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A B S T R A C T

The evaluation of mastication is important to understand the masticatory behavior and diagnose feeding diffi-
culties. The objective of this preliminary study was to verify if there is agreement between objective and sub-
jective validated methods of chewing evaluation in a convenience sample which consisted of 32 adolescents
(mean 15.5 years), complete permanent dentition and free of tooth decay. The Quality of Masticatory Function
Questionnaire with the Food-Mastication, Habits, Meat, Fruit and Vegetables domains was used in the subjective
evaluation. The objective aspects consisted of maximum bite force (BF) and masticatory performance (MP) by
mastication of cubes of test-material and sieving to determine the median particle size (X50) and distribution in
the sieves (“b”), and by the colorimetric method using colorchangeable chewing gum. Data were submitted to
exploratory analysis, normality test and correlation tests (Pearson/Spearman). The correlation between BF and
X50 (r = −0.43; p = 0.02) and between BF and MP chewing gum (r = 0.53; p = 0.002) was significant with
large effect size. The MP evaluated by chewing gum correlated with X50 (r = −0.34; p = 0.055), but not with
“b” (r =−0.06; p = 0.73), while “b” correlated only with X50 (r = 0.52, p = 0.002). No significant correlation
was observed between the objective measures and the total score of the subjective evaluation; only a negative
correlation was observed between “b” and Meat domain (r =−0.40; p = 0.023). The objective methods
showed moderate correlation with each other and no agreement between the objective and subjective methods
was observed in this sample of healthy adolescents, emphasizing the importance of both aspects in the eva-
luation of masticatory function.

1. Introduction

Chewing is the first step in the process of digestion; it is defined as a
sensory-motor activity, which process is complex and involves activities
of the facial, elevator and suprahyoidal muscles and the tongue [39].
The basic rhythmic activity of the jaw-opening and closing muscles is
evoked by a central pattern generator located in the brain stem, being
stimulated by the activity of higher centers or by intra-oral afferences
[35,36]. The main purpose of mastication is to break down foods into
smaller particles that bind to each other through the saliva, forming a
food bolus read for swallowing and digestion.

During chewing, food taste and texture are perceived and modulate
the process; for ex., food hardness influences the masticatory force,
activity and the amplitude of mandibular movements [15–17]; in ad-
dition, the number of chewing cycles also depends on food

characteristics, such as fat and water content [12,22]. The teeth are
extremely important for mastication, especially because the posterior
teeth form the occlusal area where the food is grounded. Teeth loss, the
presence of cavities or inadequate restorations, malocclusion or peri-
odontal disease can impair masticatory function [9,23–25]. Salivary
flow rate, on the other hand, is weakly correlated with the number of
chewing strokes needed to prepare the food for swallowing, although
adding fluids affects both the physiology (muscle activity and number
of cycles) and the sensory perception, especially for dry foods [22,41].
A poor mastication may lead to changes in food selection, thus nega-
tively affecting the orofacial muscle tonus or even the nutritional status
[20].

Because of its complexity, the evaluation of the quality of mastica-
tory function may comprise many techniques that cover all aspects of
chewing and, in general, are classified as objective and subjective
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methods. The subjective methods include those instruments intended to
gather the patients' or study participants' ratings of their chewing ex-
perience and satisfaction [6] whereas objective measures generally in-
volve bite force, electromyography and ultrasonography of masticatory
muscles, masticatory performance determination, among others [41].

Masticatory performance and efficiency are two different objective
methods intended to examine the capacity to reduce the size of food
particles by chewing for a standardized period, and the number of
chews necessary to render food ready for swallowing, respectively
[32,41]. A variety of natural (carrots, peanuts, almonds and Brazil nuts)
and artificial test-materials (OptosilR and Optocal PlusR) may be used to
determine masticatory performance, measuring the particle size dis-
tributions of the food bolus. Artificial test-materials are considered
preferable to natural foods since their physical properties are more
reproducible and do not undergo seasonal variation in texture [8], al-
though it remains unclear whether chewing such materials in fact si-
mulates natural chewing [44]. In that sense, other methods have been
developed and proposed for evaluating the ability of mixing food, such
as chewing gum and paraffin wax [27], which have advantages such as
taste (gum), stability [29], and not being time consuming.

