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Aim: The aim of this study was to evaluate, through cone
beam computed tomography (CBCT), the transverse di-
mension of the alveolar bone in the posterior region of the
maxilla and mandible in subjects with different patterns of
mastication, comparing both sides of the arches according
to the performance of the masticatory function. Methods: 39
subjects not orthodontically treated, with normal occlusion or
symmetrical malocclusion, and normal periodontal condition
were selected. Twenty-one subjects (54%) were identified as
having preferential unilateral mastication, 11 subjects (28%)
had bilateral mastication and 7 (18%) had exclusive unilate-
ral mastication. All participants were submitted to CBCT and
the buccolingual dimension of the posterior regions was eva-
luated at a height of 2, 4, 6, 8, and 10mm from the alveolar
crest. Results and Conclusion: Subjects with bilateral masti-
cation showed statistically significant difference between the
right and left sides at the heights of 6 (p=0.030) and 8mm
(p=0.023) between the first and second maxillary premolars.
There was no difference in the transverse dimension of the
alveolar bone in the posterior regions of maxilla and mandible
between preferred and non-preferred sides in subjects with
preferred unilateral mastication and between right and left si-
des in subjects with bilateral mastication.
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Introduction

Mastication is one of the most important functions of the stomatognathic system
because it is related to nutrition, maturation of the orofacial musculature, occlusal sta-
bility, temporomandibular joints and growth and development of the craniofacial com-
plex, as well as a necessary factor for a perfect homeostasis of the human being'.

When considering the health of the stomatognathic system, a desirable pattern of
mastication is required, which is characterized by unilateral cycles with periodic alter-
nation of food between the right and left sides, distributing the force of mastication on
the teeth and structures of support on both sides of the dental arches?3, what results
in greater masticatory efficiency*®. However, this bilateral pattern of distribution of
food is not present in most of the population, where a preferred chewing side is more
common’®. The choice for a preferred chewing side is a voluntary decision that beco-
mes involuntary with function performance® and may be associated with the control
of the central nervous system?' or related to peripheral factors®.

Since teeth are supported by the alveolar process, this bone structure is directly
exposed to mechanical loads created by the functional performance of the maxilla
and mandible'. Bone tissue is in a constant process of functional adaptation
through modeling and remodeling mechanisms, which are significantly influenced
by mechanical stimuli'?. Thus, the masticatory function provides mechanical stimuli
capable of influencing the formation, maintenance and remodeling of the craniofa-
cial skeleton, exerting an important function in the regulation of the mass and bone
architecture of this region'.

Changes in intensity and/or frequency of functional load may be accompanied by
changes in the alveolar bone'?'#76_ In studies with rats, implementation of soft diet'!”
or placement of anterior' and posterior' occlusal build-ups produced changes in the
occlusal force applied to the teeth and distributed in the alveolar process, resulting in
significant qualitative and quantitative alterations in the alveolar bone tissue. Howe-
ver, the hypothesis that the dimension of the alveolar bone can be influenced by func-
tional loading was not tested.

The purpose of this study was to evaluate, through cone beam computed tomography
(CBCT), the transverse dimension of the alveolar bone in the posterior regions of the
maxilla and mandible in subjects with different patterns of mastication, comparing
both sides of the arches according to the performance of the masticatory function.

The hypothesis of this study is that the transverse dimension of the alveolar bone in
the posterior regions of the maxilla and mandible is greater in the preferred side than
in the non-preferred side in subjects with preferred and exclusive unilateral mastica-
tion. Such difference does not exist between the right and left sides in subjects with
bilateral mastication.

Material and methods

The sample consisted of 39 subjects, not orthodontically treated, between 19.2
and 44.6 years (mean: 24,3 years) with complete permanent dentition (except
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third molars), normal occlusion or symmetrical malocclusion, and normal perio-
dontal condition, as assessed by visual evaluation. This study was approved by
the Research Ethics Committee of the of the Juiz de Fora Federal University, and
all participants signed an informed consent form.

Determination of the preferred chewing side

The first phase of this research consisted in determining the masticatory pattern of
the subject by means of a visual method™?° where the participant was seated in an
upright position in a chair with their backs towards a white background, their hands
resting on their legs, and looking fixedly at the digital video camera (Sony MHS-PM5),
which was placed on a fixed tripod one meter away from the chair back at the height
of their mandible. Each subject was filmed chewing on a piece of French bread in their
habitual manner for approximately 90 seconds.

