
151

Pró-Fono Revista de Atualização Científica, v. 19, n. 2, abr.-jun. 2007

Desempenho mastigatório em adultos relacionado com a desordem temporomandibular e com a oclusão

Desempenho mastigatório em adultos relacionado com a
desordem temporomandibular e com a oclusão *****

Masticatory performance in adults related to temporomandibular
disorder and dental occlusion

*Fonoaudióloga. Doutora em Ciências
pela Universidade de São Paulo.
Professora do Departamento de
Oftalmologia, Otorrinolaringologia e
Cirurgia de Cabeça e Pescoço - Área
Fonoaudiologia da Faculdade de
Medicina de Ribeirão Preto da
Universidade de São Paulo. Endereço
para correspondência: Av.
Bandeirantes, 3900 - Ribeirão Preto -
São Paulo - CEP 14049-900
(efelicio@fmrp.usp.br).

**Fonoaudióloga. Especialista em
Motricidade Oral pela Universidade de
Ribeirão Preto.

***Cirurgião Dentista. Livre-Docente
do Departamento de Odontologia da
Faculdade de Odontologia de Ribeirão
Preto da Universidade de São Paulo.

****Química. Doutora em Química
Analítica pelo Instituto de Química de
São Carlos da Universidade de São
Paulo.

*****Pesquisa Realizada nas
Faculdades de Medicina e de
Odontologia de Ribeirão Preto da
Universidade de São Paulo.

Artigo de Pesquisa

Artigo Submetido a Avaliação por Pares

Conflito de Interesse: não

Recebido em 18.08.2006.
Revisado em 06.11.2006; 18.04.2007;
29.05.2007.
Aceito para Publicação em 29.05.2007.

Cláudia Maria de Felício*
Melissa de Oliveira Melchior**
Marco Antônio Moreira Rodrigues da Silva***
Renata Maria dos Santos Celeghini****

Abstract
Background: temporomandibular disorder and mastication. Aim: to compare subjects who present
temporomandibular disorders to a control group considering mastication and to analyze the related
variables. Methods: 20 subjects with temporomandibular disorder (TMD group) and 10 controls -
selection based on clinical examination and anamnesis - responded to a questionnaire on the self-
perception of pain severity and presence of noise in the temporomandibular joints, muscle pain,
otologic symptoms, headaches, and jaw opening difficulties. The subjects were also submitted to a
clinical examination regarding the number of teeth and functional occlusion - measurements of jaw
opening and jaw lateral excursions, occlusal interferences, occlusal contacts of the working and non-
working-side, and mastication evaluation. Mastication was evaluated in terms of time needed to eat a
stuffed cookie, number of chewing strokes and type (unilateral or bilateral). The maximum force
needed at first to break the cookie, verified with a TA-XT2 Texture Analyzer (Stable Micro Systems),
was of 4341.8 g. The groups were compared using variance analysis and the correlations between
variables were calculated using the Pearson product-moment test. Results: most of the control subjects
presented bilateral pattern of mastication, whereas the TMD group tended to present the unilateral
pattern. Masticatory type scores and laterality measurements were significantly higher in the control
group. The TMD group presented higher means in terms of: age, time of chewing, number of chewing
strokes and TMD severity. Chewing time and type were positively correlated with TMD severity and
negatively correlated with number of occlusal interferences. Conclusion: in the TMD group, chewing
differed from the normal physiological standard. The number of occlusal interferences and the severity
of TMD were variables correlated to chewing.
Key Words: Temporomandibular Joint; Mastication; Dental Occlusion; Food Analysis.