Bite force and occlusal contact area have also been studied as ob-
jective parameters of mastication [34] and reported as key determi-
nants of masticatory performance [11]. Bite force depends on jaw
muscles volume, activity, and coordination [38]. Measurement of the
maximum bite force is an attempt to quantify the total force which can
be developed by the jaw-closing muscles [7].

Very few studies are found in the literature which tried to examine
the correlation between masticatory performance or efficiency and the
subjects' opinion about his/her own mastication. This fact is probably
due to the few number of validated instruments to measure the sub-
jective aspects of mastication [6] and the assumed little awareness of
one's own chewing characteristics [43]. Slagter et al. [31] and van der
Bilt et al. [37] reported only a weak correlation between masticatory
ability (perceived ability) and masticatory performance in patients
submitted to prosthetic treatment. Thus, the relationship between ob-
jective and subjective measures of mastication is still controversial for
dentate subjects and there is a lack of studies which have employed
validated methods in such evaluation.

The hypothesis to be tested was that the evaluation of subjects'
ratings of their chewing ability and satisfaction agree with objective
measures of masticatory quality. Thus, the aim of this study was to
evaluate and test the correlation between the scores of masticatory
quality gathered from a validated instrument, maximum bite force and
masticatory performance examined by sieving and colorimetric
methods in a convenience sample of healthy adolescents.

2. Methods

2.1. Ethical and reporting considerations

This study was approved by the Research and Ethics Committee of
Piracicaba Dental School, University of Campinas (protocol n. 152/
2014). The procedures and possible discomforts/risks were fully ex-
plained to the adolescent and their parents⁄guardians, who gave vo-
luntary signed consent to participate in this research. The reporting of
this research follows the STROBE recommendations for reports of ob-
servational studies.

2.2. Sample

We selected a convenience sample of 32 healthy adolescents (13
females and 19 males, aged 14–17 years) in two public schools of
Piracicaba (SP, Brazil). Sample size was calculated according to results
found by Sugiura et al. [33], who compared the mixing ability and
masticatory performance tests using different test-materials. Con-
sidering a correlation coefficient of r = −0.56 between methods, 80%

power and an alpha level of 0.05, we determined that 24 subjects would
be needed. To prevent losses and missing data, we opted to include a
larger sample.

Researchers conducted an interview with the adolescent to verify
the medical and dental history. The inclusion criterion was the presence
of permanent dentition (exception of third molars). The exclusion cri-
teria considered factors that could compromise the masticatory eva-
luation, such as: presence of caries and/or tooth loss; periodontal dis-
ease (pockets > 3 mm); severe malocclusions (Angle's Molar
relationship of Class II or III); pain of dental origin; history/current
orthodontic treatment; symptoms of temporomandibular disorders in
the last 30 days; chronic diseases such as asthma/bronchitis, epilepsy,
cancer, rheumatoid arthritis, diabetes mellitus or hypertension; chronic
use of drugs such as benzodiazepines, anti-inflammatory agents, ster-
oids and antidepressants; dietary restrictions; dry mouth or salivary
glands diseases; and inappropriate behavior and/or refusal to co-
operate.

The oral examination was performed using a clinical mirror with
LED light and exploratory probe after oral hygiene instructions. Caries
experience was determined by the number of decayed, missing, and
filled permanent teeth (DMFT) and data on probing depth were ob-
tained in accordance to the Community Periodontal Index [42].

2.3. Evaluation of bite force

Maximum unilateral bite force was obtained using a digital gnato-
dynamometer (model DDK, Kratos Equipamentos Ind. Ltda., Cotia-SP,
Brazil. For more details, please visit: http://www.kratos.com.br/
equipamentos-especiais.htm). The device has a fork force with the
following dimensions: 12 mm high, 15 mm depth and 15 mm width,
which provides an accurate measure of the force generated by each pair
of teeth, as described in the study of Rosar et al. [26].

During the assessment, the participant remained seated, with the
head in a relaxed position and the fork was placed between the max-
illary and mandibular arches, over the permanent first molars. The
adolescent was instructed and trained before biting with maximum
force, and two measurements were made for each side of the dental
arches (left and right), with an interval of 1 min. The maximum value
gathered was considered as the maximum bite force (N).

