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RESUMO

O tecido 6sseo sofre modificagbes estruturais de acordo com as tensdes que agem sobre
ele. Na mandibula, Unico osso moével do cranio, os musculos provocam tensdes durante
sua movimentacdo na mastigagdo e fonagcdo. O envelhecimento e a perda dentéria
podem provocar alteragées morfoldgicas na mandibula, com consequéncias clinicas. O
objetivo deste trabalho foi correlacionar a espessura da cortical mandibular na regiao de
forame mentual (FM) e angulo goniaco (AG) e, a altura do processo corondide (PC) com
antimeros direito e esquerdo, idade, género, tipos faciais e cefalicos, numero e local das
perdas dentarias em uma amostra populacional. Para isso, foram avaliadas 240
radiografias panoramicas de voluntarios de ambos os géneros, com idades entre 21 e 80
anos. Apds as medidas faciais e cefalicas, as radiografias panoramicas foram
fotografadas e transferidas para o programa Radiocef Studio 2® no médulo Radio Imp.
As mensuracoes foram realizadas por um Unico avaliador em trés momentos distintos nas
seguintes regides: base mandibular até a borda superior da imagem da cortical
mandibular na regidao do forame mentual, altura dos processos corondides e espessura da
cortical na regido do ponto goniaco, todos bilateralmente. As medidas foram submetidas a
andlise estatistica Anova Two Way Analasys pelo software SigmaStat®, com nivel de
significancia de 5%. Observou-se diferenga estatistica significante em relagédo ao género,
idade, tipo cefalico, numero e local das perdas dentarias quando correlacionadas as
mensuracdes avaliadas. Nao houve diferenga estatistica quando correlacionados os
diferentes tipos faciais e os lados direito e esquerdo de pacientes do mesmo género.
Conclui-se que perdas dentarias provocam alteragdes na morfologia éssea mandibular.
Além disso, fatores como idade, género e tipo cefélico também devem ser levados em

consideracao na andlise da morfologia 6ssea mandibular.

Palavras-chave: Perda de dente, Musculos mastigatorios, Radiografia panoramica,

Biomecéanica.
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ABSTRACT

The bone tissue undergoes structural changes according to the mechanical
forces acting on it. In the mandibular bone, the lower teeth and muscles produce
significant tension in the process of chewing and speech. Since the mandibular
bone presents the dental arch and insertion of masticatory muscles, the aim of this
study was to correlate the mandibular cortical thickness in the region of the mental
foramen (MF) and gonial angle (GA) and the height of the coronoid process (CP)
with right and left sides, age, gender, cephalic and facial types and number and
location of tooth loss. The study population comprised 240 patients of both
genders, age ranged from 21-80 years. After the facial and cephalic measures, all
panoramic radiographs were photographed and imported to the program Radiocef
Studio 2® in Radio Imp module, and the measurements were carried out by a
single examiner in three distinct moments in the following regions: the mandibular
basis up to the top edge of the mandibular cortical in the region of the mental
foramen on both sides, height of both coronoid process and cortical thickness in
the region of gonial point bilaterally. All measures were statistically analyzed by
two-way ANOVA using the SigmaStat® software, with significance level of 5%. It
was observed statistically significant differences in relation to gender, age, cephalic
type, number and location of tooth loss as they were correlated to measurements
assessed. There was no statistical difference by correlating different facial types
and the right and left sides of the same gender patients. It was concluded that tooth
loss causes changes in mandibular bone morphology. Furthermore, factors such
as age, gender and cephalic type must also be taken into account in the analysis of
mandibular bone morphology.

Key words: Tooth Loss, masticatory muscles, panoramic radiography,

biomechanics.
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1 INTRODUGCAO

Forcas mecanicas controlam o processo biol6gico normal e suas alteracoes
pela interacdo célula-ambiente (Discher et al., 2005). Essa interagdo ocorre em
condigbes dinamicas que, devido o consumo de alimentos mais macios e a perda
dos dentes, tem requerido menor esforco mastigatério provocando modificacdes
morfolégicas na mandibula (Prado and Caria, 2007).

Do ponto de vista biomecanico, ha um arranjo estrutural dos ossos para
absorver as tensées musculares que agem sobre eles (Sicher and Du Brul, 1970).

A mandibula é o uUnico osso moével do cranio, por essa razao todos o0s
musculos da mastigacao estao inseridos nela promovendo tensées em diferentes
direcbes. As forcas de tracdo s&o provenientes dos musculos elevadores da
mandibula, determinando a trajetéria marginal, que percorre a borda posterior do
ramo e a base da mandibula; as forcas de compressao no processo alveolar, sdo
escoadas pela trajetéria alveolar até a cabeca da mandibula (Madeira, 1971;
Sicher and Du Brul, 1970).

A mastigacado envolve fenbmenos que levam a trituragdo e moagem dos
alimentos que os degradam em particulas menores, até serem deglutidos
(Douglas, 1994).

O musculo masséter € um musculo de forca, bastante eficiente na
mastigacao, gerando grande tensao sobre a superficie éssea (Vianna-Lara et al.,
2009).

Durante o movimento de mastigacédo, as estruturas sdo estimuladas de
maneiras distintas conforme o lado em que o movimento é realizado, porém
sempre buscando obedecer as condigdes de equilibrio da mandibula. Quando a
mastigacdo € bilateral ocorre distribuicdo uniforme das forgas mastigatorias e
sincronia bilateral dos musculos mastigatérios (Leite et al., 2010).

Considera-se mastigacao ideal aquela realizada bilateralmente, alternando-
se o lado de trabalho e o de balanceio o que favorece a saude das estruturas
orais. Esse padrao bilateral alternado demonstra a harmonia morfofuncional das

estruturas estomatognaticas, gerando crescimento e desenvolvimento craniofacial.



Isso ocorre, pois os musculos mastigatorios provocam remodelagdo éssea nos
seus locais de insercdo gerando assim deposicdo ou reabsor¢cdo Ossea
(Marchesan, 1997).