Resumo
Tema: desordem temporomandibular e mastigação. Objetivo: comparar sujeitos com desordem
temporomandibular a um grupo controle quanto à mastigação e analisar as variáveis relacionadas.
Métodos: 20 sujeitos com desordem temporomandibular (grupo com DTM) e 10 do grupo controle,
ambos selecionados de acordo com o exame clínico e anamnese, responderam sobre a sua auto-
percepção de severidade de dor e sons nas articulações temporomandibulares, dor nos músculos, sintomas
otológicos, cefaléia e dificuldade para abrir a boca. Foram também submetidos ao exame clínico,
considerando o número de elementos dentários presentes e a análise funcional da oclusão - medidas de
abertura bucal, excursão lateral da mandíbula, interferências oclusais e contatos oclusais do lado de
trabalho e balanceio. A mastigação foi avaliada quanto ao tempo para ingerir, ao número de golpes
mastigatórios e ao tipo mastigatório (unilateral ou bilateral), usando um biscoito recheado, cuja força
máxima para quebrá-lo no primeiro momento foi de 4341,8g, como verificado com o auxílio do
Texture Analyser TA-XT2 (Stable Micro Systems). Os grupos foram comparados por análise de
variância e as correlações entre as variáveis foram calculadas pelo teste produto-momento de Pearson.
Resultados: a maioria dos sujeitos do grupo controle apresentou tipo mastigatório bilateral, enquanto
que no grupo com DTM houve tendência ao tipo mastigatório unilateral. No grupo controle foram
estatisticamente maiores os escores do tipo mastigatório e as medidas de lateralidade. No grupo com
DTM foram maiores as médias de idade, o tempo de mastigação, o número de golpes mastigatórios e a
severidade da DTM. O tempo e o tipo mastigatório foram correlacionados, respectivamente de modo
positivo e negativo, à severidade da DTM e ao número de interferências oclusais. Conclusão: no grupo
com DTM a mastigação diferiu do padrão fisiológico normal. O número de interferências oclusais e a
severidade da DTM foram as variáveis correlacionadas à mastigação.
Palavras-Chave: Articulação Temporomandibular; Mastigação; Oclusão Dentária; Análise de Alimentos.
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Introduction

In view of the importance of masticatory function
for the digestive process and of its reciprocal
relationship with the components of the
stomatognathic system, several studies have
focused on masticatory function in order to describe
it (Hiiemae et al., 1996) and to propose methods for
its evaluation (Mioche et al, 2003; Whitaker, 2005).

The force, movements, time and type of
mastication are aspects that can be influenced by
variables such as morphology, health status of the
orofacial structures, functional muscular and
articular  capacity, as well as the characteristics of
the foods ingested (Mazzetto et al, 2002; Mioche
et al., 2003; Engelen et al., 2005; Cattoni, 2005).

Since individuals with temporomandibular
disorders (TMD) frequently present limitations of
masticatory function (Felício et al., 2002; Sato et
al., 2002), they have been compared to control
groups. Although most studies have pointed out
the prevalence of unilateral mastication among
subjects with TMD (Miyawaki et al., 2004; Felício
et al., 2005), significant differences between them
and control groups have not always been detected
(Souza et al, 2005), especially when individuals
presenting occlusal changes, but not TMD, were
selected (Felício et al., 2002).

According to previous studies conducted on
subjects with adequate occlusion and no
dysfunction, the process occurs with symmetrical
activity between the left and right  masseter and
anterior temporal muscles (Ferrario et al., 2000).
However, in subjects with occlusal balancing side
interferences (Nishigawa et al., 1997) and with
unilateral crossbite (Pizzol, 2004), an altered and
symmetrical pattern of muscle contraction has been
observed by electromyography and by palpation
during mastication. Also, during clenching in
habitual maximum intercuspation, subjects with a
diagnosis of TMD presented greater asymmetry
than did healthy subjects (Alajbeg et al., 2003).

Occlusal problems are related to signs and
symptoms of TMD, possibly affecting masticatory
function and favoring functional asymmetry of the
stomatognathic system (Hatch et al, 2001; Miyawaki
et al., 2004). However, the wide variability in
masticatory movements among subjects suggests
that the effects of peripheral impulses on the
masticatory movements differ among  subject and
that occlusal variables may or may not influence the
motor response of jaw movements during mastication
depending on the pattern of masticatory movement
developed by each individual (Ogawa et al., 2001).

An important aspect is that masticatory

function can be affected by a complex interaction
of direct and indirect effects, whereas in many
studies these aspects are considered separately
(Hatch et al., 2001; Salgado, 2002).

The general objective of the present
investigation was to compare a group of patients
with TMD to a control group regarding masticatory
function and to analyze the possible related
variables. Specific objectives were as follows:

. to compare the groups in terms of the following
variables: age, chewing time, number of strokes
and masticatory type, severity of TMD, measures
of jaw excursion movements, number of occlusal
interferences on the balancing and working sides,
and number of teeth.
. to analyze the correlation between the variables
described.