The videos were analyzed by 3 speech therapists who counted the masticatory cycles
in each hemi-arch and determined, unanimously, the masticatory pattern of each par-
ticipant, classifying it as bilateral (occurrence of up to 60% of the cycles in one side),
preferred unilateral (occurrence from 61% to 77% of the cycles in one side) or exclu-
sive unilateral (occurrence from 78% to 94% of the cycles in one side)?".

From the total of 39 subjects, 21 (54%) were identified as having preferred unilateral
chewing (13 right and 8 left), 11 (28%) bilateral chewing, and 7 (18%) exclusive unila-
teral chewing (2 right and 5 left).

Evaluation of the transverse dimension of the alveolar bone

All participants were submitted to cone-beam computed tomography (CBCT)
(i-CAT-Imaging Sciences International, Hatfield, PA — USA), operated at 120kV and
3-8 mmA, voxel of 0.25 mm, rotation time of 26.9s, and field of view with a diameter
of 160 mm and height of 100 mm.

For image acquisition, each subject was seated with the chin on the chin rest, with the
Frankfort plane parallel to the floor, the midsagittal plane perpendicular to the floor
and with the participant in maximum intercuspation position. The field of view was
positioned in a way that the occlusal plane occupied its vertical center and the ante-
rior nasal spine was at 35 mm from its anterior border.

Images were analyzed with the i-CAT Vision (Imaging Sciences International Inc.,
Hatfield, USA) software, on MPR visualization mode (multiplanar reconstruction), with
0.5 mm~-thick slices.

Initially, for the definition of the images of the posterior interdental regions, the line
corresponding to the coronal slice was centrically positioned in the posterior interden-
tal areas (vertical line — figure 1b) and perpendicular to the alveolar process bucco-
lingually (horizontal line — figure 1a). The line corresponding to the sagittal slice was
positioned in the long axis of the alveolar process (vertical line — figure 1c). The pos-
terior interdental regions between maxillary and mandibular canine and first premo-
lar, first and second premolar, second premolar and first molar and first and second
molars of both sides were evaluated (figure 1b).
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Figure 1. Definition of the interdental image and determination of the transverse dimension of the alveolar
process on axial (a), sagittal (b), and coronal (c) cuts.

Buccolingual dimensions of the posterior interdental regions were determined at the
heights of 2, 4, 6, 8 and 10 mm from the alveolar bone crest (figure 1c), including the
bone height where the roots of the posterior teeth were located. Measurements were
performed by two examiners in a blind manner, where examiner 1 measured teeth
quadrants 1 and 3 and examiner 2 measured teeth quadrants 2 and 4.

Statistics

Intra- and inter-examiner agreement was determined by intraclass correlation coeffi-
cient, which was calculated on the basis of the values of the buccolingual dimensions
of 3 (240 measurements) randomly chosen participants and measured twice by the
examiners with a 20-day interval.

The distribution pattern of the values of the buccolingual dimensions was evaluated
by the Shapiro-Wilk test, where the variable showed normal distribution.

The comparison between the preferred chewing side and the opposite side for the
participants with preferred and exclusive unilateral mastication and between the
right and left sides for the subjects with bilateral mastication was performed with the
Student t test for paired samples. Statistical analysis used a level of significance of
a =0.05 and the data were processed with the SPSS Statistics 17.0.0 software (SPSS,
Chicago, IL, USA).

Results

Intra- and inter-examiner agreement for the buccolingual dimensions were 0.959
(p<0.0017) and 0.979 (p<0.001) respectively, demonstrating excellent agreement.

The mean values for the maxillary and mandibular buccolingual dimensions of the
alveolar process in subjects with preferred unilateral, bilateral and exclusive unilate-
ral masticatory patterns, as well as the comparison between comparable sides (the
preferred and non-preferred sides, right and left sides, and mastication and balancing
sides) are shown in tables 1 to 3.

Subjects with preferred unilateral and exclusive unilateral mastication did not show
statistically significant difference between the preferred and non-preferred sides and
the chewing and balancing sides, respectively, for both the maxilla and mandible.

Subjects with bilateral mastication showed statistically significant difference between
the right and left sides at the heights of 6 mm (p=0.030) and 8 mm (p=0.023) between
the first and second maxillary premolars.
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Table 1. Mean values of the buccolingual dimensions of the alveolar bone in subjects with preferred
unilateral mastication.

