 29 NS
""""""""""""""" mMs 262 521 13 515 128 527  NS*
""""""""""""""" DS 125 249 66 254 59 243 NS*
""""""""""""""" P 97 193 48 185 49 202 NS*
leftside POM 2 44 13 50 °o 37 NS*
""""""""""""""" mMs 243 483 131 504 112 461  NS*
""""""""""""""" DS 15 249 59 227 6 272 NS*
""""""""""""""" P 113 225 57 219 56 230  NS*
CPermamentmolars
Rightside Noterupted 303 781 204 785 189 778 NS
""""""""""""""" Classi 52 103 30 115 22 91 NS*
""""""""""""""" Classi 54 107 24 92 30 123  NS*
""""""""""""""" Classi 4 o8 2 08 2 08 NS
leftside Noterupted 1 777 200 7723 10 782 NS*
""""""""""""""" Classi 55 109 33 127 22 91  NS*
""""""""""""""" Classi 53 105 24 92 29 119  NS*
""""""""""""""" Classi 4 o8 2 08 2 08 NS
Vertical relationship of incisors (0B)
""""""""""""""" Edgetoedge =~ 45 90 28 108 17 70  NS*
- 13mm 289 574 151 580 138 568 NS
""""""""""""""" >3mm 1 310 78 300 78 321  NS*
""""""""""""""" «©mm 13 26 3 12 10 41 NS*
Transversalrelationship
Cincisors Normal 303 781 21 812 182 749 NS*
""""""""""""""" Midline shit 110 219 49 188 61 251 NS*
Molas Normal 468 930 245 942 223 918 NS*
""""""""""""""" BB 3 68 14 54 20 82 003
""""""""""""""" 8’ 1 02 1 o4 0 00 NS
CSpacing
""""""""""""""" Nospaces 30 59 8 31 22 91 N$*
""""""""""""""" Diastema 264 525 140 538 124 510  NS*
""""""""""""""" Otherspaces 209 416 112 431 97 399  NS*

* The difference between genders with a P>0.05 value is not statistically significant (NS). OJ — overjet; OB — overbite;
PLDM — prematurely lost deciduous molars; MS — mesial step; DS — distal step; FTP — flash terminal plane; BCB —buccal crossbite;
LCB - lingual crossbite.
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Table 2. The prevalence of oral habits and distribution between genders.

Oral habits

Normal functions 418 83.1
Moutnbreathing 51 101
nfartieswallowng 27 sa
Cmredss ;o 4

219 84.2 199 81.9 NS*
B T T A
”””””” 7 27 2 82 oorn
”””””” > o8 s a1 N

* The difference between genders with a P>0.05 value is not statistically significant (NS). ** Infantile swallowing is more frequent in

girls than in boys (P=0,01). The difference is statistically significant.

The intra-observer agreement for the presence of posterior
crossbite, terminal plane of second deciduous molars and spac-
ing was excellent (unweighted kappa=0.91, 0.86 and 0.89, re-
spectively), and was good for oral habits (unweighted kappa
was not less than=0.79). The error of measurements given in
+2SD of the differences between the repeated measurements
was +0.68 mm for O) and +0.42 mm for OB and was consid-
ered to be not clinically significant.

The study demonstrated that 71.4% of the children present-
ed with 1 or more attributes of malocclusion and 16.9% had
oral habits. The prevalence of occlusal traits is presented in
Table 1. The vertical and sagittal malrelation of incisors was
a predominant feature. Overjet exceeding 2 mm was found
in almost half and increased overbite (>3 mm) was found in
31.0% of the subjects. The 4 fully erupted permanent molars
were found in only 21.9% of children. Class | and Class Il molar
relationship was equally distributed in the sample and Class
Il was registered in only 4 subjects. Spacing was a common
feature in the study group. Analysis of interrelationship be-
tween different occlusal characteristics demonstrated that the
only statistically significant correlation was between the dis-
tal terminal plane of deciduous molars and increased overjet
(P=0.001). The chi-squared test confirmed that there is no ev-
idence (P>0.05) to suggest a difference in prevalence of occlu-
sal traits and oral habits between genders, except for posteri-
or CB (P=0.03) and infantile swallowing (P=0.01), which were
more frequent in girls.

