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INTRODUCTION

Posterior crossbite (PCB) is one of the factors leading
to asymmetrical masticatory muscle function28 and can
be defined as a malocclusion in the canine, premolar,

and molar regions, characterized by the buccal cusps of the
maxillary teeth occluding lingually to the buccal cusps of the
corresponding mandibular teeth.22 It is a transverse discrep-
ancy in arch relationship in which the palatal cusps of one or
more of the upper posterior teeth do not occlude in the cen-
tral fossa of the opposing lower teeth.19 A PCB normally
occurs in one to 16 percent of the population, most fre-
quently unilaterally.10, 19, 23, 24

A number of parameters can be associated with PCB eti-
ology, and the most frequent cause of a unilateral PCB is a
reduction in the width of the maxillary dental arch. It could
be related to finger or dummy sucking habits16 or nasal
obstruction.17 Malandris and Mahoney19 reported that, in the
primary dentition, a unilateral PCB commonly arises as a
result of either genetic and environmental influences or both.

The development of malocclusion could be closely
related to a muscular/postural imbalance and facial asym-
metries (mandibular midline deviation). Previous elec-
tromyographic studies have found an asymmetrical mastica-
tory muscle electrical activity pattern in unilateral PCB
patients.1, 2, 6, 13, 36

Facial asymmetry is a relative distortion of multiple
anatomical parts, such as the eyes, nose, lips and mandible.37

The occlusal interferences caused by a unilateral PCB could
guide the mandible to an acquired maximal closure asym-
metry which would, in turn, create a transverse component
of asymmetry.9 However, Nerder et al.23 found a mandibular
midline deviation in children with unilateral PCB which was
characterized by a frontal plane asymmetry.

It is known that a masticatory stimuli is important in
defining mandibular development. If a child has an asym-
metrical muscle function, stimuli for facial development and
posture should also be asymmetric,33 which could, in turn,
lead to body posture asymmetries. 

Some studies have found associations between body pos-
ture and malocclusion.7, 11, 12, 18, 20, 26, 29, 35, 40 In a review, Huggare11

reported greater prevalence of a unilateral PCB in scoliotic
patients, suggesting a relationship between crossbite and
body posture alterations on the frontal plane, whereas Solow
and Sonnesen35 did not find any association between PCB
and posture of the head and neck on the sagittal plane. How-
ever, research on the relationship between unilateral PCB
and body posture lack, especially regarding children. 

Posture is often defined as the relative arrangement of
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body parts. Correct posture is the state of muscular and
skeletal balance that protects the structures of the body
against injury or progressive deformity.15 Although there is
wide agreement that good posture is important, it is surpris-
ingly difficult to evaluate and to determine changes after
postural retraining.38 A large number of qualitative27, 38 and
quantitative4, 5, 39 techniques have been proposed to assess
body posture. The evaluation of static posture can be per-

formed using photography4, 14, 31, 39 and video recordings,5

demonstrating acceptable levels of reliability.4, 5, 14

The aim of this study was to evaluate body posture asym-
metries using a video-recording technique in children with
unilateral PCB. 

SUBJECTS AND METHODS
Twenty-eight children in the mixed dentition were randomly
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Figure 1. Picture of the face and upper thorax describing the mea-
surement of angles AA’ (lateral corner-of-the-eye angle), BB’ (lateral
corner-of-the-mouth angle), CC’ (External clavicle joints angle) and
DD´ (acromion clavicle joints angle).

 

Figure 2. Picture of posterior body posture describing the measure-
ment of angle EE’ (Inferior angles of the scapula angle), FF’ (Poste-
rior central elbow joints angle) and GG’ (Posterior superior iliac
spine angle).

 

Figure 3. Picture of anterior body posture describing the measure-
ment of angle HH´ (anterior superior iliac spine angle).

Figure 4. Video recording set-up.
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recruited from the Public Dental Clinic of a Private Univer-
sity (UNIT) to participate in this study. 

They were then divided into two groups: The PCB Group
comprised 14 unilateral PCB patients (eight boys and six
girls), 11 with a right and three with a left posterior crossbite
(6.6 ±1.8 years). The diagnosis of a unilateral PCB was per-
formed by a dentist (SCHR) and the child must have more
than one posterior tooth (starting from the canine tooth) in
full crossbite, that is, the buccal cusp of the upper tooth
occluding lingually to the buccal cusp of the lower tooth.37

The control group comprised 14 volunteers (7.5 ± 2.3
years) (five boys and nine girls) with a neutral occlusion
(Angle Class I) without a unilateral PCB. The “ideal occlu-
sion” was considered as class I, since it is the most common
pattern of occlusion in the general population.25

The project was approved by the local Research Ethics
Committee and the parents or persons responsible for the
children signed a written informed consent to have the child
participate in the study.