Method

All subjects gave written informed consent to
participate in the study, which was approved by the
Research Ethics Committee of the Dental School of
Ribeirão Preto, USP, process nº. 99.1.225.58.4.

The study was conducted on 20 subjects with
TMD who were seeking treatment for the problem
and on 10 control subjects with no TMD
complaints (CG).

Inclusion criteria

TMD group when submitted to clinical
odontologic examination, the subjects should
present signs and symptoms of TMD such as
presence of pain in the masticatory muscles and/
or in the temporomandibular joint (TMJ) during
jaw function  and upon palpation, limitation of jaw
excursion movements, TMJ  sounds, and abnormal
static or dynamic occlusion.

Group without TMD: the subjects should be
free of signs and symptoms of TMD based on the
same diagnostic model, regardless of occlusal
condition.

Exclusion Criteria: subjects wearing full upper
or full lower dentures, or both, subjects with
neurological disorders, and subjects with with
tumors or traumas in the head and neck region
were excluded from the study. Subjects with acute
pain that would prevent chewing were also
excluded from the TMd group.

Procedures

A JVC-GR-AX-720 videocamera, 8 mm
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videocassette tapes, a digital chronometer
(Technos), printed protocols, and chocolate-filled
cookies were used in order to obtain data about
mastication.

For a precise determination of the characteristics
of the food employed, the texture of the cookies was
measured by evaluating the hardness parameter. The
analyses were carried out using a Texture Analyser
TA-XT2 (Stable Micro Systems) instrument with a
knife edge-shaped probe (HDP/BS Knife Edge). Ten
samples of chocolate-filled chocolate cookies of the
Bono  brand were analyzed; each sample was removed
from the package at the time of the test and the
following analytical conditions were used:
compression force analysis mode; pretest velocity
of 2.0 mm/s, test velocity of 2.0 mm/s, and post-test
velocity of 10.0 mm/s; 20 g of force, and a distance of
20 mm. The texture of the cookies was measured by
evaluating the maximum force at the first time of cookie
breaking. At that point the cookie is fractured into
two pieces, the subsequent force is substantially
reduced, and the continued penetration of the knife
edge breaks the cookie into small pieces. The maximum
force detected was 4341.8 g, with a coefficient of
variation of 11%.

The subjects responded to a questionnaire
regarding the signs and symptoms of TMD (pain
in the TMJ, facial pain, sounds in the TMJ,
headache, cervical pain, biting discomfort, tooth
sensitivity, hearing symptoms and difficulty in
opening the mouth, in swallowing and talking),
which permitted only positive or negative replies.
Next, scores from zero (no pain) to seven (very
intense pain) were attributed to the intensity of
pain in the craniomandibular region. The degree of
TMD severity was established for each subject by
the sum of the number of symptoms multiplied by
the pain score attributed by each subject. The
questionnaire can be applied to asymptomatic
subjects since it contains a zero degree of TMD.

The following aspects were recorded for the
evaluation of occlusion: number of teeth present,
number of occlusal interferences on the balancing
side and on the working side, i.e., contact of the
posterior teeth during lateral jaw excursion, and
jaw excursive measures, i.e., maximum mouth
opening and right and left laterality starting from
maximum habitual intercuspation (MHI).

For the evaluation of mastication, the subjects
sat on a common chair, with their feet resting on
the floor. A chocolate-filled cookie was offered and
the subjects were instructed to chew in their
habitual manner while images were recorded on
videocassette. The chewing test was performed
individually and the videos were later analyzed by

two independent examiners. To determine the time
needed to consume the cookie, the chronometer
was always started after the cookie was placed in
the  oral cavity and was stopped after the final
swallowing of each portion. Masticatory type was
determined by recording whether trituration was
alternate bilateral, simultaneous bilateral, chronic
unilateral (95% of the time on the same side of the
oral cavity) or preferentially unilateral (66% of the
time on the same side) (Felício, 2002), and whether
chewing was performed with the anterior teeth
(anterior). Next, according to the percentages
obtained, the following scores were attributed:
alternate bilateral trituration (3), simulatenous
bilateral trituration (2), unilateral chewing
preference (1), chronic unilateral or anterior
chewing (0).

