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Chewing side, bite force symmetry, and
occlusal contact area of subjects with
different facial vertical patterns

Abstract: Craniofacial dimensions influence oral functions; however, it
is not known whether they are associated with function asymmetry. The
objective of this study was to evaluate chewing side preference and lateral
asymmetry of occlusal contact area and bite force of individuals with dif-
ferent craniofacial patterns. Seventy-eight dentate subjects were divided
into 3 groups according to the VERT index as follows: (1) mesofacial, (2)
brachyfacial and (3) dolichofacial. Chewing side preference was evalu-
ated using jaw tracking equipment, occlusal contact area was measured
by silicon registration of posterior teeth, and bite force was measured
unilaterally on molar regions using 2.25 mm-thick sensors. Statistical
analysis was performed using ANOVA on Ranks, Student’s #-test, and
Mann-Whitney tests at a 5% significance level. Mesofacial, brachyfacial,
and dolichofacial subjects presented more occlusal contact area on the
left side. Only dolichofacial subjects showed lateral asymmetry for bite
force, presenting higher force on the left side. No statistically significant
differences were found for chewing side preference among all groups.
Within the limitations of this study, it can be concluded that craniofacial

dimensions play a role in asymmetry of bite force. ClinicalTrials.gov ID:
NCT01286363.

Descriptors: Bite Force; Dental Occlusion; Face; Mastication.

Introduction

Basic jaw opening and closing movements during mastication are cen-
trally determined and adjusted by receptors found in the periodontium,
the temporomandibular joints, the tongue, mucosa, tendons, and muscle
spindles of elevator muscles, all of which play an important role in chew-
ing.! Therefore, differences in jaw rotation between short- and long-faced
subjects could lead to alterations of muscular force axes and to different
stimulation of muscle spindles of elevator muscles.?

It has been reported that the masticatory muscles of dolichofacial sub-
jects are less efficient in generating bite force at a particular point on
the lever arm, due to reduced mechanics when compared to brachyfacial
subjects.?* If bite force is considered to be a key determinant of mastica-
tory function,’® then it would be expected that mastication would also be
affected by craniofacial morphology.®

Reduced masticatory function is also related to smaller occlusal con-
tact area.” During growth, the musculature of the neck attached to the
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mandible must lengthen in synchrony, otherwise
there is a tendency for a rotational growth pattern
and a possible drift of posterior mandibular teeth
in compensation,® as may be found in dolichofacial
subjects. In adults, it has been reported that cervi-
cal muscles play a role in the exertion of bite force.
Lower activity of these muscles has been associated
with smaller occlusal contact area,” suggesting an
indirect association between craniofacial dimension
and occlusal contact area.

In order to achieve good food manipulation and
transport, tongue and other tissue movements must
be facilitated during mandibular movements for re-
positioning of mandibular teeth during sequential
chewing strokes,'” suggesting that wide, bilateral
chewing cycles are related to better masticatory per-
formance." Unilateral chewing is found to be pres-
ent in 45% to 97%'2** of the population, and is as-
sociated with centrally controlled factors, such as
handedness,'? unilateral signs of temporomandibu-
lar disorders, asymmetrical loss of antagonist con-
tact, and presence of removable partial dentures.!®
In a dentate population, chewing side preference was
present in almost half the subjects, and was associ-
ated with lateral asymmetry of bite force and occlu-
sal contact area.* However, no studies concerning
either occlusal or functional asymmetry in individu-
als with different facial highs has been found in the
literature.

It has been reported that dolichofacial subjects
need greater muscular effort during mastication as
compared to meso- and brachyfacial subjects.® This
may cause functional overloading of weaker masti-
catory muscles, and may lead to more masticatory
and cervical muscle tenderness in long-faced indi-
viduals.!

Different craniofacial vertical dimensions lead
to mechanical differences in masticatory parame-
ters,>*” which may be of great importance for reha-
bilitation treatment planning, as the particularities
of each facial pattern can interfere with the pros-
thesis prognosis. The purpose of this study was to
verify whether subjects with different craniofacial
morphologies present chewing side preference for
mastication and lateral asymmetries of bite force
and occlusal contact area.

