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Abstract

Obijectives: To assess the association between orthodontic and body posture findings in a large sample of Italian
adolescents.

Methods and Materials: The study had a population-based cross-sectional design. Subjects were selected
according to a cluster sampling design. Posture variables were assessed according to a photographic method. The
following occlusal variables were evaluated: molar relationship according to Angle’s classification, and posterior
crossbite. Subjects were orthodontically untreated. Examiners had been calibrated previous to examination.
Results: The subjects eligible for the study were a total of 703 - 344 (49%) males and 359 (51%) females.
Prevalence rates of Class Il and Ill malocclusions were equal to 36.1% (95% Cl, 32.6%-39.8%) and 2.7% (95% Cl,
1.6%-4.2%), respectively. Prevalence rate for posterior crossbite was equal to 14.8% (95% Cl, 12.3%-17.6%).
Class Il malocclusion was not correlated with backward posture, nor Class Il malocclusion with forward body posture
(p=0.94). Posterior crossbite did not correlate with modifications of the symmetry of the body (p=0.24).
Discussion: The present large-scale cross-sectional study did not find any significant association between specific
postural attitudes and occlusal characteristics. Postural data were not related to different occlusions, when variables
were assessed on the same view (lateral or frontal). The current large-scale population-based survey offered several
epidemiologic indications for the prevalence of certain types of malocclusions and postural disorders in adolescents.
Conclusions: In this large-scale population-based survey, postural attitudes were not related to occlusal disorders.
Clinical significance: Claims of association between body posture and dental occlusion in growing subjects should
be discarded on the basis of epidemiological observations.
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Short title: a rDental Occlusion and Body Posture in Growing Subjectseview of canal anatomy for fiber post fitting.

Introduction
Although relationships between dental occlusion and body

disorders and body posture characteristics by using
photographic records, electromyography, or balance
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posture have been investigated by many authors (for extensive
reviews see'?), evidence of even a partial association between
these two aspects is far from being reached. A number of
experimental investigations attempted to evaluate the
relationship between the presence (or correction) of occlusal
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platforms.>® However, these studies are on small samples,
usually very heterogeneous with regard to methods for
postural recording, definition of postural attitude, age, and
selection of subjects. As a consequence, contradictory results
have arisen. In particular, it has been suggested that
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Figure 1: Body posture in lateral view (A. Ideal Posture ; B. Forward Posture;

C. Backward Posture).

associations exist, possibly between orthodontic and body
posture findings assessed in the same view: that is, between
Class Il malocclusion and backward body posture, or between
Class Il malocclusion and forward body posture in a lateral
view,*'® and between posterior crossbite and body asymmetry
in the frontal view.'"

The aim of this study was to assess the associations between
orthodontic and body posture features in a large sample of
adolescents attending the 2nd year of secondary school (12-
years old) by means of a population-based, cross-sectional
study. Specific hypotheses to be tested were possible
associations between orthodontic and postural findings when
assessed in the same examination view (frontal and lateral).

Materials and Methods

Study population

Study population was defined as pupils attending the 2nd year
of secondary school (corresponding to 8th grade) of public
schools in Naples (Southern Italy) in the school year 2000-2001.
The Deans of the schools were informed of the aims of the
survey, and they provided information about the number of
classes, and the corresponding number of pupils. According to
their information, a population of about 13,000 pupils was
estimated for the school year 2000-2001. Study subjects were

selected according to a cluster sampling design. Schools were
first arranged by school district to avoid possible biases ensuing
from social heterogeneity. Secondly, classes within schools were
sampled systematically. The totality of the students belonging
to the sampled classes were examined, both to improve study
feasibility, and to not discriminate among pupils in the same
class. All participating pupils and their parents provided written
consent to examination.