The number of chewing strokes was counted
at each jaw elevation with intercuspation, i.e., when
tooth-food-tooth contact occurred.

Data analysis

Analysis of variance was used for comparison
between groups, with groups being considered as
the dependent variable and the other factors as
independent variables. The product-moment
Pearson correlation test was applied to investigate
the correlations between variables.

Results

The groups analyzed according to gender
consisted of 4 men and 17 women for the group
with TMD and of 4 men and 6 women for the control
group (CG).

Analysis of variance revealed significant
differences between GTMD and CG regarding age,
chewing time, chewing type, TMD severity, and
the measures of right and left jaw laterality
movements. The mean scores of chewing type and
of right and left laterality measures were
significantly higher in CG compared to GTMD.
Mean age, chewing time, number of chewing
strokes and TMD severity were higher in GTMD.
TABLE 1 presents the mean values and the results
of analysis of variance.

Correlation between variables

Chewing type was negatively correlated with
number of chewing strokes, with TMD severity
and with the number of occlusal interferences on
the balancing side. Chewing time was positively
correlated with the same variables and with the
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number of occlusal interferences on the working
side.

The age of the subjects was positively
correlated with TMD severity and negatively
correlated with the measure of right laterality. TMD
severity was also correlated with the measure of
left laterality.

The measure of right laterality was positively
correlated with the measure of left laterality amf
negatively correlated with the number of occlusal
interferences on the balancing side. The number of
teeth was positively correlated with the measure of
left laterality. The correlation indices (Pearson's r),
the levels of significance and the correlations with
other variables are presented in TABLE 2.

TABLE 1. Comparison of the mean values for GTMD and CG and results of analysis of variance.  

Variables GTMD CG F Value P Value 

Age (years) 37.15 24.1 7.909* 0.009 
Chewing time (seconds) 116.511 78.964 11.40* 0.002 
Chewing type 1.55 2.6 5.822* 0.022 
Number of strokes 66.25 54.3 3.037 0.092 
TMD severity 48.8 1.3 48.236* 0.000 
Mouth opening (mm) 48.15 50.2 0.522 0.476 
Right laterality (mm) 4.5 7.4 11.102* 0.002 
Left laterality (mm) 4.5 7.9 17.139* 0.000 
Interference with balancing side 1.3 0.6 1.675 0.206 
Interferference with working side 1.9 1.1 1.905 0.178 
Number of teeth 30.55 31.6 3.718 0.064 
Legend: *= significant differences between groups, p = probability of sample equality. 

TABLE 2. Moment-product Pearson correlation (r values) and levels of significance (N=30)  

  Chewing TMD  Laterality Interference 

 Age Time Type No. of 

Strokes 

Severity Opening Right Left Balancing Working 

Chewing time 0.30          
Chewing type -0.17 -0.35         
Number of 
strokes 

0.25 0.68*** -0.36*        

TMD Severity 0.41* 0.46** -0.38* 0.17       
Opening -0.29 -0.15 0.26 -0.15 -0.25      
Right  
Laterality  

-0.42* -0.28 0.33 -0.21 -0.33 0.34     

Left laterality -0.22 -0.31 0.26 -0.07 -0.59*** -0.00 0.53**    
Interference 
with balancing 
side 

0.11 0.45* -0.38* 0.23 0.27 -0.02 -0.45* -0.40   

Interference 
with working 
side 

0.32 0.47** -0.13 0.26 0.23 0.18 -0.29 -0.25 0.54**  

Number of teeth -0.26 -0.13 0.13 0.04 -0.31 -0.01 0.26 0.49** -0.01 0.01 
Legend: Significant at the 5% level = *; 1% =**; 0.01% = *** 
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of the system when considered separately, may
eventually affect this functioning due to a
cumulative effect (Hatch et al., 2001; Salgado, 2002).
This may perhaps support the positive correlation
between age and TMD severity observed here.

Missing teeth and the use of dentures have
been previously associated with asymmetry of the
masseter and temporal muscles during contraction
as observed by palpation, a fact that, in turn, could
be justified by the predominance of the unilateral
chewing type (Monteiro et al, 2005). In the present
study the number of teeth was not significantly
correlated with time of ingestion, chewing type,
TMD severity or subject age, probably because
the number of missing teeth was small and subjects
wearing full upper or lower dentures, or both, were
excluded from the study.

