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ABSTRACT
The masticatory process identifies the level of the individual’s
masticatory ability and provides important information for an
adequate diagnosis of the masticatory function. The purpose of
this cross-sectional study was to evaluate the influence of age on
habitual and non-habitual mastication by means of the values of
the ensemble average of masticatory cycles. All volunteers were
Brazilian,Caucasian, fully dentate (except for Group I – mixed
dentition), aged 7–80 years and divided into five groups: I (7–12
years), II (13–20 years), III (21– 40 years), IV (41–60 years) and
V (61–80 years). Except for Group V, which comprised nine
women and eight men, all groups were equally divided with
respect to gender (20 M⁄ 20 F). All subjects were nasal breathers,
had normal occlusion and no parafunctional habits or symptoms

of temporomandibular dysfunction (RDC/TMD). The masticatory process was analyzed during habitual mastication of peanuts
and raisins, and non-habitual mastication of ParafilmM®, for 10
seconds each. The resulting electromyographic data were evaluated using SPSS 19.0 software for Windows. ANOVA (analysis
of variance)followed by the Duncan test were used to compare
the efficiency of the masticatory cycle between age groups. Multivariate analysis (General Linear Models) was used to analyze
the effect of age groups and gender on the efficiency of themasticatory cycle, to compare groups (p<0.05). The results showed
that age is directly associated with the changes in masticatory
process in healthy subjects.
Keywords: Electromyography; masticatory muscles; aging

ENVELHECIMENTO DA EFICIÊNCIA MASTIGATÓRIA EM INDIVÍDUOS SAUDÁVEIS:
ANÁLISE ELETROMIOGRÁFICA - PARTE 2
RESUMO
O processo mastigatório identifica o nível de capacidade mastigatória do indivíduo e fornece informações importantes para um
diagnóstico adequado da função mastigatória. O objetivo deste
estudo transversal foi avaliar a influência da idade sobre a mastigação habitual e não habitual, por meio da frequencia da
envoltória dos ciclos mastigatórios. Todos os voluntários eram
brasileiros, brancos, totalmente dentados (exceto para o Grupo I
- dentição mista), com idades entre 7-80 e divididos em cinco grupos: I (7-12 anos), II (13-20 anos), III (21 - 40 anos), IV (41-60
anos) e V (61-80 anos). Exceto para o Grupo V que foi composto
por nove mulheres e oito homens, todos os grupos foram divididos igualmente quanto ao gênero (20M / 20H). Todos os
indivíduos eram respiradores nasais, apresentaram oclusão normal, sem hábitos parafuncionais e sintomas de disfunção

temporomandibular (RDC / TMD). O processo mastigatório foi
analisado durante a mastigação habitual de amendoim e uva
passa, e mastigação não habitual com ParafilmM®, por 10 segundos cada. Os dados eletromiográficos foram avaliados utilizando
o software SPSS 19.0 for Windows. ANOVA (análise de variância)
seguida do teste de Duncan foi usado para comparar a eficiência
do ciclo mastigatório entre os grupos etários. A análise multivariada (General Linear Models) foi utilizada para analisar o efeito
das faixas etárias e do gênero na eficiência dos ciclos mastigatórios, para comparar os grupos (p <0,05). Os resultados
mostraram que a idade está diretamente associada com as mudanças no processo mastigatório em indivíduos saudáveis.

INTRODUCTION
Craniofacial muscular development is associated
with the changes that occur in the masticatory system over the years1. Mastication is a complex
process, which involves the activity of the facial,
elevator, and suprahyoid muscles and the tongue2.

