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SUMMARY Few investigations have evaluated the characteristics of functional and structural malocclusion
in young children. Thus, the aim of this study was to assess the ultrasonographic thickness of the masseter
and anterior portion of the temporalis muscles, the maximum bite force, and the number of occlusal contacts
in children with normal occlusion and unilateral crossbite, in the primary and early mixed dentition. Forty-
nine children (26 males and 23 females) was divided into four groups: primary-normal occlusion (PNO), mean
(PNO) age 58.67 months; primary-crossbite (PCB), mean age 60.50 months; mixed-normal occlusion (MNO),
mean age 72.85 months; and mixed-crossbite (MCB), mean age 71.91 months. Thickness was evaluated
with the muscles at rest and during maximal clenching, and comparison was made between the right
and left side (normal occlusion), and between the normal and crossbite side (crossbite). The results were
analysed using Pearson’s correlation, paired and unpaired t-test, and Mann-Whitney ranked sum test.
The anterior temporalis thickness at rest was statistically thicker for the crossbite side than the normal
side in the MCB group (P=0.0106). A statistical difference in bite force and the number of occlusal contacts
was observed between the MNO and MCB groups, with greater values for the MNO subjects (P < 0.05).
Masseter muscle thickness showed a positive correlation with bite force, but the anterior temporalis
thickness in the PCB and MCB groups was not related to bite force. Masticatory muscle thickness and bite
force did not present a significant correlation with occlusal contacts, weight, or height. It was concluded
that functional and anatomical variables differ in the early mixed dentition in the presence of a malocclusion

and early diagnosis and treatment planning should be considered.

Introduction

A posterior crossbite is one of the most prevalent
malocclusions in the early dentition stage and is reported to
occur with a prevalence of between 8 and 22 per cent,
depending on the population sampled (Foster and Hamilton,
1969; Egermark-Eriksson et al., 1990; da Silva Filho et al.,
2003; Keski-Nisula et al., 2003). This malocclusion has
been associated with asymmetrical growth of the hard
tissues and muscular function, as a difference between the
activity of the temporalis and masseter muscles on the
crossbite and non-crossbite sides, and a significantly smaller
bite force in crossbite subjects in the mixed dentition
(Troelstrup and Meller, 1970; Ingervall and Thilander,
1975; Pintoetal.,2001; Sonnesen et al.,2001). Malocclusion
and asymmetrical function reflect asymmetric development
of these muscles (van Keulen ef al., 2004) and appropriate
treatment seems to normalize muscle function (Tsarapatsani
et al., 1999; Yawaka et al., 2003). In addition, occlusal
contacts promote mandibular stability at maximal
intercuspation (Rodrigues et al., 2003), and have an
influence on chewing function (Owens et al., 2002) and on
masticatory muscle activity (Ferrario et al., 2002).
Ultrasound scanning (US) enables dynamic visualization
of the muscles of the head and neck (Emshoff ef al., 1999;

Kiliaridis et al., 2003), and it is an accurate and rapid method
for measuring the thickness of superficial muscles, such as
the masseter and temporalis, without known adverse effects
(Emshoff et al., 2002). Computerized tomography (CT; van
Spronsen et al., 1989; Katsumata ef al., 2004) and magnetic
resonance imaging (MRI; van Spronsen et al., 1989;
Raadsheer ef al., 1994; Zanoteli et al., 2002) are common
diagnostic methods for the evaluation of cross-sectional
areas and masticatory muscle volume. However, CT shows
cumulative biological effects, and MRI poses a problem in
terms of clinical availability and cost.

Bite force has an influence on muscle efficiency and
development of masticatory function (Ingervall and
Helkimo, 1978; Braun et al, 1995). The size of the
masticatory muscles, dental occlusion, facial morphology,
and functional pain are the main factors that influence the
magnitude of bite force (van Spronsen et al., 1989; Ingervall
and Minder, 1997; Raadsheer et al., 1999; Sonnesen et al.,
2001). Furthermore, bite force increases with teeth in
occlusal contact, with the increasing number of erupted teeth,
and with the stages of dental eruption (Sonnesen
et al., 2001; Sonnesen and Bakke, 2005).