Whaites (2003) descreveu que a radiografia panoramica € umas das
técnicas mais solicitadas pelos cirurgides dentistas, principalmente porque é
possivel visualizar em uma Unica radiografia vdarias estruturas com baixa
exposicao a radiacao.

A precisdo de medidas linerares horizontais e verticais em radiografias
panoramicas foi avaliada ao comparar medidas reais de 25 mandibulas secas com
medidas radiograficas. Observou-se 95% de precisdo nas distancias horizontais
na regiao posterior, comprovando a confiabilidade das medidas lineares feitas em
radiografias panoramicas para realizacao de pesquisas (Catic et al., 1998).

Medidas lineares como espessura da cortical mandibular em regido de
forame mentual e angulo goniaco, além da altura do processo corondide, podem
ser aferidas auxiliando no diagndstico, prevencao e compreensao de alteracoes
fisiolégicas ou patolégicas, bem como a caracterizagcdo dos indices facial, cefalico,
idade, género e presenca de dentes.

Com o objetivo de desenvolver um parametro Gtil para o diagnéstico de
doencas metabdlicas em mulheres na menopausa, alguns autores realizaram
medidas lineares em radiografias panoramicas e compararam os resultados entre
homens e mulheres, encontrando diminuicdo da cortical mandibular, na regido do
angulo mandibular em pacientes do género feminino (Brass et al., 1982).

Um estudo antropométrico da mandibula em radiografias antero-posterior e
lateral de individuos dentados e edéntulos com faixa etaria superior a 70 anos de
idade, sem qualquer dimorfismo maxilo-mandibular, foi realizado para demonstrar
as diferencas entre a mandibula de dentados e edéntulos. Mandibulas edéntulas
apresentam diminuicdo na altura da sinfise e aumento da altura da incisura
mandibular, diminuicdo da altura do corpo e aumento do angulo goniaco da
maneira significativa. Nenhuma diferenca estatistica significativa foi observada
para a altura do ramo, comprimento da mandibula, largura minima do ramo e

largura bigonial. A diminuicdo na altura da sinfise e do corpo mandibular é



explicada pela reabsorcdo do processo alveolar da mandibula. O aumento no
angulo mandibular e a diminuicdo na altura da incisura mandibular podem ser
explicados pelo desequilibrio entre os musculos elevadores e depressores da
mandibula (Merrot et al., 2005).

A espessura da cortical mandibular abaixo do forame mentual também
apresenta correlacdo com a densidade mineral éssea da coluna lombar e da
epifise proximal do fémur. Este indice radiomorfométrico € denominado indice
mentual e pode ser aferido por um paquimetro de alta precisdo ou por meio de
programas de computador (Devlin and Horner, 2002; Ledgerton et al., 1999).

Ao analisar a espessura da cortical da base da mandibula na regiao do
ponto génio em mulheres com e sem osteoporose, observou-se que em mulheres
que apresentavam osteoporose a cortical 6ssea mandibular era mais fina (Kribbs
et al., 1990).

Ha evidéncias de um aumento na espessura cortical na regido de angulo
goniaco com a atividade acentuada do musculo masseter. Porém, diante de
condi¢cbes patolégicas dentarias, doencas periodontais € o uso de proteses,
observa-se, frequentemente, reducao da forga mastigatéria e por conseguinte
reabsorcao 6ssea nesta regidao (Jonasson and Kiliaridis, 2004).

O amplo espectro de variacbes faciais pode determinar modificacdes
morfoldgicas na face do individuo. O padrdo facial tem sido considerado como o
principal fator etiolégico das maloclusdes dentarias, pois muitas delas estdo
intimamente ligadas a morfologia da face, sendo esta determinada pelo padrao de
crescimento facial (Sies et al., 2007).

O indice facial permite classificar o biotipo facial em: face alta e estreita,
leptoprésopo; baixa e larga, euriprésopo e mesoprésopo, face na qual a altura e a
largura sa@o proporcionais. Cada tipo facial € acompanhado de caracteristicas
especificas de padrao de oclusado dentaria e muscular, que obedecem ao padrao
de crescimento do cranio (Avila, 1958).

O indice cefélico também é um parametro antropométrico muito utilizado na
determinacao das variagdes raciais, sendo habitual seu uso para determinar

diferengas sexuais, especialmente em individuos cuja identidade € desconhecida.



Devido a sua validade e praticidade, tem notoriedade e obrigatoriedade no
inquérito do esqueleto craniofacial (Mclntyre and Mossey, 2003; Shah and Jadhav,
2004.).

Sendo assim, o presente estudo teve por objetivo avaliar a espessura da
cortical mandibular na regiao de forame mentual (FM) e do angulo goniaco (AG)
bem como a altura do processo corondide (PC), em voluntarios de diferentes tipos

faciais e cefalicos por meio de medidas lineares em radiografias panoramicas.
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Summary

Objectives: To correlate the mandibular cortical thickness in the region of the
mental foramen (MF), gonial angle (GA) and the height of the coronoid process
(CP) against right and left sides, age, gender, cephalic and facial types, number
and location of tooth loss in a population sample.

Materials and Methods: The study population comprised 240 patients of both
genders, age ranged from 21-80 years. After facial and cephalic measures, all
panoramic radiographs were photographed and imported to the Radiocef Studio
2® program in Radio Imp module, and the measurements were carried out by a
single examiner in three distinct moments according to the following regions: the
mandibular basis up to the top edge of the mandibular cortical in the region of the
mental foramen on both sides, height of both coronoid process and cortical
thickness in the region of gonial point bilaterally. All measures were analyzed by
two-way ANOVA using the software SigmaStat®, with significance level of 5%.
Results: When comparing the regions measured in relation to gender, age,
cephalic type, number and location of tooth loss, significant differences could be
seen. There was no statistical difference by correlating different facial types and
both sides of patients of the same gender.

