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RESUMO

O objetivo da presente pesquisa foi realizar uma revisdo sistematica sobre as principais
alteragdes funcionais associadas a mordida cruzada posterior (MCP), bem como verificar
parametros morfoldgicos e funcionais de criangas com MCP, por meio de avaliacdo do
lado preferido da mastigacao, espessura muscular e atividade eletromiografica (EMG) dos
musculos mastigatorios. Para a revisdo sistematica foram utilizados os descritores
“crossbite” and “bite force” or “surface EMG” or “TMD”. A pesquisa resultou em 494
artigos, dos quais 8 foram selecionados apés passar pelos os critérios de exclusdo. A
revisdo demonstrou que criangas com MCP apresentam menor for¢ca de mordida, fungao
muscular assimétrica durante a mastigagdo e maxima intercuspidagdo e maior
prevaléncia de sinais e sintomas de disfungdo temporomandibular (DTM).

No capitulo 2, a espessura muscular e atividade EMG dos musculos masseter e temporal
anterior na posi¢ao de repouso e maxima intercuspidagao foram avaliadas em criangas,
de ambos os géneros (7-10 anos), divididas nos seguintes grupos: Grupo com MCP
(n=20); e Grupo com oclusdo normal (ON, n=16). Para avaliagao da atividade EMG e
espessura muscular foram utilizados eletrodos de superficie e equipamento de ultrasom,
respectivamente, nas posicoes de repouso e maxima intercuspidacdo. Os dados dos
exames foram comparados entre 0s grupos e entre os lados dentro de cada grupo. A
correlacdo entre espessura muscular e atividade EMG também foi avaliada. Os resultados
demonstraram uma maior atividade EMG no masseter do lado cruzado em relacao ao
lado ndo-cruzado no grupo com MCP durante a maxima intercuspidacao. Na avaliagcao da
espessura muscular, ndo houve diferenca estatistica entre os lados e nem entre os
grupos. Houve correlagdo positiva entre a atividade EMG e espessura muscular somente
no masseter esquerdo do grupo controle. No capitulo 3, o lado preferido, as
caracteristicas dos ciclos mastigatorios e a atividade EMG durante a mastigagao foram
avaliados em criangas com MCP (n=20) e com ON (n=14). O lado preferido da
mastigacao foi avaliado através do método visual “spot-checking” e a atividade EMG dos
musculos mastigatorios foi registrada com eletrodos de superficie durante a mastigacao
habitual por 20s, periodo em que também foi quantificada a duragédo e a freqiiéncia do
ciclo mastigatério. Os dados foram comparados entre os lados e entre os grupos. A
correlagcdo entre a atividade EMG e duracdo dos ciclos também foi avaliada. Os
resultados demonstraram que os 2 grupos, MCP e ON, ndo apresentaram um lado
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preferido da mastigacdo. A atividade EMG dos musculos mastigatérios, a velocidade e
duragéo dos ciclos nao diferiram entre os grupos. Houve correlagédo positiva significativa
entre atividade EMG do masseter e a duragao dos ciclos no grupo MCP. De acordo com
os estudos, conclui-se que criangas com MCP apresentam atividade EMG assimétrica do
masseter durante a maxima intercuspidacao, porém esta assimetria ndo resultou em
alteragdes na espessura muscular. Além disso, as caracteristicas morfolégicas e
funcionais da mastigacdo avaliadas na presente pesquisa ndo diferiram entre criangas
com e sem MCP.

Palavras-chave: mordida cruzada posterior, lado preferido da mastigagcdo, musculos

mastigatérios, ultrassonografia, eletromiografia.



ABSTRACT

The aim of the present research was to perform a systematic review about the major
functional changes associated with posterior crossbite (PCB), as well as to verify
morphological and functional parameters of children with PCB, through the evaluation of
the preferred chewing side, muscle thickness and electromyographic (EMG) activity of
masticatory muscles. For the systematic review the descriptors "crossbite" and "bite force"
or "surface EMG" or "TMD" were used. The search resulted in 494 articles, in which 8 met
the inclusion criteria. The review showed that children with posterior crossbite presented
reduced bite force, asymmetrical muscle function during chewing or clenching, and more
prevalence of signs and symptoms of temporomandibular disorders (TMD). In chapter 1,
the thickness and EMG activity of the muscles masseter and anterior temporalis in rest
position and maximum clenching were evaluated in children, of both sexes (7-10 years),
divided into the following groups: Group with posterior crossbite (n=20); and group with
normal occlusion (NOccl, n=16). In assessing the EMG activity and muscle thickness
surface electrodes and ultrasound equipment were used, respectively, in rest position and
maximum clenching. Data were compared between groups and between right and left
sides within each group. The correlation between muscle thickness and EMG activity was
also evaluated. The results showed a higher EMG activity in the masseter of the crossbite
side in relation to the non-crossbite side in the group PCB during maximum clenching. In
the evaluation of muscle thickness, there was no statistical difference between sides, nor
between groups. There was a positive correlation between the EMG activity and muscle
thickness only in the left masseter in the NOccl group. In chapter 2, the preferred chewing
side, chewing rate and EMG activity during mastication were evaluated in children with
PCB and with normal occlusion (NOccl, n=14). The preferred chewing side was evaluated
using a visual spot-checking method and the EMG activity of masticatory muscles was
recorded with bipolar surface electrodes during habitual mastication for 20s, period in
which the duration and velocity of each masticatory cycle were quantified. Data were
compared between sides and between groups. The correlation between EMG activity and
cycle duration was also evaluated. The results demonstrated that both groups, PCB and
NOccl, did not present a preferred chewing side. The EMG activity of masticatory muscles,
the chewing rate and cycle duration did not differ between groups. The correlation
between chewing rate and EMG activity of masseter was statistically significant in the PCB
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group. It was concluded that children with PCB present asymmetric muscle activity of the
masseter muscle during maximal clenching, but this asymmetry did not result in alterations
in the muscle thickness. Moreover, the morphological and functional characteristics of
mastication evaluated in the present research did not differ between children with or
without PCB.

Keywords: posterior crossbite, preferred chewing side, mastigatory muscles,
ultrassonographic, electromyography.
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. INTRODUCAO

A mordida cruzada posterior caracteriza-se por uma alteragdo na oclusdo dos
arcos dentarios no sentido transversal (Moyers, 1991). De acordo com dados
epidemioldgicos, a presenca da mordida cruzada posterior no inicio da denticao mista
situa-se entre 8-23% (Ingervall et al., 1972; Magnusson, 1977; Jamsa, 1988).

A discrepancia transversal e instabilidade oclusal, caracteristicas da mordida
cruzada podem abranger um dente, um grupo de dentes ou todo o arco dentério. A origem
pode estar associada a fatores dento-alveolares, musculares ou esqueléticos, sendo o
diagnostico diferencial de suma importancia para a escolha e sucesso do tratamento
(Moyers, 1991).

Enlow, em 1993, enfatizou que nenhuma face cresce exatamente igual a outra; a
extensado, os locais e os padrdes de crescimento sdo muitos variaveis e individualizados.
O crescimento é um processo que trabalha constantemente em busca de um equilibrio
funcional e estrutural do complexo craniofacial, que apesar de constituir-se em uma
unidade biol6gica, o desenvolvimento depende de fatores interrelacionados. Por exemplo,
a resposta esquelética do ramo da mandibula é resultado das acbes de crescimento
continuo e remodelamento, reguladas pela fungdo e crescimento dos musculos da
mastigacao, das vias areas, mucosa, musculos faringeos, tecido conjuntivo entre outros.

A mastigacdo é uma atividade ritmica controlada pelo tronco cerebral (Lund, 1991)
que pode ser modificada por informacoes periféricas (Ottenhoff et al., 1992). O processo é
iniciado pela mordida, sucedido pela mastigacdo propriamente dita e finalizado pela
degluticdo (Hiiemae et al., 1996). Durante a mastigagdo, os musculos elevadores da
mandibula sao utilizados para sobrepujar a resisténcia dos alimentos (van der Bilt, 1995).

O desenvolvimento da fungdo da mastigacao dentro de padrdoes adequados influencia
beneficamente a definicdo das formas e contornos das arcadas dentarias (Agustoni,
1989). Apds a irrupcao dos dentes deciduos, o arco formado pelas coroas dentarias
altera-se pela atividade muscular, embora a atividade inicial deste processo nao seja
determinada pelos musculos, e sim pela codificacdo genética (Petrelli,1994).

Atualmente, avancgos tecnolégicos tém contribuido para aprimorar as técnicas de
diagndstico, permitindo avaliagdo minuciosa e precisa das estruturas anatébmicas do
complexo craniofacial. Como exemplos podem ser citados a tomografia e a ressonancia
magnética. Além destas, podem ser incluidas a ultra-sonografia e a eletromiografia da
musculatura buco-facial, que sao utilizadas na avaliacdo morfolégica e funcional das



estruturas do sistema estomatognatico, servindo como auxiliares no diagnostico de suas
alteracdes, bem como na determinagao de fatores etiolégicos, permitindo prognosticar e
avaliar a evolucao de tratamentos instituidos (Pereira, 2006).

A analise da atividade muscular mastigatéria em individuos com alteragdes
oclusais pode fornecer dados Uteis sobre o impacto funcional das discrepancias
morfolégicas. Essa andlise da atividade muscular pode ser verificada usando a
eletromiografia (EMG) de superficie, que permite o acompanhamento dos principais
musculos mastigatorios (masseter e temporal anterior) com resultados semelhantes aos
obtidos com registro intramuscular (Belser & Hannam, 1986). Ja a ultrasonografia,
consiste em um recurso efetivo, simples, permitindo acesso facil e reprodutivel aos
parametros da fungcdo muscular e sua interacdo com o sistema craniofacial (Bakke et al.,
1992).