The duration of the chewing act does not
always differ significantly between individuals with
and without TMD (Berretin-Felix et al, 2005) but,
according to the present data, chewing time was
longer for GTMD subjects, in agreement with a
previous study (Felício et al., 2002), whereas the
scores for chewing type were lower. The results
for both variables - time and type - may be
interpreted to reflect the functional performance
of the stomatognathic system.

There was a negative correlation between
chewing type and number of occlusal
interferences, and a positive correlation between
chewing time and TMD severity. Contact of the
posterior teeth in jaw lateral excursion, i.e., occlusal
interferences, may increase the functional load
applied to the TMJs by changing the muscle
coordination between the right and left sides
(Nishigawa et al, 1997; Ferrario et al, 2000; Ferrario
et al., 2003), and the stability of jaw movement
during mastication is intimately related to chewing
efficiency (Unno et al 2005).

Thus, the larger number of occlusal
interferences and the severity of TMD seem to
impair the functional chewing performance, leading
to a different type of normal physiology (bilateral
alternate) and increasing the time needed to process
and ingest food. This may be interpreted as an
effort to prevent discomfort and as hesitation in
choosing an area where the cookie could be better
triturated, i.e., the area of highest masticatory
efficiency (Felício et al., 2002).

The positive correlation between number of
chewing strokes and time and the negative
correlation with chewing type agree with the
previous explanations. However, the avoidance of

Discussion

When food is taken into the mouth it goes
through a series of events until it is completely
consumed, such as transport to the post-canine
ares, trituration, and transport to the pillar of the
fauces. Mastication is concluded only after the
liberation phase, during which there is a period of
collection of the food fragments that remained in
the buccal vestibule and final deglutition (Hiiemae
et al., 1996). For this reason, in the present study
the swallowing of food was also considered in the
analysis of chewing time.

Food texture was also determined since many
of the divergences between studies investigating
the mastication of individuals with and without
TMD may be due to the type of food used, because
the chewing process is influenced by the
characteristics of the food (Douglas, 2002; van der
Bilt, 2002; Mioche et al, 2003; Engelen et al, 2005;
Berretin-Felix et al, 2005).

In the present study, most of the CG subjects
presented a bilateral chewing type, while GMTD
subjects tended to have unilateral chewing, in
agreement with literature reports (Miyawaki et al.,
2004; Felício et al., 2005). Previous studies have
demonstrated agreement between clinical and
electromyographic methods for the determination
of chewing side (Christensen, Raude, 1985;
Pignataro Neto et al, 2004), as well as between the
use of a chronometer and of electromyography to
record the duration of the chewing act (Arrais et
al., 2004).

The mean age of CG subjects was significantly
lower than that of GTMD subjects but this variable
was not correlated with chewing time or type.
According to the literature, subjects with TMD
who are older than 50 years have significantly lower
scores of chewing ability than subjects younger
than 40 years (Kurita et al., 2001). However, age
per se may not be a determinant factor for the
occurrence of changes in masticatory function as
long as dental and muscular health is preserved.
Changes in chewing pattern were observed when
the effects of age were associated with dental
conditions in terms of number of functional units
(Kohyama et al., 2003),  which is a parameter related
to the level of masticatory muscle activity and is
considered to be the best predictor of masticatory
performance (Hatch et al., 2001; Ferrario et al, 2002).

Thus, with passing years, there is a need to
differentiate between disease and aging process
in order to establish the conduct to be followed
(Nisa e Castro et al, 2004), since negative factors
that would not significantly affect the functioning
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nociceptive stimuli and the modifications of the
proprioceptive scheme may affect the adaptability
and coordination of jaw movements.

On this basis, it is interesting to consider that
the occlusal interferences may also be the
consequence of a modification of the occlusal
position secondary to the presence of joint and/or
muscle pain (Fujii, 2002).

Significant differences in the amplitude of jaw
movements were observed between CG and
GTMD, in agreement with previous studies (Celic
et al., 2004; Hansdottir and Bakke, 2004). The
laterality measures were negatively correlated with
the number of occlusal interferences amd with
TMD severity. These movements were not
significantly correlated with chewing type (Felício
et al., 2005) or chewing time results.