Methodology

The research protocol (number 059/2004) was
approved by the Ethics Committee of Piracicaba
Dental School, State University of Campinas and all
participants signed a written informed consent. Stu-
dents and staff of Piracicaba Dental School, and in-
dividuals seeking dental treatment at the same insti-
tution were evaluated. Seventy-eight healthy dentate
subjects (39 males and 39 females) with a mean age
of 23.5 years-old were selected to participate in this
study according to the following inclusion criteria:
subjects must present no facial deformities, no se-
vere malocclusion (anterior open bite, cross-bite), no
history of signs or symptoms of temporomandibular
disorder, no history of parafunctions, no history of
maxillofacial surgery or jaw injuries, and no orth-
odontic treatment concluded in the last 2 years.

The weight (kg) and height (m) of the subjects
who agreed to participate in this study were mea-
sured (Welmy, Santa Barbara D’Oeste, Brazil) to
control anthropometric data. Cephalometric ex-
ams were performed for all participants using the
standard protocols and the same radiographic unit
(Macrotec Industria e Comércio de Equipamentos
Ltda., Sdo Paulo, Brazil). The cephalograms were
processed (Macrotec Industria e Comércio de Equi-
pamentos Ltda, Sdo Paulo, Brazil) and analyzed by
digital cephalometric analysis software (Radiocef
v.4.0, Radio Memory Ltda, Belo Horizonte, Brazil).
The VERT Index was used to determine the facial
vertical pattern of the subjects, who were divided
into 3 groups (for each group, n = 26) according to
the facial type:

1. mesofacial (VERT Index between —0.49 and +

0.49),

2. brachyfacial (VERT Index > 0.5) and
3. dolichofacial (VERT Index < —0.5).1

Cephalometric analysis and classification of the
subjects by facial pattern were performed by a single
operator. Two additional, different operators who
were blinded for facial pattern collected the bite
force and occlusal contact data.

Bite force
A transducer composed of two sensors (HBM,
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Sao Paulo, Brazil) was used and the signs were reg-
istered, amplified and analyzed by Catman Easy
(HBM, Sao Paulo, Brazil) software. The sensors
measured 12 mm (diameter) and 0.25 mm (thick);
FSR N° 151 (Interlink Electronics Inc., Camarillo,
USA), and were protected on both sides with a metal
device measuring 1 mm thick, constituting a system
that measured 2.25 mm thick. The sensors were po-
sitioned unilaterally on the first molar region by the
operator and subjects were instructed to occlude the
teeth and bite as hard as they could during a 7-sec-
ond period (Figure 1). After a 2-minute interval for
release, the procedure was repeated for the other
side. The order of sides on which the test was per-
formed was randomized.

Occlusal contact area

Addition silicone (Bosworth Company, Skokie,
USA) occlusal registrations of the posterior teeth
(molars and premolars) were obtained bilaterally'”
using plastic frames (Bosworth Company, Skokie,
USA). Subjects were asked to close their teeth into
the maximum intercuspal position and instructed to
maintain that position until complete setting of the
silicone had occurred.'® The registration was care-
fully removed from the subject’s mouth and pre-
pared for image analysis.'®

Each occlusal registration was digitized using
a desktop scanner (Hewlett Packard Development
Company, Barueri, Brazil); registrations were placed
with the mandibular occlusal surface facing down-
ward."” Adobe Photoshop CS3 software (Adobe Sys-
tems Inc., San Jose, USA) was used to transform the
image to greyscale, invert, and adjust the images.
Pieces of the same addition silicone of known thick-
ness as measured with a digital caliper (Digimess
Instrumentos de Precisio Ltda., Sio Paulo, Brazil)
were analyzed by the Image Tool software (Univer-
sity of Texas Health Science Center, San Antonio,
USA) and used to establish the relationship between
silicone thickness and each of the 256 gray shades
(Figure 2). The same software was used to manually
trace the occlusal contact areas of posterior teeth of
3X magnified images. Traced occlusal contact areas
were automatically calculated by the software by
the frequency distributions of pixels correspond-
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ing to each of 256 gray shades.'” For the purposes
of this study, it was considered that occlusal contact
areas presented as regions of the impression mate-
rial that were less than 50 um thick, while regions
near the contact area measured from 50 um to 350
um thick;'” hence, areas of silicone thickness up to
350 wm were assessed.'®

Determination of preferred chewing side
To determine whether the subjects presented bi-
lateral or unilateral (right or left) mastication, a 3D

jaw-tracking device (Myotronics-Noromed Inc.,

Figure 1 - Bite force sensor positioned unilaterally on the
first molar region.

