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Functional Unilateral Posterior Crossbite Effects on
Mastication Movements Using Axiography
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Abstract: This prospective study investigated the influence of functional unilateral posterior crossbite
on mastication movements. The study group included 16 patients (nine girls and seven boys) with func-
tional unilateral posterior crossbite involving three or more posterior teeth. A control group comprised 15
individuals (nine girls and six boys) with normal occlusion and the mean age of both groups was 9.17
years. The mandibular masticatory movements were registered, using computer axiography, for 30 seconds
during chewing to determine the preference side of chewing. The patterns of the first, third, and fifth
chewing cycles were compared with the preference side to establish whether they would predict the chew-
ing preference side. The extent of the maximal lateral and vertical displacements of the mandible during
chewing were compared between study and control groups. This study found that overall the left side was
the preferred mastication side in 43.7% of individuals in the study and 46.7% in the control group. There
was no relationship between the side of the crossbite and the masticatory preference side (Mc Nemar test,
P 5 .5). No correlation was present between the patterns of chewing movements in the first, third, or fifth
cycles. Both study and control groups showed similar maximal lateral and vertical mandible displacement.
(Angle Orthod 2005;75:362–367.)
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INTRODUCTION

Posterior crossbite is a common malocclusion with a
prevalence of 7.7%1 to 17%.2 Some studies have shown that
functional unilateral posterior crossbite (FUPXB) has been
associated statistically with asymmetrical function of the
masticatory muscles,3 signs and symptoms of temporoman-
dibular disorders (TMD), such as pain, headache, and mus-
cle tenderness,4–7 which may relate to activity of mastica-
tory muscle performance.8,9
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Previous investigators have demonstrated that there is an
individual chewing pattern for mandibular movements in
adults.10,11 Throckmorton et al12 described chewing as an
event determined at two levels, an individual central chew-
ing pattern generator and peripheral events inducing chew-
ing adaptations.

The individual central chewing pattern starts to be estab-
lished with tooth eruption and is well established in a child
with a complete deciduous dentition.11,13,14 The central pat-
tern generator appears to establish the chewing cycle shape
by controlling the sequence of muscle contractions in the
opening and closing movements of mandible. Once the cen-
tral chewing cycle pattern has been established, it appears
to be relatively resistant to change.12 Occlusal interferences
occurring during bone development may lead to mandibular
displacement and can induce a compensatory asymmetric
mandibular growth.14

In early life, there is a much greater potential for adaptive
changes to determine the central pattern of chewing. Cor-
rections made in adults do not show consistent changes in
the overall mastication cycle shape12 impairing the total ef-
fectiveness of an occlusal correction. Therefore, several
studies suggest that FUPXB should be corrected as early
as possible to promote bilateral condylar symmetry and en-
hance normal growth and development.15

This study was aimed at detecting whether there is any
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FIGURE 1. Axiography in a frontal view.

difference in the cycle of masticatory movements; chewing
preference side; and relationship between pattern of the
first, third, and fifth chewing movements and the preferred
chewing side or maximal lateral and vertical displacements
of the mandible between children with and without a
FUPXB.

MATERIALS AND METHODS

This study was performed on 31 children ranging in age
from six to 12.58 years (mean 9.17 years) assisted at the
Head Institute of Federal University of São Paulo Paulista
School of Medicine, from March 2003 to March 2004.
None of the children had undergone orthodontic treatment
previously nor showed any signs or symptoms of TMD by
research diagnostic criteria. The study group comprised 16
patients (nine girls and seven boys) with FUPXB involving
three or more posterior teeth. Among these patients, eight
had right and the remaining eight had left crossbite. The
control group included 15 individuals (nine girls and six
boys) aged six to 12.75 years (mean 9.17 years) with nor-
mal occlusion. The participants’ rights were protected, and
informed consent and assent were obtained according to the
University’s Ethical Committee Board.

A complete clinical dental and functional examination of
the mouth was carried out on the participants by a blind
assessor. A closed-mouth, frontal view photograph of each
individual was taken to determine the presence of any
asymmetric features. Lateral photographs with teeth in oc-
clusion, as well as models, were obtained to assess the pos-
terior crossbites and the functional deviation between the
midlines of the dental arches.