Children with a history of head trauma, a bilateral poste-
rior crossbite, those undergoing orthodontic or craniofacial
orthopedic treatment or presenting craniofacial anomalies,
such as a cleft, were excluded.

POSTURAL ASSESSMENT
Eight pairs of bilateral anatomical points (A - Lateral corner
of the eyes, B- Lateral corner of the mouth, C - Sternum
clavicle joints, D - A point 2cm in front of the acromion
clavicle joints, E - Inferior angles of the scapula, F - Poste-
rior central elbow joints, G - Posterior superior iliac spine, H
- Anterior superior iliac spine) located by palpation, were
used in this study3, 39 (Figures 1, 2 and 3).

Twelve white adhesive markers (0.9 cm in diameter) were
placed on points C-C’, D-D’, E-E’, F-F’, G-G’ and H-H’.
Points A, A’, B and B’ were not marked as they are easy to
locate and visualize (Figures 1, 2 and 3).

Since the anatomical points were defined, the subjects
were advised to stand 15 cm in front of a background screen
with the feet 7.5 cm apart and the foot in abduction of 10
degrees.15 They were also guided to stay in natural body pos-
ture, with the arms hanging on the side of the body, looking
ahead, breathing normally and with the jaw and lips at rest.3

The images (640 x 460 pixels) were taken by a Panasonic
camcorder (Palmcorder VHSC, Wide X 14, Lens, Power
Zoom, NV – RJ 27) fixed on a tripod (Tron - VPT30). A
video data acquisition board was used to obtain and store the
images taken from the camcorder (640 x 460 pixels), which
was positioned according to figure 4. For better definition of
images of the head and of the superior region of the thorax,
the camcorder was positioned 1.35 m from the floor and 80
cm from the subject. 

The recordings were made over short-time periods (5 sec-
onds) to prevent body posture alterations and the effect of
less collaboration from younger children, with a time inter-
val of 10 seconds between each recording, and then digitized
using video software. The images were transformed into
photographic records therefore; the selected images were

those with the best defined digital characteristics. Three pic-
tures were taken for each subject for posture assessment: an
anterior and a posterior image of the whole body and an
anterior image of the superior region of the head and thorax.

IMAGE ANALYSIS
To obtain the angles an image analysis software (ALCim-
agem 2000, version 1.5) was used and lines were drawn from
right to left, binding the anatomical points bilaterally, and
the angle of each line to the horizontal plane was calculated
in degrees. Consequently, asymmetries were quantified
according to the tilt of the line going through the anatomical
points bilaterally in relation to a line parallel to the horizon-
tal plane. The angles described the tilt level of body seg-
ments to the right or the left. The following angles were mea-
sured: Head tilt 1 (A-A’), Head tilt 2 (B-B’), Sternum-clavi-
cle tilt (C-C’), Shoulder tilt (D-D’), Inferior Scapula tilt (E-
E’), Arms tilt (F-F’), Posterior pelvic tilt (G-G’) and Ante-
rior pelvic tilt (H-H’) (Figures 1, 2 and 3).

A value of 180 degrees indicated whether both segments
were aligned horizontally; a value lower than 180 degrees
indicated a tilt to the left, and a value greater than 180
degrees a tilt to the right. For statistical purposes, each value
obtained was subtracted from 180 degrees. As a result, val-
ues greater than zero degrees (x > 0 degrees) described a tilt
to the right, and values lower than zero degrees (x < 0
degrees) a tilt to the left. 

A total of eight angles were obtained. Each angle was
obtained three times and the mean value was considered for
statistical analysis. Reliability of angle measurements in the
procedure has been previously reported.14 The authors
reported values of Intraclass Correlation Coefficient (ICC)
for all the angles measured, which ranged from excellent to
moderate (ICC values were respectively, 0.99 to 0.71 and
0.99 to 0.63). The standard error of the method ranged from
0.51 to 0.27 and from 0.63 to 0.33 for inter and intra relia-
bility, respectively. The reproducibility of the method for
obtaining the video images on two separate occasions was
also verified. For the majority of the angles, the values were
moderate (ICC values from 0.4 to 0.75), according to Fleiss’
classification.8

The examiners who performed the video recordings (ML)
and those who obtained the angles (TCC) were blinded for
the group’s characteristics (patients or control group).

