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a b s t r a c t

Purpose: Due to the bite force importance in functionality of the masticatory system, this

study aimed to characterize it in dolichofacial and brachyfacial individuals.

Methods: A sample comprised by 190 patients was divided into two groups: 90 severe

dolichofacial, and 100 severe brachyfacial individuals classified according to the VERT index

and the face height ratio (Jarabak quotient). Bite force was measured by using an adjusted

digital dynamometer and proper methodology.

Results: The sample met the parametric assumptions and presented statistical significance

when right and left sides of dolichofacial and brachyfacial individuals were compared.

However, within the same group, no differences between the left and right sides were found.

Generally, bite force was higher for male, left masticator, age between 41–50 years, weighing

over 100kg and between 1.81 and 1.90m tall.

Conclusions: Based on the results of this cross-sectional study, it was possible to conclude that

the bite force in severe brachyfacial individuals was significantly higher than in severe

dolichofacial individuals, being influenced by gender, weight and height.

ã 2016 Japan Prosthodontic Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Bite force (BF) is an indicator of the functional status of the
masticatory system [1], and is related to the facial morphology,
occlusion, neuromuscular mechanism and variables such as
gender, age and body type [2–5]. The BF produced during
clenching in maximum voluntary contraction is the result of
the action of at least six jaw elevator muscles and is related to
the function of the masticatory system [3,6,7]. The variance in
BF may be explained by differences in muscle size and
thickness, sarcomere length-tension relation, craniofacial
morphology, vertical jaw relation, facial height and inclina-
tion, shape and length of the jaw, and it is influenced by the
dental region assessed as well as occlusion type [8,9]. It is also
known that maximum bilateral BF is significantly lower than
the maximum unilateral BF, and differences between the left
and right sides should not exist. Furthermore, unilateral
clenching leads to different response of the temporal muscle
when compared to the masseter muscle [10].

Facial typology is related to dental occlusion, facial
harmony, orofacial muscles, as well as the shape and
configuration of the craniofacial structures, influencing
chewing, swallowing, breathing and speech. There are
countless facial typology classifications in the literature,
among which Tweed [11], that assessed the vertical dysplasia
of the face using the Frankfort Mandibular-Plane Angle (FMA);
Jarabak [12], who categorized facial morphology based on
three different patterns, defined by the facial height ratio (FHR)
or Jarabak quotient [12]; and Ricketts [13], based on the VERT
index, using five measurements (mandibular plan, facial axis,
anterior lower facial height, mandibular arch and facial depth)
to determine ideal values for a harmonic face, according to the
individuals’ age. The results of facial pattern could be
summarized in: severe dolichofacial (below �2.0), dolichofa-
cial (below �0.5), mesofacial (between �0.49 and +0.49),
brachyfacial (above +0.5) and severe brachyfacial (above
+1.0). Taking into account the importance of the influence of
the musculature on craniofacial development, as well as to
establish a baseline for future comparisons, the objective of
this cross-sectional study was to assess bite force according to
facial typology and other specific variables such as gender, age,
weight and height.

2. Materials and methods

During the years of 2012 and 2013 a total 4033 patients of the
Orthodontic Clinic of São Leopoldo Mandic Faculty (Campinas,
Brazil) were screened and 190 consenting individuals met the
inclusion criteria of this study: general good health, good oral
hygiene, first four permanent molars having made their
eruption, regardless of age, being classified either as DL or
BR based on the VERT index (Ricketts) and the FHR (Jarabak
quotient). The exclusion criteria comprised individuals that
were in active orthodontic treatment and/or possessed
temporomandibular disorders symptoms [14]. Patients were
allocated into two groups; 90 severe dolichofacial individuals
(Vert<or=�2; DL), and 100 severe brachyfacial individuals
(Vert>or=+1; BR). Sample size was defined based on previous

studies in the literature [15–17]. The study was approved by the
local Ethical and Research Board, protocol number 2012/0160,
and all participants agreed to sign an informed consent.