Conclusion: Tooth loss causes changes in mandibular bone morphology.
Moreover, factors including age, gender and cephalic type must also be taken into

account in the analysis of mandibular bone morphology.

Key words: Tooth Loss, masticatory muscles, panoramic radiography,
biomechanics.



Introduction

Recent studies have attributed to the lower masticatory effort the changes in
the jaw bone. The magnitude and the frequency of functional loads depend on
many intrinsic and extrinsic factors, such as muscular efficiency, for example,
higher in men than in women, in younger than in elderly (Graf, 1978), the hardness
of the diet, as softer food and/or liquid diet versus hard food (Sako et al. 2002;
Granheid et al. 2010; Vreeke et al., 2010). As a result, the functional loads cause a
combination of horizontal and axial loads, which result in the movement tooth in all
directions in relation to alveolar bone, interfering in the morphological pattern of
trabecular bone, since they reduce the dissipation of masticatory load causing
alteration in the lamellar bone (Caria and Prado, 2007).

From a biomechanical point of view, it is known that there is an architectural
arrangement of the bones to facilitate the absorption and the flow of external forces
that affect these structures. Therefore, the bones that comprise the stomatognathic
system follow this structural pattern and, in the specific case of the jaw, the forces
released at the tooth level are disposed by alveolar trajectory, which follow in the
direction of the head of the mandible. The tensil forces of the muscles, which are
inserted close to the mandibular angle, form the marginal trajectory that occupies
both the posterior edge of the mandibular ramus and the base of the jaw (Madeira,
1971; Sicher and Du Brul, 1970).

An optimal chewing would be performed bilaterally, alternating the side of
work and balancing, favoring oral structures health (Dutra et al., 2010). This
bilateral rotation pattern shows the harmony of morphofunctional stomatognathic
structures, generating a harmonious craniofacial growth and development. This
occurs because the masticatory muscles cause bone remodeling in their insertion
sites, generating bone growth or reabsorption (Marchesan, 1997).

Morphological changes suffered by the jaw are influenced by dental
conditions and age of the patients, and occur in a continuous way throughout life.
This bone remodeling can occur in various regions of the jaw, including the gonial
and antigonial region, the condyle and the ramus (Enlow et al., 1976).



In cases of tooth loss, for instance, the jaw is exposed to several types of
atrophic alterations, such as reduction of the size of the mandibular angle,
reabsorption of the medial surface of the condyles and decrease of the size of the
coronoid process (Carlsson and Persson, 1967; Edwards, 1954; Pietrokovski and
Massler, 1967; Prado et al., 2010; Rogers and Appebaum, 1941).

Another factor that can have great impact in the bone morphology of
individuals is the wide spectrum of facial variations (facial patterns), which in many
cases are considered the main etiologic factor of dental malocclusion, that can be
directly linked to the facial morphology determined by the pattern of individual
growth (Ribeiro De Miranda et al., 2009; Sies et al., 2007).

The cephalic index is also an anthropometric parameter frequently used in
the determination of phenotypic variations, being commonly used to determine the
sexual differences, especially in individuals whose identity is unknown. Due to its
validity and practicality, there is a great reputation on the craniofacial skeleton
study (MclIntyre and Mossey, 2003; Shah and Jadhav, 2004.).

In a study conducted in 1998, it was evaluated the accuracy of horizontal
and vertical linear measures in panoramic radiographs by comparing the results
obtained with real average carried out in 25 dried jaws. It was observed 95% of
accuracy in horizontal distances in the posterior region, and that the magnification
factor tool of panoramic equipment was low, concluding that it would be possible to
use panoramic radiographs for performing horizontal and vertical linear
measurements, situated on both sides, since there were no statistically significant
differences in measures performed in mandibular medium line (Sicher and Du Brul,
1970).

Therefore, the current work aims to evaluate the mandibular cortical
thickness in the region of mental foramen (MF) and gonial angle (GA), and the
height of the coronoid process (CP) and the insertion sites of masticatory muscles
through linear measures using panoramic radiographs, correlating the sites
measured (MF, GA and CP) with right and left sides, age, gender, facial and
cephalic types, tooth losses and their locations in a population sample.



Material and Methods

This study was approved by the local Ethics Committee (protocol 123/2011).
It was performed a prospective epidemiological research, evaluating the panoramic
radiographs of 240 patients of both genders and age ranging from 21 to 80 years,
that attended at the Dental Clinic of Radiology of the Piracicaba Dental School -
State University of Campinas, Sao Paulo, Brazil to perform radiographic exams
because of different clinical indications.

Those patients under 21 years, foreigners, that used drugs continuously or
users of removable or fixed dental prostheses were excluded from this study.
Patients who attended the criteria of this study were invited to participate as a
volunteer and were requested to sign the informed consent term.

To determine the facial and cephalic types, measurements were performed
on the face and skull. To obtain the facial type, bizigomatic and fronto-nasal-mental
were measured (Figure 1) using a pachymeter of 24 cm (CESCORF, Brazil). The
frontal-nasal-mental measure was multiplied by 100, and the value was divided by

the bizygomatic value, obtaining the facial index (Table 1).

Figure 1: A — Bizigomatic measure / B — Fronto-naso-mental measure.



Table 1. Facial types and reference values (Avila, 1958).

Facial types Reference values
Hypereuriprosopic <789
Euriprosopic 79 a 83.9
Mesoprosopic 84 a87.9
Leptoprosopic 88 a92.9
Hyperleptoprosopic >93.0

Regarding cephalic type, it was measured the antero-posterior and
transversal diameter of the skull using a compass of 260 mm (Figure 2). The
cephalic index was obtained by multiplying the transverse diameter by 100 and
dividing the value by the antero-posterior diameter (Table 2).

Figure 2: A — Antero-posterior measure / B — Transversal measure of skull.

Table 2. Cephalic types and reference values (Williams et al., 1995).