It has been previously demonstrated that
human masticatory movements related to occlusal
guidance differ according to the movement patterns
acquired individually (more horizontal or more
vertical), causing varied motor responses according
to the functional potential of each individual
(Ogawa et al., 2001).

Injuries to the stomatognathic system may
affect the adaptive capacity and negatively affect
the pattern (Type) of trituration, thus affecting
chewing performance (Hatch et al., 2001; Kurita, et
al, 2001; Mazzetto et al, 2002; Sato et al, 2003;
Pizzol, 2004; Cattoni, 2005). Marked functional
deficiency has been previously associated with

the differences detected in subjects with chronic
joint pain, involving a lower pain threshold in
response to pressure, a smaller mouth opening, a
longer duration of masticatory cycles, a lower
closing velocity and a lower biting strength
compared to healthy subjects. This deficiency was
attributed to a possible adaptive reflex and to
prolonged hypoactivity of the masticatory muscles
(Hansdottir snf Bakke, 2004).

The compensations performed in order to
execute the masticatory function under adverse
conditions, even in a reflex manner, are not always
effective and, on a long-term basis, may contribute
to the progression of TMD.

Conclusion

The present study permitted us to conclude
that there were differences between the groups
compared. The mean scores for masticatory type
and for right and left laterality measurements were
higher for the control group, whereas mean age,
chewing time, number of chewing strokes and
TMD severity were higher for the TMD group.

The number of occlusal interferences and the
severity of TMD were the variables correlated with
mastication, with the following tendency: the higher
the number of occlusal interferences and TMD
severity, the longer the chewing tiome and the lower
the score of masticatory type, i.e., more distant
from the normal physiological pattern.



157

Pró-Fono Revista de Atualização Científica, v. 19, n. 2, abr.-jun. 2007

Desempenho mastigatório em adultos relacionado com a desordem temporomandibular e com a oclusão

References

ALAJBEG, I. Z.; VALENTIC-PERUZOVIC, M.;
ALAJBEG, I.; ILLES, D. Influence of occlusal stabilization
splint on the asymmetric activity of masticatory muscles
in patients with temporomandibular dysfunction. Coll.
Antropol., Zagreb, v. 27, n. 1, p. 361-371, jun. 2003.

ARRAIS, R. D.; GENARO, K. F.; SAMPAIO, A. C. M.
Função mastigatória em indivíduos normais: duração do
ato e do ciclo mastigatório. In: SIMPÓSIO
INTERNACIONAL DE INICIAÇÃO CIENTÍFICA, 12.,
2004, Ribeirão Preto. Anais... São Paulo: 2004. p. 22-23.

BERRETIN-FELIX, G.; GENARO, K. F.; TRINDADE, I.
E. K.; TRINDADE JÚNIOR, A. S. Masticatory function
in temporomandibular dysfunction patients:
eletromiographic evaluation. J. Appl. Oral. Sci., Bauru, v.
13, n. 4, p. 360-365, out.-dez. 2005.

CATTONI, D. M. Alterações da mastigação e deglutição.
In: FERREIRA, L. P.; BEFI-LOPES, D. M.; LIMONGI, S.
C. O.; PUPO, A. C.; FURKIM, A. M.; CHIARI, B. M.;
BIANCHINI, E. M. G.; RAMOS, S. M. Tratado de
fonoaudiologia. 1. ed. reimpressão. São Paulo: Roca,
2005. cap. 24, p. 277-291.

CELIC, R.; JEROLIMOV, V.; KNEZOVIC ZLATARIC,
D. Relationship of slightly limited mandibular movements
to temporomandibular disorders. Braz. Dent. J., Ribeirão
Preto, v. 15, n. 2, p. 151-154, 2004.

CHRISTENSEN, L. V.; RADUE, J. T. Lateral preference
in mastication: an electromyographic study. J. Oral.
Rehabil., Oxford, v. 12, n. 5, p. 429-434, sep. 1985.

DOUGLAS, C. R. Funções gerais desenvolvidas pela boca.
In: DOUGLAS, C. R. Tratado de fisiologia aplicada à
fonoaudiologia. São Paulo: Robe, 2002. p. 285-288.