With ageing, the stomatognathic system functions
–which comprise multiple structures that work
together so that chewing, can be performed satisfactorily– change and reduce the capacity to swallow, causing changes in the masticatory muscle
activity3.
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The assessment of the electromyographic activity
can be an important mechanism for the investigation
of physiopathological changes that affect the muscular performance during the masticatory process4-6.
The efficiency of the masticatory cycles, determined
by using the ensemble average of masticatory cycles
of the electromyographic signal (microvolts/second),
is an important source of clinical and kinesthetic
information in the analysis of the masticatory system,
in collaboration with health care professionals7-11.
The world population is reaching increasingly
advanced ages, soknowledge of factors associated
with the behavior of the stomatognathic system,
such as that provided by masticatory process and
verified by means the ensemble average analysis of
masticatory cycles of the electromyographic activity is important to understanding the normal functional changes according to age associated with this
natural process and its physiological consequences.
In this study, electromyographic analyses were conducted on samples of all age groups with the purpose of evaluating electromyographic activity
patterns of the bilateral masseter and temporalis
muscles during habitual and non-habitual mastication, to investigate the efficiency of the masticatory
cycles as a function of age.
MATERIALS AND METHODS
The study was approved by the Ethics Committee
of the Ribeirão Preto, School of Dentistry of the
University of São Paulo, Brazil (process No2006
1971.58.5. Subjects were informed ofthe purposes
and stages of the study and signed an informed consent form previously approved by the Research
Ethics Committee according to the Brazilian National
Health Council (Resolution 196/96). Those responsible for the minor participants signed the consent
form for them.
Two hundred and fifty individuals were evaluated, and
according to the inclusion and exclusion criteria, 177
Brazilians (40 individuals with mixed dentition and
137 fully dentate) were included in the final sample,
aged 7- 80 years, and divided into five groups: I (7-12
years), II (13-20 years), III (21-40 years), IV (41-60),
and V (61-80). Except for Group V, which comprised
nine women and eight men, all groups were equally
divided with respect to gender (20M/20F).
The inclusion and exclusion criteria were determined
by means of anamneses, clinical examinations, and
the Research Diagnostic Criteria (RDC/TMD) for
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temporomandibular disorder index. All volunteers
had to meet the following inclusion criteria: Caucasian; nasal breathers; normal occlusion; presence
of 28 natural teeth; with no parafunctional habits,
signs and clinical symptoms of temporomandibular
dysfunction. Group I, with mixed dentition, had as
inclusion criteria the presence of the following permanent teeth: first molars (16, 26, 36 and 46), central incisors (11, 21, 31 and 41) and lateral incisors
(12, 22, 32 and 42).
The exclusion criteria were: presence of systemic
or local disorders that could impair craniofacial
growth or the masticatory system, such as neurological disorders and cerebral palsy; use of any
medication such as antihistamines, sedatives,
homeopathic medical products or central nervous
system depressants, and treatments that could
directly or indirectly interfere with the muscle
activity while the study was being carried out, such
as speech therapy, odontological or otorhinolaryngological treatments.
The analysis of the efficiency of the masticatory
cycles was evaluated in this study on the same sample published by Cecilio et al. 2010.8 We divided it
into two manuscripts because it would be difficult
to explain and describe different analyses in the
same paper: analysis of mandible posture with the
use of RMS and analysis of mastication, following
international standards – SENIAM12, using linear
envelopment.
The masticatory process was evaluated using the
electromyographic recordings of the masseter and
temporalis muscles, bilaterally, during habitual
mastication of hard (5g of peanuts) and soft foods
(5g of raisins) for 10 seconds, and non-habitual
mastication of inert material (10 seconds) constituted by a sheet of paraffin (Parafilm M®, PechineryPlastic Packaging, Batavia, IL, USA), which was
folded (18×17×4 mm, weight 245 mg) and placed
on both sides of the dental arches. Dental clenching
on parafilm M® was obtained for 4 seconds. This
clinical condition was used as the normalization
factor of the sample data.
The electromyographic signals of all the masticatory cycles were collected in three 10-second replicates separated by 2 minutes’ rest, and the mean
value was used.
Surface electromyography was performed using
five channels of the Myosystem-Br1 (DataHominis
Ltd., Uberlândia, Minas Gerais, Brazil) with simul-
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taneous acquisition and common grounding to all
channels, connected to a computer; eight channels
for electromyography (active and passive electrodes), four auxiliary channels, data acquisition
system for high performance, software for control,
storage, data processing and analysis. The connectors had an output voltage DC of ±12V @ ±100 mA,
a common-mode rejection ratio (CMRR) of 112dB
@ 60dB, channel input impedance of 1010
Ohms/6pf, input bias current for active electrodes
of ±2nA, over voltage protection and band pass filters between 10Hz and 5kHz to eliminate noise.
Surface differential active electrodes (2 mm long,
1mm wide silver-chloride, separated by a distance
of 10 mm, fixedin resin 40x20x5 mm). A stainless
steel circular electrode (3 cm diameter) was also
used as a reference electrode (ground electrode),
attached to the skin over the frontal bone region.
The surface electrodes were positioned on the masseter and temporalis muscles, bilaterally8.
The skin region where the electrodes were placed
was cleaned with alcohol, or shaved when necessary, to eliminate any pollution or oily residues
which mightinterfere with the results.
In this study, the efficiency of the masticatory cyclesin
the different age groups was verified by means of the
ensemble average of masticatory cycles, which consists of using the integrated amplitude values of the
linear envelopment of the masticatory cycles in the
habitual masticatory process (peanut and raisin) and
non-habitual masticatory process (ParafilmM®), representing the myoelectrical activity in dynamic activity produced by movements13.
In the collection of the electromyographic signals
during mastication, the values were obtained from
five central masticatory cycles. Three initial masticatory cycles were excluded, since in the initial
phase of the masticatory process, the first cycles
vary considerably during mandibular movements14.
The values of the ensemble average of masticatory
cycles were normalized by the value of the electromyographic signal of dental clenching on
ParafilmM®, harvested for 10 seconds1. The electromyographic signals were processed using the
Myosystem - Br1 (DataHominis Ltd., Uberlândia,
Minas Gerais, Brazil) software, version 3.56. After
digitization, the signals were analogically amplified with a 1000 x gain, filtered by a 0.01-1.5 kHz
band pass filter and sampled with a 12-b A/D converter with an acquisition frequency of 2 KHz.
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The normalized electromyographic data were tabulated and analyzed statistically using the Statistical
Package for Social Sciences (SPSS), version 19.0
for Windows (SPSS Inc.; Chicago, IL, USA). The
descriptive analysis was performed for each variable (means, standard deviation). Analysis of variance (ANOVA) followed by the Duncan test were
used to compare the efficiency of the masticatory
cycle between age groups.Multivariate analysis
(General Linear Models) was used to analyze the
effect of age groups and gender on the efficiency of
the masticatory cycle. The level of statistical significance was set at p<0.05.
RESULTS
Normalized values of the ensemble average of masticatory cycles (in units of microvolts/second) for each
muscle studied in the habitual (peanuts and raisins)
and non-habitual (parafilmM®) mastication condition
for the ﬁve age groups are shown in Table 1. Analysis
of variance (ANOVA) followed by the Duncan test
(p< 0.05) showed there were statistically significant
differences for left and right temporalis during habitual mastication with peanuts and for right temporalis
during habitual mastication with raisins. Non-habitual mastication revealed statistically significant differences for p< 0.05 among the five age groups, in all
analyzed muscles (Table 1).
During the clinical condition of habitual and nonhabitual mastication, group I (children) had lower
electromyographic activity in all analyzed muscles. There were changes in the performance of
masseter and temporalis muscles, bilaterally in the
group IV (adults) during the conditions of habitual and non-habitual mastication. It was observed
that there was an increase in masticatory function
in GII (teenagers) compared to GI (children) and a
decrease in function in GIII (young adults) for all
the muscles analyzed. GV (elderly) had increased
electromyographic activity during the non-habitual mastication function for the masseter muscles,
bilaterally and in mastication (peanuts) to the right
and left temporal muscles, with statistically significant difference.
The results of the Multivariate Analysis (General
Linear Models) are shown in Table 2. Group effects
were observed for the mastication of parafilm M®
(non-habitual) and of raisins (habitual), but there
was no interaction between group and gender for
any kind of mastication.
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Table 1: Normalized electromyographic means (microvolt/second), standard deviation and statistical
categories** in the five age groups.
Groups