Figure 2 - Transformed to grayscale and inverted image of
silicon record used to establish silicon thickness.
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Kent, USA) was used as the subject sat in a dental
chair with the Frankfort plane parallel to the ground.
An electromagnetic field was created around the sub-
ject’s face by placing the device, which captures the
signal of a magnet temporarily bonded (GC America
Inc., Alsip, USA) to the buccal face of the mandibu-
lar incisors. For this reason, subjects could not be
wearing a pacemaker. Mandibular movements were
recorded during mastication of 3.4 g of a rubber-
based artificial test material (Heraeus Kulzer, Hanau,
Germany) for 15 chewing cycles. The jaw-tracking
device was set at Scan 3 mode. Each chewing stroke
was first evaluated vertically, after being broken into
three phases: open, closed and occlusal. A slice level
was determined as vertical displacement of 0.7 mm
below maximum intercuspation position. Tracing
above the slice level and below maximum intercus-
pation was determined as the occlusal phase. Each
chewing cycle was identified from the starting time
of an opening phase (the end of a previous occlusal
phase) until the end of the next occlusal phase, as
previously described.” After identification, chewing
strokes were analyzed laterally and each cycle was
determined as right, left or bilateral according to the
lateral position during the occlusal phase of a given
stroke. To present unilateral mastication or a pre-
ferred chewing side, the participant was required to
perform 80% of the strokes coinciding on one side,?
i.e., twelve out of fifteen chewing strokes.

Statistical analysis

Normal and equal variance tests were performed
using SigmaPlot software (v. 11.0, Systat Software
Inc., Chicago, USA): to analyze homogeneity of
the sample, concerning weight, height, and age of
meso-, brachy-, and dolichofacial subjects. ANOVA
one-way and ANOVA on Ranks methods were used.

To analyze the type of chewing (uni- or bilat-
eral) among meso-, brachy-, and dolichofacial sub-
jects, ANOVA on Ranks was performed. Analysis
of asymmetry of occlusal contact area and bite force
was performed between right and left sides for each
facial pattern using Student’s ¢-test. Data of meso-
facial subjects for bite force, and data of meso- and
dolichofacial subjects for occlusal contact area were
subjected to logarithmic transformation before per-

forming parametric tests.

Additionally, analysis of correlation between
maximum bite force (MBF) and occlusal contact
area (OCA) was assessed using the Pearson Correla-
tion Coefficient as follows:

1. MBF and OCA of the right side within each fa-
cial pattern separately;

2. MBF and OCA of the left side within each facial
pattern separately;

3. MBF and OCA of the right side regardless of fa-
cial pattern (all groups — general right side);

4. MBF and OCA of left side regardless of facial
pattern (all groups — general left side);

5. Bilateral MBF and OCA (sum of right and left
sides) regardless of facial pattern (all groups — bi-
lateral general).

All analyses were assessed at a 5 % significance
level.

Results

A homogeneous distribution between meso-,
brachy- and dolichofacial subjects was observed
with regard to weight, height, and age (p > .05).

No statistical difference was found among
groups (p > .05) with regard to chewing side prefer-
ence, although more dolichofacial subjects tended to
present unilateral chewing (Table 1).

Concerning craniofacial morphology, meso-,
brachy-, and dolichofacial subjects presented differ-
ent values of occlusal contact area for each chew-
ing side, with larger measurements on the left side.
For bite force, only dolichofacial individuals demon-
strated higher force on the left side (Table 2).

A significant positive correlation between maxi-
mum bite force and occlusal contact area was ob-
served for right (r2 = 0.341) and left (r> = 0.273) sides

Table 1 - Distribution of chewing type in subjects with differ-
ent facial vertical patterns. Absolute and relative (%) values.

Type of chewing | Mesofacial | Brachyfacial | Dolichofacial
Bilateral 18 (69.2%) | 18 (69.2%) 13 (50.0%)
Unilateral

* Right 4 (15.4%) 4 (15.4%) 8 (30.8%)
o Left 4(15.4%) | 4(15.4%) | 5(19.2%)

Braz Oral Res. 2011 Sep-Oct;25(5):446-52 449



B Chewing side, bite force symmetry, and occlusal contact area of subjects with different facial vertical patterns

Table 2 - Lateral asymmetry of OCA Bite force
OCA (mm?) and bite force (Kgf) ; :
between subjects with different Right Left Right Left
facial vertical patterns. Mesofacial 468+ 5.8 757+ 8.6* 23.4+13.0 26.5+13.0
Brachyfacial 53.7+10.4 90.4 £17.8* 31.0+£10.4 36.6£10.2
Dolichofacial 375+ 8.9 60.0 £15.2* 16.1+ 8.4 21.1+£10.2*

OCA = Occlusal Contact Area *Difference between right and left sides for each group and variable p < .05.

separately, as well as when variables of both sides
were summed (bilateral; r* = 0.360); i.e., the stron-
ger the bite force, the larger the occlusal contact
area unilaterally or bilaterally when groups were
analyzed together (Table 3).