After establishment of the primary occlusion, there is a
period of relative stability with few changes occurring until
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the beginning of the mixed dentition (Tsujino and Machida,
1998), but increased asymmetry can occur in the mixed
dentition period (Slaj et al., 2003). After that period, dental
arch forms and, consequently, the occlusion, begin to
change systematically due to tooth movement and growth
of the supporting bone (Ross-Powell and Harris, 2000),
determining different characteristics between the primary
and the early mixed dentition. It is known that the status of
the primary occlusion has an influence on the development
of the permanent dentition, both functionally and
morphologically, as orthodontic treatment in the primary
dentition serves as a basis for physiological development
of the dentition and craniofacial growth (Mauck and
Trankmann, 1998). Nevertheless, in subjects with
malocclusions, decisions regarding timing, duration,
and prognosis of treatment should be based on knowledge
of the growth and function of the orofacial structures (Oueis
etal., 2002).

Considering the different functional and morphological
characteristics in the primary and early mixed dentitions,
and the controversies about when or even whether to treat an
orthodontic problem in the primary dentition (Chate, 2000;
Timms, 2000), the aim of this study was to investigate the
morphological and functional aspects of unilateral posterior
crossbite, evaluating the thickness of the masticatory
muscles, maximal bite force, and occlusal contacts among
children in the primary and early mixed dentition.

Materials and methods

The study comprised 49 children (26 males and 23 females)
aged 3.5-7 years, who were to start dental treatment at
the Department of Pediatric Dentistry, Dental School of
Piracicaba, State University of Campinas. The children
and their parents consented to participate in the study, and
the research was approved by the Ethics Committee of that
Dental School (protocol nos. 147/2001 and 148/2002).
Healthy subjects were selected after a complete anamnesis
and clinical examination, verifying the presence of all teeth
without anomalies and alterations of form, structure, or
number, and the normality of the oral tissues. Morphological
examination of the occlusion verified the relationship of the
primary second molars; bucco-lingual relationship of the
molars, canine, and incisors; antero-posterior relationship
of'the canines; overjet; overbite (Foster and Hamilton, 1969;
Keski-Nisula et al., 2003); and the stage of the dentition:
primary or early mixed (Sonnesen ef al., 2001). Thus, the
children were divided into four groups, according to the
stage and type of occlusion: primary-normal occlusion
(PNO; five girls and ten boys, mean age 58.67 months),
primary-crossbite (PCB; four girls and six boys, mean age
60.50 months), mixed-normal occlusion (MNO; six girls
and seven boys, mean age 72.85 months), and mixed-
crossbite (MCB; eight girls and three boys, mean age 71.91
months). Children with dental caries and/or restorations that
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could compromise cervico-occlusal and mesio-distal tooth
dimensions and systemic disturbances had been excluded,
before selection. Those selected for the PNO and MNO
groups did not present signs or symptoms of temporo-
mandibular joint dysfunction or midline deviation. Only
subjects with a functional posterior crossbite or a crossbite
resulting from dental inclination were selected. Children
with a bilateral skeletal crossbite were not considered.

For recordings of muscle thickness and occlusal contacts,
the dental arches were divided into right and left (groups
with normal occlusion) and normal and crossbite (groups
with crossbite) sides. Body weight and height were
determined and correlated with the thickness of the
masticatory muscles and bite force.

Ultrasound imaging

The thickness of the masseter and anterior portion of the
temporalis muscle were assessed bilaterally by US (Just
Vision Toshiba™, Otawara, Japan; 56-mm/10-MHz linear
transducer), and the image was measured directly on screen
with an accuracy of 0.1 mm. For each side (left and right/
normal and crossbite), US imaging was assessed with the
subject seated in an upright position, with the head in natural
posture, under two different conditions: with the muscles
relaxed (resting) and during maximum clenching (maximum
intercuspal position). The imaging and measurements were
performed three times, with an interval of at least 2 minutes
between measurements, using an airtight inert gel on the
skin surface, and the thickness per side was calculated as
the average of the three measurements. The locations for
US imaging were determined by palpation, following the
orientations: masseter—a level halfway between the
zygomatic arch and gonial angle—and anterior portion of
the temporalis muscle—in front of the anterior border of the
hairline. During the recordings, the transducer was placed
perpendicular to the direction of the muscle fibres.

Bite force measurements

Maximum bilateral bite force was determined with a pressure
transducer which was constructed with a flexible tube
connected to a sensor element (Motorola MPX5700, Austin,
Texas, USA). A computer and software (QBASIC, MSDOS)
were used for reading the pressure change in Basic language
and data were transferred to Excel™ (Microsoft). The
values were obtained in pounds per square inch and were
later converted into Newtons, taking into account the area
of the tube, since force is equal to pressure x area.

