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Abstract

Background: the use of the colorimetric method with beadsto evaluate mastigatory efficiency may be
promising, however no report isfound about itsreliability. Aim: toinvestigate thereliability of thebeads
to test masticatory efficiency and its correlation with the electromyographic activities of the anterior
temporal and masseter muscles. Methods: participants of this study were nineteen young adults, nine
males and ten females, aged eighteen to twenty-eight years, with full dentition, Angle class |, with no
history of temporomandibular disorder, neurological or cognitive deficit, previous or current tumors or
traumasin the head and neck region, and orthodontic treatment or orofacial myofunctional therapy. The
masticatory efficiency test was performed using beads, fuchsine-containing granules, in the folowing
conditions: habitual chewing, right and left unilateral chewing, for 20 seconds. Electromyographic
recordings were obtained simultaneously. Also, the maximal clenching was registered. The amount of
fuchsin released upon chewing was measured using a Beckman DU-7 UV-Visible Spectrophotometer
(Beckman Inc., Palo Alto, CA, USA). Results: high reliability was observed for the masticatory efficiency
test (r = 0.86, p < 0.01) and correlation with the electromyographic activities (r = 0.76, p < 0.01). Also,
positive and significant correlations were observed when the conditions were separately analyzed.
Conclusion: the masticatory efficiency test performed with beads proved to be a reliable method and
positively correlated to the el ectromyographic activities of the anterior temporal and masseter muscles.
Key Words: Mastication; Efficiency; Electromyography; Masticatory Muscles.

Resumo

Tema: aavaliagdo da eficiéncia mastigatoria pela andlise colorimétrica com beads, pode ser um método
promissor, mas ndo ha relatos sobre a sua confiabilidade. Objetivo: investigar a confiabiabilidade das
beadspara teste de eficiéncia mastigatoria e a correlacdo com a atividade el etromiogréfica dos muscul os
masseter e temporal anterior. Método: participaram dezenove sujeitos adultos jovens, nove do género
masculino e dez do feminino com idades entre dezoito e vinte-oito anos, com denti¢do completa, sem
histérico de desordem temporomandibular, trauma, cirurgia na regiao de cabeca e pescogo, tratamento
ortoddntico ou fonoaudiol 6gico. O teste de eficiénciamastigatoriafoi realizado combeadsnas condigoes:
mastigacdo habitual, mastigac&o unilateral direitae esquerda, com duragdo de 20 segundos. Simultaneamente,
foi realizada a eletromiografia. A atividade em méaxima intercuspidacao habitual dos dentes também foi
registrada. A quantidade de fucsina liberada ap6s a mastigagdo foi medida usando o espectrofotémetro
Beckman DU-7 UV-Visible (Beckman Inc., Palo Alto, CA, USA). Resultados: houve alta confiabilidade do
testede eficiénciamastigatoria(r = 0,86, p < 0,01) e correl agdo significante com aatividade el etromiogréfica
(r=0,76, p<0,01). Também houve correl agdes positivas quando as provas foram analisadas separadamente.
Concluséo: o teste de eficiéncia mastigatéria realizado com beads mostrou-se um método confiavel e
correlacionado positivamente a atividade eletromiogréfica dos misculos temporal anterior e muisculos
masseter.

Palavras-Chave: Mastigagéo; Eficiéncia; Eletromiografia; M Uscul os Mastigatorios.
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Introduction

Mastication isof interest to health professionals
becauseit stimulatesthe growth, devel opment and
health maintenance of the stomatognathic system,
because many patients present masticatory
disorders, and also because it can be used as a
therapeutic strategy in orofacial myofunctional
disorders.

Several methods are used in research for the
analysisof masti cation, anong them themasticatory
efficiency (ME) test and electromyography (EMG).
The concept of ME corresponds to the ability of
degradation and the extent of trituration of food.
Traditionally, natural foodsare used inthe ME test
and the final product resulting from trituration is
analyzed with the aid of sieves (1). The
inconveniences of this procedure are variations of
the food in question and partial food loss (2,3).

ME can a'so be determined by colorimetry (4)
using artificial test material whose standardization
leads to more reliable result 5,6). Among them are
beads developed in Brazil (7), although their
reliability and correl ation with another method have
not been tested.

EMG has been extensively used in research, is
considered to beavalid method for the assessment
of masticatory musclefunction (8-14) and hasbeen
correlated with masticatory efficiency (15-17).

The objective of the present study was to
investigate the reliability of ME, determined by
means of the colorimetric method with beads, and
thecorrelation with theelectromyographic activities
of the anterior temporal and masseter muscles.