Discussion

Bite force,* occlusal contacts, type of chewing
and craniofacial dimensions are reported as impor-
tant factors that can influence oral functions;®!
however, the relationships among these factors have
yet to be studied.

It has been reported that dentate subjects with no
malocclusion and unilateral mastication present dif-
ferent values of bite force and occlusal contact area
between right and left sides, suggesting that these
peripheral factors are involved in the mechanism
of chewing side preference rather than central fac-
tors, once the type of chewing was not associated to
handedness." Since balanced bilateral mastication
has been suggested to be associated with more ef-
fective mastication,!" it is possible that lateral asym-
metric forces and contacts may promote unbalanced
oral functions.

No studies relating the type of mastication to
craniofacial vertical morphology have been found in
the literature. The present study evaluated this re-
lationship both directly and indirectly, by means of
asymmetry of bite force and occlusal contact area.
Meso-, brachy-, and dolichofacial individuals pre-
sented asymmetry in occlusal contact area, show-
ing larger values on the left side. Asymmetry of
bite force was found only in dolichofacial subjects,
with higher bite force exerted on the left side. De-
spite this finding, analysis of type of mastication in
subjects with different facial vertical patterns found
no differences among groups. However, a tendency
for there to be a relationship between long-faced
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Table 3 - Pearson correlation coefficient of maximum bite
force and occlusal contact area (r?).

Right Left Bilateral
Mesofacial -0.219 -0.209 -0.232
Brachyfacial 0.215 0.212 0.255
Dolichofacial —-0.002 —-0.201 -0.126
Mes°f§lj:;2;‘;i'g{“‘"' 0341% | 0273* | 0.360"**

*p = 0.002; **p = 0.017; **p = 0.001.

subjects and unilateral chewing is suggested by the
data, given that 50% of the dolichofacial group
presented chewing side preference, as opposed to
meso- and brachyfacial groups, of whom 30.8%
were unilateral chewers. This may be explained by
the weaker masticatory muscles found in long-faced
individuals,' suggesting that weaker muscles could
also present a tendency for unbalanced functions.
Although there were no significant differences
between type of mastication and distinct craniofa-
cial morphologies, it should be noted that dolicho-
facial subjects presented greater chewing preference
on the right side when compared to mesofacial and
brachyfacial individuals. As already pointed out,
all subjects, regardless of facial pattern, exhibited
greater occlusal contact area on the left side. Simi-
lar asymmetry occurred in long-faced individuals
for bite force. It was expected that individuals with
these asymmetries would show a preference for the
left side during mastication, as stated by Martinez-
Gomis et al.,'"* who used the same artificial material
for chewing as in this study. However, the authors
of the Martinez-Gomis study conducted the evalu-
ation of chewing side preference by observation of
mandibular movements. The present study used ki-
nesiographic analysis, which seems to be the most
reliable technique, as it is able to detect unidentified
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cycles and very small lateral movements that may
not be detected by visual methods.?! It may be sug-
gested that central factors play a major role in the
determination of chewing side preference'? of den-
tate and healthy subjects; however, central factors
such as handedness and footedness were not evalu-
ated in the present study.

Masticatory function is predicted by a number of
parameters, including bite force’ and occlusal con-
tact area’, that suggest that the higher the bite force
and the larger the occlusal contact area, the more
efficient the mastication. Thus, it would be expected
that the above-mentioned variables are positively
correlated to improved mastication. In the present
study, when the correlation between bite force and
occlusal contact area was analyzed both unilaterally
and bilaterally in the total sample (n = 78) rather
than group by group, significant results were ob-
served. The same correlation could not be detected
for unilateral analysis of groups evaluated separate-
ly. Sample size for analysis within groups (n = 26)
may have not been sufficiently large to show a sig-
nificant correlation.

There are still many questions that need to be an-
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