The recordings were undertaken three times, with an
interval of at least 2 minutes between each and the tube was
placed bilaterally on the primary molars. The subjects,
seated in an upright position with the head in natural posture,
were instructed to bite as forcefully as possible. The
difference between the minimum and maximum values for
each evaluation was calculated and bite force was determined
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as the average of the three measurements (with an accuracy
of 0.1 N).

Occlusal contacts

After prophylaxis and drying of all teeth, occlusal contacts
were assessed using articulating film (Accufilm II,
Parkell™, Farmingdale, New York, USA), while the child
being examined was seated in a dental chair in a semi-supine
position. The films were placed on occlusal surfaces
bilaterally and the child was asked to occlude at maximum
intercuspation position (Rodrigues et al., 2003). The occlusal
contacts of the upper and lower primary molars were then
transferred to an occlusalgraph.

Statistical analysis

Data were submitted to descriptive statistical analysis, and
each stage of the dentition (primary/early mixed) was analysed
separately. The thickness of the masseter and anterior
temporalis muscle and the number of occlusal contacts were
compared between sides (right and left/normal and crossbite)
using a paired #-test. Differences in the thickness of the muscles
between the groups with normal occlusion and crossbite were
evaluated using analyses of variance (ANOVA).

Differences in the means of the bilateral bite forces and
the total number of occlusal contacts (sum of the sides)
between the groups with normal occlusion and crossbite
were assessed by Mann—Whitney ranked sum test and
unpaired #-test, respectively. Pearson’s coefficient was used
to determine correlations among the variables: thickness,
bite force, weight, and height. The significance level was set
at P <0.05.

Measurement errors

The errors of measurement (S,) for the thickness of the
masticatory muscles (only the left side was chosen to serve
as an example), bite force, and the number of occlusal
contacts were assessed on repeated measurements on two
separate occasions (ml, m2) of 15 randomly selected

subjects (n), using Dahlberg’s formula: s, = 1/Z(m1—m2)2/2n
(Dahlberg, 1940). The results are shown in Table 1.

Results

Table 2 shows the averages and standard deviations of
muscle thickness for all groups. ANOVA did not show
significant statistical differences between the PNO and PCB
groups, or between the MNO and MCB groups. On
comparing the left and right sides in normal occlusion, there
were no significant statistical differences for the thickness
of the masseter and anterior temporalis muscles, during rest
or in maximum intercuspation. However, in the MCB group,
the anterior temporalis muscle at rest was statistically
thicker on the normal side than on the crossbite side.
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Table 1 Error of the method (S,) for ultrasonography of the
masseter and anterior portion of the temporalis muscle thickness
(mm), bite force (N), and occlusal contacts assessed on repeated
measurements of 15 subjects.

Muscle thickness S, %

Left masseter/resting 0.53 5.78
Left masseter/maximal intercuspal position 0.36 3.18
Left temporalis/resting 0.09 3.63
Left temporalis/maximal intercuspal position 0.15 4.38
Bite force 16.28 6.55
Occlusal contacts—right side 3.41 14.67
Occlusal contacts—Ileft side 3.64 13.75

% = (S,/mean) x 100.

The magnitude of maximum bite force for the MCB
group was significantly lower than for the MNO group. This
difference was not present between the groups in the primary
dentition (Table 3). For the number of occlusal contacts, the
comparison between the sides did not show a statistical
difference in all groups, but the sum of dental occlusal
contacts was significantly smaller in the MCB group than in
the MNO group (Table 3).

The thickness of the masseter muscle was positively
correlated with bite force in all groups, and some correlation
coefficients were statistically significant (Table 4). However,
the anterior temporalis muscle was found only to relate
positively with bite force in the groups with normal
occlusion. The correlation coefficients of the variables:
muscle thickness, bite force, weight, and height are shown
in Table 5. The results showed weak correlation between
the body variables and muscle thickness and body variables
and bite force in all groups.