Raisin
Mastication

Peanut
Mastication

ParafilmM®
Mastication

Muscles

I

II
a

III
a

IV
a

p - value

V
b

b

Right Masseter

0.37 ± 0.03

0.70 ± 0.24

0.61 ± 0.09

0.89 ± 0.12

0.96 ± 0.37

0.035*

Left Masseter

0.37 ± 0.03a

0.66 ± 0.24a

0.52 ± 0.04a,b

0.86 ± 0.10c

0.93 ± 0.28b

0.023*

Right Temporal

0.44 ± 0.09a,b

0.50 ± 0.07a

0.48 ± 0.05a,b

0.75 ± 0.09c

0.76 ± 0.10b,c

0.046*

Left Temporal

a

a

0.44 ± 0.08

0.59 ± 0.08

Right Masseter

0.44 ± 0.04

Left Masseter

0.45 ± 0.04

Right Temporal

a

0.52 ± 0.05

b

0.75 ± 0.07

0.77 ± 0.20

0.79 ± 0.35

0.73 ± 0.13

0.83 ± 0.13

0.68 ± 0.15

0.64 ± 0.17

0.58 ± 0.05

0.88 ± 0.12

0.69 ± 0.16

0.39 ± 0.04a

0.45 ± 0.06a

0.47 ± 0.04a

0.69 ± 0.08a

Left Temporal

a

0.41 ± 0.04

a

0.58 ± 0.10

a

0.48 ± 0.04

0.79 ± 0.11

0.60 ± 0.14

Right Masseter

0.29 ± 0.02

0.39 ± 0.11

0.42 ± 0.05

0.55 ± 0.08

0.47 ± 0.08

Left Masseter

0.30 ± 0.03

0.48 ± 0.17

0.36 ± 0.03

0.70 ± 0.07

0.69 ± 0.15

Right Temporal

0.28 ± 0.05a

0.35 ± 0.05a

0.33 ± 0.03a

0.52 ± 0.06a

0.53 ± 0.08a

Left Temporal

0.29 ± 0.05

0.46 ± 0.09

0.35 ± 0.03

0.60 ± 0.07

0.55 ± 0.11

a,b

b

0.042*

0.48 ± 0.08a

0.038*

b

0.015*

0.020*

*Statistically significant difference by ANOVA (p < 0.05)
**Different letters indicate statistically significant difference according to Duncan’s test (p< 0.05).