Apesar da analise dos musculos mastigatérios fornecer dados proveitosos do
impacto funcional das discrepancias morfolégicas e permitir a avaliacdo funcional dos
tratamentos de problemas oclusais, acreditamos serem necessarias maiores
investigacbes sobre o comportamento da funcdo mastigatéria durante o periodo de
crescimento e desenvolvimento.

Assim, os objetivos da presente pesquisa foram:

e Realizar revisdo sistematica sobre as principais alteragdes funcionais
observadas em criangas com mordida cruzada posterior.

e Avaliar a espessura e atividade elétrica dos musculos mastigatérios em
posicdo de repouso e maxima intercuspidagdo em criangas com mordida
cruzada posterior, através de comparagdes entre os lados cruzado e nao-
cruzado e em relagdo ao grupo com oclusao normal.

e Verificar se criancas com mordida cruzada posterior possuem lado
preferido de mastigacdo, diferengcas na duragdo e velocidade do ciclo
mastigatério ou na atividade elétrica dos musculos em relagcdo ao grupo

com oclusao normal.
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ABSTRACT

Objective The aim of this study was to assess the functional changes of masticatory
muscles associated with posterior crossbite in primary and mixed dentition, by
systematically reviewing the literature. Materials and Methods: A literature survey from
the Medline database covering the period from January 1965 to February 2008 was
performed. Randomized controlled trials, controlled clinical trials and clinical trials
evaluating bite force, surface electromyography and signs and symptoms of
temporomandibular disorders (TMD) were included. Two reviewers extracted the data
independently and also assessed the quality of the studies. Results The search strategy
resulted in 494 articles, of which 8 met the inclusion criteria. Children with posterior
crossbite can have reduced bite force and asymmetrical muscle function during chewing or
clenching, in which the anterior temporalis is more active and the masseter less active on
the crossbite side than the non-crossbite side. Moreover, there is a significant association
between posterior crossbite and TMD symptomatology. Conclusion: The consequences
of the functional changes for the growth and development of stomatognathic system
deserves further investigation.



INTRODUCTION

Posterior crossbite is one of the most prevalent malocclusions in primary and early
mixed dentition and is reported to occur in 8% to 22% of cases.'? It is defined as any
abnormal buccal-lingual relation between opposing molars, premolars, or both in centric
occlusion.” The commonest form is a unilateral presentation with a functional shift of the
mandible toward the crossbite side, which occurs in 80% to 97% of cases.®* The etiology
of posterior crossbite can include any combination of dental, skeletal and neuromuscular
functional components, but the most frequent cause is reduction in width of the maxillary

356 certain swallowing habits® or

dental arch, which can be induced by finger sucking,
obstruction of the upper airways caused by adenoid tissues or nasal allergies.®’

Because spontaneous correction is rare, posterior crossbite is believed to be
transferred from primary to permanent dentition with long-term effects on the growth and
development of the stomatognathic system.®® The condyles on the crossbite side are
positioned relatively more superiorly and posteriorly in the glenoid fossa than those on the
non-crossbite side.'® Since skeletal remodeling of the temporomandibular joint (TMJ) can
occur over time, the condyles become more symmetrically positioned in their fossa, and
facial asymmetry and mandibular midline deviation toward the crossbite side might persist.
Subsequent adaptation of the neuromusculature to the acquired mandibular position can
cause asymmetric mandibular growth, facial disharmony, and several functional changes
in the masticatory muscles and TMJ.""™*

Previous studies have found associations between crossbite and parameters
related to the masticatory muscle performance, such as asymmetric electromyographic

activity (EMG),">"® different thickness of the elevator muscles on each side of the jaw,'’

different bite force magnitude and more TMJ symptomatology in crossbite subjects.' '®'®
A considerable variety of diagnostic approaches, study designs, sample sizes, and
research approaches have produced disparate outcomes among studies.

Therefore, a systematic review was warranted, focusing on the functional changes
associated with posterior crossbite in children, based on the evaluation of EMG activity of
masticatory muscles, bite force and signs and symptoms of TMD. Furthermore, a quality

analysis of the methodological soundness of the studies in the review was performed.



MATERIALS AND METHODS

Search strategy

The strategy for this systematic review was based on the National Health Service
Center for Reviews and Dissemination.' A literature survey was done by applying the
Medline database (www.ncbi.nim.nih.gov) in the period from January 1965 to February

2008, using “crossbite” and “bite force” or “surface EMG and or “TMD” as descriptors.

Selection criteria
The inclusion and exclusion criteria are given in detail in Table 1.

Table 1. Initial Inclusion and Exclusion Criteria for the Retrieved Studies

Inclusion Criteria Exclusion Criteria
¢ Human studies e Case reports and case series
» Primary and early mixed dentition with » Review articles and abstracts
posterior crossbite e Permanent dentition, adults
¢ Randomized controlled trials, controlled ¢ Angle Class lll
clinical trials, and prospective studies » Cleft lip and/or palate or other craniofacial
* Articles written in English syndrome diagnosis

Data collection and analysis

Data were collected on the following items: author, year of publication, study
design, study groups, methods/measurements and outcome measurements. In addition, to
document the methodological soundness of each article, a quality evaluation was

performed with respect to pre-established characteristics.?%?'

evaluating eight variables: (1)
study design [Randomized clinical trials (RCT), Prospective (P) or Controlled Clinical trials
(CCT) = 3 points; Clinical trials (CT ) = 1 point]; (2) adequate sample size = 1 point; (3)
adequate selection description = 1 point; (4) valid measurement methods = 1 point; (5) use
of method error analysis = 1 point; (6) blinding in measurement = 1 point; (7) adequate
statistics provided = 1 point; (8) confounders included in analysis = 1 point. A study was

categorized as low (0-5 points), medium (6—8 points), or high (9 or 10 points).



The data extraction and quality scoring from each article were assessed
independently by two researchers, who selected the articles by reading the title and
abstracts. All of them appeared to meet the inclusion criteria were selected. A hundred
percent of agreement was obtained in this phase between the two researchers. The
reference lists of the selected articles were also searched manually for additional relevant
publications that might have been missed in the database searches.

RESULTS

The search strategy resulted in 494 articles. After selection according to the
inclusion/exclusion criteria, eight articles qualified for the final analysis.

Quality of the studies

The research quality and methodological soundness were high in one study,
medium in six, and low in one (Tables 2 and 3). The most serious shortcomings were the
CT design with small sample size and inadequate description of selection. Problems of
confounding variables, lack of method error analysis, and the absence of blinding in
measurements were other examples of shortcomings. Furthermore, the choice of statistical
methods was not explained. Considering the confounding variable facial pattern, only one
study selected subjects with a Class | malocclusion and mesofacial growth pattern in order
to avoid the influence of sagittal and vertical anomalies in the neuromuscular systems.'®
The others seven studies did not comment or consider this matter at all.



Table 2. Summarized data of the 8 studies included in the review

Author  Study Study Groups Sample
(Year) design
Alarcon'® | 1] I 1]
CCT Unilateral Control n=30 n=30
(2000) posterior Normocclusive 17 girls 16 girls
crossbite 13 boys 14 boys
. 16
Keck™  p ccT,L Unilateral Control n=35  n=31
(2007) function- 20 girls 18 girls
nal crossbite 15 boys 13 boys
Sonnesen CCT Unilateral Control n=26 n=26
= posterior 13 girls 13 girls
(2001) crossbite 13 boys 13 boys
22
Rentes™ oot | I i n=30
(2002) Normocclusio  Crossbit Openbite

n e
(10) (10)

(10)

Age (Years)
| Il
10-14 10-14
Mean Mean
10.6 9.8
9.35 9.35
3-55

Methods/
Measuremen
ts

EMG

EMG and
joint vibration
analysis

Bite force
determination
and
evaluation of
TMD signs
and
symptoms

Bite force
determination

Outcome measurements

Statistically difference
between Groups

T EMG on ipsilateral AT
and on both sides of AD
during swallowing

T EMG on ipsilateral AD
and I EMG on
ipsilateral MM during
chewing

T EMG on ipsilateral AT
and MM than
contralateral ones during
rest.

T EMG on ipsilateral AT
and | EMG on
ipsilateral MM than
contralateral ones during
clenching

Crossbite group showed
lower bite force than
control group

MM and AT had more
sensibility in crossbite

group

No differences

Statistically significant
difference between sides

T EMG on contralateral

PT than ipsilateral PT
during rest and
swallowing.

T EMG on ipsilateral AT
and MM than contralateral
ones during rest.

T EMG on ipsilateral AT
and I EMG on ipsilateral
MM  than contralateral
ones during clenching.

No significant differences
in bite force between
sides

Not evaluated
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Table 2 continued

Sonnesen P, L Unilateral posterior crossbite
%(2007)

Castelo® CCT PNO PCB MNO  MCB
(2007)

}ganderas RCT

(2002)

1S40nnesen CT

(1998)

n=19 7-11

7 girls
12 boys

n=49 PNO=58.67
26 boys PCB=60.50
23 girls MNO=72.85

MCB=71.91

n=314 6-8
153girls
161 boys

n=104 7-13
56 girls
48 boys

Bite force
determination

Bite force,
Thickeness
muscular and
occlusal
contacs

Clinical
examination
and evaluation
of TMD signs
and
Symptoms

Bite force
determination,
Clinical
examination
and evaluation
of TMD signs
and
Symptoms

Immediately after
treatment! bite force on
ipsilateral than on
contralateral side

No differences

MCBL\ bite force than No differences
in the MNO groups.