2.4. Evaluation of masticatory performance

Masticatory performance was assessed using two methods: by the
determination of the individual capacity of fragmentation of a test-
material (Optocal) [18] and by a colorimetric method (color-change-
able chewing gum) [21].

First, the adolescents chewed on 17 cubes of Optocal for 20 masti-
cation cycles, monitored by the examiner. The fragmented particles
were then expelled and after washing and drying, the particles passed
through a series of 10 granulometric sieves with meshes ranging from
5.60 to 0.71 mm, connected in decreasing order. The set was main-
tained under vibration for 20 min. The particles retained on each sieve
were removed and weighed on an analytical scale (precision of
0.001 g). The weight distribution of the particles was described by a
cumulative function (Rosim–Ramler equation). The degree of frag-
mentation of the material is then given by the median particle size
(X50), which is the aperture of a theoretical sieve through which 50% of
the weight of the fragmented material could pass [37]: Qw(X) = 1-2-
(X/X50)b [18]. The variable “b” (broadness variable) represents the
distribution of particles in the different sieves. As the experiment was
performed twice, the portion that showed a lower loss percentage be-
tween initial and final weight was considered.

In the next day, the colorimetric method was performed with the
subjects being asked to chew the color-changeable gum for 1 min, as
they usually chew (“Please chew the gum well”). The time spent was
measured using a chronometer. The chewed gum was extracted
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immediately after 1 min and compressed between two plastic films
(Fig. 1) for color measurement using a visual color scale [10]. The test
was repeated twice for the same subject.

The gum base contains red, yellow, and blue dyes, citric acid and
xylitol. The red dye is pH-sensitive and appears under neutral or al-
kaline conditions. As the pH inside the chewing gum is kept low by the
citric acid, the color of the chewing gum remains yellowish-green be-
fore chewing. With the progression of chewing, the color of the chewing
gum turns from yellowish-green to red because the yellow and blue
dyes seep into saliva, and the red dye appears because of elution of the
citric acid [44].

2.5. Subjective evaluation of masticatory quality

We used a self-applied questionnaire (Quality of Masticatory
Function Questionnaire) which consists of 26 questions specifically
related to the frequency and difficulty of chewing different types of
foods in the last two weeks. This Canadian questionnaire was translated
to Portuguese, adapted and validated previously [13,14].

The questions are distributed in five domains: Food-Mastication,
Habits, Meat, Fruit and Vegetables, which have 5 Likert-response op-
tions ranging from “always” to “never” or “a lot” to “no difficulty” and
explore the difficulty with mastication in daily life considering that
higher the score, worse the quality of mastication. The following are
examples of these questions:

• Do you have difficulty chewing hard, raw fruits, without cutting
them (e.g.: apples)?

• Do you have to drink while eating to facilitate swallowing?

• In general, is the food well chewed before being swallowed?

2.6. Statistical analysis

Statistical analyses were performed using BioEstat 5.3 (Mamirauá,
Belém, PA, Brazil) and SigmaPlot 13 (Systat Software Inc., San Jose,
CA, USA). An alpha level of 5% was considered. Shapiro-Wilk test
showed that the distributions of the X50 deviated from normality. The
exploratory analysis consisted of means, standard deviation, medians
and quartiles. There were no missing data.

When interpreting the answers of the questionnaire, it was observed
that NA (not applicable) was checked by nine volunteers, and the
missing values were changed by the median of the items' score for that
domain, as previously described [13].

Because of their skewed distributions, X50 data were transformed to
more closely approximate normality using square root transformation.
The total score gathered from the scale also deviated from normality
(Fig. 2) and was squared transformed.

A correlation matrix was obtained for objective and subjective
measures of mastication, using Pearson's (between objective measures)
and Spearman's (between subjective measures) correlation tests for
parametric and non-parametric data, respectively.

The Cohen's d effect size for each correlation coefficient was cal-
culated using the formula [4]: d = 2r / √1 − r2.

3. Results

The exploratory analysis in accordance to demographic and clinical
data is shown in Table 1. Dispersion measures of the objective (bite
force, masticatory performance) and subjective measures (scores gath-
ered from each domain of the questionnaire) are also shown.