Cephalic types Reference values

Dolicocephalic DOL- 70<I1C<74.9
Mesocephalic MES - 75<I1C<79.9
Braquicephalic BRA - 80<I1C<84.9

The volunteers were categorized according to age, gender, cephalic type,
facial type, tooth loss and their locations, as follows: Age - group 1 (21-30 years),
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group 2 (31-50 years), group 3 (51-70 years), group 4 (71-80 years); Gender -
male and female; Cephalic Type - dolichocephalic (70 < CT < 74.9), mesocephalic
(75 < CT < 79.9), brachycephalic (80 < CT < 84.9), Facial Type - hypereuriprosopic
(< 78.9), euriprosopic (79-83.9), mesoprosopic (84-87.9), leptoprosopic (88-92.9),
hyperleptoprosopic (= 93.0); Presence of teeth - D1 (0-15 teeth present), D2 (16-32
teeth present); Location of tooth loss - L1 (all teeth present), L2 (anterior teeth
missing), L3 (posterior teeth missing), L4 (absence of all teeth).

To perform the panoramic radiography, it was used the equipment of
Instrumentarium Orthopantomograph OP 100 ® (General Electric, Tuusula,
Finland), and the exposure time was changed according to the characteristics and
requirements of each patient to obtain a radiographic exam with desired quality
standards. For processing the panoramic radiography, an automatic processor
Macrotec MX-2 ® (Macrotec, Cotia, Sdo Paulo) was used for approximately three
minutes.

After evaluating the quality of panoramic radiographs processed, the
radiographs were digitalized by a digital camera (Samsung ES68 12 Megapixel)
using a stand (PF-4 ®, Nikon, Japan) with a distance of 42 cm from digital camera
to panoramic radiograph. For subsequent calibration, it was used a millimeter ruler
(20 mm) placed on the left side of the radiograph at the moment of acquisition of
photography. Therefore, the image obtained was exported to the computer and
then imported into the program Radiocef Studio 2 developed by Radio Memory ®
(Belo Horizonte, Minas Gerais, Brazil) in the Radio Imp module for evaluation.

All panoramic radiographs were calibrated using two known points on the
millimeter ruler and the measurements were performed in three different times by
one examiner previously calibrated. . The real measure was provided by the
software. After this calibration, the following measurements were performed on
linear radiographic images: 1 — from mandibular base up to the top edge of the
cortical bone in the region of the mental foramen on the right side, 2 — from
mandibular base up to the top edge of the cortical bone to the mental foramen on
the left side, 3 - height of the coronoid process of the right side, 4 - height of the

coronoid process of the left side (to obtain the height of coronoid process, was
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traced a tangent in the mandibular incisures and, from this reference line, a new

line was traced to the higher point of the coronoid process), 5 — from mandibular

base up to the top edge of the cortical bone in the region of the gonial point on the

right side and 6 — from mandibular base up to the top edge of the cortical bone in

the region of gonial point on the left side (the gonial point was determined by the

bisector of the angle formed by the tangent to the posterior edge of the ascending

ramus of the mandible and the lower edge of the mandible body) (Figure 3).

Figure 3: Schematic representation of the measurements performed.

Intra examiner concordance was calculated using kappa test, obtaining an

excellent reproducibility with the examiner’s best result in the measurement of GA

(kappa value = 0.822) and the lowest value in the CP (kappa value = 0.808) (Table

3).

Table 3. Kappa values for intra examiner concordance. (Rosner, 1986)

Kappa values Replicability
MF 0.812 Excelent
GA 0.822 Excelent
CP 0.808 Excelent

*MF - mandibular cortical thickness in the region of the mental foramen, GA — mandibular
cortical thickness in the region of the gonial angle, and PC - height of the coronoid process.
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The paired comparisons between age, gender and facial and cephalic types
were analyzed by two-way ANOVA. SigmaStat software for Windows (Version 3.5,
Systat Software Inc, Hilden, Germany) was used, considering a significance level
of 5%.

Results

When the measurements were analyzed according to different age groups, it
was noted that in relation to the thickness in the region of the mental foramen, the
highest average was found in group 2, whereas the lowest was obtained in group
4. There was a statistically significant difference when comparing groups 1 and 4, 2
and 3, and 3 and 4 in this region. Regarding the gonial angle region, the highest
average was found in group 1, where only this group showed statistically significant
difference in relation to others. When performed the average of the values found in
the height of the coronoid process within the different age groups, it was found that
the group 3 had the highest average, with statistically significant difference
between the groups 1 and 3, 2 and 4, and 3 and 4 (Table 4 ).

Table 4. Analysis of measurements in relation to patient’s age.

MF GA CP

Age Mean SD Mean SD Mean SD
Group 1 4.433*°*  +0.080 1.910° +0.038 9.266% +0.214
Group 2 4.525° +0.058  1.724° +0.027 9.697" +0.156
Group 3 4.278° +0.072  1.709° +0.034 10.086*  +0.193
Group 4 3.601° +0.204 1.734%® +0.096 7.981° +0.543

* Different letters represent statistically significant difference.

Regarding mandibular measurements according to gender, there was a
significant statistical difference between the groups (male and female), with higher
average for males (Table 5).
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Table 5. Analysis of measurements in relation to gender of the patients.

Gender MF GA CcP
Mean SD Mean SD Mean SD
Male 45147 +0.063 1.8302 +0.030 9.935° +0.165
Female 4.333° +0.049 1.704° +0.023 9.407° +0.128

* Different letters represent statistically significant difference.

The radiomorphometric values comparing right and left sides in the same
gender showed no statistically significant difference. However, by comparing the
values between the two genders, there was statistical difference between the sides
(right and left) for MF and GA, with higher average to the right side for males
(Table 6).

Table 6. Analysis of measurements in relation to the sides of the patients.

Side Gender MF GA CP
Mean SD Mean SD Mean SD Mean
_ Male  4.517%  +0.089 1.846°  +0.042 9.922 +0.233
Right Female 4.294° +0.069 1.695° +0.042 9.408 +0.181
Left Male  4.511 +0.089 1.814 +0.042 9.949 +0.233

Female 4.373 +0.069 1.713 +0.033 9.406 +0.181

* Different letters represent statistically significant difference.