Maxilla Mandible
Interdental . Preferred Non-preferred Preferred Non-preferred
. Height - . . .
region side side P Value side side P Value
Mean SD Mean SD Mean SD Mean SD

2mm 7.89 075 792 1.00 0.892 747 118 7.40 107 0.758
Canine 4mm 867 094 883 098 0332 858 139 855 1.55 0.929

X 6mm 915 1.22 911 133 0.841 890 1.37 876 141 0432
T=Premolar gmm 945 162 928 152 0509 9.4 1.47 905 153 0685
10mm 9.88 1.96 977 203 0765 947 166 9.53 1.80  0.843

2mm 938 096 9.19 086 0239 816 1.83 802 127 0.681

1t premolar _4mm 983 109 989 117 0680 935 179 898 134 0201
X 6mm 995 1.34 1002 120 0722 967 1.70 953 151 0528

2" Premolar  gmm  10.05 1.38 10.02 140 0852 994 159 976 159  0.380
10mm 10.31 1.69 1020 178 0.535 10.08 1.55 10.15 1.55 0.702

2mm 1034 1.16 1034 122 1.000 9.65 1.29 9.50 1.04  0.539

o premolar _4mm 1115 111 1122 107 0562 10.80 1.34 10.58 1.22  0.303
X 6mm 1138 162 11.30 159 0577 11.08 1.40 11.15 153  0.705

1 Molar  gmm 1138 1.88 1140 1.81 0942 1120 1.64 11.41 1.65 0.314
10mm 1213 200 1213 198 1000 11.25 160 1152 1.88  0.237

2mm 1301 1.09 1311 090 0597 1119 1.19 11.04 133 0219

IstMolar  4mm 1367 1.02 1392 081 0165 1240 143 1234 138 0717
X 6mm 1433 1.14 1436 1.4 0900 13.32 1.65 1321 1.58  0.623
2¥Molar  gmm 1418 085 1445 1.13 0355 13.43 162 1333 146  0.565
10mm 1580 2.01 16.45 298 0552 1322 1.81 1334 1.58  0.521

Table 2. Mean values of the buccolingual dimensions of the alveolar bone in subjects with bilateral mastication.

| Maxilla Mandible
Intgrdenta Height Right side Left side Right side Left side
region P Value P Value
Mean SD Mean SD Mean SD Mean SD
2mm 8.00 131 802 1.11 0.952 7.09 091 740 1.31 0.358
Canine 4mm 893 1.28 915 190 0447 850 130 875 127 0.345
X 6mm 9.22 1.30 9.27 1.19 0.896 8.97 1.55 8.93 1.41 0.829

1= Premolar  gmm 936 1.50 931 1.33 0899 904 177 913 165 0.777
10mm 956 146 934 1.03 0615 918 183 943 2.00 0.448
2mm 915 108 9.09 011 0732 7.88 148 820 171 0322
1t premolar  4mm 990 163 938 102 0118 915 191 929 181 0.523
X 6mm 997 145 945 1.6 0.030* 972 174 961 1.45 0.598
2Premolar  gmm 979 153 927 132 0.023* 1013 1.49 1013 1.26 1.000
10mm 977 080 950 1.31 0.323 1050 1.46 10.38 1.46 0.450
2mm 1031 1.37 1077 1.10 0.064 9.61 124 950 158 0.742
o premolar  4mm 1140 1.24 1120 0.07 0455 1075 146 1072 157 0.921
X 6mm 1156 061 1122 143 0.151 11.36 1.69 11.40 151 0.835
1< Molar  gmm 1157 2,09 1125 164 0231 11.61 1.81 1147 1.55 0.628
10mm 11.17 3.04 1128 222 0.807 11.65 191 11.63 176 0.918
2mm 12.88 1.01 13.13 1.37 0490 11.18 1.30 11.15 1.28 0.884
1% Molar 4mm 1422 1.00 1434 116 0713 1234 146 1218 1.40 0.396
X 6mm 1438 071 1411 123 0263 1325 172 13.09 1.60 0.494
2" Molar 8mm 1433 1.19 14.02 129 0.179 1377 1.88 13.54 197 0.331
10mm 1350 1.62 13.81 1.14 0.504 13.77 203 1343 228 0.180

* - statistically significant difference according to Student t test for paired samples.
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Table 3. Mean values of the buccolingual dimensions of the alveolar bone in subjects with exclusive
unilateral mastication.