Table 2: F values for the General Linear Models across
Group and Gender.
Parafilm
(non-habitual)
(n=177)

Peanuts
(habitual)
(n=177)

Raisins
(habitual)
(n=177)

Group

2.662**

1.267

1.269**

Gender

0.182

0.228

1.921*

Group x Gender

0.526

0.506

0.712

*p<0.05 ; ** p< 0.01

DISCUSSION
The human body undergoes continuous transformations in its form and function as from birth. Over
time, there is a decrease in the ability of the physiological system to perform its functions, which exacerbates the effects of ageing on the body structures15.
A careful review of the standards related to jaw
dynamics, muscle function, masticatory function
and occlusion may provide valuable information for
a better understanding of the diseases that affect the
stomatognathic system throughout life.
Despite the limitations of electromyography that
have not yet been solved, such as skin tissue conductibility16, position of the electrodes and the concurrent activities of nearby muscles17, protocol and
procedures for electrode placement, electrode
shape, size and location, surface electromyography
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has provided the means to further our understanding of the physiology of the masticatory system5.
The maintenance of healthy teeth and muscles is
extremely important for mastication as well as in
promoting a healthy functional state of the stomatognathic system2,18.
In the present study, the evaluation of masticatory
process by means of electromyography was the
method of choice. It is effective for the diagnosis,
evaluation and monitoring of the alterations which,
over time, affect the muscle performance during mastication. It is also important for the investigation of
functional integrity and treatments; however, it will
not demonstrate the final product of mastication19-22.
Several artificial and natural foods are used for the
evaluation of the masticatory function21. In our
study, the parafilm was used as simulator food in
the chewing test, and peanuts (hard food) and raisins
(soft food) were selected as natural foods. The natural foods used in masticatory performance tests are
consumed on a daily basis, and people are accustomed to their consistency, in contrastto artificial
foods23. Individuals consume food with a wide variety of consistencies and hardness, therefore, any
method used for the evaluation of the masticatory
function with certain food, regardless of whether it
is natural or artificial, can only measure its mastication potential.
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The type and consistency of food, neuromuscular
quality, age, and number of teeth influence the duration and frequency of the masticatory process24. During mastication, the muscles involved spend energy
on grinding the food and then swallowing20. Studies
have shown that age and gender are important factors that influence the resistance of jaw lifting muscles in terms of the masticatory process18. The results
of this study confirmed that children in GI (7 to 12
years) had less efficient electromyographic activity,
both in the habitual and non-habitual mastication,
compared to the other age groups. This could be due
to the muscular development in children, which generates less muscle strength and limited mandibular
movements compatible with their age, showing that
the masticatory pattern alters during growth, probably as a result of anatomical changes and the development of the nervous system25,26. The oral structures
acquire morphological and functional characteristics different from those of younger individuals27.
Many studies show that there is a significant
decrease in muscle mass and performance in the
elderly, while the stomatognathic system, which is
independent, can undergo alterations with an
increase in the number of masticatory cycles for the
food to be ground; however the system has the ability to adapt, and the masticatory function can be
maintained or even increased with age, as a result
of the recruitment of muscle fibers to maintain the
stability of masticatory function28.
Elderly individuals without health problems, with
all natural teeth, habitual occlusion and not taking
any drugs that modify the electromyographic activity of the masseter and temporalis muscles may
show increased masticatory process29. These data
are consistent with those of the present study where

Group V (elderly people), when compared to Group
I (children), Group II (teenagers), Group III (young
adults) and Group IV (adults) showed increased
masticatory efficiency.
Most of the time during this study, the results
showed less activation of the temporalis muscles
during mastication of soft food (raisins) in all
groups. This would not be expected with soft food,
since the temporalis muscles are functionally more
active during fast mandibular movements; however, with regard to hard food (peanuts), which
requires chewing force, the masseter muscles
should be more active1, according to the results
found in the present study.
With the enrollment of a healthy, heterogeneous population aged between 7 and 80 years, our study provides data that may serve as standards for the
Brazilian population in terms of the efficiency of the
masticatory cycle and the interaction with the group
factor. The understanding and evaluation of the efficiency of the masticatory cycle using the electromyographic activity are of great importance to dentistry,
since they provide the diagnosis, evaluation and monitoring of alterations that may affect the performance
of the muscles during mastication over the years, and
are also essential for the investigation of the oral
health condition and the treatments proposed1, 29.
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