ENGELEN, L.; FONTIJIN-TEKAMP, A.; VAN DER
BILT, A. The influence of product and oral characteristics
on swallowing. Arch. Oral. Biol., Oxford, v. 50, n. 8, p.
739-746, aug. 2005.

FELÍCIO, C. M.; FERNANDES, R. S. M.; RODRIGUES
DA SILVA, M. A. M. Investigação da relação entre o tipo
mastigatório e o limite de movimento lateral da mandíbula.
R. Soc. Bras. Fonoaudiol., São Paulo, v. 10, n. 2, p. 71-
76, maio-jun. 2005.

FELÍCIO, C. M.; MAZZETTO, M. O.; DOS SANTOS, C.
P. A. Masticatory behavior in individuals with
temporomandibular disorders. Minerva Stomatol., Torino,
v. 51, n. 4, p. 111-120, apr. 2002.

FERRARIO, V. F.; SERRAO, G.; DELLAVIA, C.; CARUSO,
E.; SFORZA, C. Relationship between the number of
occlusal contacts and masticatory muscle activity in
healthy young adults. Cranio, Chattanooga, v. 20, n. 2, p.
91-98, sept. 2002.

FERRARIO, V. F.; SFORZA, C.; COLOMBO, A.; CIUSA,
V. A electromiographic investigation of masticatory
muscles symmetry in normo-occlusion subjects. J Oral
Rehabil., Oxford, v. 27, n. 1, p. 33-40, jan. 2000.

FERRARIO, V. F.; SFORZA, C.; DELLAVIA, C.;
TARTAGLIA, G. M. Evidence of an influence of
asymmetrical occlusal interferences on the activity of
the sternocleidomastoid muscle. J. Oral. Rehabil., Oxford,
v. 30, n. 1, p. 33-40, jan. 2003.

FUJII, T. Occlusal conditions just after the relief of
temporomandibular joint and masticatory muscle pain. J.
Oral. Rehabil., Oxford, v. 29, n. 4, p. 323-329, apr. 2002.

HANSDOTTIR, R.; BAKKE, M. Joint tenderness, jaw
opening, chewing velocity, and bite force in patients with
temporomandibular joint pain and matched healthy
control subjects. J. Orofac. Pain., Carol Stream, v. 18, n.
2, p. 108-113, spring. 2004.

HATCH, J. P.; SHINKAI, R. S. A.; SAKAI, S.; RUGH, J.
D.; PAUNOVICH, E. D. Determinants of masticatory
performance in dentate adults. Arch. Oral. Biol., Oxford,
v. 46, n. 7, p. 641-648, jul. 2001.

HIIEMAE, K. M.; HEAT, M. R.; HEAT, G.;
KAZAZOGLU, E.; MURRAY, J.; SAPPER, D.;
HAMBLET, K. Natural bites, food consistency and feeding
behavior in man. Arch. Oral. Biol., Oxford, v. 41, n. 2, p.
175-189, feb. 1996.

KOHYAMA, K.; MIOCHE, L.; BOURDIOL, P. Influence
o age and dental status on chewing behavior studied by
EMG recordings during consumption of various food
samples, Gerodontol., Oxford, v. 20, n. 1, p. 15-23, jul.
2003.

KURITA, H.; OHTSUKA, A.; KURASHINA, K.; KOPP,
S. Chewing ability as a parameter for evaluating the
disability of patientes with temporomandibular disorders.
J. Oral. Rehabil., Oxford, v. 28, n. 5, p. 463-465, may
2001.

MAZZETTO, M. O.; NASCIMENTO, G.; GOMES, N.
M. S. Estudo da prevalência das alterações das funções
estomatognáticas em pacientes com disfunção
temporomandibular. J. Bras. Fonoaudiol., Curitiba, v. 3,
n. 11, p. 140-147, abr.-jun. 2002.

MIOCHE, L.; BOURDIOL, P.; MONIER, S. Chewing
behavior and bolus formation during mastication of meat
with different textures. Arch. Oral. Biol., Oxford, v. 48,
n. 3, p. 193-200, mar. 2003.