Considering the cephalic types, there was a significant difference in
dolichocephalic (DOL) related to mesocephalic (MES) and brachycephalic (BRA),
with higher average for GA and MF measures. In relation to CP, the mesocephalic
showed higher values when compared to the brachycephalic and dolichocephalic,
but with no significant differences (Table 7).
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Table 7. Analysis of measurements in relation to cephalic types of patients.

Cephalic type MF GA cp
Mean SD Mean SD Mean SD
Braquicephalic =~ 4.340°  £0.063  1.728° +0.031 9.301 +0.170
Mesocephalic 4.488° +0.101 1.700° +0.049 9.826 +0.269
Do|icocepha|ic 4.968% +0.151 1.945% +0.073 9.051 +0.402

* Different letters represent statistically significant difference.

In the different facial types, regarding MF, the leptoprosopic presented the

highest average, followed by mesoprosopic, hypereuriprosopic, hyperleptoprosopic

and euriprosopic, although there was no statistically significant difference among

them. Considering GA, the mesoprosopic patients had the highest average,

followed by euriprosopic, hypereuriprosopic, hyperleptoprosopic and leptoprosopic

however, no significant difference was detected. By comparing CP according to

different facial types, it could be observed that the euriprosopic patients obtained

the highest values, although no statistically significant difference was found in

relation to the other groups (Table 8).

Table 8. Analysis of measurements in relation to facial types of patients.

. MF GA CP
Facial type Mean SD Mean SD Mean SD
Hypereuriprosopic 4.572 +0.206 1.776 +0.101 9.347 +0.550
Euriprosopic 4.439 +0.161 1.83 +0.078 10.083 +0.428
Mesoprosopic 4.61 +0.094 1.896 +0.045 9.176 +0.251
Leptoprosopic 4.865 +0.144 1.701 +0.070 8.81 +0.384
Hyperleptoprosopic 4.508 +0.069 1.752 +0.034 9.547 +0.186

In relation to MF and GA, group D2 showed higher values than group D1,

with statistically significant difference. Regarding the CP, the mean values were

higher in group D1, without statistically significant difference in relation to group D2

(Table 9).
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Table 9. Analysis of measurements in relation to number of present teeth of patients.

MF GA CP
Number of Teeth Mean SD Mean SD Mean SD
D1 4.190° +0.101 1.623° + 0.046 10.111 +0.264
D2 4.4572 +0.043 1.8042 +0.020 9.604 +0.114

* Different letters represent statistically significant difference.

Regarding tooth loss, the absence of all teeth (L4) had lower average
compared to other groups. The location of dental loss showed statistically
significant difference only in gonial angle region (Table 10).

Table 10. Analysis of measurements by location of the tooth loss

Location of the teeth MF GA cP
Mean SD Mean SD Mean SD
L1 4.419 +0.072 1.866 2 +0.028 9.621 +0.177
L2 4.099 +0.082 1.7312° +0.085 10.030 +0.512
L3 4.468 +0.061 1.712°¢ +0.029 9.626 +0.164
L4 4.312 +0.069 1.607°° +0.043 9.453 +0.193

* Different letters represent statistically significant difference.

Discussion

The interaction between the masticatory muscles and the craniofacial
skeleton has been studied as a parameter for the control of craniofacial growth
(Kasai et al., 1994; Vianna-Lara et al., 2009). Thus, the bone regions of muscle
insertions in the jaw have been constantly measured in order to correlate with
temporomandibular disorders, osteoporosis and malocclusions (Amorim et al.,
2010; Joo et al., 2012; Leite et al., 2010; Taguchi et al., 1995a; Taguchi et al.,
1995D).

The present study measured the bone regions of masseter and temporal
muscles insertion to verify their influence in the jaw under different morpho-
functional conditions. The low correlation obtained between the three sites
measured, suggests that despite these measured locations suffer synergistic
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muscular tensions, these tensions propagate differently, causing different reactions
in the jaw.

One factor discussed in the literature in relation to patient age is the
mandibular bone architecture. Different authors have claimed that the greater the
age of the patient, the thinner the mandibular edge is, due to the reduction of
muscle tonus that occurs with advancing of chronological age (Niafar and
Ardakani, 2004, Ghosh et al, 2010; Marchesan, 1997; Taguchi et al. 1995a;
Taguchi et al. 1995b). In this study, group 4 (71 to 80 years) had the lowest
averages in the mental foramen and coronoid process measurements, and values
close to other groups in the region of the gonial angle. Thus, it can be stated that
age would be one of the factors that influenced the thickness of the cortical bone.

Regarding gender, studies affirm that males have an image of the
mandibular edge higher than females, mostly due to their greater chewing force,
which would contribute to an increase in tension and a higher bone remodeling in
the region (Ardakani and Niafar , 2004; Joo et al. Jan 2012; Osato et al. Jan 2012,
Taguchi et al. 1995b). This research corroborates with the current literature,
considering that the values found in men measurements were higher than those
observed in women in all three regions analyzed.

Another point that was evaluated in this study was the correlation between
the right and left sides of the structures measured. No statistically significant
difference was found between patient’'s sides in the same gender, but when
compared the measurements of the right sides of both genders in the regions of
mental and gonial foramens, it was found a statistically significant difference, not
corroborating with previous study (Joo et al., 2012).

The brachycephalic and mesocephalic types were the most common in the
sample studied, what is in accordance to the literature (Williams et al. 1995). The
measurements performed in this study showed significant higher values in
dolichocephalic patients of the mental and gonial regions. According Sicher et al.
(Sicher and Du Brul, 1970) the dental curvature defines the alveolar trajectory in
the jaw and, in dolichocephalic individuals, there is a greater dental inclination,

transferring more power to the bone. In contrast, in these patients coronoid
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thickness was smaller than the other groups, probably because this region suffers
an inferior action of muscle strains, generating mild bone remodeling.