PNO no differences

between PCB

Posterior crossbite had a significant impact on TMJ
tenderness

Crossbite group showed lower bite force than control
group and the malocclusion was significantly
associated with signs and symptoms of TMD

CCT: Controlled clinical trials; RCT: Randomized clinical trials; CT: Clinical trials; L: Longitudinal; P: Prospective
MM: Masseter; AT: Anterior temporalis; PT: posterior temporalis; AD: anterior digastric;

EMG: Surface electromyography; TMJ: Temporomandibular joint; TMD: Temporomandibular disorders;

(T EMG): higher electromiographic activity; (! EMG): Lower electromiographic activity;

PNO: primary normal- occlusion
PCB: primary-crossbite occlusion
MNO: mixed-normal occlusion
MCB: mixed-crossbite occlusion
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Table 3. Quality evaluation of the retrieved studies

Author Year  Study Sample Selection Valid Method Blinding in Adequate Confounding Judged
Design size Description measurement Error Measurements Statistics factors Quality
methods Analysis Provided Standard
Alarcon'™® CCT Adequate Adequate Yes Yes No Yes Yes, facial pattern High
(2000) considered
Kecik'® CCT Adequate Adequate Yes Yes No Yes ND Medium
(2007)
Sonnesen® cCcT Adequate Adequate Yes Yes No Yes ND Medium
(2001)
Rentes® CCT  Inadequate  Adequate Yes No No Yes ND Medium
(2002)
Sonnesen® P,L Adequate Adequate Yes Yes No Yes ND Medium
(2007)
Castelo® CCT Inadequate Adequate Yes Yes No Yes ND Medium
(2007)
Vanderas'® RCT Adequate Adequate Yes Yes No Yes ND Medium
(2002)
Sonnesen' CT Adequate Inadequate Yes Yes No Yes ND Low
(1998)

CCT:Controlled clinical trial; RCT: Randomized clinical trial; CT: Clinical trial; L: Longitudinal; P: Prospective; ND: Not declared



DISCUSSION

This systematic review aimed to select all RCTs, CCTs and all P and retrospective
observational studies with concurrent controls as well as observational studies verifying
the functional changes in masticatory muscles associated with posterior crossbite in
children. No retrospective study could be found. Eight studies were retrieved due to some
consistent results.

From a methodological point of view, it was notable that all the studies used
examination methods without blinding design. However, this could be explained by the
difficulty for the observer to be blind to the presence of posterior crossbite. In all studies,
the methods used to detect and analyze the functional changes associated with posterior
crossbite were valid and well known. However, different experimental designs and sample

selection were used, which caused difficulties for comparing the results.

Crossbite and Bite Force

Five articles evaluated the bite force in children with unilateral posterior crossbite.'*
225 Maximum bite force and number of teeth in contact were significantly lower in children
with unilateral crossbite, in comparison with control groups with a similar number of teeth.
In addition, there were no significant differences in maximum values between sides of the
jaw in the groups with and without posterior crossbite. These finding implying that children
with unilateral crossbite can have altered muscular activity and asymmetrical muscle
function, when compared with children with neutral occlusion and more tooth contacts.'*%

In a prospective, longitudinal study,?® bite force in children with unilateral posterior
crossbite before orthodontic treatment did not differ significantly between sides, but
immediately after orthodontic treatment, it was significantly lower on the ipsilateral side
(crossbite side) than on the contralateral one.?® The reason could be due to transient
changes in occlusal support, periodontal mechanoreceptors and jaw elevator muscle
reflexes, but the bite force increased again after retention, and approached the mean level
in children with neutral occlusion.?®

Nevertheless, in primary dentition, no significant differences in bite force values
were found between children with normal occlusion and posterior unilateral crossbite,?2*
whereas in early mixed dentition, the level of maximum bite force was significantly lower

for children with this malocclusion than controls.?*
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Bite force can be influenced by the size of the bite gauge, and in a young age
group, the size might be beyond their optimal vertical jaw separation, which in turn might
reduce the bite force. # Therefore, the reduced bite force associated with crossbite seems
to become apparent from the time that mixed dentition starts.

Muscular activity at rest position

Two studies reported EMG differences due to posterior crossbite in children, after
evaluating muscular activity at rest position, during swallowing and during mastication,'®
and maximum clench."® Alarcon et al'® found no significant differences in any of the tested
muscles (anterior and posterior temporalis, masseter and anterior digastric) at rest
position, on comparing the normocclusive and right posterior crossbite subjects. Moreover,
the right anterior temporal demonstrated higher EMG activity than the left anterior temporal
in the normocclusive group, and they suggested that some degree of muscular asymmetry
could be considered as physiological and compatible with a normal function. In the right
posterior crossbite subjects, the left posterior temporal showed higher EMG activity than
the right posterior temporal, suggesting that this asymmetry could be due to the functional
mandibular shift, which could act as a mechanism for reaching a certain degree of occlusal

stability.” Kecik et al'®

showed that the anterior temporal and masseter muscle activity at
rest position differed significantly between the crossbite and control groups, and higher
muscle activity was found on the crossbite side, but the respective differences were

eliminated after maxillary expansion.

Muscular activity during swallowing

EMG activity of left anterior temporal and both left and right anterior digastric
muscles was higher in the right posterior crossbite group than in the normocclusive group,
whereas the left posterior temporal showed a higher peak of EMG activity than the right.™
The increased activity of the anterior digastric muscles in the crossbite subjects could be
the result of the higher frequency of atypical deglutition found in this group.' In contrast,

Kecik et al'®

did not find significant differences in masticatory muscle activities between the
right and left sides and crossbite and normocclusive groups. The differences could be

attributed to a different sample selection and experimental design (Table 2).
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Muscular activity during chewing and clenching

Subjects with posterior crossbite could have a masticatory pattern that is unique
and different from normocclusive subjects.’'® The anterior temporalis muscles were the
most active in crossbite subjects during chewing,’ and demonstrated significantly higher
activity on the crossbite side than non-crossbite side, and also between crossbite and
control subjects.’®'® Conversely, the right masseter (ipsilateral to the crossbite) was less
active in the crossbite group than in the normocclusive group.'® These findings could
indicate that the sequence of the neuromuscular system priorities during mastication is
different in the crossbite subjects; the most important role is to position the mandible
correctly in order to reach higher occlusal stability, and once this is attained, to generate
the necessary power to chew.'>'® This could be the reason why the anterior temporal is
the most active muscle. On the other hand, the lower EMG activity of masseter muscles in
the crossbite group than in the normocclusive group could be due to an inhibitory-
protective reflex to avoid injury or pain in the structures of the stomatognathic system, thus
the capacity of the masseter muscles to generate contraction could be diminished.

Crossbite and TMD signs and symptoms

Four studies evaluated the TMD signs and symptoms associated with posterior
crossbite in children.'*'®'®% Headache several times a week occurred more frequently in
children with unilateral crossbite.'* Moreover, headache at least once a week and
tenderness of the anterior temporal and superficial masseter muscles were the most
prevalent signs and symptoms of TMD.? Furthermore, tenderness of the anterior temporal
and superficial masseter muscles occurred more frequently in the crossbite group than in
the control group.®

In a multifactorial analysis of TMD signs and symptoms, Vanderas et al'®

reported
that posterior crossbite with lateral shift significantly affected the probability of children
developing deviation of the mandible on opening, which would have significant impact on
TMJ tenderness. They also found a significant correlation between epinephrine levels and
TMJ tenderness, suggesting that emotional stress should not be neglected even in the
presence of malocclusion traits.

The surface vibrations of the bilateral TMJs have been studied with
electrovibratography in children with and without posterior crossbite.'® It was found that

TMJ vibration was significantly higher on the crossbite side compared with the non-
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crossbite side before treatment and the differences between the crossbite and the control
groups were also significant. After maxillary expansion, both sides had similar values, and
there was no significant difference between the treatment and control groups.

CONCLUSIONS

- Altered muscle function associated with posterior crossbite can reduce the bite force in
mixed dentition.

- According to EMG analysis, children with posterior crossbite have asymmetrical muscle
function during chewing or clenching, in which the anterior temporalis is more active and
the masseter less active on the crossbite than on the non-crossbite side. The EMG data of
muscular activity during rest and swallowing were not conclusive.

- Posterior crossbite may increase the probability of children developing signs and
symptoms of TMD.

- The consequences of these functional changes for the growth and development of
stomatognathic system deserves further investigation.
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ABSTRACT

The aim of this study was to assess the thickness and electromyographic (EMG) activity of
the masseter and anterior temporal muscles in children with posterior crossbite (PCB).
Thirty-six children (22 boys, 14 girls) with a mean age of 8.8 + 1.1 years were divided into
the following groups: The experimental groups consisted of twenty PCB patients (ten on
the left side, ten on the right side); the control group consisted of sixteen normal occlusion
(NOccl) subjects. EMG activity was recorded with bipolar surface electrodes at rest and
during maximal clenching. The thickness of the muscles was measured with a real-time
ultrasound equipment. Data were compared between groups and between right and left
sides within each group. The correlation between EMG activity and muscle thickness was
also evaluated. The results revealed that the masseter of the crossbite side was more
active than that of the non-crossbite side in subjects with PCB during maximal clenching.
The comparisons of EMG activity between PCB patients and NOccl subjects revealed
some variability in the results, depending if the crossbite side was on the left or right side.
The ultrasonographic evaluation did not show statistically significant differences neither
between groups, nor between sides in the PCB and NOccl groups. Significant correlation
between EMG activity and muscle thickness was observed only in the left masseter in the
NOccl group. In conclusion, these findings suggest that asymmetric muscle activity of the
masticatory muscles may not result in differences in the thickness of these muscles in
children with PCB.
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INTRODUCTION

According to epidemiological data, the prevalence of unilateral posterior crossbite
in the early mixed dentition varies between 8% and 23% (1, 2). When the intercuspal
position of the mandibular dentition is forced laterally to the retruded contact position, this
condition is described as a functional posterior crossbite (FPCB) (3). FPCB is generally
accompanied by deviation of the mandibular arch midline to the crossibite side (4 - 6).

