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Abstract
Maximum bite force (MBF) is considered as the result of the maturation of the stomatognathic system and its actual functional condition, variations, and adaptations,
as well as the chewing preferences of individuals. It is closely related to dental occlusion and craniofacial characteristics.
Objective: To determine whether a correlation exists between body mass index (BMI) and MBF in young adults without occlusal and orofacial myofunctional changes.
Methods: The cohort included 124 individuals from the city of São Paulo, aged between 18 and 45 years (mean, 22 years), who had complete permanent dentition
and normal occlusion or Angle Class I malocclusion (1899) and were selected independently according to BMI. The study was approved by Ethics Committee
of UNIFESP/HSP (No. 288,430). The individuals were evaluated by an orthodontist, who checked their dental conditions and classified their occlusions. The
participants underwent a brief medical history taking, and BMI and MBF assessments. MBF was measured in Newtons by using a digital dynamometer model
DDK/M (Kratos, São Paulo, Brazil). Patients with obesity were identified.
Results: The analysis results showed that the number of individuals with normal BMI was equal to that of obese individuals among the men. The proportion of obese
women was 32% lower than that of obese men. Moreover, more women than men had BMIs within the normal range, while a higher number of men were found to
have BMIs within the obesity range. BMI correlated with the mean MBF on the right and left sides and total mean MBF. No statistically significant correlations
were found between the variables (p>0.05); we only noted a poor correlation between the variables assessed.
Conclusion: High BMI values, despite being an indicator of impaired muscle functions, could not provide a significant assessment of masseter muscle function, as no
correlation with MBF was observed.

Introduction
Maximum bite force (MBF) is an objective chewing measure that
indicates muscle efficiency [1], dental occlusion, and development of
masticatory function [1-3], and takes into account the conditions of the
stomatognathic system [2].
Several ways have been developed to evaluate chewing. However,
after years of research, MBF has been inferred to be an important
parameter to assess maturation of the stomatognathic system [3] and
its actual functional condition, changes, and adaptations, as well as the
chewing preferences of individuals throughout the period in which
they learn masticatory movements [4]. Moreover, it directly takes into
account dental occlusion [1,5,6] and craniofacial characteristics [6,7].
International literatures report the existence of correlations
between bite force and body mass index (BMI) [6] and obesity [8],
showing that bite force influences the muscle strength of the entire
body and is due to an endocrine reaction that leads to the release of
adipokines and inflammatory markers. This results in high levels of
free fatty acids accumulating in skeletal muscles [9,10] and reduced
muscular strength in individuals with obesity, when compared with
subjects who were never obese [10].
In clinical practice, a difference in muscle strength of the
stomatognathic system was observed between individuals with different
BMIs. However, clinicians should bear in mind that individuals with
high BMIs could present more-flaccid tissues and take longer time to
attain the muscle tone needed for masticatory function and speech.
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However, no consensus has been reached regarding the correlation
between BMI and bite force, as a strong relationship with obesity has
been found in one study [8], a weak relationship in two studies [1,6],
and no relationship in other studies [3,4,7]. Furthermore, only few
studies have investigated the association between BMI and bite force.
Therefore, more investigations are required to understand the effects of
BMI on muscles function, especially on bite force.
Considering the importance of this subject in speech therapy in
clinical practice and other areas of health, particularly in assessments,
prognosis, therapy, and the importance of understanding the effects
of BMI on mastication, this study aimed to investigate whether a
correlation exists between BMI and MBF in young adults without
occlusal and orofacial or myofunctional changes.

Methods
This study was approved by the research ethics committee of
Federal University of São Paulo (UNIFESP)/HSP (No. 288,430), and
its development was financially supported by the Coordination for the
Improvement of Higher Education Personnel (CAPES). All volunteers
agreed and signed the informed consent form.
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The cohort included 124 individuals from the city of São Paulo, aged
between 18 and 45 years (mean, 22 years), who had complete permanent
dentition and normal occlusion or Angle class I malocclusion [11]
(1899), and were randomly selected, that is, regardless of BMI.
Individuals with smoking habits and/or alcoholism, syndromes
and birth defects, mental and physical disabilities, and previous
cranioencephalic trauma or head and neck surgery were not included
in the study.
Individuals with nasal obstruction, orofacial myofunctional
alterations, open or cross bite, dental malocclusions (except Angle class
I, 1899), and temporomandibular disorders (TMD) were excluded
from the study. Individuals under orthodontic treatment or who had
been treated for <2 years, as well as individuals with implants or dental
mutilations were also excluded.

