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RESUMO

A forca de mordida pode influenciar o desenvolvimento da funcao
mastigatéria e conseqientemente a terapéutica reabilitadora. Uma vez que a
variabilidade associada a este indicador pode estar correlacionada com aspectos
intrinsecos ao organismo como a morfologia facial vertical, faz-se necessario
estabelecer qual a influéncia deste aspecto morfolégico na forca maxima de
mordida e em respostas funcionais associadas a funcdo muscular. Assim, a
proposta deste estudo foi verificar a forca méxima de mordida, os tipos de ciclos
mastigatorios e a deflexdo mandibular medial de individuos com diferentes
padrées faciais verticais. Para tanto, 78 voluntarios saudaveis, completamente
dentados, foram classificados por meio da andlise cefalométrica de Ricketts, de
acordo com o tipo facial em 3 grupos: G1- Braquifacial; G2- Mesofacial; e G3-
Dolicofacial. A forca maxima de mordida (FMM) foi mensurada por meio de
transdutores de forca, posicionados na regido dos primeiros molares, durante
apertamento isométrico por 7 segundos. Os tipos de ciclos mastigatérios formados
durante a mastigacdo de um material teste, foram avaliados no plano frontal por
meio do método eletromagnético de registro do tracado mandibular, utilizando-se
um cinesiografo. A deflexdo mandibular medial (DMM) foi verificada por meio da
andlise da distancia intermolar dos primeiros molares contra-laterais registrados
com silicone de adicao nas posi¢coes de repouso relativo, abertura e protrusdo
méaxima. Os dados de FMM e DMM foram submetidos a analise de variancia e

Tukey pos hoc (a=0,05). A forca maxima de mordida diferiu (P<0,0001) entre os
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trés grupos, sendo que os individuos do G1 apresentaram a maior for¢ca de
mordida, seguidos respectivamente por G2 e G3. No plano frontal foi observada
uma predominancia de ciclos mastigatérios tipo lagrima para G1 e do tipo hemi-
oval nos demais grupos. A deflexdo mandibular medial na abertura maxima diferiu
(P<0,0001) entre os trés grupos faciais, sendo que G1 apresentou os maiores
valores, seguido respectivamente por G2 e G3. Na protrusado, a deflexdo medial
mandibular foi significativamente menor (P<0,0001) para G3, sendo que G1 e G2
nao diferiram entre si. Nas condicdes em que este estudo foi realizado, conclui-se
que a morfologia facial vertical influenciou o padrdo funcional muscular, assim

como a cinética do movimento mastigatério e a deflexdo mandibular medial.

Palavras-chave: Morfologia craniofacial, Padrao facial, Forga maxima

de mordida, Cinesiografia mandibular, Deflexdo mandibular medial.
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ABSTRACT

Bite force can influence the development of the masticatory function and
consequently the rehabilitation therapeutics. The high variability of this muscular
function indicator can be associated to intrinsic aspects of the stomatognathic
system such as the vertical facial morphology. However, the influence of this
morphology on the maximum bite force and functional responses associated to
muscular function are still not established. Thus, the purpose of this study was to
verify the maximum occlusal force, the masticatory cycle patterns and the medial
mandibular flexure in subjects with different facial types. Seventy-eight healthy and
completely dentate subjects were classified by Rickets’ cephalometric analysis in
accordance to the facial type into 3 groups: G1- Brachyfacial; G2- Mesofacial; e
G3- Dolichofacial. The maximum occlusal force (MOF) was measured by means of
force transducers located on the first molars region, during isometric clenching for
7 seconds. The types of masticatory cycles formed during the mastication of an
artificial test material were evaluated on the frontal plane by the electromagnetic
jaw-tracking method, using a kinesiograph. The medial mandibular flexure (MMF)
was registered with addition silicone in the maximum opening and protrusion
positions. MMF was determined by analysis of the distance between the occlusal
surfaces of the contralateral first molars. Data of MOF and MMF were analyzed by
ANOVA followed by Tukey pos hoc (o= .05). Measurements of maximum occlusal
force were different (P <.0001) among groups, with G1 presenting the highest

values, followed by G2 and G3, respectively. Considering the frontal plane, there
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was a predominance of tear drop cycles for G1 and hemi-oval type from the two
other groups. The medial mandibular flexure of maximum opening showed
significant differences among all facial groups (P <.0001). The highest value
occurred in G1, followed by G2 and G3, respectively. The mandibular flexure of
protrusion was significantly small on G3 group (P <.0001), additionally there were
no differences between G1 and G2. Within the conditions of this study, we
concluded that vertical facial morphology influenced the muscular functional
patterns as well as the masticatory movement kinetic and the medial mandibular

flexure.