BF was measured with the use of a digital dynamometer
(IDDK—Kratos Equipamentos Industriais Ltda, Cotia, Brazil)
adapted to the oral conditions. BF measurements were
conducted with the individuals in a sitting position, corre-
sponding to the meatus-orbital plane, parallel to the ground in
a comfortable chair, with their arms outstretched alongside
their bodies and hands placed open on their thighs. Before any
measurements were recorded, volunteers received detailed
instructions, and tests were performed with the volunteers
biting into the equipment to ensure the reliability of the
procedure [18].

The device’s biting pads were placed on the occlusal face
between the upper and lower first molars, right and left
alternately. The volunteers were then asked to bite into the
device with maximum force. Three BF peak measurements
(Newton—N) were collected from each side of the mouth with
an interval of 10s between them. The highest BF measured on
each side was registered. New measurements were conducted
one month later in all volunteers, and the highest BF registered
in the measurements on each side was considered for this
study (Fig. 1).

Since the sample met the parametric analysis assumptions
(Bartlett and D’Agostino-Pearson tests), errors with normal
distribution, and homogeneity of variances, the data were
compared with the use of appropriated statistical tests for each
circumstance. Age, weight, height and BF presented normal
distribution and were compared by using two-way ANOVA,
followed by Tukey post hoc. Chi-square test was used to
compare gender proportions. The intraclass correlation
coefficient (ICC) was applied to ensure reliability regarding
the agreement rate measurement of BF (left and right) taken at
six periods according to the facial type. Pearson correlation
coefficient was used whenever possible to verify the associa-
tion between BF and remaining variables. Facial type depen-
dency in relation to the remaining variables was observed
through simple logistic regression (Backward Stepwise—
Wald). Level of significance of 0.05 was used (BioEstat 5.0,
GraphPad Prism 6.0 and SPSS 21.0).

3. Results

Among the 190 patients considered in the analysis, 100 were
classified as severe brachyfacial individuals (BR, short face)
and 90 as severe dolichofacial individuals (DL, long face). The
sample was composed by 93 females (48.9%), and patients’
mean age, weight and height were 23.9�9.2years, 68.5
�16.6kg, and 1.67�0.1m, respectively. All individuals were
equally paired between the two test groups according to age
(23.3�8.7 for DL and 24.5�9.6 for BR, p=0.3645) and height (the
same height for both groups, p=0.7490). Despite higher for BR
(70.4�17.6) than for DL (66.4�15.2, p=0.0987), the overall
weight was not quite significantly between groups.

Concerning the masticatory side, 50% of BR patients
possessed bilateral bite preference; 33.3% bilateral, predomi-
nantly right; 13.7% bilateral, predominantly left; and 2.9% only
bite on the right side. Among DL individuals, 44.0% possessed
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bilateral bite; 33.0% bilateral, mostly right; 15.0% bilateral
mostly left; 6.0% only bite on the right side; and 2.0% only bite
on the left side. However, within the same group, no differ-
ences between the left and right sides were found in DL
(p=0.9991) or BR (p=0.6576). The intraclass correlation coeffi-
cient (ICC) that evaluated the bite force measurements was
considered excellent for DL (left side: ICC=0.92, p<0.0001, right
side: ICC=0.89, p<0.0001) and for BR (left side: ICC=0.93,
p<0.0001, right side: ICC=0.91, p<0.0001) individuals.

The BF in the overall population studied was significantly
higher for BR individuals (508.5�206.5N) than DL individuals
(437.7�185.6N, p<0.001). This difference remained when DL
and BR were compared on the left (p=0.0036) and the right
sides (p=0.0109), as demonstrated in Table 1.