Skeletally, crossbites with lateral shift influence the normal growth of the mandible
(7 -9). Another consequence of an untreated FPCB is the likely asymmetry in the condylar
position and trajectories, with a displacement of the ipsilateral condyle toward the crossbite
side (10 - 13) and an increased growth of the contralateral condyle (13). The intimate
mechanism that links the lateral shift of the mandible with the condylar growth remains
unclear, but it seems that the main cause could be abnormall muscular activity (10).
Subsequent adaptation of the neuromusculature to the acquired mandibular position can
cause asymmetric mandibular growth, facial disharmony, and severe skeletal crossbite in
the permanent distortion (14).

The evaluation of functional symmetry of the craniofacial complex usually involves
the patterns of jaw movements and the activities of masticatory muscles (15, 16). Surface
electromyography is a widely used method of monitoring jaw closing muscle activity (17)
despite some method problems in recording surface electromiographic (EMG) activity (18).
Ultrasound scanning enables dynamic visualization of the muscles of the head and neck
(19, 20), 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 (21). A
significant positive correlation was found between the masseter muscle thickness
measured by ultrasonography and its maximal EMG activity in individuals with normal
occlusion (22). However, to our knowledge, no attempt was performed to correlate EMG
activity and muscle thickness of masticatory muscles in the presence of malocclusions
associated with functional deviations, such as functional posterior crossbites.

On this background, the aim of this study was to evaluate the electrical activity and
muscle thickness of the masseter and anterior temporalis muscles in children with PCB,
compared with those having normal occlusion, all in the mixed dentition. The possibility of
an association between EMG activity and muscle thickness was also evaluated.
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MATERIALS AND METHODS

The study comprised 36 children aged 7-10 years, who were to start dental
treatment at Department of Pediatric Dentistry, Piracicaba Dental School, State University
of Campinas. The Research Ethical Committee of the Dental School approved the project
(protocol 020/2006 and 023/2006). The children and their parents or guardians received
an oral and written explanation about our aims and research methodology. After reaching
agreement, we conducted an anamnesis to verify their medical and dental history and oral
habits. Complete orthodontic documentation (lateral and posteroanterior cephalometric
radiographs, study models, extraoral front and profile photographs, and intraoral
photographs) was obtained. The children were divided into 2 groups: pre-orthodontic
children with posterior crossbite (n=20) — PCB group, composed by 12 boys and 8 girls
(mean age 8.80 + 1.07 year); children with normocclusion - NOccl group, composed by 10
boys and 6 girls (mean age 8.88 + 1.15 years). Subjects were excluded if they had clinical
signs or symptoms of temporomandibular joint dysfunction, previous or current orthodontic
treatment, extensive restorations, cast restorations or cuspal coverage, pathologic
periodontal condition, or missing teeth. Only subjects with unilateral presentation of the
posterior crossbite with a functional shift of the mandible toward the crossbite side were
selected. Children with crossbite resulting from dental inclination were not considered. All
children had maxillary transverse discrepancy with indication of rapid maxillary expansion.
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Ultrassound imaging (USI)

The masseter and anterior temporalis evaluation was conducted using the Just-
Vision 200 digital ultrasonography system (Toshiba Corporation, Japan) and the images
were obtained with a high-resolution real-time 56mm/10-MHz linear-array transducer), and
the image was measured directly on screen with an accuracy of 0.1 mm. For each side
(left and right/ nomal and crossbite side) the recordings were performed twice with the
muscles at rest (RE) and in maximal clenching (MC) with an interval of ay least 2 minutes
between measurements. The locations for USI were determined by palpation, following the
orientations: masseter - level halfway between the zygomatic arch and gonial angle, close
to the level of the occlusal plane; anterior portion of the temporal muscle - in front of the
anterior border of the hairline

Measurement error for ultrasound

The errors of measurement (Se) for the thickness of masticatory muscles were
assessed from repeated measurements on two separate occasions (mi1, m2) of 20
randomly selected subjects (n), using the Dahlberg’s formula: Se =V (m1 — m2)2 / 2n.
The error was 0.47 mm for the contracted and 0.26 mm for the relaxed masseter and 0.32
mm for the contracted and 0.29 mm for the relaxed anterior temporal.

Electromyography evaluation

Muscle activities were measured with the EMG system (Sao Paulo/Brazil) MCS-V2
Electromyograph. Myoelectric signals were captured by various active electrodes with two
contacts of 10.0 x 1.0 mm with a distance of 10.0 mm between them, impedance upwards
of 10GQ and a common rejection value of 130dB to 60Hz, crafted in silver and fixed in a
resin capsule of 40x20x5 mm. During the experiment, the child sat comfortably, with a
straight back and head orientated with the Frankfort plane parallel to the floor. Both the
skin and the electrodes were cleaned with 70 percent GL ethyl alcohol.

The electrodes were placed at the same sites as for the masseter and anterior
temporalis ultrasonography recordings. The reference electrode was placed on the right
first. The muscle activity was recorded twice when the subjects clenched their teeth
(maximum voluntary clench) and rest position. The means of Root Mean Square (RMS) in
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both trials were used. The methodology for signal treatment was in accordance with
Merletti et al. (23)

EMG signals were recorded at rest position for ten seconds; dental clenching at
maximum habitual intercuspation for four seconds . To capture the signals at rest, patients
remained relaxed without occlusal contact and during dental clenching patients maintained

the force of continuous contractions.

Statistical analysis

Intra-group comparisons of the thickness and electrical activity of the masseter and
anterior temporal muscle were carried out considering the right and left sides for NOccl
group and the normal and crossbite sides for PCB group. Paired t-test was used for these
comparisons, at p<0.05.

Inter-group comparisons were carried out considering the right and left crossbite
sides in PCB group with the respective sides in NOccl group, using unpaired test-t. Data
that did not meet criteria for parametric analysis were assessed by Mann-Whitney test.
The relationship between muscle thickness and electrical activity was evaluated by
Spearman rank correlation or Pearson's coefficient analysis, as appropriate. The
significance level was set at P<0.05.

RESULTS

Table 1 shows the means, standard deviations and p-value of EMG activity (uv)
and USI measurements (mm) for PCB group. Comparing the crossbite side and normal
side, there were no significant statistical differences for the masseter and anterior
temporalis during rest position (P >0.05). However, in maximum clenching the masseter
muscle was significantly more active in the crossbite side than on the normal one (P
<0.01).
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Table 1 - Mean and standard deviation of the eletromyographic data (pv) and masticatory

thickness (mm) at rest position and maximum clenching - comparisons between

sides in the posterior crossbite group

Crossbite group

Crossbite side Normal side
EMG at rest
Masseter 9.4+42 9.1+438
Anterior temporalis 11.4+4.0 10.3+ 3.0
EMG during clenching
Masseter 158.2+ 72.8* 121.5+49.3*
Anterior temporalis 166.8+ 69.2 167.8+ 83.3
USI at rest
Masseter 10.7+1.5 10.6+1.5
Anterior temporalis 2.60+0.5 2.5+0.5
USI during clenching
Masseter 12.2+1.4 11.8+1.4
Anterior temporalis 3.320.8 3.3120.8

(*p<0.05, paired t-test between sides in each group)

In normocclusive subjects, significant differences were found when the EMG

activity of right anterior temporal was compared to the left anterior temporal during rest

position (P >0.05). This muscle showed a higher electrical activity in the right side than in

the left side. No significant differences were found between the sides in maximum

clenching recording (P >0.05) (Table 2).
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The EMG evaluation at rest position showed that children with right crossbite
presented higher EMG activity of the anterior temporal in this side than in the normal one.
At clenching, the masseter in the crossbite side presented also higher EMG values in right
crossbite side than in normal side (Table 2).

Inter-group comparisons showed no significant differences in masseter and anterior
temporalis muscles at rest position, but in maximum clenching the anterior temporal in the
right PCB group presented higher EMG activity than anterior temporal in the NOccl group.
However, this difference was not observed when the left PCB group was compared to the
NOccl group. The thickness of the masticatory muscles did not show statistically significant
differences between groups, neither for the masseter, nor for the anterior temporalis
(P>0.05) (Table2).

26



/e

Table 2: Mean and standard deviation (SD) of the eletromyographic data (uv) and ultrasonography (mm) at rest position and
maximum clenching compared normoclusive group between right posterior crossbite group and left posterior crossbite group.

Normoclusive Right posterior crossbite Left posterior crossbite
N=16 group group
N=10 N=10
Right Left Crossbite side  Normal side Crossbite .
Mean/SD  Mean/SD  Mean/SD  Mean/SD side ~ Normalside
Mean/SD  Mean/SD
EMG at rest
Masseter 8.0+ 4.54 7.8+4.4 8.2+4.2 7.715.2 10.744.1 10.544.2
Anterior temporalis  10.3£3.2* 8.3+ 3.0* 12.6+£3.92* 9.9+3.15* 10.2+4.0 10.843.0
EMG during clenching
Masseter 125.0+43.0 113.7+37.1 147.3164.8* 110.4£51.5* 169.2+81.9 132.8147.0
Anterior temporalis  113.9+63.6"  127.9+64.1 183.6+76.5"  169.8496.8  149.6+60.3 165.5+72.6
USI at rest
Masseter 10.3+1.9 10.3+1.7 10.9+1.7 10.6+1.2 10.6+1.4 10.741.8
Anterior temporalis 2.5+0.5 2.710.5 2.510.6 2.710.4 2.710.4 2.510.6
USI during clenching
Masseter 12.4+1.6 12.2+1.5 12.4+1.5 11.8+1.3 12.1+1.5 11.941.5
Anterior temporalis 3.4+0.7 3.6x0.8 3.4+0.98 3.4+0.8 3.31%0.78 3.31%0.9

*p<0.01 paired test-t — intra-group comparisons

t p<0.05 unpaired test-t — inter-group comparison



Table 3 shows the correlation between EMG activity and muscle thickness in the
PCB group and in the control group. A significant positive correlation was observed only in
the left masseter in the control group.