Table 2 depicts the prevalence of oral habits. Almost one-fifth
of the children had oral habits. The most frequent was mouth-
breathing (10.1%).

Effect of the oral habits on the dentition. This study showed
that digit suckers have higher incidence of AOB (P=0.013) and
posterior CB (P=0.005). Children with infantile type of swal-
lowing had a significantly higher prevalence of AOB (P=0.001).
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Associations were also found between mouth breathing and
formation of molar Class Ill sagittal relationship (P=0.027).

Discussion

The present study aimed to provide detailed insight into the
prevalence of clinically relevant occlusal traits and their rela-
tionship with oral habits at the early occlusion development
stages. An effort was made to ensure accuracy of oral habit di-
agnostics, based not only on a questionnaire for parents, but
also on clinical observation. For results showing consistency,
the STROBE Statement checklist was used [22].

Studies on the prevalence of occlusal anomalies in the age
group of 5-7-year-olds are rare and results vary greatly, from
36% to almost 80% [3,4,23]. We found that 71.4% of children
had some kind of abnormal occlusal trait. The inconsistency of
results between different studies might be due to a different
incidence of malocclusion between populations, but also due to
different methods of malocclusion registration. The most pre-
cise and reliable method to evaluate occlusal traits is measure-
ment on articulated study models, as in the study by Warren
et al. [9], who found that 55% of children had malocclusion.
We did not use study models due to the very young age of the
children in the study sample. The higher prevalence of maloc-
clusion in our study (71.4% vs. 55%) can probably be explained
by the different mean age of the study samples (5.95 vs. 8.6
years), as we must consider possible self-correction of some
occlusal traits with growth at later developmental stages [3].

Our study shows that digit sucking has an impact on occlu-
sal development, and a statistically significant association was
found with AOB and posterior CB. Such findings are not surpris-
ing, as numerous studies [9,10,12,13,16,19,24] have linked non-
nutritive sucking habits to malocclusion. However, in contrast
to previous data indicating prevalence of non-nutritive sucking
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habits as high as 51.0% [9] or even 88% [3], we found it only in
1.4% of the study sample. This discrepancy could be explained
at least by 2 reasons. First, in our study, sucking habit was val-
idated only when results from the parents’ questionnaire and
clinical observation were concordant. Almost all other studies
were based mainly on a parents’ questionnaire [6,11,13-15]. We
found that disagreement between the parents’ questionnaire
and clinical observation establishing diagnosis of digit sucking
was 28.5% and 19.6% for mouth breathing. Thus, only results
from self-reported data can be questioned. Secondly, our study
sample composition depended on the willingness of the chil-
dren and their parents to join the study. Most available reports
[3,4,10] on oral habits used data from routine longitudinal med-
ical studies, in which information about these habits was col-
lected along with the other data and were not focused on oral
conditions. The participation of volunteers might be a source of
bias in the study, because it can be speculated that parents with
malocclusion were more motivated to take part in the study. On
the other hand, very concerned parents could have already con-
sulted an orthodontist and decided to refuse to participate. This
self-selection could have affected the representativeness of the
sample, but it is difficult to assess the direction and magnitude
of its influence. We believe the relatively large sample size al-
lowed us to reduce this type of bias to a minimum.

We found that mouth breathing was the most prevalent con-
dition (10.1%) with a possible potential negative effect on oc-
clusion (molar Class Il sagittal relationship). This is in agree-
ment with many other studies, because nasal obstruction and
mouth breathing have proven negative effects on development
of the cranio-facial complex [25,26]. However, it should be
borne in mind that we found only 4 children with molar Class
I1l, so these associations should be interpreted with caution.

The infantile type of swallowing was established in 5.4% of the
sample. The role of infantile swallowing for AOB formation is
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Conclusions

The prevalence of malocclusion among 5-7-year-old pre-school
children is 71.4%.

There was a significant association between sucking habits
and anterior open bite, as well as posterior crossbite. Tongue
thrust swallowing is more likely to be a contributing factor for
anterior open bite development.
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