When individuals of different genders were compared,
males presented higher values for weight and height
(p<0.0001), and BF was significantly higher for males than
females, both in DL and BR (p<0.0001) patients, regardless of
the facial type or bite side (Table 1). Although DL and BR
women did not present significative differences in BF for mean
(p=0.6891), right (p=0.7273) and left (p=0.6960) sides, BR men
had height mean (p=0.0180), right (p=0.0408) and left
(p=0.0120) bite forces than DL men.

Taking into account participants’ age, it was observed that
maximum bite force found for BR patients increased steadily
according to the aging. On the other hand, for DL patients
maximum bite force rose until 21–30 years, reducing gradually
from 31 years. (Fig. 2). The multiple comparison analysis

showed no correlations among BF and age for BR (r=0.044 for
right and r=0.065 for left side) or DL individuals (r=�0.091 for
right and r=�0.071 for left side).

A direct relationship between higher weight and higher bite
force was observed on both sides both for BR and DL
individuals (Fig. 3). The multiple comparison analysis showed
a weak correlation among BF and weight for BR (r=0.370 for
right and r=0.358 for left side) and a moderate correlation
among BF and weight for DL individuals (r=0.454 for right and
r=0.407 for left side).

Table 1 – Mean age, weight, height and bite force on the left and right sides of BR and DL individuals.

BR (n=100) DL (n=90) p

Female Male Female Male Between groups Between genders

N (%) 50 (50%) 50 (50%) 43 (47.8%) 47 (52.2%) 0.8724 CS 0.8277 CS

Age (years) 23.2 (�8.8) 25.8 (�10.3) 23.3 (�9.2) 23.3 (�8.4) 0.3642 TWA 0.3194 TWA

Weight (Kg) 63.6 (�15.9) 77.3 (�16.9) 60.6 (�13.0) 71.8 (�15.3) 0.0847 TWA <0.000TWA

Height (m) right 1.6 (�0.08) 1.7 (�0.09) 1.6 (�0.07) 1.7 (�0.09) 0.3893 TWA <0.000TWA

Right side BF (N) 406.6 (�136.9) 597.5 (�214.8) 368.5 (�145.3) 503.6 (�193.9) 0.0109 TWA <0.000TWA

Left side BF (N) 418.5 (�143.1) 611.6 (�223.7) 376.8 (�157.0) 495.9 (�198.0) 0.0036 TWA <0.000TWA

Mean BF (N) 412.6 (�131.9) 604.6 (�212.7) 372.6 (�148.5) 499.7 (�189.5) 0.0048 TWA <0.000TWA

Legend: BR—severe brachyfacial patients; DL—severe dolichofacial patients; BF—bite force; N—Newton; CS: Chi-square test; TWA: two-way
ANOVA test. Values represented as mean (�standard deviation).

Fig. 1 – Representative image of the dynamometer during the BF values acquisition.

Fig. 2 – Mean bite force on the right and left sides of
dolichofacial and brachyfacial individuals according to their
age. Legend: BR—severe brachyfacial patients; DL—severe
dolichofacial patients; BF—bite force; N—Newton; R—right;
L—left.

j o u r n a l o f p r o s t h o d o n t i c r e s e a r c h 6 1 ( 2 0 1 7 ) 2 8 3 – 2 8 9 285



A trend to increased BF with increased height was also
observed in BR patients in general, and up to 1.80m in DL
patients, a point from which BF started to decrease (Fig. 4).
The multiple comparison analysis showed a weak correla-
tion among BF and height for BR (r=0.357 for right and
r=0.288 for left side) and a moderate correlation among BF
and height for DL individuals (r=0.402 for right and r=0.346
for left side).

Additionally, the correlations between age and height were
weak for both groups (r=0.224 for BR and r=0.269 for DL
individuals) and also weak for BR when age and weight were
compared (r=0.388). However, a moderate correlation between
age and weight was found for DL individuals (r=0.438). Finally,
a strong correlation between height and weight were found for
BR (r=0.635) and for DL individuals (r=0.684).