Key Words: Craniofacial morphology, Facial pattern, Maximum occlusal

force, Mandibular kinesiography, Medial mandibular flexure.
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INTRODUCAO

O tipo facial no sentido vertical € um dos parametros utilizados para a
compreensdo da influéncia dos aspectos morfoldégicos na funcdo do sistema
mastigatério. A determinagdo do padrdo facial pode ser realizada por meio de
andlise cefalométrica. Esta é obtida a partir de tele-radiografia em norma lateral a
fim da obtencao de medidas das estruturas craniofaciais (Bianchini, 2002).

A andlise cefalométrica descreve o0s contornos de estruturas
tegumentares e dsseas nas quais sao demarcadas areas especificas, por meio de
pontos, denominados pontos cefalométricos. Estes permitem a realizagdo de
tracados de orientacdo que determinam angulos e distancias, e ao indicar as
relagdes entre as estruturas esqueléticas do cranio, face e regiao cervical (Zemlin,
2000); viabilizam a comparacdo da configuragcdo esquelética dos individuos
(Athanasiou, 1995).

Na determinagédo do padréo facial vertical, de acordo com a analise de
Ricketts, sédo utilizados cinco fatores craniométricos: eixo facial, altura facial antero
inferior, profundidade facial, plano mandibular e arco mandibular (Bianchini, 2002).
A média aritmética destes fatores descritos determina o indice Vert pelo qual séo
distinguidos, no sentido vertical, trés padrbées faciais denominados: braquifacial,
mesofacial e dolicofacial.

O padrdao braquifacial caracteriza-se por uma diminuicdo do tergo
inferior de face, freqlientemente associado a arcadas dentarias alargadas e

musculos masseteres com alto potencial de acao. Individuos com padrao



mesofacial caracterizam-se por tercos faciais equidistantes, com bom equilibrio
muscular e arcadas dentarias em forma ovalada. Ainda, a conformacao
esquelética do tipo dolicofacial, caracteriza-se pela maior dimensao do terco
inferior da face. Também sao associados a este perfil arcadas dentarias longas e
estreitas, assim como os feixes da musculatura mastigatéria (Bianchini, 2002).

Segundo Throckmorton et al., (1980) esta variabilidade da musculatura
mastigatoria em funcao de aspectos morfoldgicos craniofaciais pode, em parte, ser
explicada devido a diferentes caracteristicas estruturais como, variagdes do
angulo goniaco, altura do ramo mandibular e altura maxilar. Ainda relacionado a
esta variabilidade, Pereira et al., (2007) verificaram que em individuos saudaveis,
a ocorréncia de overjet e diferentes inclinagdes mandibulares, caracteristica
envolvida na determinagéo dos tipos faciais verticais, foram responsaveis por 50%
das variagdes na forca maxima de mordida, sugerindo uma possivel influéncia
destes aspectos morfolégicos na fungdo muscular.

Suportando esta hipétese, Proffit et al., em 1983, demonstraram que
individuos com face alongada exibiam uma diminuicao de aproximadamente 50%
de sua forca de mordida em comparacao com individuos com proporcoes dento-
esquelética equidistantes. Associado a este achado, Raadsher et al., (1999),
considerando as inclinagdes dos planos mandibular, oclusal e maxilar, associaram
o tipo de face convergente, ou seja, a de menor dimensao vertical, 0s maiores
valores de forca maxima de mordida.

No entanto, contrapondo-se aos achados apresentados, alguns estudos

(Killiaridis et al., 1999; Shinkai et al., 2007) ndo encontraram correlacdo entre forgca



méaxima de mordida e morfologia facial vertical. Tal contradicdo pode ser o
resultado de diferengcas metodolégicas entre os estudos como: instrumentos de
avaliacao utilizados, grau de abertura bucal gerado, técnica de aquisicdo dos
dados e amostra selecionada.