Final sample

Due to the number of features to be assessed, sample size was
calculated assuming a 50% prevalence rate for any
characteristics to be estimated and a precision of the estimate
of +3% with a 95% confidence interval (sampling from finite
population, nQuery Advisor, v. 4.0, Statistical Solution Ltd.,
Cork, Ireland). This assumption leads to the highest sample size
with the given precision. Nine-hundred eighty-seven students
were randomly sampled according to a cluster sampling design.
Eight hundred eighty-eight students (along with their parents)
were available for examination (90%). Subjects with complex
craniofacial anomalies or with physical disabilities in their
previous or current medical history were not considered for the
final study. A hundred eighty five subjects had received some
form of orthodontic treatment at the time of survey, and they
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Figure 2: Body posture in frontal view.

were also excluded from the current study I in 65 (7%) subjects
the treatment had already ended, while in 120 (14%) was still
ongoing.

Final analysis was performed in 703 students, 344 (49%)
males and 359 (51%) females (Table 1). Mean age was equal
to 12.2 years with a standard deviation of 0.65 years. 465 out
of 703 subjects (66%) were 12-year old, 157 (22%) were 13-
year old, and 55 (8%) 11-year old; only 26 subjects were 14-
or 15-year old.

Physical examination

Medical examination included the clinical assessment of dental
occlusion and posture. No radiographs were taken or dynamic
tests carried out. On the whole, examination lasted
approximately fifteen minutes per child, following the WHO
guidelines.™ The examination was performed in a quiet
classroom without external interference. A good light source
was provided by artificial or natural lighting. Latex gloves and
sterile instruments were used to assess the occlusion and a
plumb-line to assess the posture. Two investigators, blind to
each other, gathered separately information on occlusion and
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posture. Prior to the survey, the investigators had a training
course to calibrate and standardize their procedures.

1. Dental occlusion examination
The occlusal examination included both a lateral and a frontal
view.

1.1 Lateral examination

In the lateral examination the relationship between the first
lower and upper molars was determined according to the
Angle classification.”™ Molar relation was categorized as “Class
" when the upper molar was positioned more than half a
cusp backward in relation to the lower molar; and as “Class II”
when the upper molar was positioned more than half a cusp
forward in relation to the lower molar. Where first molars were
absent, second deciduous molars or canines were considered.
Patients with subdivision malocclusions were included in the
Class Il or Class Ill groups on the basis of the predominant
occlusal characteristic or according to the relationship between
the canines.

1.2 Frontal examination

Posterior crossbite was defined as the cross-over of at least 2
teeth in the posterior segments of the dental arches. The
subjects were classified into three groups: no crossbite,
unilateral crossbite, or bilateral crossbite.

2. Body posture examination

The clinical examination of posture of the subjects was carried
out from photographs of frontal and lateral views of the body,
taken by a fixed camera.'®'®""'® Subjects were asked to stand in
an upright position, in contact with the wall, barefoot, without
moving, looking straight ahead, with relaxed shoulders and
arms resting at their sides for a natural head and body position.

2.1 Lateral examination

In the lateral photographic examination a plumb-line
perpendicular to the floor was superimposed through the
styloid apophysis of the fifth metatarsus of the foot. The
distance of the external acoustic foramen from this line was
measured.” In the ideal posture in growing subjects, the
external acoustical foramen is about 1 cm ahead of the plumb-
line.'®'* Moreover, scapulae and glutei have to be on the same
line and the distance between the wall and the points of
maximal cervical curvature and lumbar curvature have to be 4
to 6 cm and 6 to 8 cm, respectively (Figure 1a). Posture was
defined as ‘forward’ when only glutei reached the wall and the
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Occlusal and postural characteristics of the subjects (n=703) according to gender.
Percentages are reported along with statistical comparisons.

Gender Total Male Female p*
(n=703) (n=344) (n=359)
Angle class 0.78

I 61.2 62.5 59.9
I 36.1 34.9 37.3
I 2.7 2.6 2.8

Cross-bite 0.41
No 85.2 86.3 84.1
Yes 14.8 13.7 15.9

unilateral 12.1
bilateral 2.7

Body posture 0.30
Normal 61.3 59.6 63.0
Forward 37.0 39.2 34.8
Backward 1.7 1.2 2.2
Head 0.19
Normal 54.5 57.0 52.1
Inclined 45.5 43.0 47.9
Trunk 0.85
Normal 10.2 10.5 10.0
Asymmetrical 89.8 89.5 90.0
asymmetrical shoulders only 41.3 44.2 384
asymmetrical iliac crest only 2.8 2.9 2.8
omolateral asymmetry 33.1 31.4 34.8
controlateral asymmetry 12.5 11.0 13.9

*chi-square test

external acoustic foramen was more than 1cm in front of the
plumb-line (Figure 1b). Conversely, posture was defined as
‘backward’ when only scapulae and the head reached the wall
and the external acoustic foramen was less than 1cm in front
of the plumb-line or behind it (Figure 1c).