Table 2 shows the correlation coefficients between the objective and
subjective evaluations of the masticatory function. The correlation be-
tween bite force and masticatory performance evaluated by means of
Optocal X50 and chewing gum was significant, with a large effect size.
The masticatory performance as evaluated by chewing gum showed a
negative correlation with X50 (r = −0.342), with a p-value of 0.055
and an effect size equal to 0.75 (56% of variance explained, that is,
large), which means that if the sample was slightly larger it would reach
an alpha level lower than 5%. The parameter “b”, which represents the
distribution of particles in the different sieves, did not correlate sig-
nificantly with masticatory performance evaluated by chewing gum,
but did significantly with X50.

No significant correlation was observed between total score gath-
ered from the questionnaire and bite force and masticatory perfor-
mance (objective measures) (Figs. 3 and 4). Only a weak negative
correlation was observed between “b” and the domain “Meat” of the
questionnaire.

4. Discussion

To our knowledge, this is the first study which employed validated
methods to test the correlation between objective and subjective mea-
sures of mastication. Although preliminary, interesting findings showed
that objective measures (both masticatory performance methods ap-
plied and bite force) correlated significantly between each other with
large effect size. However, concordance between objective and sub-
jective measures were absent.

The maximum bite force is not usually applied during habitual
chewing and because of the large number of devices and methodologies
found in the literature, it has been criticized for not being easy to
standardize and compare. An intraoral device was also proposed, al-
lowing natural mastication without an increase in the vertical dimen-
sion [30], thus reducing the risk of muscle hyperextension (which
would decrease the muscle power). Nevertheless, bite force is con-
sidered a good parameter of the masticatory status and its performance

Fig. 1. Chewed gum and color scale specifically designed for the evaluation of color
changes from yellowish-green to red [28]. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

Fig. 2. Distributions of the Quality of Masticatory Function Questionnaire (QMQF) total
score among participants.
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[19], as confirmed by the present results. Indeed, the bite force may
represent over 60% of the variance in masticatory performance [41].

In this study, bite force showed moderate correlation with both
methods of masticatory performance evaluation (chewing gum and
X50), although it did not correlate with the broadness of distribution of
the Optocal particles (“b”). The absence of correlation with “b”might be
because as better as someone chew optocal particles (stronger is the jaw
musculature), as more fragments will go down to the bottom plate,
reducing distribution along sieves. Again, when comparing with the
chewing gum, the better someone chew the gum, the color goes straight
to a solid red color which was not correlated with the distribution of
particles in the sieves. When median particle sizes of dentate subjects
reach a lower limit of about 1 mm they can no longer decrease upon
further chewing and it turns difficult to differentiate between subjects
[7,40].

The two types of masticatory performance evaluation showed
agreement, that is, higher the degree of gum red color, lower the
Optocal's median particle size. Optocal is a test-material which is not
usual in flavor, taste and texture whereas chewing gum has the ad-
vantage of being routinely consumed, with good flavor and stability
producing fast reliable results [10]. A previous study compared masti-
catory performance obtained with the comminution of both Optosil and
Optocal materials and the results found by mixing of a two-colored
chewing gum [40]. Contrary to our results, that study found no sig-
nificant correlation between comminution tests and chewing gum in
young subjects. The authors supposed that young volunteers could ea-
sily mix the two colors of chewing gum, making it difficult to dis-
criminate different conditions; thus, the quantification of the color
degree of mixing a gum may be a good method to examine the masti-
catory function in subjects with a limited masticatory performance,

while test-materials could be better indicated to our type of sample
composed by teenagers with good oral health or dentate adults. As the
physical properties of foods we usually ingest daily change as masti-
cation progresses, the chewing gum may have limitations since it is not
broken up [43]. Besides, as the test-materials' hardness, fat content,
size, and structure may influence the evaluation [2], it is advisable to
use several methods when assessing masticatory performance.

According to our results, there was no correlation between the ob-
jective measures and the scores gathered on a self-administered ques-
tionnaire, corroborating previous findings in edentulous subjects [5].
Indeed, these results reinforce the conception that the subjective eva-
luation of masticatory performance includes other aspects such as
adaptation, eating habits, cultural and regional aspects and preferences
that cannot be obtained from direct measures as reported previously
[1,41]. While the objective measures provide specific values of masti-
catory function, the questionnaire involves information related to
chewing behavior and difficulties while chewing [13,14]. In addition,
our previous study [14] showed that a complete and structured in-
strument intended to evaluate the subjects' perceptions of their chewing
ability is preferable than a simplified one (with yes/no answers), which
make it possible to assess if the subject avoids certain kind of food
(meat, fruit, vegetable) because of its size or consistency [14].