Discussion

US is a reliable and safe method to investigate superficial
muscles in vivo, as shown in previous child studies
(Raadsheer et al., 1996; Rasheed et al., 1996, Kiliaridis
et al., 2003). Raadsheer et al. (1994), who compared
masseter muscle thickness measured by US and MRI, found
no difference in thickness between the left and right muscles,
but a high correlation between the two techniques. Thus,
US can be considered to be an accurate and reproducible
method for measuring masseter thickness in vivo. It allows
for large-scale longitudinal studies of changes in jaw muscle
thickness during growth in relation to the change in the
biomechanical properties of the masticatory muscles.

The method error values were low, and similar to those
found by Raadsheer et al. (1996, 1999, 2004). The error for
relaxed masseter muscle thickness was higher than that for
the contracted state and for the anterior temporalis muscle
(Table 1). The lower reproducibility for the relaxed than for
the contracted thickness was considered to be the result of
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Table 2 Average (mm) and standard deviation for ultrasonographic thickness of the masseter and anterior portion of the temporalis
muscle during maximum intercuspation (MI) and at rest (RE) in the primary-normal occlusion (PNO), primary-crossbite (PCB), mixed-

normal occlusion (MNO), and mixed-crossbite (MCB) groups.

Group Masseter Temporalis

Left side/normal side Right side/crossbite side Left side/ normal side Right side/crossbite side

RE MI RE MI RE MI RE MI
PNO 9.36 +1.06 10.92 £ 1.06 9.38+£0.77 11.15+0.95 2.59+0.14 3.52+0.26 2.54£0.18 3.42+0.30
PCB 9.78 +£0.94 11.43+1.40 9.76 £0.79 11.25+1.13 2.59+0.19 3.24+0.23 2.65+0.21 3.38£0.26
MNO 10.54+£0.98 12.16 £ 1.29 10.37+0.97 12.17+1.21 2.76 £0.26 3.52+0.33 2.72+0.23 3.49+0.30
MCB 10.13 £ 1.16 11.88+1.33 9.88+1.25 11.67 +1.35 2.63*+0.21 3.44+£0.39 2.68°+0.18 3.46 +0.31

a#b (P =0.0106, paired r-test).

Table3 Average and standard deviation for the number of occlusal contacts and maximum bite force (N) in the primary-normal occlusion
(PNO), primary-crossbite (PCB), mixed—normal occlusion (MNO), and mixed-crossbite (MCB) groups.

Normal occlusion

Crossbite

Group Left side Right side Total contacts  Bite force (N) Group  Crossbite side  Normal side  Total contacts  Bite force (N)
PNO 11.27+4.46 10.33+£4.15 21.60+7.23 180.54+41.28 PCB 10.00 +4.35 8.50+£3.75 18.50+6.54 180.19 +48.68
MNO 15154749 13.69+5.30 28.85*+11.26 254.25°+28.92 MCB  10.09+3.83 10.64+4.48 20.73°+£7.25  194.504 + 45.54

2#b (P < (.05, unpaired t-test); ©#9 (P = 0.0018, Mann-Whitney ranked sum test).

the muscle being more susceptible to the pressure of the
transducer (Kiliaridis ef al., 2003), mainly for the masseter
muscle because the transducer is held against the cheek
(Emshoff et al., 2002). Thus, some procedures were carried
out during the examination, with the aim of avoiding
errors (Kiliaridis and Kalebo, 1991; Kiliaridis et al., 2003).
The transducer was placed directly over the muscle region,
with gel applied to both surfaces to reduce tissue
compression, and orientated perpendicular to the ramus,
since scanning the muscle obliquely would increase its
thickness. Furthermore, the high ultrasonic frequency of the
probe produces clearer images (Kubota ef al., 1998).

The masseter muscle thickness ranged from 9.36 to 10.54
mm in the relaxed position, and from 10.92 to 12.17 mm in
maximum intercuspation. For the anterior portion of the
temporalis muscle, the values ranged from 2.54 to 2.76 and
3.24 t0 3.52 mm, respectively. Rasheed et al. (1996) reported
similar results and they also included children in their study,
while in adults, Raadsheer et al. (1999) found higher values
for the temporalis muscle thickness at rest (mean 14.35
mm). The discrepancies among the values in different
studies may be due to differences between the samples, the
location of the measuring points, and the use of different
imaging techniques (Benington et al., 1999).