2.2 Frontal examination

In the frontal examination symmetry of the left and right side
of the body was assessed (Figure 2). A plumb-line
perpendicular to the floor was used to mark the midline of the
body on the photographs, and five horizontal lines were
drawn, three for the head and two for the trunk.™

2.1.1 Head posture assessment
Head inclination was assessed by a line drawn through the
tragus of the ears; the head was inclined when this ear-line was

not perpendicular to the plumb-line.™

2.1.2 Trunk posture assessment

Trunk posture was assessed by the two lines drawn through the
shoulders and the iliac crests, respectively; the trunk was
asymmetrical when at least one of these two lines was not
perpendicular to the plumb-line. Asymmetry was further
defined as ipsilateral when the two lines, though not
perpendicular to the plub-line, were parallel, and controlateral,
when the two lines, that were not perpendicular to the plumb-
line, were not parallel either.

Statistical methods

Descriptive statistics was calculated for the prevalence rates
(and confidence intervals) of both occlusal and postural
findings. Associations between occlusal and postural features
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Table 2

Association between Angle’s Class and body posture (lateral view)*. Absolute prevalence

rates and percentages are reported.

Orthodontic treatment No

Class I ] m

Body posture
Normal 261 (60.7) 157 (61.8) 13 (68.4)
Forward 161 (37.4) 93 (36.6) 6 (31.6)
Backward 8(1.9) 4(1.6) 0 (0.0)

* P-value = 0.94

were tested by means of chi-square tests (p<0.05). Gender
differences for tested variables were assessed by means of chi-
square tests (p<0.05) as well.

Results

Prevalence rates and 95% confidence intervals (Cl) of Angle
Class Il and Il malocclusion were equal to 36.1% (95% Cl,
32.6%-39.8%) and 2.7% (95% Cl, 1.6%-4.2%), respectively
(Table 1). The prevalence rate for posterior crossbite was equal
to 14.8% (95% Cl, 12.3%-17.6%). Unilateral crossbite
(12.1%) was more frequent than the bilateral one (2.7 %).

Overall postural disorders were observed in 39% of subjects,
forward posture being much more frequent than backward.
The trunk was found asymmetrical in more than 80% of the
subjects, while an asymmetry in the posture of the head was
recorded in about half of the students.

Distributions of subjects’ characteristics according to gender
are reported in Table I. No significant between-gender
differences were observed for any study variable.

The distribution of molar relations with respect to posture
(lateral view) is reported in Table Il. No difference was found for
body posture in the lateral view among the different Classes
according to Angle (p=0.94), i.e. there was neither an
increased prevalence rate for backward body posture in Class Il
malocclusion, nor an increased prevalence of forward body
posture in Class Il malocclusion.

The distribution of posterior crossbite and posture (frontal
view) are reported in Table Ill. Once again no statistically
significant association was found for any pair of variables.

Discussion

The present investigation was aimed to assess the associations
between body posture findings and orthodontic variables in a
large-scale population-based survey of adolescents. The
relationship between occlusion and body posture has been
suggested since the beginning of the twentieth century.” The
maintenance of posture requires a complex neuromuscular
system with several afferent pathways from peripheral
proprioceptors. The effect of occlusion on body posture has

been attributed to the convergence of afferents from the
dental proprioceptors, the ganglion of Scarpa, and the facial
muscular proprioceptors on nuclei of the brain stem.
However, scientific evidence is still lacking with regard to the
biunivocal relations between occlusal and postural aspects.'*
911132023

The present large-scale cross-sectional study did not find any
significant association between specific postural attitudes and
occlusal characteristics. Postural data were not related to
different occlusions, when variables were assessed on the same
view (lateral or frontal).?’ More specifically, significant
associations were not assessed in the lateral view between
Class Il malocclusion and backward body posture or between
Class Il malocclusion and forward body posture. No significant
correlation was recorded between posterior crossbite and
posture in the frontal view. These results are not in agreement
with the ones reported by Nobili and Adversi 6 and by Bricot.10
Conversely, the negative results found here are in accordance
with previous findings.**#