Previous findings gathered from simpler methods showed that self-
assessed chewing ability and masticatory performance do not tend to
correlate [37,41], especially because people may judge their ability
better than it really is [3,41]. A significant negative correlation was
observed between the variable “b” and “Meat” domain, meaning that
subjects with little difficult during chewing meat may show a small
distribution of Optocal particles in the different sieves, as most of
fragments were found at the bottom plate.

Table 1
Exploratory analysis in accordance to demographic and clinical data (n = 32).

Age (y) Sex BMI (Kg/
m2)

DMFT Bite force
(N)

MP chewing
gum

MP X50 MP b Food-mastication
scores

Habits
scores

Meat
scores

Fruit
scores

Vegetables
scores

Frequency – 13♀ 19♂ – – – – – – – – – – –
Mean 15.43 – 22.81 1.22 491.09 7.59 3.37 2.10 4.38 4.47 3.78 2.88 3.19
SD 1.08 – 5.53 1.91 204.23 1.19 0.93 0.39 5.52 3.37 4.48 3.32 2.44
Median 15.20 – 20.96 0.00 492.31 7.75 3.31 2.12 3.00 4.00 3.00 2.50 4.00
25% 14.68 – 18.18 0.00 326.08 7.00 2.72 1.90 0.75 1.75 0.00 0.00 2.00
75% 15.95 – 26.90 2.00 605.80 8.25 3.65 2.32 6.00 6.00 5.00 4.00 4.00

BMI, body mass index; DMFT, number of decayed, lost and filled permanent teeth; MP, masticatory performance; X50, median particle size; MP b, distribution of the particles; SD, standard
deviation.

Table 2
Correlation matrix between objective and subjective measures of mastication.

MP chewing
gum

MP X50 MP b Food-mastication
domain

QMFQ habits
domain

QMFQ meat
domain

QMFQ fruit
domain

QMFQ vegetables
domain

QMFQ total
scale

Bite force r 0.526 −0.425 0.154 −0.038 −0.004 −0.029 −0.165 0.027 −0.213
p-value 0.002 0.015 0.400 0.834 0.980 0.872 0.364 0.881 0.243
Effect size
d

1.26 0.95 0.30 0.05 0.00 0.05 0.35 0.05 0.45

MP chewing
gum

r – −0.342 −0.064 −0.278 0.018 −0.029 −0.096 −0.044 −0.260
p-value 0.055 0.728 0.123 0.919 0.872 0.598 0.809 0.151
Effect size
d

0.75 0.10 0.60 0.05 0.05 0.35 0.10 0.55

MP X50 r – – 0.523 −0.165 −0.116 −0.150 0.410 −0.205 −0.066
p-value 0.002 0.365 0.522 0.410 0.516 0.258 0.718
Effect size
d

1.25 0.35 0.25 0.35 0.90 0.45 0.10

MP b r – – – −0.137 −0.160 −0.401 −0.335 −0.317 −0.302
p-value 0.451 0.378 0.023 0.061 0.077 0.093
Effect size
d

0.25 0.35 0.85 0.70 0.65 0.65

MP, masticatory performance; X50, median particle size; b, distribution of the particles; QMQF, Quality of Masticatory Function Questionnaire; d, Cohen's effect size.
Correlation coefficients in bold means statistically significance (p < 0.05).
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Taken together, the results suggest that there is no better method in
the evaluation of masticatory function, but rather one evaluation
complements the other. Chewing involves both physical and psycho-
social aspects and, because of their complexity, all methods seem to be
of importance in understanding the individuals' chewing function and
behavior in her/his daily life, beyond its importance in the clinical
point of view. Although interesting and new, this preliminary study
found results that should be confirmed in a further study which includes
patients undergoing oral rehabilitation to guarantee their external va-
lidity.

5. Conclusions

In this preliminary study, objective methods showed a moderate

correlation with each other, while no agreement between the objective
and subjective methods was observed, emphasizing the importance of
both aspects in the evaluation of masticatory function, in understanding
the individuals' chewing behavior and during the treatment planning.

Declaration of conflict interests

The authors declare no conflict of interests.