In relation to facial type, the mesoprosopic, leptoprosopic and
hyperleptoprosopic predominated, as reported in the literature (Avila, 1958; Sies et
al.,, 2007). When measurements were correlated to facial types, there was no
statistically significant difference, presuming that the facial type would not interfere
with local measurements.

Studies have reported that the number of present teeth in the oral cavity
could make a difference in the jaw bone structure (Buyukkaplan et al. 2013; Ceylan
et al. 1998; Soikkonen et al. 1995; Yanikoglu and Yilmaz, 2008). The two groups of
volunteers in this study were divided according to Taguchi et al. ,1995b, who
showed that in women with 70 years who had 15 or more teeth, presented greater
width of mandibular cortice than those with fewer teeth (Taguchi et al. 1995b). In
the present study, it was found higher scores in the mental foramen and gonial
angle in patients with more than 15 teeth. These values showed that the presence
of teeth enables further dissipation of chewing forces, especially in the path of
alveolar force, then generating a higher cortical bone remodeling in the jaw. This
corroborates with the findings previously described in the literature (Taguchi et al.,
1995b).

Finally, the location of dental loss was assessed to analyze whether this
variable would influence the measurements performed. Statistically significant
differences were found in the gonial angle region for the groups with absence of
posterior teeth (L3 and L4). This result is important, considering that the posterior
teeth present the highest rate of early loss (Barbato et al., 2007), that associated
with a poor distribution of masticatory forces, leading to an instability in the
dissipation of the alveolar trajectory, would decrease alveolar bone remodeling in
the gonial region, increasing the risk of bone fractures due to low thickness at the
base of the mandibular region.
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Conclusion

Early dental rehabilitation becomes important since the tooth loss over a
long term causes morphological changes in the jaw.

The increasing age causes loss of bone structure, increasing the risk of
fractures.

The cephalic type is an important factor for orthodontic treatment because it
determines different voltages dissipation of masticatory loads, which can

exacerbate malocclusion, or even cause facial asymmetry.
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APENDICE —- METODOLOGIA DETALHADA

A metodologia dessa pesquisa foi aprovada pelo Comité de Etica em
Pesquisa da Faculdade de Odontologia, da Universidade Estadual de Campinas,
sob protocolo de numero 123/2011 (Anexo 1).

1 Delineamento do estudo

O estudo realizado foi uma pesquisa epidemioldgica, do tipo prospectivo
com objetivo principal de avaliar a existéncia ou ndo de correlagdo entre as
espessuras da cortical mandibular na regidao de forame mentual (FM), espessura
da cortical mandibular na regidao do génio (AG) e altura do processo corondide
(PC) em radiografias panoramicas. Buscou-se também correlacionar estas
mensuragdes com os lados direito e esquerdo, género, perdas dentarias e tipos
faciais e cefalicos dos pacientes avaliados.

2 Plano amostral

2.1 Caracterizacao da amostra

A presente pesquisa foi desenvolvida com a andlise de radiografias
panoramicas de duzentos e quarenta pacientes, de ambos os géneros, com idade
entre 21 e 80 anos que possuiam indicacao clinica para a realizacao do exame.
Os voluntarios da pesquisa foram dividos em grupos em relacao a idade, género,
tipo cefalico, tipo facial e presenca e localizacdo de dentes conforme abaixo
descritos:
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ldade:

. Grupo 1 (21 — 30 anos) - 67 pacientes
. Grupo 2 ( 31 — 50 anos) - 74 pacientes
. Grupo 3 (51 — 70 anos) - 67 pacientes
. Grupo 4 ( 71 — 80 anos) - 32 pacientes
Género:

. Masculino — 84 pacientes
. Feminino — 156 pacientes

Tipo Cefalico:

. Dolicocéfalos: 70 < Cl < 74.9 — 58 pacientes
. Mesoceéfalos: 75 < Cl < 79.9 — 80 pacientes
. Braquicéfalos: 80 < Cl < 84.9 — 102 pacientes

Tipo Facial:

. Hipereuriprésopo: < 78,9 — 10 pacientes

. Euriprésopo: 79 a 83,9 — 34 pacientes

. Mesoprosopo: 84 a 87,9 — 60 pacientes

. Leptoprosopo: 88 a 92,9 — 64 pacientes

. Hiperleptoprésopo: = 93,0 — 72 pacientes

Presenca de dentes:

.D1 (0-15 presentes) — 88 pacientes
.D 2 (16 — 32 presentes) — 152 pacientes

Localizacao dos dentes:

L1 (Todos os dentes presentes) — 69 pacientes
L2 (Dentes anteriores ausentes) — 44 pacientes
. L3 (Dentes posteriores ausentes) — 66 pacientes
L4 (

Auséncia de todos os dentes) — 61 pacientes
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2.2 Critérios de exclusao
Para a exclusdo dos voluntarios no estudo, foram considerados os
seguintes critérios:
(a) Ter menos de 21 anos de idade;
(b) Nao ter nacionalidade Brasileira;
(c) Fazer uso de medicamentos de uso continuo;
(d) Fazer uso de préteses parciais removiveis ou fixas;
)

(e) Pacientes que n&o aceitaram participar da pesquisa.
3 Método

3.1 Selegao dos voluntarios

ApoGs os pacientes procurarem o servico de Radiologia Odontolégica da
Faculdade de Odontologia de Piracicaba (FOP- UNICAMP) na cidade de
Piracicaba-Sao Paulo, com indicacdo clinica para realizacgdo do exame
radiografico panoramico, os mesmos, que atendiam os critérios da pesquisa,
foram convidados a participar da mesma, de maneira voluntaria.  Antes da
realizacdo da radiografia panoramica, foi dado a cada paciente um Termo de
Consentimento Livre e Esclarecido (TCLE) (Anexo 2) com toda explicacdo
necessdaria sobre a pesquisa além dos seus riscos e beneficios. Apos leitura e
assinatura do TCLE, os pacientes foram indagados pelo pesquisador responsavel
em relagdo a idade, divididos em 4 grupos: 1 (21 a 30 anos), 2 (31 a 50 anos), 3
(51 a 70 anos) e 4 (71 a 80 anos), dentes presentes divididos em 2 grupos: G1 (0
a 15 dentes presentes) e G2 (16 a 32), profisséo, realizacdo de exercicios fisicos,
nivel de stress onde o mesmo foi quantificado de 0 a 5 quando 0 correspondeu a
auséncia de estresse e 5, estresse maximo, de acordo com relato do préprio
paciente e utilizacao continua de medicacao controlada.