Maxilla Mandible
Interc{ental Height Chewing side Bala_ncmg Chewing side Balapcmg
region side P Value side P Value
Mean SD Mean SD Mean SD Mean SD
2mm 767 064 792 097 0.533 7.67 154 792 1.51 0.356
Cani 4mm 839 092 846 136 0875 9.17 203 9.07 212 0.573
anine

X 6mm 857 1.37 885 167 0493 967 217 964 214 0818
1= Premolar T T 805 158 885 216 0222 935 278 992 250 0388
10mm 857 1.61 917 3.06 0422 1017 288 10.07 279 0.695
2mm 928 143 907 124 0585 867 1.68 825 143 0.111
4mm 982 159 971 112 0815 967 226 960 188 0.778
1t Premolar
X 6mm 992 171 992 179 1.000 1028 233 1003 1.91  0.403
2n Premolar
8mm 10.39 195 1035 174 00945 1042 246 1060 211 0.499
10mm 10.60 251 10.60 227 1.000 1046 295 1092 2.35 0.308
2mm 1025 1.02 1039 080 0558 939 148 996 237 0.403
- 4mm 1116 058 1175 093 0052 1039 2.02 10.89 1.36 0.197
2" Premolar
X 6mm 1179 1.02 1191 1.47 0832 1096 200 11.53 1.53 0.084

TMolar - “Tg 1210 152 1240 185 0485 1117 212 1200 153 0.054
10mm 1300 288 1318 327 0547 1160 256 1207 185 0239
omm 1225 076 1282 137 0306 1096 126 11.00 102 0.864
fMolay _4MM 1385 100 1375 110 0448 1228 1.04 1228 130 1.000

X 6mm 1425 0.88 1454 127 0384 1360 1.12 1310 126 0.221

nd
2! Molar 8mm 1450 0.90 1512 1.49 0098 1414 142 1403 129 0.796
10mm 1537 145 1612 221 0223 1432 195 1428 179 0.890

Statistical power was calculated based on the group of subjects with exclusive unila-
teral mastication where, hypothetically, a greater difference between both sides was
expected. Besides, this group represents the weakest statistical condition, because it
has a fewer amount of patients. Alveolar dimensions of Tmm were considered as of
clinical relevance. The power of statistical significance was found to be 0.78, which
corresponds to a 78% chance of having a real effect.

Discussion

The ideal masticatory pattern presents a similar number of masticatory cycles on
both sides of the arches?. However, most people show preference for one chewing
side during the masticatory function”®, which may be due to an adaptive process to
problems such as tooth loss, occlusal interferences, morphology of the craniofacial
bones and muscular and temporomandibular joint problems®. In the present study,
the occlusal and dental characteristics that might interfere asymmetrically in the alve-
olar bone structure were controlled, and from the total of 39 participants, 72% had
unilateral mastication (54% preferred and 18% exclusive) and 28% had bilateral mas-
tication. This distribution reflects what can be found in the general population where
73% to 77% have a preferred chewing side??.
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Besides being an adaptive process to the occlusal pattern, the choice for a preferred
chewing side may be associated with the type of food and its texture®. In this study,
the type of food was standardized for all analyses. Each participant received a por-
tion of French bread sufficient to perform the filming of approximately 90 seconds.
French bread was used in other research concerning the masticatory system with
good acceptance from the population studied™. The filming technique and subse-
guent speech therapy evaluation are recommended strategies for the analysis of the
masticatory pattern®?%?2. The video and the evaluations made by 3 speech therapists
permitted a careful analysis by means of repeated visualizations and discussion of
each case.

Cone beam computed tomography was used to evaluate the buccolingual dimension
of the alveolar bone because it provides images without superimposition of structu-
res with resolution and reliability sufficient to analyze the amount of bone and allow
tridimensional manipulation of the structures under study?®.

Research have evidenced the relationship between the preference for a chewing side
and facial anthropometric measurements, demonstrating that unilateral mastica-
tory function results in asymmetric changes of the maxilla and mandible?. Studies
with rats have correlated masticatory hypofunction with reduction of the alveolar
bone™ 217 |n the present study, however, subjects with preferred or exclusive unilate-
ral mastication pattern did not show statistically significant differences in the bucco-
lingual dimension of the alveolar bone between the preferred and non-preferred sides
in the interdental regions evaluated in the maxilla and mandible.

Statistically significant differences were found at the heights of 6 mm and 8 mm
between the first and second premolars on the right and left sides of the maxilla
in patients with bilateral chewing. Since from a total of 40 comparisons made for
these subjects (5 heights x 4 interdental regions in maxilla and mandible), only 2
showed such variation, this result seems to reflect an isolated difference in the sam-
ple and it does not allow to infer that the masticatory pattern was responsible for
the alterations found.

Conclusions

There was no difference in the transverse dimension of the alveolar bone in the pos-
terior regions of maxilla and mandible between preferred and non-preferred sides in
subjects with preferred unilateral mastication and between right and left sides in sub-
jects with bilateral mastication.
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