Method

The study was approved by the Human
Research Ethics Committee (HCFMRPUSP n°. 709/
2007) andthesubjectsgavewritteninformed consent
to participate.

Nineteen young adults, 9 males and 10 females,
aged 18to 28 years (mean age = 22.9) participated in
the study, selected by clinical examination and
interview.

Inclusion criteria: to present natural and full
dentition or only the absence of the third molars,
absence of cariesand Angleclass| occlusion upon
clinical examination.

Exclusion criteria: to present dentofacial
deformity, oral breathing, a history of surgery or
traumas in the head and neck region, orthodontic
treatment, myofunctional orofacial therapy or
temporomandibular disorder symptoms, according
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to aprevioudly tested protocol (18).
Masticatory efficiency test

For the ME test we used beads obtained by
ionotropic gellification of an agueous dispersion of
2% pectin containing 50% solidsand fuchsininal.0
M calcium chloride solution. After preparation, the
beads were coated with a 5% Eudragit solution
(Eudragit E100) in a solvent mixture of 10% acetone
in absolute ethanol. Next, 250 mg of the beads were
packed in polyvinyl acetate capsules with 0.67 mm
thick walls, inner diameter of 7.6 mm and outer
diameter of 8.95 mm, and sealed (7).

The subjectswereinstructed to chew the beads
in their free habitual manner. The test was stopped
after 20 seconds and the beads were collected into a
container identified with subject and test number.
Mastication tests on the right and left were later
carried out following the same procedures and
simultaneously with EMG analysis of the
muscul ature.

After mastication, the content of the capsulewas
dissolved in 5 ml of water by mixing constantly for
30 seconds. The solution was then filtered through
qualitative filter paper and the extracted dye was
quantitated in nanometers(nm) with aBeckman DU-
7UV-Visible Spectrophotometer (BeckmanInc., Palo
Alto, CA, USA). Thispermitted the determination of
ME on the basis of the concentration of extracted
fuchsin. The analyses were carried out at the
Pharmacotechnique Laboratory of the Faculty of
Pharmaceutical Sciences of Ribeirdo Preto,
University of S&o Paulo.

Electromyographic Analysis

The EM G wasrecorded using an eight-channel
computerized surface electromyograph (Lynx
Tecnologia Eletronica -EMG1000). The subject’s
skin was cleaned with 70° GL alcohol to reduce
theimpedance between the skin and the el ectrode.
disposable bipolar surface electrodes (Ag/AgCl,
42 mm, Hal Industry and Commerce LTDA) were
positioned in the direction of the fiber bundles of
each masseter and temporal muscle. A reference
electrode was placed on the patient's arm.

The Agdados software (Lynx Tecnologia
Eletrdnica) was used for signal recording with a
sampling frequency of 1 KHz, after the analogic
EMG signal wasdigitally amplified and filtered to
eliminate common interfering noise. The EMG
signals were recorded and later calculated as
muscle activity evaluated as root mean square
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(R.M.S.) of amplitude (?V) with the aid of the
AgAnalysis software.

The EMG evaluation was done under the
following clinical conditions:

. maximal voluntary dental clench in maximal
habitual intercuspation (MHI) - the subject was
invited to clench as hard as possible for 5 sec;

. free bead chewing (usual);

. bead chewing on theright side;

. bead chewing on the left side (20 sec.).

Two trials of each clinical condition were
performed and the average muscle EMG activity
(?V) was considered in each clinical condition.
EMG recording was conductedin acalm and silent
environment with low luminosity. The subject was
seated on a comfortable chair with no headrest
(officetype), hisfeet resting onthefloor, and arms
resting on his lap. The head was positioned
upright and the Frankfort posture/plan was used
as a positioning parameter.

DataAnalysis
The sample was analyzed in a descriptive

manner using the means and standard deviations
of ME values and of the EMG activity of the

anterior masseter and temporal muscles. The
reliability of the method was analyzed by the split-
half reliability test considering the masticatory ME
tests (free beads, beads on the right and on the
left) to be the first list of variables and the EMG
tests (mastication of the beads and MIH) to be the
second.

Thecorrelationsof EMG and ME activity inthe
corresponding tests, as well as the EMG in MHI
and the ME tests, were calculated by the Pearson
product-moment correlation test. The Statistica
softwarewasused for al calculations, with thelevel
of significance set at p< 0.05.

Results

The reliability of ME in relation to EMG,
considering all testsjointly, was 0.86 and the total
correlationwas0.76. Table 1 liststhe ME resultsfor
each subject based on colorimetric analysis, and
the means and standard deviationsfor the sample.
Table 2 lists the means and standard deviations of
the EMG activity of the muscles studied.