The groups with a normal occlusion did not show
significant difference in masseter and temporalis muscle
thickness between the right and left sides (Table 2), which

is in agreement with the findings of Raadsheer et al.
(1996). On comparing the normal and crossbite sides, the
MCB group showed a statistically significant difference
for the anterior portion of the temporalis muscle at rest, i.e.
a thicker anterior temporalis muscle on the crossbite side
(Table 2). Troelstrup and Meller (1970), in a study of
children with posterior crossbite, reported higher activity
of the posterior temporalis at rest on the crossbite side. In
subjects with a unilateral posterior crossbite, the condyles
on the crossbite side are positioned in a more superior and
posterior position in the glenoid fossae than on the normal
side (Myers et al., 1980). Since function influences the
dimensions of the muscles (Raadsheer ef al., 1996; Tuxen
et al., 1999), the postural asymmetry that exists in the
presence of a malocclusion (Ingervall and Thilander,
1975) may contribute to differences in muscle thickness.
Thus, subjects with other types of malocclusion, such as
an open or deep bite in the mixed dentition, show a
significantly thicker anterior temporalis muscle than those
with normal occlusion (Rasheed et al., 1996). There was
no statistical difference in masseter muscle thickness
between the crossbite and normal side in the PCB and
MCB groups. Nevertheless, Kiliaridis et al. (2000)
observed that among children with a unilateral crossbite,
the masseter muscle was significantly thinner on the
crossbite side, and after treatment of the malocclusion, the
difference was not statistically significant. Their sample,
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Table 4 Correlation coefficients () of masseter and anterior portion of the temporalis muscle thickness with bite force during rest (RE)
and at maximal intercuspation (MI) in the primary-normal occlusion (PNO), primary-crossbite (PCB), mixed-normal occlusion (MNO),

and mixed-crossbite (MCB) groups.

Masseter

Left side/normal side

Right side/crossbite side

Temporalis

Left side/normal side Right side/crossbite side

RE MI RE MI RE MI RE MI
PNO 0.35 0.23 0.58* 0.60* 0.21 0.63* 0.33 0.62%*
PCB 0.40 0.73* 0.60 0.60 —0.70%* —0.17 —0.74* 0.05
MNO 0.59%* 0.71%* 0.54 0.51 0.32 0.05 0.14 0.10
MCB 0.33 0.14 0.26 0.30 —0.47 —0.34 —0.46 -0.43

*P <0.05 (Pearson’s correlation).

Table 5 Correlation coefficients (7) of masseter and anterior portion of the temporalis muscle thickness and bite force with weight (W)
and height (H) during rest (RE) and at maximal intercuspation (MI) in the primary-normal occlusion (PNO), primary-crossbite (PCB),

mixed-normal occlusion (MNO), and mixed-crossbite (MCB) groups.

Bite force Masseter Temporalis

Left side/normal side Right side/crossbite side Left side/normal side Right side/crossbite side

RE MI RE MI RE MI RE MI
PNO W 0.09 0.22 0.22 0.31 0.20 0.31 0.41 —0.05 0.25
H 0.33 0.06 0.14 0.26 0.27 0.14 0.54* 0.05 0.26
PCB W 0.37 0.49 0.38 0.56 0.43 0.02 0.08 0.00 0.21
H 0.44 0.77* 0.61 0.75* 0.64* —-0.15 0.27 0.07 0.40
MNO w 0.42 0.01 0.18 0.15 0.11 —-0.10 —0.17 —0.28 —0.18
H 0.34 -0.05 0.06 0.05 0.02 -0.29 -0.31 —-0.34 —-0.49
MCB W 0.30 0.33 0.34 0.35 0.33 0.46 0.43 0.45 0.31
H 0.08 0.16 0.24 0.26 0.26 0.53 0.40 0.48 0.24

*P <0.05 (Pearson’s correlation).

however, included children older than those in the present
study.

According to Planas (1997), the crossbite side presents a
greater number of occlusal contacts in function, being the
preferred chewing side. Nevertheless, in the present
investigation, in subjects with a unilateral crossbite, these
characteristics were not observed, contrary to Troelstrup and
Moller (1970), Ingervall and Thilander (1975), Tsarapatsani
et al. (1999), and Sonnesen et al. (2001).