Funding information

This study was supported by the State of São Paulo Research
Foundation (FAPESP, SP, Brazil, n. 2014/24804-4).

Fig. 3. Correlation between Quality of Masticatory
Function Questionnaire total score and Optocal median
particle size (X50).

Fig. 4. Correlation between Quality of Masticatory
Function Questionnaire total score and masticatory per-
formance evaluated by chewing gum.

A. Pedroni-Pereira et al. Physiology & Behavior 184 (2018) 220–225

224



Acknowledgments

The authors would like to thank all study participants. Color scale
was kindly provided by Prof. Eijiro Yamaga, Tokyo Medical and Dental
University, Japan. This study was supported by the State of São Paulo
Research Foundation (FAPESP, SP, Brazil, n. 2014/24804-4).

References

[1] G. Agerberg, G.E. Carlsson, Chewing ability in relation to dental and general health:
analyses of data obtained from a questionnaire, Acta Odontol. Scand. 39 (3) (1981)
147–153.

[2] G.M. Bornhorst, R.P. Singh, Bolus formation and disintegration during digestion of
food carbohydrates, Compr. Rev. Food Sci. Food Saf. 11 (2) (2012) 101–118.

[3] G.E. Carlsson, Masticatory efficiency: the effect of age, the loss of teeth and pros-
thetic rehabilitation, Int. Dent. J. 34 (2) (1984) 93–97.

[4] C.J. Dunst, D.W. Hamby, C.M. Trivette, Guidelines for calculating effect sizes for
practice-based research syntheses, Centerscope 3 (1) (2004) 1–10.

[5] J.S. Feine, K. Maskawi, P. De Grandmont, W.B. Donohue, R. Tanguay, J.P. Lund,
Within-subject comparisons of implant-supported mandibular prostheses: evalua-
tion of masticatory function, J. Dent. Res. 73 (10) (1994) 1646–1656.

[6] J.S. Feine, J.P. Lund, Measuring chewing ability in randomized controlled trials
with edentulous populations wearing implant prostheses, J. Oral Rehabil. 33 (4)
(2006) 301–308.

[7] F.A. Fontijn-Tekamp, A.P. Slagter, A. van der Bilt, M.A. Van'T Hof, D.J. Witter,
W. Kalk, J.A. Jansen, Biting and chewing in overdentures, full dentures, and natural
dentitions, J. Dent. Res. 79 (7) (2000) 1519–1524.

[8] F.R. Gambareli, M.D. Serra, L.J. Pereira, M.B.D. GAVIÃO, Influence of measurement
technique, test food, teeth and muscle force interactions in masticatory perfor-
mance, J. Texture Stud. 38 (1) (2007) 2–20.

[9] K. Gotfredsen, A.W. Walls, What dentition assures oral function? Clin. Oral Implants
Res. 18 (s3) (2007) 34–45.

[10] Y. Hama, M. Kanazawa, S. Minakuchi, T. Uchida, Y. Sasaki, Reliability and validity
of a quantitative color scale to evaluate masticatory performance using color-
changeable chewing gum, J. Med. Dental Sci. 61 (1) (2014) 1–6.

[11] J.P. Hatch, R.S.A. Shinkai, S. Sakai, J.D. Rugh, E.D. Paunovich, Determinants of
masticatory performance in dentate adults, Arch. Oral Biol. 46 (7) (2001) 641–648.

[12] K. Hiiemae, M.R. Heath, G. Heath, E. Kazazoglu, J. Murray, D. Sapper, K. Hamblett,
Natural bites, food consistency and feeding behaviour in man, Arch. Oral Biol. 41
(2) (1996) 175–189.

[13] M. Hilasaca-Mamani, T.D.S. Barbosa, J. Feine, R.I. Ferreira, R.C. Boni, P.M. Castelo,
Brazilian translation and adaptation of theQuestionnaire D'Alimentation, Revista
CEFAC 17 (6) (2015) 1929–1938.

[14] M. Hilasaca-Mamani, T.D.S. Barbosa, C. Fegadolli, P.M. Castelo, Validity and re-
liability of the quality of masticatory function questionnaire applied in Brazilian
adolescents, CoDAS, vol. 28 No. 2, Sociedade Brasileira de Fonoaudiologia, 2016,
April, pp. 149–154.