A logistic regression was performed taking into consider-
ation facial morphology (dependent variable: DL=1 and BR=0)
and remaining variables. The adjusted model presented
statistical significance (Chi-square=14.74, p=0.0209), being
Nagelkerke R2=0.0991. Furtheremore, Hosner and Lemeshow
test showed that the model is appropriate (Chi-square=16.52,
p=0.0355) with the following regression logo: facial morphol-
ogy=�5.36+(0.29�gender)�(0.026�wheight)+(4.73�heigh)
�(0.0022�mean BF). Considering males=1 and females=0,
results higher than 0.5 indicated DL and results lower than 0.5
indicated BR individuals. Consequently, there was a depen-
dency between facial morphology and gender, weight, height
and mean BF, but not age (p=0.6765). The predictability of the
model was 65.3%, being 70% for classifying BR individuals and
60% for DL (Table 2).

Fig. 3 – Mean bite force on the right and left sides of dolichofacial and brachyfacial individuals according to their weight. Legend:
BR—severe brachyfacial patients; DL—severe dolichofacial patients; BF—bite force; N—Newton; R—right; L—left.

Fig. 4 – Mean bite force on the right and left sides of dolichofacial and brachyfacial individuals according to their height. Legend:
BR—severe brachyfacial patients; DL—severe dolichofacial patients; BF—bite force; N—Newton; R—right; L—left.

Table 2 – Adjusted model of logistic regression to facial morphology (DL=1 and BR=0) as dependent variable.

Beta SE Wald DF p Exp(B) CI95%

Gender 0.29 0.369 0.598 1 0.4394 1.33 0.64–2.74
Weight �0.026 0.012 4.25 1 0.0393 0.98 0.95–1.00
Height 4.73 2.18 4.71 1 0.0300 112.7 1.58–8056.2
Mean BF �0.0022 0.00093 5.84 1 0.0156 0.998 0.996–0.999
Constant �5.36 3.19 2.82 1 0.0930 0.0047

Legend: SE—standard error; DF—degrees of freedom; CI—confidence interval; Exp(B)—beta coefficient; BF—bite force.
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Rare exceptions to the rule were observed, in which DL
individuals presented higher values than BR individuals:
Above 71–80kg and 101kg (Fig. 3); and 1.71–1.80m tall (Fig. 4).
However, no statistical significance was found for these
exceptions. Thus, in general, the individual that presented
the highest BF belonged to the BR group, was a left masticator,
male, age between 41–50 years, weighing over 100kg and
between 1.81 and 1.90m tall. On the other hand, the individual
with the lowest BF belonged to DL group, was a right
masticator, female, weighing less than 50kg, age between
10–20 years and between 1.00 and 1.50m tall.

4. Discussion

By using different facial classification methods to reduce
possible distortions and superposition of anatomic structures,
adequate methodology to ensure that the buccal opening did
not interfere with the force used, avoiding muscle stretch and
the exaggerated displacement of the condyles [19,20]; it was
possible to determine that the mean of maximum bite force
(BF) in severe brachyfacial individuals (BR) was significantly
higher than in severe dolichofacial individuals (DL), and that
BF was influenced by the individuals’ gender, age, weight and
height.

A wide range of maximum BF and correlations with
cephalometric standards have already been reported in the
literature. The differences among studies are possibly related
to differences in instrument design, methodologies, uni or
bilateral measurements, jaw opening, individual tolerance,
pain threshold, anxiety, mental attitude, head posture, and
others [15,19,21–27]. In this study, BF was assessed in the
posterior region [28], alternating bilaterally, with a plastic pads
digital dynamometer. Individuals may feel reluctant to
effectively bite into the metal pads, fearing dental damage
or pain. In this study, the pliable pads did not discouraged
volunteers to use maximum force when biting; furthermore, it
was designed in small size to avoid distracting the condyles
excessively. Moreover, participants were previously trained
with the equipment before the BF data collection in order to
improve the dynamics of response capacity and transducer
precision [24,25,29]. Some authors claim that laminar pressure
sensors, thin force resistors and strain gages promote only
small alterations in the occlusion, but need expensive specific
equipment and professional qualification for the calculations
[19,30,31].