STATISTICAL ANALYSIS
As the data showed normal distribution (Shapiro Wilk’s test,
p<0.05), parametric statistics were used. Student’s t-test
(p<0.05) was used to determine significant differences
between mean angle values between the PCB and control
groups and between the genders.

In order to assess significant differences between the
three groups (right PCB patients, left PCB patients and con-
trols) regarding the mean values of the angles, one-way
ANOVA (p<0.05) was used. Age effect was tested using
MANOVA (p<0.05).
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RESULTS
Student’s t-test did not show statistical differences for the
angles considered between the groups formed according to
gender (AA’: p = 0.17, BB’: p = 0.11, CC’: p = 0.44, DD’: p
= 0.29, EE’: p = 0.33, FF’: p = 0.25, GG’: p = 0.77, HH’: p
= 0.21), and for those formed according to age, no statistical
difference was found by MANOVA (p < 0.05) (AA’: p =
0.19, BB’: p = 0.98, CC’: p = 0.50, DD’: p = 0.17, EE’: p =
0.81, FF’: p = 0.93, GG’: p = 0.99, HH’: p = 0.60).

It was shown that angles AA´ (head tilt angle 1) and BB´
(head tilt angle 2) showed significantly increased values (x >
0 degrees) for the PCB group (n=14) in relation to the con-
trol group (n=14), demonstrating a greater lateral tilt of the
corner-of-the-eye and corner-of-the-mouth planes for the
PCB group (Table 1). Considering all the volunteers with
PCB (G1) (n=14), head tilt, shown by angles AA’ and BB’,
followed the crossbite side in 64% (n=9), and it was
observed on the opposite direction for 36% (n=5).

In Table 2, the means and standard deviations (SD) for the
three groups with right PCB (n=11), left PCB (n=3) and con-
trol group (n=14) are reported. It was observed that only
right PCB patients exhibited a significantly increased AA’
angle (head tilt angle 1) in relation to the control group. Con-
sidering the head tilt side and its relation to the crossbite
side, it was observed that, for 54% (n=6) of the patients with
right PCB, head tilt followed the crossbite side and, for 45%
(n=5), it was in the opposite direction. For all patients with
left PCB, head tilt followed the same side as that of the
crossbite (n=3).   

DISCUSSION
The results showed an increase in head tilt for unilateral PCB
children when compared to children with neutral occlusion
and that such increased head tilt was only significant in right
PCB patients (4.18 degrees) when compared to left PCB
(2.35 degrees) patients and volunteers with neutral occlusion
(1.55 degrees). Therefore, such results suggest that patients
with posterior right PCB exhibited pronounced head tilt, but
no relationship could be observed between the PCB side and
the head tilt side, since 54% of right PCB patients exhibited
head tilt to the right (in the same direction as that of cross-
bite), and 45% (n=5) presented it to the left (in the opposite

direction to that of crossbite). The same tendency, of greater
head tilt, was not shown by left PCB patients, which could
be explained by the small sample of left PCB patients (n=3)
examined in this study. Consequently, our results could not
be extrapolated for both types of unilateral PCB. On the
other hand, considering all the unilateral PCB patients (right
and left crossbite), it was observed that, for 64% of the
patients, head tilt followed the side of the crossbite, which
could suggest that regardless of the crossbite side, head tilt
seems to follow the crossbite side in patients with unilateral
PCB.

The results also suggest that body posture alterations in
volunteers with unilateral PCB could be observed, particu-
larly in the cranial region (or more commonly observed in
the upper body segment) and on the frontal plane (lateral
inclination of upper body segments). Michelotti et al21 con-
firmed our findings. They suggested that alterations in body
posture could be associated with occlusion alterations and
reported that such alterations were more directly related to
the craniocervical region and to the spine as a whole. 

Huggare11 carried out one of the few clinical studies
which reported the correlation between frontal plane pos-
tural alterations and a unilateral PCB. That author also
observed increased head tilt, orbital plane tilt, mandibular
and maxillary plane tilt as well as unilateral PCB in patients
with scoliosis treated with a boston brace. In a review, Hug-
gare11 suggested a possible association between unilateral
PCB and head tilt as found in this study.