Conflicting results may be explained, at least in part, by
methodological differences in study design, variable
assessment, and/or selection of subjects. As a matter of fact,
previous studies presented with usually small sample size
and/or low statistical power for detecting significant
associations.**7#122122 Other biases could have arisen from lack
of random selection of subjects, or from observation of
dysfunctional patients. “'”'® Moreover, some studies involved
both children and adult subjects,®* although significant
changes in body posture are known to be associated with
aging.**

The sample evaluated in the present investigation derived
from the random examination of a well defined population,
large enough to compensate for inherent occlusal and postural
biological variability, and considerably larger than any previous
study. The investigation is part of a larger population-based
survey on 6, 12, and 18 years old students in Naples (Southern
ltaly), that is at the ages corresponding to the three most
representative stages of the dentitional development
(deciduous, mixed, and permanent). The present study focused
on 12-year-old students, who, according to the Italian study
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Association between cross-bite and body posture (frontal view). Absolute prevalence rates

and percentages are reported.

Orthodontic treatment No
Cross-bite Yes No p
Head
Normal 62 (59.6) 321 (53.6) 0.25
Inclined 42 (40.4) 278 (46.4)
Trunk 0.24
Normal 14 (13.5) 58 (9.7)
Asymmetrical 90 (86.5) 541 (90.3)

curriculum, were randomly chosen from the 2nd year of the
secondary school. The age of examined subjects was largely
homogeneous, and 96% of them were 11 to 13 year old. A
small percentage of subjects (10%) was not available for
examination; however, non-responder bias was very unlikely,
for the similarity of participating and non-participating subjects
according to gender and age.

Eight hundred eighty eight students were available for
examination (90% of the randomly chosen population). Twenty
one percent of these students had already received some
orthodontic treatment, or were currently in orthodontic
therapy. As the prevalence/severity of malocclusion could be
reduced in treated subjects, along with possible associations
with posture, further analysis on the relationships between
occlusion and posture was limited to the orthodontically-
untreated students.

The epidemiological approach used in the present study
prompted for a simple pragmatic design. Postural evaluation
was performed through physical examination, and no
radiographs were taken or dynamic tests carried out. This
choice allowed feasibility of in loco visits and enhanced
subjects’ compliance, both needed to preserve the
representativeness of the sample. In the effort to minimize
variability of the subjective assessments, all examinations were
performed blindly by the same two observers who, prior to the
survey, attended a training course to calibrate and standardize
the examination procedures, both clinically and on the
photographic records.
association between the presence (or removal) of occlusal
disorders and body posture changes by using
electromyography**® or balance platform.*®® However,
electromyography does not assess body positions or postural
changes but rather their determinants, i.e. the activity of
different antigravity muscular groups,**° whereas dynamic
methods (platforms) measure the modification of the position

Previous studies evaluated the

of an individual’s centre of foot pressure (COP) on a force plate
for a period of time,**® thus reducing the whole body to a
point. Alterations of the standing position might not be
reflected by COP modifications, so that the complex
neuromuscular mechanism might respond with adjustments
not detectable at the foot level.* Further these studies are
heterogeneous with regard to methods for postural recording
and definition of postural attitude .

In addition to the investigated relation between occlusion
and posture, the current large-scale population-based survey
offered several epidemiologic indications for the prevalence of
certain types of malocclusions and postural disorders in
adolescents. The prevalence rate for posterior crossbite was
almost 15% of the subjects, with unilateral crossbite (about
12%) more frequent than the bilateral one (about 3%).
Postural disorders were observed in over one third of the
subjects, with forward posture much more frequent than
backward. An asymmetry of the trunk was found in more than
80% of the subjects, while an asymmetry in the posture of the
head was recorded in about half of the students.

Conclusions

The present large-scale population-based survey did not
support the evidence of clinical associations between body
posture and dental occlusion in adolescents, both in the
sagittal and transverse dimensions.
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