Maximum BF measurements are dependent on the
motivation and cooperation of individuals. Their concern
with possible damage, pain and discomfort in their teeth and
stomatognatic system, as well as psychological factors, may
negatively influence in BF measurements. Pain limits
maximum BF due to the reflex mechanisms and prevents
accurate measurements. Nonetheless, this factor may also
indicate the real functional capacity of the patient and,
therefore, provides useful information for control treatment
[14,32–35]. In this study, individuals that were in active
orthodontic treatment and/or possessed temporomandibu-
lar disorders symptoms and/or orofacial pain were excluded
to avoid measurement bias. Moreover, subjects were paired
whenever possible (by age and height). Pairing by weight,

however, was not possible since BR individuals demonstrat-
ed a tendency for increased weight, consistent with the short
faces, while DL individuals for lower weight, consistent with
long faces.

In order to ensure the measurement reliability individuals
were requested to bite the device in the right and left first
molars alternately, using their maximum force, at least
3 times per side. Furthermore, to ensure the consistence of
the results, new measurements were conducted one month
later in all volunteers and similar results were found, with
no statistical differences and excellent ICC concordance.
Among minimum and mean, the maximum BF was consid-
ered for this study since it is the most reliable measurement,
because it is the limit that someone can reach, thus easy for
the patients to understand. The other measurements
(average or minimum force) are not so accurate since it is
harder to state, as well as to understand, how much it
should be. Finally, the average of maximum BF was not used
in this study because it is lower than the real maximum BF
reached.

The results obtained in this study are in agreement with the
literature [8,15,24,25,36,37], since facial type influenced in
muscular force, with BR individuals presenting the highest
results for BF. Other factors, apart from facial morphology,
such as the overall physical structure, gender, status of the
dentition, and age can also influence BF [38,39]. As a result of
anatomical characteristics, males demonstrated higher BF
than females [33,40–45], regardless of the facial type or bite
side. According to the results found in this study, it was
observed that even DL males showed higher mean of BF than
BR females. Braun et al. [23] observed that the correlation
between maximum BF and gender was not evident up to 18
years of age. In this study, however, BF was always
significantly higher for males than for females, regardless of
age, even in younger individuals aged less than 18 years.

In this cross-sectional study an ascending BF curve was
found up constantly to BR individuals, but not to DL subjects
were the peak happened at 21–30 years, decreasing with the
aging and corroborating with the results founded by previous
studies [41,42]. This reduction in BF was sharpest and inverse
to older age. Previous authors observed that maximum BF did
not correlate well with age [3,16,23,25]. However, in those
studies, samples were composed only by adults aged 26–41
years.

The concept that people with larger and heavier bodies
demonstrate higher BF was not confirmed by Braun et al. [25]
The best correlation found was related to weight, indicating
that only 16% of BF variability was accounted by participants’
weight. This result is in agreement with a previous study
performed by Linderholm & Wennstrom in the 70s [46].
However, in the present studied population, weight was found
to have a strong correlation with BF, as it steadily increased
according to individuals’ weight, regardless of facial type or
bite side.

It is interesting to note that although BR individuals, given
their body characteristics, did not generally surpass 1.90m in
height, BF progressively increased with increased height. On
the other hand, DL individual’s BF increased up to 1.71–1.80m,
from which it inversely reduced with the increased height.
Different from our study, Braun et al. [25] reported poor
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correlation between height and BF, but it is important to
mention that their sample was much smaller than the one
used in the present study, which restricts comparisons.

5. Conclusion

Finally, based on the results obtained in this study, it was
possible to conclude that maximum BF in severe brachyfacial
individuals is generally higher than in severe dolichofacial
individuals.
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