The literature on occlusal forces presents a range of
results, possibly, because of the many factors that could
interfere in the recording of bite force, such as muscle
thickness, facial morphology, age, gender, and condition of
the dentition and temporomandibular joints (Ingervall and
Minder, 1997; Raadsheer et al., 1999; Sonnesen et al., 2001;
Fernandes et al., 2003; Yawaka et al., 2003; Sonnesen and
Bakke, 2005); moreover, a transducer placed in a more
posterior position, yields a large bite force in adults (Braun
etal., 1996), as well as in children (Karibe et al., 2003). The
transducer used in this study was constructed of a flexible
material with a diameter of 10 mm, which gave a sensitive

response to deformation, an important characteristic for a
bite force recording system (Braun et al., 1995; Rentes
et al., 2002; Fernandes et al., 2003). Furthermore, multiple
recordings are more reliable than a single recording, and
children must be trained before evaluation. The method
error found in this study (Table 1) was considered acceptable,
when compared with those of Raadsheer et al. (1999)
and Sonnesen and Bakke (2005).

The level of maximum bite force in the MCB group was
significantly lower than in the MNO group, but this
difference was not observed between the groups in the
primary dentition (Table 3). Rentes ez al. (2002) and Yawaka
et al. (2003) also found no significant difference in bite
force between preschool children with and without a
malocclusion, while Sonnesen et al. (2001) found a
significantly smaller bite force in children with a unilateral
crossbite in the mixed dentition that did not diminish with
age and development. Their results also showed that there
was no difference between the crossbite and the non-
crossbite sides, indicating that the magnitude of bite force
between the sides is not independent. Maximum bite force

ZT0Z ‘82 Afenige- Uo JunoddY aAlRISIUILPY fedaN 14N IH e /B10'seunolpioxooky/:dny woly pepeojumoq


http://ejo.oxfordjournals.org/

154

has been related to muscle efficiency and development of
the masticatory complex. Therefore, a decrease in its
magnitude may be reflected in growth and developmental
alterations and a reduced masticatory performance (Braun
et al., 1995; Garcia-Morales et al., 2003).

A connection between form and function of the muscle
was shown by Bakke et al. (1992), who used US to
demonstrate the relationship between the measurements of
masseter thickness and bite force in adults. The thickness of
the masticatory muscles in young children with normal
occlusion in the present study was positively related to the
magnitude of bite force. For those with a crossbite, only the
masseter muscle presented this relationship (Table 4). It is
possible that there is an asymmetry in the activity of anterior
temporalis muscle in the presence of a crossbite, as reported
by Troelstrup and Meller (1970) and Ingervall and Thilander
(1975). Previous studies have also shown that the dimensions
of the muscle may indicate the amount of force that it is
capable of producing (van Spronsen et al., 1989; Raadsheer
et al., 1999). Tuxen et al. (1999) observed that the cross-
sectional area of the masseter muscle fibres correlated
positively with maximal bite force in adults. No studies in
young children were found in the literature.

Gender differences among the variables were not
evaluated, since it has been reported that differences in body
variables become significant at puberty (Kiliaridis et al.,
1993; Raadsheer et al., 1996; Sonnesen et al., 2001), and
the correlation between weight/height and bite force in
young children is weak (Kiliaridis et al., 1993; Rentes et al.,
2002; Garcia-Morales ef al., 2003). Among older children
and adults, there could be a difference in muscle strength
between males and females, with males exhibiting higher
values (Braun ef al., 1995; Ingervall and Minder, 1997;
Raadsheer et al., 1999). Raadsheer et al. (1999) found that
the variation in bite force magnitude is mainly dependent on
the variation in size of the masseter muscle and craniofacial
morphology. Earlier studies have shown an increase in bite
force with age and increasing stage of dental eruption
(Ingervall and Minder, 1997; Sonnesen et al., 2001,
Sonnesen and Bakke, 2005). In the present study, the sample
was distributed according to the stage of the dentition and
the type of occlusion, aiming to reduce influencing factors.
The findings demonstrated that the muscle thickness and the
magnitude of bite force did not correlate with weight and
height (Table 5). Therefore, other factors might influence
the variables studied, such as the presence of malocclusion
and the morphological characteristics of the dental arches.

The subjects in the MNO group showed a statistically
significant increase in the number of occlusal contacts
compared with the MCB group; the PNO group also presented
a higher number of occlusal contacts in relation to the PCB
group, but this was not significant (Table 3). Yawaka et al.
(2003) also did not find any difference in the occlusal contact
area between children with a normal occlusion and those with
an anterior crossbite in the primary dentition. Sonnesen et al.
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(2001), however, at a later stage (mixed dentition), observed
a statistical difference in the number of teeth in contact
between the crossbite and the normal occlusion groups, i.e.
the occlusal support was lower in the group with a posterior
crossbite. Between adults with and without a malocclusion,
areas of near occlusal contacts have been shown to be greater
in subjects with a normal occlusion (Owens et al., 2002). The
number of completely erupted teeth was the same among the
four groups studied, but in the mixed dentition, the presence
of a malocclusion was shown to be a factor that influenced
the number of occlusal contacts. The subjects in the MNO
group showed the greatest number of occlusal contacts, which
might be a result of the higher bite force that was also present
in this group, physiological tooth wear with age, or the normal
relationship of the dental arches.