A forca maxima de mordida pode ser interpretada como a mensuragao
da eficiéncia da fungdo musculo-esqueletal (van den Brader et al., 2004). Esta €
utilizada como instrumento de avaliacao da fungcdo muscular, de grande relevancia
cientifica, uma vez que representa o montante de forca oclusal produzida pela
musculatura mastigatéria. Ainda, a forgca de mordida relaciona-se com os fatores
fisiologicos, como a anatomia cranio-mandibular e os mecanismos de feedback
neuromusculares (Proffit et al., 1983; van Eijden, 1990; Bakke et al, 1992),
podendo, portanto estar associada a terapéutica reabilitadora protética.

Estudos como o de Raadsher et al, (1999) e Farella et al., (2003)
sugerem que uma vez correlacionada com a fungao dos musculos mastigatérios,
as configuragcbes esqueléticas faciais verticais podem influenciar nas respostas
funcionais e eventos fisiologicos associados a esta musculatura, aspectos estes
que também demonstram uma consideravel variabilidade entre os individuos.

Uma das repostas funcionais € a mastigacdo, resultante da atividade
ritmica dos musculos mastigatérios, que determina a movimentagdo mandibular a
fim de propiciar a fragmentagdo mecéanica dos alimentos e a formag¢do do bolo
alimentar (van der Bilt, 2002). Contudo, apesar desta constatacao, sdo escassos

na literatura estudos que apontem para influéncia da fungao muscular na trajetoéria



mandibular durante os ciclos mastigatérios, assim como as caracteristicas
cinéticas destes ciclos frente os diferentes padrdes faciais.

Os achados relativos a cinética mandibular demonstram grande
variacdo de resultados, provavelmente devido aos diferentes métodos de
avaliagdo. Entretanto, com o desenvolvimento da cinesiografia foi possivel realizar
o registro da trajetéria mandibular em trés dimensdes sem interferéncias (Neeman
et al., 1990). Esta metodologia viabilizou a classificagdo morfolégica dos ciclos
mastigatorios, determinando padrdées conformacionais que ainda hoje sao de
interesse cientifico e contribuem para a melhor compreensao e avaliacdo da
movimentacao mandibular (Kuwahara et al., 1992; Sato et al., 1996).

Outro fenémeno fisiolégico de relevancia clinica, inerente a
movimentacdo mandibular e funcdo muscular, é a deflexdo mandibular medial
(Abdel Latif et al, 2000). Shinkai et al., em 2007, define a deflexdo mandibular
medial como uma deformacdo elastica da mandibula, caracterizada por uma
diminuicdo da largura do arco durante os movimentos de abertura bucal e de
protrusdao devido a contracdo dos musculos pterigbideos laterais, causando
tensbes nas areas da regiao de sinfise mentoniana. Frente a associagdao deste
fendmeno com a atividade muscular, era de se esperar que uma musculatura mais
forte estivesse correlacionada a uma maior aproximacdo das hemi-arcadas
mandibulares. Entretanto, estudos prévios (Canabarro et al., 2003; Shinkai et al.,
2007) nao verificaram associagao entre deflexdo mandibular medial e indices de
forca maxima de mordida, assim como ndao encontraram diferenga significante

para estas variaveis em funcao dos diferentes tipos faciais no sentido vertical.



Por outro lado, alguns estudos (Hobkirk et al., 1991; Chen et al., 2000)
revelam correlagdes fortes entre esta deformacdo elastica com componentes
morfométricos envolvidos na determinacao dos tipos faciais, como por exemplo,
altura de sinfise mentoniana, comprimento mandibular e &ngulo goniaco,
estabelecendo assim uma lacuna cientifica.

Sendo assim, este estudo foi realizado a fim de elucidar a influéncia dos
diferentes tipos faciais no sentido vertical na funcdo dos musculos mastigatorios,
por meio da mensuragdo da forca maxima de mordida, assim como avaliar as
implicacbes das diferentes morfologias faciais sobre os tipos de ciclos
mastigatérios e deflexdo mandibular medial, visando uma abordagem ampla que

possibilite a melhor compreensao destas variaveis e sua implicagéo clinica.
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Abstract