A possible explanation for head posture alterations on the
frontal plane, identified in children with unilateral PCB was
reported by Zuñiga et al,40 who demonstrated that a shift in
mandible positioning (neuromuscular guidance of the
mandible) influences the electrical activity of the sternoclei-
domastoid and trapezius muscles (upper fibers). If we take
into account that those muscles are responsible for the sta-
bility of the head and for movements such as tilt and rotation
of the head, we could suppose that head tilt may be caused
by the change in dental contact that is typical in unilateral
PCB, resulting in the unilateral imbalance of the sternoclei-
domastoid and trapezius muscles, probably a shortening of
the neck muscles ipsilaterally to the crossbite side and lead-
ing to head tilt to the crossbite side.

162 The Journal of Clinical Pediatric Dentistry Volume 32, Number 2/2007

Table 1. Comparisons of mean angle values (degrees) and standard
deviations between PCB and control groups.

Angles Mean (degrees)
PCB group (n = 14) Control Group (n = 14)

AA´ 3.65 ± 2.65* 1.55 ± 1.21
BB´ 3.38 ± 2.84* 1.37 ± 1.23
CC´ 1.88 ± 1.66 1.68 ± 1.58
DD´ 1.71 ± 1.13 1.30 ± 1.13
EE´ 3.58 ± 2.51 2.61 ± 2.81
FF´ 2.32 ± 1.79 2.31 ± 2.08
GG´ 2.34 ± 2.73 1.95 ± 1.48
HH´ 1.61 ± 1.15 2.29 ± 1.38

* p < 0.05

Table 2. Comparisons of mean angle values (degrees) and standard
deviations between the three groups: right PCB patients,
Left PCB patients and neutral occlusion volunteers.

Angles Mean (degrees)
Right PCB Left PCB Neutral occlusion

(n = 11) (n = 3) (n = 14)

AA´ 4.18 ± 2.56* 2.35 ± 2.30 1.55 ± 1.21
BB´ 2.10 ± 1.04 3.84 ± 3.33 1.37 ± 1.23
CC´ 1.52 ± 3.04 2.27 ± 1.47 1.68 ± 1.58
DD´ 1.87 ± 1.11 0.51 ± 0.48 1.30 ± 1.13
EE´ 4.04 ± 2.90 2.26 ± 0.39 2.61 ± 2.81
FF´ 3.65 ± 3.14 3.23 ± 1.71 2.31 ± 2.08
GG´ 1.80 ± 1.13 1.91 ± 1.37 1.95 ± 1.48
HH´ 1.96 ± 1.74 1.41 ± 1.50 2.29 ± 1.38

* Significant difference between right PCB and neutral occlusion groups (p < 0.05,

ANOVA). PCB: posterior crossbite
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Another important aspect is that, for 64% of the volun-
teers with a unilateral PCB, the tilt of the head followed the
crossbite side, suggesting the existence of a correlation
between crossbite side and postural asymmetry of the head.
Shimazaki et al34 demonstrated, by biomechanical models,
that tilt of the occlusal plane may only promote differences
in cervical spine stress distribution, leading to a cervical
spine tilt and, consequently, a head tilt to the same side of the
crossbite, when not followed by compensatory asymmetries
in the activity of masticatory muscles.

In the literature there are reports on the association
between asymmetries or imbalances in the activity of masti-
catory muscles in unilateral PCB volunteers by the use of
surface electromyography,1, 6, 13, 36 and those asymmetrical
muscle activity patterns could be related to the development
of common facial asymmetries, but can also be a conse-
quence of anatomical and functional dental asymmetries,
such as those found in children with unilateral PCB.

Thus, the tilt verified for lateral corner-of-the-eye and
mouth planes in this study could represent a head tilt on the
frontal plane or could indicate the presence of facial asym-
metry (mandibular midline deviation, for example) in chil-
dren with unilateral PCB. Pirttiniemi et al 29 suggested that
facial asymmetries should be greater for patients with trans-
versal malocclusion (such as unilateral PCB). Some authors
stated that unilateral PCB children showed deviation of the
midline towards the crossbite.22,36 Such deviation is defined
by the lateral shifting of the mandible due the asymmetrical
occlusion or by neuromuscular guidance of the mandible23

shown in unilateral PCB patients, and that can justify the
asymmetry to the same crossbite side of the mouth angle
observed in this study. On the other hand, it is important to
consider the fact that the angle of inclination of the eyes’
corner (Head tilt 2) also showed to be significantly increased
in the group with unilateral PCB, which may suggest that the
alterations in these angles more directly translate alterations
in head positioning and not necessarily facial asymmetries
(mandibular midline deviation).
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