Logo apoés esta etapa, a fim de determinar o tipo facial e o tipo cefélico dos
pacientes, foram realizadas medidas na face e no cranio dos mesmos. Para a
obtencdo do tipo facial foram utilizadas medidas bizigomaticas e fronto-naso-

mento (Figura 1) com um paquimetro da marca CESCORF de 24 cm onde a
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medida fronto-naso-mento foi multiplicada por cem e o valor obtido divido pela
medida bizigomatica determinando-se assim o indice facial (Tabela 1).

Figura 1: A — Medida bizigomatica / B — Medida fronto-naso-mento

TABELA 1. Tipos Faciais e valores de referéncia (Avila, 1958)

TIPOS FACIAIS VALORES DE REFERENCIA
Hipereuripréosopo <789
Euriprésopo 79 a 83,9
Mesoprésopo 84 a 879
Leptoprésopo 88a92,9
Hiperleptopréosopo >93,0

Para o tipo cefalico foi medido o didmetro antero posterior e diametro
transversal do cranio com compasso de 260 mm (Figura 2). O mesmo foi obtido
multiplicando o didmetro transverso por 100 e dividindo o valor encontrado pelo
didmetro antero-posterior. (Tabela 2)

Figura 2: A — Medida antero posterior / B — Medida transversal do cranio
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TABELA 2. Tipos cefélicos e valores de referéncia (Williams et al., 1995)

TIPOS CEFALICOS VALORES DE REFERENCIA
Dolicocéfalos DOL- 70<IC<74.9
Mesocéfalos MES - 75<IC<79.9
Braquicéfalos BRA - 80<I1C<84.9

3.2 Aquisicao das imagens

Para a realizagdo da radiografia panoramica, utilizou-se o aparelho
Instrumentarium Orthopantomograph OP 100® (General Electric, Tuusula,
Finland). O tempo de exposicéo foi modificado de acordo com as caracteristicas e
necessidades de cada paciente, a fim de se obter um exame radiografico dentro
dos padrdes de qualidade desejaveis. Para o processamento dos exames foi
utilizada a processadora automatica Macrotec MX- 2® (Macrotec, Cotia, Sao
Paulo) com o tempo de funcionamento estimado em aproximadamente trés

minutos.

3.3 Preparo das imagens

Apbs o processamento da radiografia panorédmica e avaliagdo da sua
qualidade, a mesma foi fotografada utilizando uma maquina fotografica digital
Samsung ES68 de 12 Megapixels com o auxilio de uma estativa PF-4 ® (Nikon,
Japédo) com distancia de 42 cm maquina-radiografia. Para posterior calibragao foi
utilizado no momento da realizacdo da fotografia uma régua milimetrada (20 mm)

colocada no lado esquerdo da radiografia em questéo.

Apbés a aquisicao da fotografia, a mesma foi exportada da maquina
fotografica para o computador e em seguida importada para o programa Radiocef
Studio 2 desenvolvido pela empresa Radio Memory® (Belo Horizonte, Minas
Gerais, Brasil) no médulo Radio Imp para avaliacéo.

3.4 Avaliagao das imagens
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As mensuragdes foram realizadas por um Uunico avaliador, em trés
momentos distintos, devidamente calibrado para realizacdo das mesmas.
Previamente as mensuracgdes, todas as radiografias panoramicas foram calibradas
a partir da marcacao de dois pontos conhecidos sobre a régua milimetrada sendo
informada ao software a medida real conhecida daquela regido demarcada.

ApOs esta calibragéo, foram realizadas as seguintes medidas lineares sobre
as imagens radiograficas: 1- base da mandibula até a imagem da borda superior
na regiao do forame mentual do lado direito, 2 — base da mandibula até a borda
superior da imagem da regiao do forame mentual do lado esquerdo, 3 - altura do
processo corondide do lado direito, 4 — altura do processo corondide do lado
esquerdo (para obtencdo da altura do processo corondide, mediu-se a partir de
uma tangente a incisura mandibular até o ponto mais superior do processo
corondide), 5 - base da mandibula até a imagem da borda superior na regidao do
ponto génio do lado direito e 6 — base da mandibula até a imagem da borda
superior na regidao do ponto génio do lado esquerdo (o ponto génio foi determinado
por meio da bissetriz do angulo formado pelas tangentes a borda posterior ao

ramo ascendente de mandibula e borda inferior do corpo da mandibula) (Figura 3).