MIYAWAKI, S.; TANIMOTO, Y.; ARAKI, Y.;
KATAYAMA, A.; KUBOKI, T.; TAKANO-
YAMAMOTO, T. Movement of the lateral and medial
poles of the working condyle during mastication in patients
with unilateral posterior crossbite. Am. J. Orthod.
Dentofac. Orthop., St. Louis, v. 126, n. 5, p. 549-554,
nov. 2004.

MONTEIRO, M. P.; CARNEIRO, F. P; FELIPE, N. A. P.;
MOTTA, A. R. Mastigação e dispepsia funcional: um novo
campo de atuação. R. Cefac, São Paulo, v. 7, n. 3, p. 340-
347, jul.-set. 2005

NISA E CASTRO, S. A. F.; HARTMANN, A. C. V. C.;
SANTOS, A. C. Medicamentos associados a xerostomia e
a distúrbios das funções orofaciais em idosos. R.
Fonoaudiol. Bras., Brasília, v. 5, n. 1, p. 1-3, dez. 2004.

NISHIGAWA, K.; NAKANO, M.; BANDO, E. Study of
jaw movement and masticatory muscle activity during
unilateral chewing with and without balancing side molar
contacts. J. Oral. Rehabil., Oxford, v. 24, n. 9, p. 691-
696, sept. 1997.



Pró-Fono Revista de Atualização Científica, v. 19, n. 2, abr.-jun. 2007

Felício et al.158

OGAWA, T.; OGAWA, M.; KOYANO, K. Different
responses of masticatory movements after alteration of
occlusal guidance related to individual movement pattern.
J. Oral. Rehabil., Oxford, v. 28, n. 9, p.830-841, sept.
2001.

PIGNATARO NETO, G.; BERZIN, F.; RONTANI, R. M.
P. Identificação do lado de preferência mastigatória através
do exame eletromiográfico comparado ao visual. R. Dent.
Press. Ortodon. Ortopedi. Fac., Maringá, v. 9, n. 4, p. 77-
85, jul.-ago. 2004.

PIZZOL, K. E. D. C. Influência da mastigação unilateral
no desenvolvimento da assimetria facial. R. Uniara,
Araraquara, n. 15, p. 215-222, sem 1. 2004.

SALGADO, J. M. Nutrição na 3ª idade. In: BRUNETTI
R. F.; MONTENEGRO, F. L. B. Odontogeriatria: noções
de interesse clínico. São Paulo: Artes Médicas, 2002. p.
61-70.

SATO, S.; FUEKI, H.; SATO, H.; SUEDA, S.; SHIOZAKI,
T.; KATO, M.; OHYAMA, T. Validity and reliability of a
newly developed method for evaluating masticatory
function using discriminant analysis. J. Oral. Rehabil.,
Oxford, v. 30, n. 2, p. 146-151, feb. 2003.

SATO, S.; FUMIKO, N., KATSUTOSHI, M. Natural course
of nonreducing disc displacement of the
temporomandibular joint: changes in chewing movement
and masticatory efficiency. J. Oral. Maxillofac. Surg., v.
60, n. 8, p. 867-872, aug. 2002.

SOUZA, D. R.; SALVAT, R. P.; BIANCHINI, E. M. G.;
ASSÊNCIO-FERREIRA, V. J. Características mastigatórias
em portadores de disfunção temporomandibular-estudo
comparativo. R. Soc. Bras. Fonoaudiol., v. 10, n. 3, p.
155-160, jul.-set. 2005.

UNNO, M.; SHIGA, H.; KOBAYASHI, Y. The relationship
between masticatory path pattern and masticatory
efficiency in gumi-jelly chewing. Nippon Hotetsu Shika
Gakkai Zasshi., Tokyo, v. 49, n. 1, p. 65-73, feb. 2005.

VAN DER BILT A. Human oral function: a review. Braz.
J. Oral. Sci., Piracicaba, v. 1, n. 1, p.7-18, abr.-jun. 2002.

WHITAKER, M. E. Função mastigatória: proposta de
protocolo de avaliação clínica. 2005. 97 f. Dissertação
(Mestrado em Distúrbios da Comunicação) - Hospital de
Reabilitação de Anomalias Craniofaciais, Universidade de
São Paulo, Bauru.