Equipment of measurement of
mandibular movement

The jaw movements were captured using an ultrasonic
measuring device, the Arcus Digma Systemt. (KaVo Elek-
trotechnisches Werk GmbG, Leutkirch, Germany) This sys-
tem comprised a face bow, weighing approximately 22 g,
attached to the mandibular dental arch through a dental
clutch built of dental resin, which allowed the teeth normal
occlusal contact and preserved normal mandibular function
and movement of the lower lip and a reference piece ad-
justed to the subject’s head, integrated with electronic
equipment for recording movement.

Recording of jaw movement

Jaw movements were recorded with the subject seated in
a relaxed position with natural head position. Only one se-
ries of mastication movements was recorded because no
differences were recorded between the first and the second
recordings made on the same individual.16

The mandibular masticatory movements were measured
during the chewing of a one-cm3 piece of carrot. The carrot

piece was placed on the subject’s tongue, and the child was
asked to put their teeth in maximum intercuspation without
biting the carrot piece and only then start chewing.11 The
mastication was performed and recorded for 30 seconds.
Jaw movement recording in all children was performed by
the same examiner (Figures 1 and 2).

Jaw movement analysis

We used the classification proposed by Ahlgren11 com-
prising seven different chewing patterns determined by the
movements of the lower incisors relative to the frontal
plane (Figure 3).

Statistical analyses

Student’s t-test and Mc Nemar test were used to analyze
the significant differences between the groups.

RESULTS

In the study group, the crossbites were equally distrib-
uted between the left and right sides. Among those with
left crossbite, the preference was also equally distributed
with left, right, and no preference of 37.5%, 37.5%, and
25.0%, respectively. Comparatively, only a slight difference
was observed with their right crossbite counterparts with
left, right, and no preference side of 50.0%, 12.5%, and
37.5%, respectively. The overall preference among individ-
uals with FUPXB was 43.8%, 31.2%, and 25.0% for the
left, right, and no preference side, respectively, with a sim-
ilar distribution in the control group of 46.7%, 33.3%, and
20.0% for the left, right, and no preference side, respec-
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FIGURE 2. Axiography in a lateral view.

FIGURE 3. Mastication cycle types (from Ahlgren.11)

TABLE 1. Frequences of Mastication Preference Side

Mastication Preference Side

Crossbite (%) Normal (%)

Left 7 (43.8) 7 (46.7)
Right 4 (25.0) 5 (33.3)
No preference 5 (31.2) 3 (20.0)

TABLE 2. Data Crossbite Side, Mastication Preference Side, Cycle
Side, and Cycle Type in Study Groupa

Patient
No. Sex XB MPS

Cycle Side

First Third Fifth

Cycle Type

First Third Fifth

1 F L L L L R II II I
2 F L L L L L IV IV II
3 F L L L L L V VI V
4 F R L R R R IV II V
5 F R L L L L V II II
6 F R L L L L I III I
7 M R L L L L IV II IV
8 M L NP L L L V IV I
9 F L NP L R L I V II

10 F R NP L L L VII VII V
11 M R NP L L R I III VII
12 M R NP R L L IV III III
13 M L R R L R VII V I
14 F L R R L L V IV I
15 M L R L R R II IV VI
16 M R R R R R V III I

a F indicates female; M, male; XB, crossbite side; L, left; R, right;
MPS, mastication preference side; NP, no preference.

tively (Table 1). There was no relationship between the side
of the crossbite and the masticatory preference side (Mc
Nemar test, P 5 .5) (Table 2).

The observation regarding the first, third, and fifth cycles
as predictor of the chewing preference side showed that the
mastication side in the first cycle coincided with the pref-
erence chewing side, as determined by the mastication
movements during 30 seconds, in 91% of the cases against
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TABLE 3. Data Mastication Preference Side, Cycle Side, and Cy-
cle Type in Control Groupa

Patient
No. Sex MPS

Cycle Side

First Third Fifth

Cycle Type

First Third Fifth

1 F L L L L I II IV
2 M L L L L I I I
3 F L R L L VII II I
4 F L L L L II II II
5 F L L L L IV IV IV
6 M L L L L I III V
7 F L L R L IV II IV
8 F NP L L L III IV V
9 M NP L R R II IV IV

10 M NP L R R VII I VII
11 M R R R R II I I
12 M R R R R I I I
13 F R R R R V I V
14 F R L L R V V II
15 M R R R R V IV IV

a F indicates female; M, male; XB, crossbite side; L, left; R, right;
MPS, mastication preference side; NP, no preference.