Figura 3: Representacado esquematica das mensuracoes realizadas.
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4 Analise Estatistica

A concordancia intra-observador foi calculada a partir do teste kappa. Para
comparagOes pareadas entre idade, género e tipos faciais e cefélicos com as
mensuragdes realizadas foi utilizado o teste estatistico Anova Two way analysis.
Para a analise dos dados, utilizou-se o programa SigmaStat for Windows (Versao
3.5; Systat Software Inc, Erkrath, Alemanha), considerando-se um nivel de

significancia de 5%.
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) COMITE DE ETICA EM PESQUISA o
- FACULDADE DE ODONTOLOGIA DE PIRACICABA
Fo UNIVERSIDADE ESTADUAL DE CAMPINAS V

CERTIFICADO

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Aspectos biomecanicos do
processo coronédide e dos indices mentual e goniaco de pacientes edéntulos e dentados em radiografias
panoramicas”, protocolo n® 123/2011, dos pesquisadores Yuri Nejaim e Paulo Henrique Ferreira Caria, satisfaz as
exigéncias do Conselho Nacional de Satide - Ministério da Salide para as pesquisas em seres humanos e foi aprovado por
este comité em 08/12/2011.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of Campinas, certify that the
project "Biomechanical aspects of the coronoid process and the chin and gonial index of edentulous and
dentate on panoramic radiographs”, register number 123/2011, of Yuri Nejaim and Paulo Henrique Ferreira Caria,
comply with the recommendations of the National Health Council - Ministry of Health of Brazil for research in human
subjects and therefore was approved by this committee at 12/08/2011.
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ANEXO 2 — Termo de Consentimento Livre e Esclarecido

an
Y

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO  _nicame

N.° Registro CEP:

Titulo do Projeto: “Aspectos biomecanicos do processo corondide e dos indices mentual e goniaco de
pacientes edéntulos e dentados em radiografias panorimicas”

1) Introducio

Vocé estd sendo convidado a participar da pesquisa sobre aspectos biomecanicos do processo corondide e dos
indices mentual e goniaco de pacientes edéntulos e dentados em radiografias panoramicas

Vocé foi selecionado de maneira aleatéria, mas principalmente por realizar neste centro de radiologia
odontolédgica a radiografia panoramica para fins de diagnéstico.

E preciso entender a natureza e os riscos da sua participagdio e dar o seu consentimento livre e esclarecido por
escrito. Esta pesquisa € de responsabilidade do cirurgido-dentista e alunos do programa de mestrado da FOP-UNICAMP,
Yuri Nejaim, sob a orientacdo do cirurgifdo-dentista, professor do Departamento de anatomia, Dr. Paulo Henrique Ferreira
Caria.

2) Justificativa

A realizacdo deste trabalho justifica-se pelo fato de ndo existir trabalhos na populagdo brasileira que determinem os
aspectos biomecanicos do processo corondide e dos indices mentual e gonfaco de pacientes edéntulos e dentados em
radiografias panoramicas.
3) Objetivo

O objetivo principal dos autores serd avaliar os aspectos biomecanicos do processo corondide e dos indices

mentual e gonfaco de pacientes edéntulos e dentados em radiografias panoramicas de homens e mulheres de diferentes
idades em uma amostra da populagdo brasileira.
4) Procedimentos do Estudo

Ao concordar em participar do estudo, autoriza a obtencdo de uma cépia digital da radiografia panoramica ja

realizada por indicacdo clinica para que a mesma seja submetida ao processo de avaliagdo.
5) Possibilidade de Inclusao em grupo controle ou placebo.
Nio haverd participa¢ao de grupo controle ou grupo placebo.
6) Métodos alternativos para obtencao de informacio ou tratamento da condigao.
Niao ha método alternativo para obtengdo da informagdo desejada, porém todos os integrantes da pesquisa se encontram a
disposicdo para qualquer questionamento, a qualquer momento.
7) Descricdo critica dos desconfortos e riscos previsiveis.

O risco para os pacientes ¢ minimo, ja que os mesmos tém indicac@o clinica para a realizagdo do exame panoramico.

8) Descricéo dos beneficios e vantagens diretas ao voluntario.
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A participagdo na pesquisa nio traz nenhum beneficio direto a populagio estuda, porém o mesmo contribui para
um levantamento epidemiolégico da condi¢do estudada na populagio brasileira.
9) Forma de acompanhamento e assisténcia ao sujeito.

Nio serd necessdrio acompanhamento do paciente, porém os pesquisadores encontram-se a disposi¢do para
eventuais questionamentos.
10) Forma de contato com os pesquisadores e com o0 CEP.

Os pesquisadores encontram-se no departamento de Radiologia da FOP-UNICAMP, Av. Limeira, 901, Caixa
Postal 52, Bairro Areido, Piracicaba — SP. Telefone FOP (19)21065349. Telefone CEP (19) 21065349. E-mail:
ynejaim @hotmail.com.
11) Garantia de Esclarecimento.

Os pesquisadores encontram-se a disposicdo pra qualquer esclarecimento nos telefones e endereco acima
mencionados.
12) Garantia de recusa a participacio ou da saida do estudo.

A sua participag@o na pesquisa € livre, podendo o se recusar a participar ou pedir, a qualquer momento, que seu
exame ndo seja analisado nos critérios da pesquisa, sem qualquer puni¢@o ou prejuizo.
13) Garantia de Sigilo.

Nenhum dado referente a sua identificacdo serd divulgado.
14) Garantia de ressarcimento.

Naio serd necessdrio o ressarcimento, uma vez que nao haverd custos durante a realizacio da pesquisa.
15) Garantia de Indenizacao e/ou reparacio de danos.

Nao haverd indeniza¢do ou reparo de danos, uma vez que nao haverd custos ou danos na pesquisa.
16) Garantia de entrega de cépia.

Vocé receberd uma cdpia deste termo e a qualquer momento estamos a disposi¢ao para eventuais dividas.
17) Declaracao de consentimento

Li ou alguém leu para mim as informag¢des contidas neste documento antes de assinar este termo de
consentimento. Declaro também que toda a linguagem técnica utilizada na descricdo deste estudo de pesquisa foi
satisfatoriamente explicada e que recebi respostas para todas as minhas dividas. Confirmo também que recebi uma cépia
deste formulario de consentimento. Compreendo que sou livre em ndo participar do estudo, sem perda de beneficios ou
qualquer outra penalidade.

Dou meu consentimento de livre e espontdnea vontade e sem reservas para autorizar a participagdo como

informante.

Nome do participante (em letra de forma)

RG ou CPF / telefone de contato

Assinatura do participante

Yuri Nejaim
Pesquisador Responsavel pela pesquisa

36