Experiment
All procedures were performed in the Orofacial Motricity
Outpatient Clinic of the UNIFESP, located in the city of São Paulo. All
volunteers underwent an orthodontic evaluation by an orthodontist,
who assessed dental conditions and classified the occlusion, a step in
the sample selection. All the subjects consistently received accurate and
detailed instructions for all procedures and evaluations.
For biosecurity reasons, all instruments used for the evaluations
were cleaned with 70% alcohol, and the bite rod of the equipment
used to measure MBF was secured with disposable latex finger cots,
always after each procedure. All measurements were performed three
times to increase the reliability of the data, and the average of the three
measurements was then calculated.

Anamnesis
Anamnesis was performed to obtain personal identification data.

Evaluation of the BMI
The body mass index (BMI) was calculated by the weight coefficient
divided by the height squared, as formulated by Quetelet [12]. Weight
was measured in kilograms by using a digital scale, on which each
individual was positioned with the back straight, the head in the
Frankfurt horizontal plane, parallel feet, and bare feet, dressed with
light clothing and standing in the middle of the equipment platform.
In the same position, the subjects’ heights were measured with a
stadiometer (Table 1).

Evaluation of the MBF
Evaluation of MBF was performed by using a digital dynamometer
model DDK/M (Kratos, São Paulo, Brazil). This device was designed
to determine the force applied by an individual at the time of the
bite (capacity of up to 100 Kgf, adapted to oral conditions). This was
measured by means of the Newton scale (N) and recorded as the peak
of the force exerted during the biting. The value was then shown on a
digital display.

The participants were seated with their backs straight and heads
in the Frankfurt horizontal plane, on the median sagittal plane. The
device was placed in the region of the first molars of each evaluated
individual, and the participant was instructed to bite it as strong as
possible. Then, three records on each side, with an interval of 2 minutes
between them, were performed in an alternate manner. The mean of
the three measurements was subsequently calculated.

Data analysis
Data were statistically analyzed by using parametric tests, and a
significance level of 0.05 (5%) and statistical confidence of 95% were
adopted for the results obtained in this study. P values were also
calculated.
The Pearson correlation test was used to measure how the variables
were interrelated. The results were expressed as percentages, which
could be positive or negative. Positive values were obtained when
the relationship between the variables assessed was proportionately
positive, whereas the contrary indicates that the relationship was
inversely correlated. The grading scale below determines the relative
intensity level (Figure 1).

Results
The study sample was divided according to sex, and the distribution
of individuals with normal or obese BMIs was analyzed. The following
distributions according to BMI and sex were observed: By grouping
according to obese classifications, we found that in men, the number
of individuals with normal BMI was equal to that of obese individuals.
Meanwhile, the number of obese women was 32% lower than the
number of obese men, as shown in Table 2.
In order to analyze the relationship between BMI and MBF, BMI
was correlated to the mean MBF values of the right and left sides,
and to the total mean MBF. Table 3 shows no statistically significant
relationship between the variables analyzed (p>0.05). However, a weak
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Table 2. Sample distribution by sex and BMI class.
Sex
N

BMI
Normal
Obese

Male
%
Mean

N

Female
%

Mean

Total

34

27%

22.16

38

31%

21.47

72

Class I

26

21%

27.29

14

11%

27.10

40

Class II

7

6%

32.18

4

3%

31.91

11

Class III

1

1%

37.72

0

0%

0.00

1

Class IV

0

0%

0.00

0

0%

0.00

0

68

55%

23.87

56

45%

16.10

124

TOTAL

Table 3. Correlation between BMI and the right, left, and total MBF, according to sex.
Sex

Normality
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Figure 1. The results were expressed as percentages, which could be positive or negative.

Table 1. Body Mass Index Classification [12].
Degree of obesity

Poor

BMI
Mean

Male
Corr (r)

P-valuer

Mean

Female
Corr (r)

P-value

Right

621,0

17,6%

0,151

384,5

0,7%

0,961

Left

617,8

14,1%

0,251

414,5

9,9%

0,467

Total

619,4

16,3%

0,183

399,5

5,7%

0,679

MBF

Corr = Correlation; Tendency to statistical significance; Statistically significant correlation;
Significant Correlation
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correlation was observed between all the variables.