There were positive and significant correlations
between ME and EMG activity during free bead
mastication, bead mastication on the right, bead
meadtication ontheleft andin MHI. ThePearsonr values
and thelevelsof significance are given Table 3.

" TABLE 1: Masticatory efficiency according to the concentration of the fuchsin dye (ug/ml)

Bead madtication
Subjects Fee Right L eft
1 0.22 0.24 0.21
2 0.23 0.23 0.30
3 0.10 0.18 0.14
4 0.18 0.14 0.32
5 0.21 0.28 0.39
6 0.19 0.27 0.42
7 0.22 0.37 0.18
8 0.23 0.16 0.28
9 0.27 0.22 0.27
10 0.23 0.30 0.26
11 0.22 0.22 0.27
12 0.27 0.27 0.36
13 0.24 0.27 0.28
14 0.38 0.40 0.36
15 0.47 0.40 0.47
16 0.32 0.33 0.35
17 0.29 0.42 0.38
18 0.16 0.29 0.29
19 0.21 0.35 0.31
Mean 0.24 0.28 0.31
SD 0.08 0.08 0.08

Test of free bead mastication, unilateral right mastication and unilateral |eft mastication.

SD = gtandard deviation.

Confiabilidade da eficiéncia mastigatéria com beads e correlagéo com a atividade muscul ar.
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" TABLE 2. EMG activity of the muscles according to the test

RT LT RM LM
MIH Mean 163.09 162.22 188.17 186.72
SD 6512 56.21 87.36 80.66
Freebeads Mean 8196 86.18 92.91 96.63
SD 3271 28.61 42.68 36.55

Beadsontheright Mean 94.49

SD 3424
Beads on the l&ft Mean 86.30
SD 3283

89.03 108.15 90.94

32.80 43.22 40.45

99.10 97.91 119.53

35.05 44.27 40.94

RT =right tempora muscle, LT = left temporal muscle, RM = right masseter muscle,

LM = |eft masseter muscle

TABLE 3. Correlations between EMG activity and masticatory efficiency

FBM RBM LBM
EMGTD 0.49* 0.66** 0.81***
EMGTE 0.48* 0.72%** 0.59**
EMGMD 0.55* 0.52* 0.26
EMGME 0.49* 0.80*** 0.34
EMGMIHTD 0.47* 0.42 0.67**
EMGMIHTE 0.45 0.36 0.28
EMGMIHMD 0.59** 0.49* 0.23
EMGMIHME 0.57* 0.60** 0.14

FBM = free bead mastication, RBM = unilatera right bead mastication,

LBM = unilateral |eft bead mastication.

Pearson correlation test and levels of significance* p<0.05. ** p<0.01. ***p<0.001

Discussion

Masticatory performance is determined by
different factors such as occlusion, bite force,
muscular activity, and coordination of the
masticatory muscles (10,19). Thetype of food and
its interaction with the saliva, teeth and
biomechanical system can also influence
mastication (8,20).

A wide variety of foods have been used to
analyze ME, among them natural foods (1,3,8,17)
and artificial materials based on silicone (20,21).
Thesubjectisinstructed not to swallow thematerial
after trituration and the material is collected, passed
through graded sieves and weighed. The greater
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the amount that passes through the finest sieve,
the greater the ME (1,6).

Materials for the ME test that do not involve
loss of part of the food by swallowing or typical
variations of natural foods have been recently
developedinBrazil, such as PV C capsulecontaining
fuchsinviolet granules(6) and beads (7). Thedegree
of fragmentation of these materials is determined
on the basis of fuchsin release by means of
colorimetric analysis and on laboratory tests of
resistance, absorbance and reproducibility (6,7).

We did not detect studies determining the
correlation of M E using beads and another method
already accepted as valid for the analysis of
performance of masticatory function.

Felicioetal.
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In the present study, EMG was chosen for the
analyses of correlation between the ME test with
beads and the reliability of the methods becauseit
is a widely used and accepted method for the
investigation of masticatory muscle function (8-9),
permitting the characterization of functional
problems, guiding prevention and rehabilitation
actions in the speech therapy (22) and dentistry
(10,11,13) area, as well as favoring the analysis of
theresults of treatment (12,14).

The results revealed positive correlations
between ME and the EM G activity recorded during
mastication and in MHI. Analysis of thetestsasa
whole revealed high reliability and correlation
between the two methods. Thus, there is a direct
relation between the activity produced by the
muscl es and bead fragmentation. Thisobservation
supports the reliability of the method for ME
analysis, which could be used as acomplementary
or alternative method for the analysis of
performance in trituration, reflecting the ability of
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