TABLE 4. Comparison Between Opening and Jaw Lateral Dis-
placement

Opening (mm)

Mean Maximum

Lateral
Displacement (mm)

Mean Maximum

Normal 19.20 23.00 5.53 5.93
Crossbite 18.43 28.00 6.31 5.62

73% for the third and fifth cycles (Table 2). On the other
hand, in the control group, the chewing side in the fifth
cycle coincided with the preference side in 100% of the
cases against 83% for the first and third cycles (Table 3).

In the crossbite group, the chewing patterns observed in
the first, third, and fifth chewing cycles showed patterns V,
IV, and I,11 respectively, as the most frequent. In the control
group, the chewing patterns observed in the first, third, and
fifth chewing cycles showed patterns I and IV, respectively,
as the most frequent independent occurrences in each cycle.

Regarding mouth opening

Regarding mouth opening, this study found that both
study and control groups presented similar maximum mea-
surements of mouth opening range of 28 and 23 mm during
mastication (Student’s t-test, P 5 .28) and similar average
values of 18.43 and 19.20 mm (Student’s t-test, P 5 .51).
There was no difference between males and females in
mouth opening in the study group (P 5 2.30) or in the
control group (P 5 1.74). A similar behavior was also ob-
served for lateral jaw displacement with average values of
6.31 and 5.62 mm for left and right excursions, respective-
ly, in the study group, whereas the corresponding averages
in the control group were 5.53 and 5.93 mm (Table 4). The

amplitude of jaw movements decreased as the size of the
bolus was reduced.

Preferential limb use

The side of preferential limb had also been analyzed, and
the side of mastication preference did not present correla-
tion with the side of preferential limb use of the patient.
Therefore, of 31 patients analyzed, only one is left-handed,
and she presented a preferred chewing on the left side.

DISCUSSION

Jaw displacement during mastication and its character-
istic cyclic pattern has been of interest for many years. The
masticatory pattern is established early in childhood and it
is of interest to determine the time as exactly as possible.3

Saitoh et al14 found that the chewing pattern is well estab-
lished in the child with a complete deciduous dentition,
which occurs at the age of three years.17–19

FUPXB develops during eruption of the primary denti-
tion influenced by occlusal interferences and establishes a
chewing pattern at the level of the central nervous system.12

Ahlgren11 showed that children with normal occlusion de-
velop a simple and more regular chewing pattern (types I,
II, or III). They had a semicircular chewing with small var-
iations in the masticatory pattern when a series of consec-
utive cycles was studied. In contrast, children with maloc-
clusion showed more complex mandibular excursion and
greater variations.

Our study did not find evidence of any prevalent pattern
either in the control or study group. We found that 30% of
the participants in the crossbite group presented with pat-
terns I, II, and III, whereas 70% moved their mandibles in
patterns IV, V, VI, and VII, which is in agreement with
findings of Ahlgren11. At least one of these cycles (V) was
clearly described by Ahlgren as a reverse cycle, which
agrees with the reports of Lewis et al20 regarding chewing
patterns in participants with malocclusion. However, this
study did not confirm the same predicting power of the fifth
chewing cycle for the chewing pattern in participants with
normal occlusion. In this study, 40% showed patterns I, II,
and III (normal) and the remaining 60% exhibited patterns
IV to VII, indicating no single prevalent pattern in the cycle
under consideration.

Wickwire et al21 determined that type V was character-
istic of children with a deciduous dentition and this may
explain the high incidence of such pattern in this study
because the participant age ranged from six to 12 years,
when a mixed dentition is normally found. Many others
factors such as personality, temperament, social environ-
ment, and food selection are probably more decisive than
the occlusion for the formation of the individual chewing
pattern. We used only carrot for chewing because chewing
of hard (carrot) vs soft (cheese) food in the child subject
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did not appear to make a large difference in the chewing
pattern.21

Another chewing characteristic, the side of mastication
preference, was investigated by Delport et al,22 who estab-
lished that chewing preference was associated with the
chewing movements of the first cycle.