It is difficult to record occlusal contacts, which is dependent
on the child’s co-operation, the physical state of the masticatory
muscles, and the material used (Ingervall and Minder, 1997,
Millstein and Maya, 2001). In this study, the children were
trained before the examination to occlude in maximum
intercuspation, and a thin articulating film was preferred
instead of wax to avoid resistance and deviation of the mandible
(Molligoda et al., 1986; Millstein and Maya, 2001). Despite
this, the assessment had inherent methodological limitations,
with a measurement error of 13.75-14.67 per cent (Table 1);
comparable data were not found in the literature. Therefore, it
is advisable to regard these findings as preliminary.

In the present study, the subjects in the MNO and MCB
groups presented differences in all variables studied, while
those in the PNO and PCB groups did not show these
asymmetries. This may be due to changes and functional
adaptability that occur with age and development in the
presence of malocclusion. In the primary dentition, a
functional posterior crossbite is more frequent than a
skeletal crossbite (da Silva Filho et al., 2000, 2003) and, if
not treated, leads to morphological alterations in the hard
and soft tissues, including dental inclination, muscle
thickness asymmetries, differences in the magnitude of bite
force and dental support, changes in the masticatory cycle,
and asymmetrical growth of the dental arches and temporo-
mandibular joints (Tsarapatsani et al., 1999; Pinto et al.,
2001; Sonnesen et al., 2001; Throckmorton et al., 2001).

Many authors support the importance of early treatment of
malocclusions to recover normal growth and improve chewing
efficiency, jaw movements, and activity of the circumoral
muscles (de Boer and Steenks, 1997; Sonnesen et al., 2001,
da Silva Filho et al., 2003; Yawaka et al., 2003; van Keulen et
al., 2004). Tsarapatsani et al. (1999) observed that following
treatment for a unilateral crossbite the children presented a
symmetrical bite force and masticatory performance between
the sides of the dental arches. Moreover, Kiliaridis et al.
(2000) and Pinto et al. (2001) showed that treatment of this
malocclusion leads to changes in growth and development of
muscles and hard tissues, eliminating asymmetries. The
correction of an anterior crossbite was also shown to improve
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bite force in preschool children (Yawaka et al., 2003).
Malandris and Mahoney (2004), following a review of the
literature, suggested that selective grinding of premature
contacts of teeth is the only clinically proven treatment
modality for posterior crossbite correction in the primary
dentition, but is only indicated for mild forms of unilateral
posterior crossbite associated with a functional shift.

Recognizing conditions which predispose young children
to malocclusions is an important part of any comprehensive
paediatric dental assessment, since the detection of these
conditions in the primary dentition can allow either
intervention or monitoring on an effective basis (Ngan and
Fields, 1995). In this way, despite the reduced size of the
sample, which could be considered as a limitation of the
present study, if the components of the stomatognathic
function are altered in the early stages, because of the
presence of malocclusion, it is important to diagnose and
treat this condition as soon as possible, in order to avoid
further severe alterations.

Further studies are, however, needed to validate the
findings of the present investigation, considering the effects
of the appropriate interventions and also their implications
in a larger sample.

Conclusions

The results found in the sample studied provided the
following conclusions:

1. Masseter and anterior temporalis muscle thickness
correlated with maximum bite force in the groups with
normal occlusion.

2. Masticatory muscle thickness and bite force did not
correlate significantly with the number of occlusal
contacts, body weight, or height.

3. The early mixed dentition group with a posterior crossbite
presented differences in functional and anatomical
variables of the stomatognathic system, i.e. maximum
bite force was significantly lower in the crossbite
subgroup, who also exhibited significantly fewer occlusal
contacts and a thicker anterior temporalis muscle on the
crossbite side.

These findings suggest that early treatment of a posterior
crossbite is advisable to ensure correct growth and
development of the masticatory system.
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