[15] T. Horio, Y. Kawamura, Effects of texture of food on chewing patterns in the human
subject, J. Oral Rehabil. 16 (2) (1989) 177–183.

[16] K. Kohyama, E. Hatakeyama, T. Sasaki, H. Dan, T. Azuma, K. Karita, Effects of
sample hardness on human chewing force: a model study using silicone rubber,
Arch. Oral Biol. 49 (10) (2004) 805–816.

[17] M. Komino, H. Shiga, Changes in mandibular movement during chewing of dif-
ferent hardness foods, Odontology (2017) 1–8.

[18] M.C.S. Marquezin, F.Y. Kobayashi, A.B.M. Montes, M.B.D. Gavião, P.M. Castelo,
Assessment of masticatory performance, bite force, orthodontic treatment need and
orofacial dysfunction in children and adolescents, Arch. Oral Biol. 58 (3) (2013)
286–292.

[19] T. Matsubara, Y. Ono, Y. Takagi, A study on developmental changes of masticatory
function in children, J. Med. Dental Sci. 53 (3) (2006) 141–148.

[20] P.I. N'Gom, A. Woda, Influence of impaired mastication on nutrition, J. Prosthet.

Dent. 87 (6) (2002) 667–673.
[21] A. Pedroni-Pereira, D.S. Araujo, K.G. de Oliveira Scudine, D.G. de Almeida Prado,

D.A.N.L. Lima, P.M. Castelo, Chewing in adolescents with overweight and obesity:
an exploratory study with behavioral approach, Appetite 107 (2016) 527–533.

[22] L.J. Pereira, M.B. Duarte Gaviao, A. van der Bilt, Influence of oral characteristics
and food products on masticatory function, Acta Odontol. Scand. 64 (4) (2006)
193–201.

[23] L.J. Pereira, C.M. Gazolla, I.B. Magalhaes, M.L. Ramos-Jorge, L.S. Marques,
G.H. Gameiro, P.M. Castelo, Treatment of chronic periodontitis and its impact on
mastication, J. Periodontol. 82 (2) (2011) 243–250.

[24] L.J. Pereira, C.M. Gazolla, I.B. Magalhães, M.H. Dominguete, G.R. Vilela,
P.M. Castelo, ... A. van der Bilt, Influence of periodontal treatment on objective
measurement of masticatory performance, J. Oral Sci. 54 (2) (2012) 151–157.

[25] L.J. Pereira, A. Bilt, The influence of oral processing, food perception and social
aspects on food consumption: a review, J. Oral Rehabil. 43 (8) (2016) 630–648.

[26] J.V. Rosar, T.S. Barbosa, I.O.V. Dias, F.Y. Kobayashi, Y.M. Costa, M.B.D. Gavião,
L.R. Bonjardim, P.M. Castelo, Effect of interocclusal appliance on bite force, sleep
quality, salivary cortisol levels and signs and symptoms of temporomandibular
dysfunction in adults with sleep bruxism, Arch. Oral Biol. 82 (2017 Oct) 62–70.

[27] H. Sato, K. Fueki, S. Sueda, S. Sato, T. Shiozaki, M. Kato, T. Ohyama, A new and
simple method for evaluating masticatory function using newly developed artificial
test food, J. Oral Rehabil. 30 (1) (2003) 68–73.

[28] K.G.O. Scudine, A. Pedroni-Pereira, D.S. Araujo, D.G.A. Prado, A.C. Rossi,
P.M. Castelo, Assessment of the differences in masticatory behavior between male
and female adolescents, Physiol. Behav. 1 (163) (2016) 115–122.

[29] H. Shiga, Y. Kobayashi, I. Arakawa, Y. Shonai, Selection of food and chewing side
for evaluating masticatory path stability, Odontology 91 (1) (2003) 26–30.

[30] A. Shimada, Y. Yamabe, T. Torisu, L. Baad-Hansen, H. Murata, P. Svensson,
Measurement of dynamic bite force during mastication, J. Oral Rehabil. 39 (5)
(2012 May) 349–356.

[31] A.P. Slagter, L.W. Olthoff, F. Bosnian, W.H. Steen, Masticatory ability, denture
quality, and oral conditions in edentulous subjects, J. Prosthet. Dent. 68 (2) (1992)
299–307.