Discussion
Although many studies have been published in the literature on
BMI, we found that its relationship with MBF still requires elucidation,
as investigations on this subject are scarce and far from being recent.
Thus, a better understanding on the topic is necessary, as BMI
could influence muscle function, this being the object of therapeutic
investigations in several health areas, including speech therapy.
In this study, we conducted a random sampling and observed that
the number of obese women was 32% lower than the number of obese
men. This was also observed in a Turkish study by Koç et al. [7], in a
Chinese study by Sun et al. [8], and in a Brazilian study by Cunha et
al. (2015) [13]. Conversely, the study by Dyck et al. (2015) [14] in 10
different countries showed no significant differences between sexes and
BMIs. Other studies did not report any findings on this regard.
The fact that Dyck et al. [14] did not find any differences between
sexes and BMIs in their study population may be due to the small cohort
used to represent the populations of the many countries analyzed.
Another possible reason relies on the fact that more obese men than
women were included in the study owing to regional characteristics,
which are found only in larger and specific investigations conducted
in certain countries such as Brazil and China. In the United States, for
example, Flegal et al. [15] found no significant difference in the number
of obese individuals between sexes, showing that almost one third of
the sample were classified as obese.
In relation to MBF, we observed a significant difference between
sexes, in agreement with previous studies [1,2,7], being 36% higher
in men than in women. This finding corroborates those found in the
literature that reported a difference of 30%. No significant differences
in MBF were found between the two sides, although significant
differences were found in a previous study according to masticatory
preference [4]. In this investigation, masticatory preference was not
analyzed, as it is not within the scope of our study objective.
Studies on the relationship BMI and muscle strength suggest that
two variables are not related [16] and that muscle strength is directly
related to lean body mass [17]. However, another study reported that
individuals who were never obese had greater muscle strength than
individuals who had experienced obesity during their lives [10]. This
led to the hypothesis that a relationship exists between muscle strength
and BMI.
The literature shows that the adipose tissue is not only an energy
reserve but interferes with muscle strength as a consequence of
an endocrine reaction. The adipose tissue secretes hormones and
proinflammatory proteins that disrupt inflammatory response, which
are also generated during catabolism and raise the levels of free fatty
acids accumulated in skeletal muscles. This increase contributes to the
reduction of muscle mass and strength [9,10], thus being then capable
to interfere in many functions such as chewing.
MBF is just one way of evaluating chewing. MBF properly translates
the integrity of the stomatognathic system and its ability to carry out
its functions into an objective measure. In studies that specifically
analyzed MBF, the results obtained showed the correlation of weight
and height [6] to BMI in adolescents [8]. However, another study that
assessed BMI and MBF in adults did not find any relationships between
the variables [7]. Our study contributes to reaching a consensus in the
literature, as we did not observe a relationship between BMI and MBF,
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as shown in Table 3, which is in agreement with the study of Koç et al.
[7]. One explanation for this finding not agreeing with the studies of
Braun et al. [6] and Sun et al. [8] is that Braun et al. analyzed weight
and height separately, while Sun et al. included individuals between 13
and 16 years of age as cohort for their study, which are both notably
different methods from that used in this work.
Another possible explanation for BMI not influencing MBF is
related to the smaller size of the masseter muscle when compared with
the sizes of the other muscle groups such as quadriceps [18], biceps
[19], and other study muscles [10,17,19]. The literature shows that an
important relationship exists between muscle size and force, as muscle
volume is the product of the physiological cross-sectional area, which
determines the number of sarcomeres that contract, simultaneously
generating maximum power, and the length of the fascicle [19].
Therefore, any loss of muscle mass or volume reduction impairs the
force exerted by the muscle [18,20], mainly in the larger anterior
portion of the superficial head of the masseter muscle [21]. As the
muscle volume increases, so does muscle strength [19]. This fact may
explain the results of the present study.
An important observation is that muscle strength varies much
more than muscle volume, as shown by the following studies: In the
sarcopenia studies, while the loss of muscle mass ranged from 0.64%
to 0.70% per year in women and from 0.80% to 0.98% in men, the
loss of muscle strength varied from 3% to 4% per year in women and
from 2.5% to 3% in men [20]. On the other hand, a study on resistance
training showed that an increase of 10 cm² in muscle volume increased
the muscle strength by 100% [19].
Thus, as the relationship of BMI to MBF was not significant and
therefore negligible, BMI most likely does not influence MBF, having
as plausible explanation the smaller muscle size when compared with
the sizes of other muscle groups. However, more specific studies are
required that equalize populations within BMI classification groups,
unravel the possible relationships in grade I, II, III, and IV obesity,
and even evaluate the thickness of the masseter muscle by using
ultrasonography in these individuals. Only then will it be possible to
affirm that BMI does not influence MBF.
During this study, a major difficulty was finding literatures that
specifically address the relationship between the masseter muscle and
BMI, thus bringing to discussion studies on the impact of obesity on
other body muscles. Despite this difficulty, this study contributed to
the knowledge about the endocrine effects of adipose tissue and the
resulting reaction, and to the better understanding of the relationship
between muscle volume and strength.
Studies in this area are important to better understand all the factors
that interfere in muscle performance so that they can be recognized
and considered in speech therapy clinical practice.

Conclusion
We can conclude that despite that high BMI values indicate
impaired functions of other body muscles, body mass do not
significantly influence the functioning of the masseter muscle, as no
correlation was found with MBF.
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