Table 3 - Correlation coefficients (r) of masseter and anterior portion of the temporalis
muscle thickness with EMG activity during rest (RE) and at maximal clenching
(MC) in the posterior crossbite groups and normoclusive group

Masseter Temporal

Normal side/Left Crossbite side/Right Normal side/Left Crossbite side/Right

side side side side
RE MC RE MC RE MC RE MC
Crossbite 0.353 -0.029 -0.230 -0.356 -0.230 -0.190 -0.129 -0.339
group
Normocclusive  0.051 0.555* 0.071 0.171 -0.368 0.339 -0.345 0.325

*P<0.05 (Pearson’s Correlation)
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DISCUSSION

Posterior crossbite is one of the most common malocclusions observed in growing
subjects and involves complex alterations in the stomatognathic system. The present
study investigated the bilateral differences in the EMG activity and muscle thickness by
ultrasonography in children with PCB, as well in those with normocclusion, and the
respective correlations.

The anatomy and function of the human masticatory muscles have already been
examined by ultrasonography (USI) and EMG (24 - 26) which makes their application
useful for evaluating the masseter and anterior temporal in PCB subjects, as performed in
this study. The USI technique is considered to be uncomplicated, and represents a
considerable improvement compared to conventional methods for assessing masticatory
muscles thickness (27). Computed tomography (CT) and magnetic resonance imaging
(MRI) are also used for evaluating cross-sectional areas and volumes of human jaw
muscles. However, CT has the disadvantage of showing cumulative biological effects and
MRI poses a problem in terms of clinical availability and cost, which made USI a good
choice for measuring local linear cross-sectional dimensions of the head and neck
muscles (19, 28)

During maximal clenching, the masseter on the crossbite side was more active
than that of the non-crossbite side in subjects with PCB, showing an asymmetric muscular
activity in this malocclusion (Table 1), being the crossbite on the right side determinant of
the respective imbalance (Table 2). This finding could be due to the functional mandibular
shift that occurred during maximal voluntary clenching, which could act as a mechanism to
reach a certain degree of occlusal stability. The children had severe transverse
discrepancy and unilateral posterior crossbites at maximum intercuspal position, which can
be associated with a longer mandibular shift. Kecik et al. (29) also observed a muscular
imbalance in children with functional posterior crossbite at rest, demonstrated by higher
EMG activity of anterior temporal and masseter muscles on the crossbite side than on the
control one. In the present study, only the anterior temporal on right crossbite side has
determined higher EMG values at rest. Contrary to us, at clenching, Kecik et al. (29) did
not found significant differences, which could be attributed to less severity of the crossbite
in their sample. Alarcén et al. (30) pointed out a question about EMG asymmetry at rest,
since in this position there are no occlusal interferences producing a functional shift of the
mandible. We agree with these authors that the functional shift found in maximal
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intercuspation could persist also at rest. However, when the right and left muscles were
compared in the NOccl group, the right anterior temporal demonstrated a higher EMG
activity than the left at rest, as verified in normocclusive subjects by Alarcon et al. (30). In
accordance with Ferrario et al. (31) “normal” population can present a certain degree of
muscular asymmetry, considered as physiologic and compatible with a normal function.
On comparing the EMG activity between sides for Noccl group during maximal clenching,
we did not find significant differences, indicating a symmetric function of masticatory
muscles in this group (Table 2).

The present study showed that although PCB was associated with asymmetrical
muscular activity, this was not reflected to the muscle thickness, since no differences were
found, neither between groups, nor between sides in both groups (Table 2). Our results
are in agreement with Castelo et al. (32) in relation to the muscles during clenching, but
these authors found that anterior temporalis at rest was statistically thicker for the
crossbite side than the normal one in children with PCB. Kiliaridis et al. (33) 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. The discrepancies among the results in different studies may be
due to differences between the samples, the location of the measuring points, and the use
of different imaging techniques (34). Taken together, these findings indicate that it is too
early to draw any firm conclusions regarding the muscle thickness alterations in patients
with PCB.

It is important to point out that we found large standard deviations relative to the
mean values of EMG activity in both groups. This finding agrees with other studies (29 -
31), probably due to the great biological variability found among subjects, which could also
explain why the differences between groups were found only in the right PCB group. In this
group, the anterior temporalis muscle showed a significantly higher EMG activity in relation
to the control group. However, this difference was not observed when the left crossbite
group was compared to the control group. Moreover, the inter-individual variability was
greater on crossbite subjects than one control ones (Table 3).

There was no correlation between the US| and EMG data in the PCB group.
Similarly, previous studies have not found any strong correlation between the masseter
muscle thickness measured by ultrasonography and its EMG activity in maximum

voluntary contraction (35 - 37). It is possible that this position does not always coincide
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with maximum muscle activation, and therefore, in some cases, the muscle thickness
measurements might not be indicative of the true contraction potential of the muscles.
Nevertheless, a significant positive correlation between EMG and USI was found only in
the left masseter in the NOccl group (Table 2). This result is similar to that reported by with
Georgiakaki et al. (22). Positive correlation between the masticatory muscle thickness and
the muscle EMG activity could be expected in subjects with healthy normal occlusion, but
this is not the case in subjects with PCB, as observed in the present study.

The present investigation showed that although the masseter muscle had
asymmetrical activity during maximal clenching, this activity did not result in an increased
thickness of this muscle. 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. In conclusion, our results indicate that children with
PCB can present an asymmetrical muscular activity due to mandibular shift performed to
reach the maximal intercuspation position. However, EMG activity and muscle thickness of
masticatory muscles are not correlated in the studied children presenting this

malocclusion.
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SUMMARY

Background: The posterior crossbite is frequently seen in the deciduous or mixed
dentition. Understanding the changes in chewing patterns during growth may help in
assessing the effects of this malocclusion. Hypothesis: During mastication children with
posterior crossbite differ from children with normal occlusion in relation to a preferred
chewing side, cycle characteristics and electromyographic activity (EMG) of the masseter
and anterior temporalis muscles. Design: Thirty-four children were divided into two
groups: posterior crossbite (PCB group, n=20), mean age 8.65+1.15, and normal occlusion
(NOccl group, n=14), mean age 8.64+1.23. The preferred chewing side was determined
using a visual spot-checking method. The EMG activity was recorded with bipolar surface
electrodes during mastication, and two chewing sequence of 20 s were evaluated to
establish each subject's chewing rate (cycles/sec) and cycle duration. Data were
compared within and between groups and the association of chewing rate with EMG
activity was also evaluated. Results: PCB and NOccl groups did not have a preferred
chewing side. The EMG activity and the cycle characteristics did not differ between
groups. The correlation between cycle duration and EMG activity was statistically
significant for the masseter muscle in the PCB group. Conclusions: Children with PCB did
not differ from those with NOccl regarding the presence of a preferred chewing side,
chewing rate, cycle duration and EMG activity of masseter and anterior temporalis during

mastication.
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INTRODUCTION

Posterior crossbite is defined as a malocclusion in the canine, molar and/or
premolar regions, characterized by the buccal cusps of the maxillary teeth occluding
lingually to the buccal cusps of the corresponding mandibular teeth [1]. It may develop
during eruption of the primary dentition and can involve the permanent dentition at a later
stage of development. It may originate from a skeletal or dental malrelationship, or both,
and may lead to a mandibular displacement [2]. When the intercuspal position of the
mandibular dentition is forced laterally to the retruded contact position, this condition is
described as a functional posterior crossbite (FPCB) [1].

Some studies have shown that FPCB has been associated with asymmetrical
function of the masticatory muscles [3], signs and symptoms of temporomandibular
disorders (TMD), such as pain, headache, and muscle tenderness [4,5] which may relate
to activity of masticatory muscle performance [6,7]. Mastication is of course a very
complex behavior, with patterns of mandibular movement being highly variable, reflecting
the different functions and types of occlusions [8]. Various techniques have been used to
monitor mastication [9]. Among these techniques, electromyography (EMG), the
measurement of the electrical activity of muscles, has found wide application [10]. EMG
has been used to identify differences in chewing patterns between individuals, and to
classify them into groups according to their chewing efficiency [11, 12].

According to Planas [13], the crossbite side presents a greater number of occlusal
contacts in function, being the preferred chewing side. However, these characteristics
were not confirmed by other studies [14, 9]. The chewing side preference was defined by
Christensen and Radue [15] as “when mastication is performed consistently or
predominantly on the right or left side of the dentition”. Considering that masticatory
function during growth has a biological impact on the growing structures, a unilateral
mastication may lead to asymmetric anatomical structures (bones, temporomandibular
joint, muscles, and teeth) on completion of growth [13]. Thus, understanding whether and
how posterior crossbite malocclusion influences the preferred chewing side and EMG
activity of masticatory muscles would be particularly appropriate.

This study was designed to detect whether there is any difference in the EMG
activity, chewing rate, cycle duration and preferred chewing side between children with
and without FPCB.
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MATERIAL AND METHODS

The posterior crossbite group (PCB group) was comprised by 20 subjects (10
males and 10 females) aged between 7-10 years (8.65+1.23). Eight subjects had unilateral
crossbite on the left side, five on the right side and seven subjects presented bilateral
crossbite. The control group comprised 14 children with normal occlusion (Nocl group) (9
males and 5 females), aged between 7-10 years (8.64+1.15). The children were selected
from the clinic of the Department of Pediatric Dentistry, Piracicaba Dental School, State
University of Campinas, SP, Brazil. The Research Ethical Committee of the Dental School
approved the project (protocol n° 020/2006 and 023/2006). The children and their parents
or guardians received an oral and written explanation about our aims and research
methodology. After reaching agreement, we conducted an anamnesis to verify their
medical and dental history and oral habits. The exclusion criteria for both groups were the
presence of symptoms of craniomandibular dysfunction, major dental reconstructions, prior
or current orthodontic treatment, caries, and/or severe periodontal pathology or missing of
teeth. Children with crossbite resulting from dental inclination were not considered. All
children had maxillary transverse discrepancy with indication of rapid maxillary expansion.