[32] A.P. Slagter, F. Bosman, A. Bilt, Comminution of two artificial test foods by dentate
and edentulous subjects, J. Oral Rehabil. 20 (2) (1993) 159–176.

[33] T. Sugiura, K. Fueki, Y. Igarashi, Comparisons between a mixing ability test and
masticatory performance tests using a brittle or an elastic test food, J. Oral Rehabil.
36 (3) (2009) 159–167.

[34] M.H. Sultana, K. Yamada, K. Hanada, Changes in occlusal force and occlusal contact
area after active orthodontic treatment: a pilot study using pressure-sensitive
sheets, J. Oral Rehabil. 29 (5) (2002) 484–491.

[35] A.J. Thexton, Some aspects of neurophysiology of dental interest: I. Theories of oral
function, J. Dent. 2 (2) (1973) 49–54.

[36] A.J. Thexton, Mastication and swallowing: an overview, Br. Dent. J. 173 (6) (1992)
197–206.

[37] A. van der Bilt, L.W. Olthoff, F. Bosman, S.P. Oosterhaven, Chewing performance
before and after rehabilitation of post-canine teeth in man, J. Dent. Res. 73 (11)
(1994) 1677–1683.

[38] A. van der Bilt, Human oral function: a review, Braz. J. Oral Sci. 1 (1) (2002) 7–18.
[39] A. van der Bilt, L. Engelen, L.J. Pereira, H.W. Van der Glas, J.H. Abbink, Oral

physiology and mastication, Physiol. Behav. 89 (1) (2006) 22–27.
[40] A. van der Bilt, J. Mojet, F.A. Tekamp, J.H. Abbink, Comparing masticatory per-

formance and mixing ability, J. Oral Rehabil. 37 (2) (2010) 79–84.
[41] A. van der Bilt, Assessment of mastication with implications for oral rehabilitation:

a review, J. Oral Rehabil. 38 (10) (2011) 754–780.
[42] World Health Organization, World Health Organization: Oral Health Surveys, Basic

Methods, (1997).
[43] Y. Yamasaki, R. Kuwatsuru, Y. Tsukiyama, K. Oki, K. Koyano, Objective assessment

of mastication predominance in healthy dentate subjects and patients with uni-
lateral posterior missing teeth, J. Oral Rehabil. 43 (8) (2016) 575–582.

[44] Y. Komagamine, M. Kanazawa, S. Minakuchi, T. Uchida, Y. Sasaki, Association
between masticatory performance using a colour-changeable chewing gum and jaw
movement, J. Oral Rehabil. 38 (8) (2011) 555–563.

A. Pedroni-Pereira et al. Physiology & Behavior 184 (2018) 220–225

225

http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0005
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0005
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0005
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0010
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0010
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0015
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0015
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0020
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0020
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0025
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0025
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0025
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0030
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0030
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0030
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0035
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0035
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0035
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0040
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0040
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0040
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0045
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0045
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0050
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0050
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0050
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0055
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0055
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0060
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0060
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0060
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0065
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0065
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0065
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0070
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0070
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0070
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0070
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0075
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0075
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0080
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0080
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0080
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0085
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0085
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0090
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0090
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0090
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0090
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0095
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0095
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0100
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0100
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0105
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0105
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0105
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0110
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0110
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0110
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0115
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0115
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0115
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0120
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0120
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0120
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0125
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0125
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0130
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0130
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0130
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0130
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0135
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0135
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0135
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0140
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0140
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0140
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0145
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0145
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0150
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0150
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0150
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0155
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0155
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0155
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0160
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0160
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0165
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0165
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0165
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0170
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0170
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0170
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0175
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0175
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0180
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0180
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0185
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0185
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0185
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0190
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0195
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0195
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0200
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0200
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0205
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0205
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0210
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0210
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0215
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0215
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0215
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0220
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0220
http://refhub.elsevier.com/S0031-9384(17)30423-7/rf0220

	Lack of agreement between objective and subjective measures in the evaluation of masticatory function: A preliminary study
	Introduction
	Methods
	Ethical and reporting considerations
	Sample
	Evaluation of bite force
	Evaluation of masticatory performance
	Subjective evaluation of masticatory quality
	Statistical analysis

	Results
	Discussion
	Conclusions
	Declaration of conflict interests
	Funding information
	Acknowledgments
	References