This study confirmed the finding of Delport et al22 only
in the case of individuals with crossbite when their lateral
preference was associated with their lateral chewing move-
ment in the first chewing cycle, 91% of coincidence against
73% in the third and fifth cycles. In the individuals with
normal occlusion comprising this study’s control group, the
predicting cycle of lateral chewing preference was the fifth,
100% coincidence against 83% in the first and third cycles.

Varela et al23 investigated an alternative method to de-
termine the side of mastication preference. Instead of
choosing a single key cycle, they studied the first, third,
fifth, and seventh and found that if the biting movement of
the mandible in three of these cycles coincided on the same
side, this was the side of chewing preference.

This study confirmed the findings of previous authors,
but it had a stricter determination because the three cycles
we focused on had to show coincidence regarding the
chewing side. In this study, among patients with crossbites,
one patient exerted biting movements three consecutive
times on the side opposite the side of preference, a fact that
deserves further consideration.

Hoogmartens and Caubergh24 found that during the first
cycle 45% of the participants studied had a lateral chewing
preference. Among these, 32% preferred the right side
whereas only 13% preferred the left. Pond et al25 studied
99 individuals by visual inspection and determined that
77.8% exhibited a preferred side of mastication, 39.4%
chewed preferentially on the left side, whereas the other
38.4% preferred the right side. The remaining 22.2% of the
study sample chewed alternatively on the left and right
sides. Ahlgren11 reported that 71% of the participants in his
study showed a lateral preference.

Compared with previous studies, 20% of the individuals
in our control group exerted a similar number of chewing
movements on both sides, whereas 80% had a preferred
side: 46.7% the left and 33.3% the right side. These figures
were not much different in the crossbite group, where
31.2% of the individuals did not tend to chew on a partic-
ular side, 25.0% preferred the right side, and 43.8% the
left. This study confirmed the finding of Martin et al26 that
the preference for a chewing side seems to vary in different
studies and there was no relationship between the side of
the crossbite and the masticatory preference side.

Regarding the range of mouth opening during mastica-
tion, this study found that both study and control groups
presented similar maximum measurements of 28 and 23
mm, respectively. The average values were similar also at
18.4 and 19.2 mm. A similar behavior was also observed
for jaw lateral displacement with average values of 6.3 and

5.6 mm for left and right excursions, respectively, in the
study group, whereas the corresponding averages in the
control group were 5.5 and 5.9 mm.

Opening of mouth

There was no statistically significant difference between
the average maximal mouth opening between the crossbite
and the control groups. On the whole, the average maximal
opening was 18.8 mm, a result slightly greater than the 16.1
mm found by Wickwire et al21 and very close to the 19.1
mm found by Ahlgren11 for children nine to 14 years of
age. The amplitude of jaw movements decreased as the size
of the bolus was reduced.21,27,28

Lateral movements

Regarding lateral movements of the mandible during
chewing, our findings did not show any remarkable differ-
ence when compared with the ones reported in the litera-
ture. The average maximal displacement to the left and
right sides when considering all participants in this study
were 5.9 and 5.8 mm, respectively. The average sideways
excursion reported by Wickwire et al21,28 and Ahlgren11

were 4.8 and 5.3 mm, respectively. The use of carrot only
(hard food) in the study of lateral chewing excursion would
not produce biased result because lateral movements do not
appear to be governed by the texture of the food but by the
cuspal inclination.28

Preferential limb use

No correlation with the preferential limb use of the pa-
tient was found according to several authors.29–31

CONCLUSIONS

• The types of cycles varied between the patients and did
not correlate with the side of the crossbite with respect
to the side of masticatory preference.

• In both groups, the left side was the side of preference
for mastication. The side of the crossbite did not correlate
with the side of the first, third, and fifth cycles.

• Both sides did not have a difference in laterality nor did
they have a difference in the maximum opening.

• The lateral movements were similar for the boys and
girls.
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