Preferred chewing side

The preferred chewing side was determined using a modification of the visual spot-
checking method described by Christensen and Radue [16]. Subjects were given a 1.7 g
piece of chewing gum Trident *Free Sugar and instructed to chew as normal on their
posterior teeth. They were not told the aim of the experiment. After 15 s, they were asked
to stop chewing, clench the gum between their teeth and grin broadly so that the position
of the chewing gum could be observed and recorded as right or left. This procedure was
carried out seven times consecutively. The term “observed preferred chewing side”
(OPCS) was used when the child chewed 5/7, 6/7 or 7/7 times on the same side.

Chewing characteristics

Two chewing sequences of 20 seconds were recorded, as explicated above. The
average of the number of cycles in these two sequences was then divided by 20 s to
establish each subject's automatic habitual chewing rate (cycle/s). Furthermore, the mean
duration of each cycle during the 20 seconds was calculated.
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Electromyography evaluation

Muscle activities were measured with the EMG system (Sao Paulo/Brazil) MCS-V2
Electromyograph. Myoelectric signals were captured by various active electrodes with two
contacts of 10.0 x 1.0 mm with a distance of 10.0 mm between them, impedance upwards
of 10GQ and a common rejection value of 130dB to 60Hz, crafted in silver and fixed in a
resin capsule of 40x20x5 mm. During the experiment, the child remained sat comfortably,
with a straight back and head orientated with the Frankfort plane parallel to the floor. Both
the skin and the electrodes were cleaned with 70 percent GL ethyl alcohol.

The electrodes were placed at the masseter and anterior temporalis following the
orientations: masseter - level halfway between the zygomatic arch and gonial angle, close
to the level of the occlusal plane; anterior portion of the temporalis muscle - in front of the
anterior border of the hairline. The reference electrode was placed on the right first. The
muscle activity was recorded during two chewing sequences (chewing gum) of 20 seconds
and the means of RMS were used. The methodology for signal treatment was in

accordance with Merletti et al. [17].

Statistical analysis

Comparisons between sides (crossbite side vs. non-crossbite side/PCB group or
right side vs. left side/NOccl group) were performed by paired t-test. The chewing rate and
EMG activity were compared between groups using the unpaired t-test. Fisher’s exact test
was used to compare the preferred chewing side between groups. The relationship
between chewing characteristics and EMG activity was evaluated by Pearson's coefficient.
The significance level was set at p<0.05.
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RESULTS
Table 1 shows the sample distribution (%) of crossbite side (left crossbite, right

crossbite and bilateral crossbite) in relation and preferred chewing side.

Table 1: Sample distribution in relation crossbite side and preferred chewing side

Mastication Preference Side

Left crossbite Right crossbite Bilateral crossbite
n= 8 (40%) n= "5 (25%) n= 7 (35%)
Left 1 (12, 5%) 0 (0%) 1 (14%)
Right 1 (12, 5%) 1 (20%) 0 (0%)
Bilateral 6 (75%) 4 (80%) 6 (86%)

Table 2 shows the sample distribution the total crossbite group and control group in
relation to preferred chewing side. There was no statistical difference between groups

(Fischer’s exact test).

Table 2: Sample distribution in relation to preferred chewing side

PCB group NOccl group
Left 2 3
Right 2 3
Bilateral 16 8
Total 20 14

Fisher’s exact test
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cycles/s

Figure 1 shows the values of EMG activity of the masseter and anterior temporalis
muscles. There were no significant differences between groups (p>0.05).
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Figure 1 — Eletromyographic data (uv) of chewing during 20 s. Data are plotted as mean + SEM

(p>0.05, unpaired t-tests for inter-group comparisons in each muscle).

Figure 2 shows the values of chewing cycle characteristics for PCB and Noccl.
There were no significant differences between groups (p>0.05)
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Figure 2 — Chewing cycle characteristics for PCB and NOccl groups. A — Chewing rate (cycles/s)
B- cycle duration (s). Data are plotted as mean + S.E.M (p>0.05, unpaired t-tests for

inter-group comparisons)
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Table 3 reports the correlation between chewing characteristics and EMG activity
during chewing in the PCB group and in the NOccl group. It was observed a significant
correlation between chewing rate and cycle duration, as expected. For masseter the
correlation between cycle duration and electrical activity in PCB group was moderate and
significant. Conversely, in NOccl group the correlation was negatively moderate, but did
not reach statistical significance. Moreover, for chewing rate these respective correlations
were in the reverse way, without statistical significance. Electrical activity of the anterior
temporalis showed weak and no significant correlations with chewing characteristics, but in
the NOccl group the correlations with the electrical activity of masseter was strong and
significant.

Table 3 — Matrix of Pearson correlations between electrical activity of masseter and
temporalis during chewing and chewing characteristics (chewing rate and
cycle duration) obtained in PCB and NOccl groups

Chewing rate Cycle duration Masseter
Group PCB NOccl PCB NOccl PCB NOccl
Cycle duration -0.986**  -0.991** - - - -
Masseter -0.422 0.455 0.534* -0.447 - -
Anterior temporalis -0.082 0.347 0.152 -0.331 0.265 0.747"
*p<0.05 (p = 0.0152) “*p< 0.001  Tp<0.01
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DISCUSSION

In the present study, it was observed by visual spot-checking method that most of
the children with posterior crossbite showed a bilateral pattern of mastication, without a
preferred side, agreeing with previous findings [9, 14, 18, 19]. There were no significant
differences regarding the preferred chewing side between PCB and NOccl groups (Table
2). These findings could be justified by the fact that chewing is considered an event
determined at two levels, an individual central chewing pattern generator and peripheral
events inducing chewing adaptations [20, 21]. The individual central chewing pattern starts
to be established with tooth eruption and is well established in a child with a complete
deciduous dentition [20, 22]. Once the central chewing pattern has been established, it
appears to be relatively resistant to change [21]. In this way, as the children have been
evaluated during the mixed dentition, perhaps they could persist with their chewing pattern
acquired early. The present outcomes suggest that, despite the presence of malocclusion,
children with PCB could have achieved a certain degree of occlusal stability, allowing a
bilateral chewing pattern.

The comments above can be supported by the absence of significant differences
observed between sides on electrical activity of masseter and anterior temporalis in both
groups, as well as in inter-groups comparisons (Figure 1). These results are in agreement
with those obtained by Alarcén et al. [14], in which no significant differences were found
between sides in both crossbite and normocclusive subjects. This could mean that during
chewing there is a symmetric function of the masticatory muscles, and therefore chewing
can be predominantly bilateral, despite the presence of PCB, as considered also by
Ingervall and Thilander [18], Alarcén et al. [14] and Salioni et al[9]. Conversely,
Egermark-Eriksson et al. [4] found that crossbite subjects preferred to chew unilaterally,
whereas Ingervall and Thilander [18] showed that patients with lateral shift had a lower
activity of the anterior and posterior temporalis muscles than normocclusive subjects, but
the activity of the masseter muscles was similar in both groups. The discrepancies among
the results in different studies may be due to differences between the samples, the
location of the measuring points, and the use of different EMG techniques.

The comparisons between the chewing characteristics in children with and without
PCB showed a similar rhythm and cycle duration during mastication (Figure 2), showing
that the ones with PCB probably have generated adaptive responses to the morphologic

alterations, allowing similar masticatory function. Besides, there was a significant
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correlation between masseter and cycle duration in PCB group, but no correlation between
the evaluated muscles, showing an effective participation of the masseter during chewing,
independent of the temporalis, which is considered a postural muscle [20, 23]. Conversely,
in NOccl group, the electrical activities of masseter and anterior temporalis muscles were
strongly correlated, but no correlations with their chewing characteristics were found
(Table 3). Throckmorton et al. [21] reported that patients with unilateral posterior crossbite
chewed more slowly than did the controls, and after treatment their cycle duration were
shortened to equal control values. This controversial finding could be due to different
methodologies, since they recorded the chewing using an intraoral splint attached to each
subject’s lower teeth, and we recorded the mean EMG activity during chewing without any
intraoral appliance. It is well known that the masticatory rhythm is sensitive to sensory
input. This peripheral level responds to interferences by slowing or even stopping the
chewing cycle and by lowering the amount of occlusal force used during mastication [24 -
26]. However, the chewing cycle duration is much more sensitive to the central pattern
generator located in the brain stem [27], and the chewing rate is relatively resistant to
change. Therefore, our results suggest that the occlusal interferences associated with
crossbite are not enough to alter the output of the central pattern generator in relation to
the chewing rate.

Some studies showed that children with a unilateral posterior crossbite exhibit
unusual chewing patterns when chewing on the affected side and this is characterized by
an increased frequency of reverse sequencing [3, 21]. Ben-Bassat et al. [3] Throckmorton
et al. [21] reported that successful treatment of a unilateral crossbite with palatal
expansion did not eliminate the reverse-sequencing chewing cycles. However, there is
evidence that the treatment of posterior crossbite with orthodontic functional appliance
(Function Generating Bite) was able to reduce the prevalence of reverse sequencing
chewing cycles in children with this malocclusion [28].

In conclusion, the present investigation demonstrated that both groups, with and
without PCB did not present a preferred chewing side. The results obtained by EMG
evaluation during chewing indicate a bilateral masticatory pattern in both groups, in which
the chewing rate and cycle duration were also similar. These findings suggest that other
stomathognathic functions, such as deglutition or postural activity could be important
variables in the development of the musculoskeletal problems associated with posterior
crossbite, and so, these functions should be further evaluated.
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Bullet Points should include two headings:
*What this paper adds

The present study provides scientific data about the neuromuscular adaptation of
masticatory system to the posterior crossbite.
Despite the presence of the malocclusion, children with posterior crossbite did not

present a preferred chewing side.

*Why this paper is important to paediatric dentists.

This research provides a better understanding about the dynamic of masticatory
function in children with and without posterior crossbite.
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lll. CONCLUSOES

De acordo com os resultados do presente trabalho, concluiu-se que:

e Criangas com mordida cruzada posterior apresentaram assimetria da atividade
muscular durante o registro EMG em posicdo de maxima intercuspidacdo. No
entanto, esta assimetria ndo se refletiu em alteragdes na espessura dos muasculos

avaliados.

e Criangas com e sem mordida cruzada posterior ndo apresentaram lado preferido
de mastigacdo. Os resultados obtidos pela avaliagdo EMG durante a mastigacao
indicaram atividade muscular simétrica, bem como freqiiéncia e duragao dos ciclos
semelhantes em ambos 0s grupos.
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Apéndice 1

Figura 1: Sistema de aquisicao de sinais Figura 2: EIetroId?s de barras
EMG SYSTEM DO BRASIL Ltda. paralela

Figura 3: Palpacao do musculo

temporal anterior para a Figura 4: Palpagéo_do musculo
fixacio dos eletrodos masseter para a fixagao dos
eletrodos
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Figura 5: Eletrodos j& posicionados nos musculos temporal anterior e masseter

Figura 6: Registro da atividade

muscular na posi¢ao de repouso Figura 7: Registro da atividade

muscular na posicao de maxima
intercuspidacao
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Figura 9: Posicédo do transdutor no musculo Figura 10: Posigao do transdutor
temporal anterior no musculo masseter
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Apéndice 2 (Ficha Clinica)

‘ Universidade Estadual de Campinas - UNICAMP @

uNICAMP Faculdade de Odontologia de Piracicaba - FOP

Programa de P6s-Graduag¢do em Odontologia - Odontopediatria

%,
g

s
1

NQ
Data:
IDENTIFICAGAO
Nome: Apelido:
Idade: anos e meses Data de nascimento: / /
Sexo: ( ) masculino ( ) feminino Raca: ( ) branco ( )negro ( ) mulato
Naturalidade: Nacionalidade:
Pai:
Mae:
Irmaos:
Endereco:
Bairro: CEP: -
Cidade: Estado:

Fones: Casa ( )
Celular ( )
Trabalho ( )
Outro ( )

Motivo da consulta:

Informacoes adicionais:

Periodo disponivel:
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HISTORIA MEDICA

I) HISTORIA PRE-NATAL
A) Gravidez: () Normal ( )Anormal:

B) Manifestagdes durante a gravidez
Doencas:

Medicamentos:

1) HISTORIA NATAL
Parto: ( )Normal ( )Forceps ( ) Cesariana
Complicacoes durante o parto:

Nascimento: ( )Atermo ( ) Prematuro: meses
Il) HISTORIA POS- NATAL
Doencas sistémicas () Nao () Sim
() Alergia: () Diabete:
() Rinite alérgica: () Problemas renais:
() Resfriados frequentes: () Discrasias sanguineas:
( ) Sinusite: ~ () Febre reumatica:
() Amigdalite: () Problemas cardiacos:
() Verminose: () Hepatite:
() Anemia: ( )Asma:
() HIV: () OQutras:
Doencas da infancia
() Catapora () Rubéola () Sarampo () Caxumba
() Coqueluxe () Outras:
Esta sendo submetido a algum tipo de tratamento ? ( ) Nao () Sim

() Psicoldgico:

Otorrinolaringolégico:

()

() Fonoaudiolégico:
() Homeopatico:
()

Outros:
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Esta tomando algum tipo de medicamento ? ( ) Né&o () Sim

() Antibiéticos () Antinflamatorios () Analgésicos
() Anticonvulsivo () Antialérgico () Descongestionante
() Vitaminas () Outros:

Doencas na familia

() Diabetes: () Problemas cardiacos:
() Problemas respiratérios: () Problemas hematoldgicos:
() Outros:

Ja ficou hospitalizado: ( )Nao ( )Sim
Motivo:

Cirurgia:

Declaro que as informacoes acima sao verdadeiras e comprometo-me a informar a
cirurgia dentista sobre qualquer alteracdo na saude do menor sobre minha
responsabilidade enquanto o mesmo estiver sob tratamento odontoldgico.

Data / /

Assinatura do pai, mae ou responsavel

HISTORIA DENTAL
I) INFORMACOES GERAIS
() Nunca recebeu nenhum tratamento odontolégico
() Recebe ou recebeu tratamento na escola
() Recebe ou recebeu tratamento no posto de saude
() Recebe ou recebeu tratamento em clinica particular
Jatomou anestesia? ( )Nao ( ) Sim Teve algum tipo de problema? () Nao (
) Sim
() Qutros:

Problemas manifestados:
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() Prevencao () Carie () Tratamento de canal () Traumatismo

() Sangramento gengival ( ) Nao sabe () Outros:

Ja recebeu tratamento ortodéntico? ( ) Nao ( ) Sim:

Comportamento no dentista: ( )Bom ( ) Regular ( ) Ruim
Observacoes:

Caracteristicas comportamentais:

() Normal () Alegre () Extrovertido () Agitado
Atento

( ) Desanimado ( ) Irritado () Desatento () Triste
Calmo

( ) Timido ( )Medroso ( ) Ansioso () Outros:

Il) INFORMAGOES PREVENTIVAS

Higiene Dental: ( ) Escova ( ) Fiodental () Outros Frequéncia:

Informacao sobre higiene bucal: ( ) Nao () Sim, por:

Responsavel pela escovacao: ( ) Pais ( )Crianca ( ) Ambos
AGUA FLUORETADA: ( )NAO  ( ) SIM
Solucées para bochecho: ( ) Nao () Sim;:

Il) QUESTIONARIO PARA DIAGNOSTICO DE DTM

Seu (sua) filho (a) tem ou teve:

Sim Quando ?
Sim Quando?
Sim Quando?

Dor de cabeca? N ()
N ()
N ()
Nao () Sim Quando?
N ()
N ()
N ()

Dor de ouvido?
Apito no ouvido?

SIM QUANDO?
Sim Quando?
Sim Quando?

DOR NO PESCOCO?

(

(

(
Dor nos olhos? (
(
Dor nos ombros?  (
(

Dor na mandibula?

Sente dor quando mastiga ou abre aboca? ( )Nado ( )Sim:
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Tem dificuldade para engolir? ( )Nao ( )Sim:

Tem algum problema para abriraboca? ( )Nao ( )Sim
Quando:
( )Conversa ( )Boceja ( ) Grita

Quando abre a boca percebe algum barulho no ouvido? ( )Nao ( ) Sim:

Aperta ou range os dentes? ( )Nao ( )Sim Quando? ( ) Noite ( ) Dia

Sente a mandibula cansada? ( ) Nao ( ) Sim Quando?

EXAME CLINICO

1) EXAME FACIAL (VISUAL)

Simetria Facial: simétrica ( ) assimétrica ()

Perfil Facial: reto () convexo () cbncavo ( )
Tipo Morfoldgico: mesofacial ( ) braquiofacial ( ) dolicofacial ( )

Observacoées extra-bucais:

Il) EXAME BUCAL E FUNCIONAL

Saude Bucal: boa ( ) regular( ) ma( )

Higiene Bucal: boa ( ) regular( ) ma( )
(

Lado da Mordida Cruzada Posterior ( ) direita ) esquerda () bilateral
EmR.C: ( ) direita () esquerda () bilateral

Maloclusées ( ) mordida aberta ( ) mordida profunda ( ) mordida cruzada

anterior
( )outras:
Desvio da linha média ( ) Ausente ( ) Superior ( ) direita () esquerda
() Inferior () direita () esquerda
Desvio Mandibular ( ) Ausente () abertura ( )direita ( ) esquerda
() fechamento ( ) direita ( )esquerda
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Interferéncias Dentais ( )OC: 6 V IVII2 1121 IVV6 ( )Ausente
6VIVIII21|1 211V V6

()RC: 6VIVII2Y 1211IVVE6 ( )Ausente

Lateralidade direita: Lateralidade esquerda:
6VIVI|I21|12IIIIVV6 6VIV|I|21|12|IIIVV6
6VIVIII21|12IIIIVV6 6VIVII21[121IVVe

Protrusao

BV IVII21(121IVVE6
6VIVIII21|12IIIIVV6

Habitos Bucais: Nao ( ) Sim ()

Sucgéao de dedo () Esporadico () Noite () Continuo ()
Sucgao de chupeta () Esporadico () Noite () Continuo ()
Sucgédo de labios () Esporadico () Noite () Continuo ()
Mordedura de labios () Esporadico () Noite () Continuo ()
Onicofagia () Esporadico () Noite () Continuo ()
Bruxismo () Esporadico () Noite () Continuo ()
Outros ( ):

Degluticao: () tipica () atipica

Fonacao: ( ) normal ( ) anormal

Amigdalas: ( ) normais () hipertréficas () operadas
Adendides: ( ) normais () hipertréficas ( ) operadas
Respiracao: () nasal () bucal () ambas
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Freio Labial () insercdo normal () baixa () alta

Superior:

Freio Labial Inferior: ( ) insercdo normal () baixa () alta

Freio lingual: () insercao normal () insercao anormal

Labio Superior: () normal () hipotdnico () hiperténico
Labio Inferior: () normal () hipotdnico () hiperténico

Outras informacgoes:

Ruidos articulares: Nao( ) Sim( )
Estalido ( ) Direito( ) Esquerdo( )
Crepitacao( ) Direito( ) Esquerdo( )

Dor durante palpacao:

ATM: Nao( ) Sim( Direita Esquerda

)

)

) () (

) Direito () (
Temporal: Ndo( ) Sim( ) Direito () Esquerdo ( )

) () (

( ()

Masseter: Nao( ) Sim( Esquerdo

Trapézio: Nao( ) Sim( Direito Esquerdo

)

Esternocleidomastoéideo: Nao( ) Sim Direito ( ) Esquerdo( )

lil) EXAME DENTAL

Odontograma
11 m v Vv 6

D&ID&ID&IDKIE:@D%I|I§1ID:(IDIID1ID:&D1I
== P=qis == Pdizp=dadisgis

(/) Dente Ausente  (azul) Restauragao insatisfatéria

1

(vermelho) Cérie (verde) Restauracao satisfatéria
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() nimero
Anomalias Dentais: ( )forma

( ) tamanho

() estrutura
Alteracoes de cor:

ANALISE DOS MODELOS
DATA:
Forma dos arcos dentais:  Superior: Inferior:
Classificacao de Angle:
Lado Direito: Lado Esquerdo:
Observacao:
Relagcao antero-posterior dos molares deciduos: Lado Direito: Lado
Esquerdo:
Relagcado antero-posterior dos caninos deciduos: Lado Direito: Lado
Esquerdo:
Sobremordida: mm normal ( ) moderado ( ) profundo ( )
Sobressaliencia: mm Mordida aberta: mm

Desvio da linha mediana: ausente ( ) presente( ):

Anormalidades na posicao individual dos dentes:
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N/
SN Apéndice 3 V

UNICAMP

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Nome da crianca:

Por este instrumento de autorizagdo, na qualidade de

autorizo que o (a) menor participe da

pesquisa “Correcdo da mordida cruzada posterior na fase de denticdo mista: avaliacao

longitudinal eletromiografica, cefalométrica e ultra-sonografica”, conduzida pelas alunas

Annicele da Silva Andrade e Moara De Rossi, aluna da po6s-graduacao da Faculdade

Odontologia de Piracicaba - Universidade Estadual de Campinas, sob a orientacdo da

Profa. Dra. Maria Beatriz Duarte Gavio.

¢ Tenho conhecimento que a pesquisa tem o objetivo de: 1) Corrigir a mordida cruzada
posterior (dentes fora da posicao adequada), através de um aparelho que ficara fixo
nos dentes e que sera ativado pelo responsavel para aumentar o tamanho da maxila,
de modo que o cruzamento dos dentes seja corrigido. 2) Avaliar, através de
radiografias, o padrao facial (forma do rosto) e as possiveis alteracdes esqueléticas
antes do tratamento e as possiveis corregdes apos a o tratamento da mordida cruzada
posterior. 2) Avaliar, a atividade elétrica e a espessura dos musculos da mastigacao
através de aparelhos especiais (eletromiografo e ultra-som), antes e apds a correcao
da mordida cruzada posterior, para verificar o efeito do tratamento na forma e funcéo
dos musculos da mastigagao. Estes aparelhos sdo indcuos, ndo causam desconforto
e efeitos prejudiciais.

e Estou ciente de que esta pesquisa é cientifica e os dados poderédo ser publicados em
jornais, revistas e/ou congressos cientificos no pais e no exterior, mantendo-se o sigilo
e respeita o codigo de Defesa do Menor e do Adolescente.

Declaro que fui devidamente esclarecido (de forma oral e por escrito) que:

- Serao feitos:

« anamnese, através de preenchimento das fichas para obtengao de dados pessoais

« exame clinico, com instrumentos utilizados normalmente no exame odontolégico

64



documentacao ortoddntica, consistindo de exame radiografico, onde todas as normas
se seguranca em relacdo a radiagao serao observadas; moldagem para obtencdo e
andlise dos modelos de estudo e obtencdo de modelos de trabalho, durante as fases
do tratamento. Estou ciente de que a moldagem pode provocar certo incémodo, mas
que serdo contornados através de técnicas preconizadas para tal e que o material
utilizado para a moldagem ¢é inécuo. Serdo também realizadas fotografias da face, de
frente e de perfil, sendo que o0s pesquisadores garantem o sigilo em relacdo a
identificacao.

o voluntério recebera o tratamento para a correcdo da mordida cruzada posterior,
através expansao rapida da maxila, uma terapia amplamente aceita e recomendada
para a correcdo da mordida cruzada posterior esquelética. A crianga utilizara um
aparelho fixado aos dentes superiores, sendo que as ativacées do aparelho deverao
ser feitas, de 12 em 12 horas, pelos responsaveis pelo menor. O paciente devera
retornar semanalmente a Faculdade de Odontologia para que os pesquisadores
acompanhem o tratamento e determinem o momento em que as ativacdes ndo serao
mais necessarias.

Apobs a corregao da mordida cruzada, a crianga devera permanecer com o aparelho,
sem ativa-lo, por mais 4 meses para que nao ocorra recidiva. Durante os quatro
meses, a crianga devera retornar quinzenalmente a Faculdade de Odontologia para
que os pesquisadores acompanhem o tratamento. Apds esse periodo o aparelho sera
removido e a criangca devera utilizar, por 6 meses, um aparelho removivel para
contengdo. Durante o uso da contengédo removivel os retornos a Faculdade de
Odontologia deverao ser mensais.

Todos os cuidados sobre os desconfortos iniciais com o uso do aparelho serdo
devidamente informados, bem como a orientagdo e monitoragdo da higiene adequada,
de modo que ndo ocorram problemas gengivais.

As avaliagbes da musculatura serédo feitas, com o auxilio da eletromiografia e ultra-
sonografia, antes do tratamento, apds a remocgado do aparelho disjuntor e seis meses
apdés o uso da contengcdo removivel. Os exames permitem avaliar a espessura e a
atividade da musculatura, sendo dados importantes para o diagnéstico e prognéstico
do tratamento. Os exames serdo realizados na prépria Faculdade de Odontologia.
Serao demonstrados aos voluntarios e seu responsaveis os materiais € as técnicas de
todo o tratamento e também de todos os exames, fazendo-se simulacbes e
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treinamentos.

» Todo o tratamento e monitoracao serao realizados pelos responsaveis pela pesquisa.

« O voluntério devera apresentar caracteristicas que indiquem o tratamento a ser
instituido, portanto havera apenas um grupo, constituido por voluntarios com o0 mesmo
tipo de alteragéo do menor sob minha responsabilidade.

« Todos os dados confidenciais serdo mantidos em sigilo, sendo que os resultados e as
imagens nao revelardao a identidade do voluntario, de modo a ndo causar
constrangimento ou prejuizo a0 mesmo e aos responsaveis.

« Nao havera nenhum custo financeiro ao voluntario, quer no tratamento em si como nos
exames que serdo realizados.

« Nao hériscos previsiveis

« Tenho plena liberdade de recusar e tenho liberdade que o menor sob minha
responsabilidade participe desta pesquisa, ou o préprio voluntario, podendo de retira-lo
desta pesquisa a qualquer momento, sem nenhuma penalizagao ou prejuizo.

+ Nao é previsto o ressarcimento de despesas ou indenizacdo, uma vez que nao ha
riscos previsiveis, e a participacao na pesquisa nao causa despesas ao voluntario.

+ O voluntario terd como benéfico a correcdo da posicdo inadequada dos dentes,
recebera tratamento educativo e preventivo da carie dentaria e de problemas na
gengiva, tratamento curativo, quando houver presencga de cérie.

Assino este documento de livre e espontanea vontade, estando ciente do seu contetdo e
recebendo uma cépia.

Piracicaba, de de 200....

ASSINATURA DO PAI/MAE/RESPONSAVEL

Prof?2 Dr? Maria Beatriz Duarte Gavidao

Annicele Andrade/Moara De Rossi
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Informacoes para contato com as pesquisadoras:

Profa. Dra. Maria Beatriz Duarte Gaviao — (19) 3412 5368 mbgaviao@fop.unicamp.br

Annicele Andrade/ Moara de Rossi — (19) 3412 5287 annicele@fop.unicamp.br

moderossi@yahoo.com.br

Em caso de divida quanto a questdes éticas, entrar em contato com o Comité de
Etica em Pesquisa (CEP) da Faculdade de Odontologia de Piracicaba (FOP)
UNICAMP, Av. Limeira, 901, Vila Areidao, CEP: 13414-900, Piracicaba - SP. Telefone:
3412 5349 / cep@fop.unicamp.br
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Anexo 1

. - - - i it e e

| COMITE DE ETICA EM PESQUISA
A FACULDADE DE ODONTOLOGIA DE PIRACICABA
e UNIVERSIDADE ESTADUAL DE CAMPINAS

FO

CERTIFICADO

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "A relacdo entre o padrdo mastigatério e a
maloclus3o do tipo classe 11, subdivisdo de Angle”, protocolo n® 020/2006, dos pesquisadores MARIA BEATRIZ DUARTE GAVIAO, ANNICELE DA
SILVA ANDRADE e PAULA MIDORI CASTELO, satisfaz as exigéncias do Conselho Nacional de Salde — Ministério da Salde para as pesquisas em seres
humanos e fol aprovado por este comité em 10/12/2007.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of Campinas, certify that the project “The
relationship between masticatory pattern and Angle class II subdivision malocclusion”, register number 020/2006, of MARIA BEATRIZ
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