The prosthetic rehabilitation is affected by the muscular function which,
can be influenced by craniofacial morphology. The aim of this study was to
determine whether vertical facial patterns influence the maximum occlusal force,
masticatory movements during chewing as well as medial mandibular flexure.
Seventy-eight dentate subjects (mean age 23.5 years) were divided into three
groups (n=26) by means of cephalometric data according to Ricketts’s analysis:
Brachyfacial, Mesofacial and Dolichofacial. Maximum occlusal force on molar
region was bilaterally measured with a force transducer. Chewing movement
pattern was evaluated on frontal plane, using mandibular kinesiography. For
medial mandibular flexure, impressions of the mandibular occlusal surfaces were
made in rest, maximum opening and protrusion positions. After the scanning of
impressions, the intermolar distance was computed, and then the medial flexure
was calculated by subtracting the intermolar distance of interest from that in rest
position. Statistical analysis was performed using ANOVA and Tukey’s pos hoc
test (P < 0.05). Maximum occlusal force was affected by vertical facial type,
showing that the shorter the face, the higher the occlusal force (P < 0.0001). Data
of medial mandibular flexure demonstrated a higher susceptibility of the
brachyfacial group to this phenomenon in both positions (P < 0.0001). The
masticatory cycle types showed no predominance among the vertical facial groups.
The maximum occlusal force and medial mandibular flexure were influenced by

vertical facial pattern.

Key words: Facial type, Masticatory function, Maximum occlusal force,

Chewing movement patterns, Medial mandibular flexure.



Introduction

One of the functions of the prosthetic rehabilitations is to restore the
masticatory function. Controlled studies (1-2) have shown that prosthetic
rehabilitations can be influenced by the occlusal force. Hence, changes in size and
shape of bony components of the craniofacial skeleton have been closely
correlated with masticatory muscle function (3-7).

The maximum occlusal force has been widely found to vary among
subjects independently of their oral condition. Morphologic factors such as gonial
angle and posterior facial height have significant influences on MOF (8). Higher
values of bite force were correlated with a smaller cranial base flexure, a deeper
upper face, a smaller anterior and a less divergent, broader face (9). Yet, subjects
with long facial type were associated with low levels of MOF and a slightly lower
cross-sectional thickness of the masseter muscle (4, 6, 10-11).

Maximum occlusal bite force represents the sum of forces exerted by the
stomatognathic system during maximum occlusion of teeth (12). This amount of
interocclusal force reflects the number of motor units recruited and the frequency at
which they fire (13). Thus the determination of individual muscle function on bases
of MOF and the analysis of masticatory movements during chewing have been
widely used to understand the mechanics of mastication, for the evaluation of the
therapeutic effects of prosthetic rehabilitations and to provide reference values for
studies on the biomechanics of prosthesis (14).

Clinicians have been interested in MOF with regard to its potential

influence on the medial mandibular deflexion (MMF), once it can generate



disadaptations of dental prosthesis. Associated with muscular closing forces, MMF
corresponds to the jaw elastic deformation represented by the centripetal
convergence of the hemi-arcs during the movements of opening and protrusion
due to contraction of the lateral pterygoid muscles (12, 15).

The maximum occlusal force can affect the medial mandibular flexure.
Moreover, some characteristics such as larger mandibular length, lower gonial
angle and smaller symphysis area were associated with higher values of
mandibular deformation (16). However the influence of the vertical facial pattern on
this elastic deformation of the jaw hasn’t been assessed. Thus the elucidation of
this relationship between the variables above described can probably explain the
degree of susceptibility to it in clinical subjects.

As previously discussed, vertical facial type can possibly affect MOF and
MMF. However, the association between these variables was not demonstrated. It
could be due to the experimental models of previous studies such as sample
heterogeneity, considering the sample number, age, gender and number of dental
units. Thus, the aim of this study was to perform an integrated analysis of the effect
of vertical facial morphology on the variables that can influence the prosthetic
therapy, as muscular function evaluated by MOF, patterns of mandibular
movements during chewing and MMF in a homogeneous sample of fully-dentate

adults.



Materials and Methods

Participants were selected from patients and students of Dental School
of Piracicaba, University of Campinas. The study population included 78 subjects
(39 men and 39 women) with a mean age of 23.5 years (SD: 4.0). All of them were
healthy without facial deformities. They had a complete dentition (except for
missing third molars) and showed no malocclusion, no occlusal vertical dimension
alteration, no history of maxillofacial surgery or mandibular injuries, no orthodontic
treatment for at least 2 years prior to the study, no periodontal disease, no
temporomandibular disorders and parafunctional habits. The study protocol was
approved by the Ethical Committee of Dental School of Piracicaba, University of
Campinas, and all participants gave written informed consent of their participation.

All subjects were submitted to anthropometric measurements. Subjects’
height was measured in meters (m) with the subject in erect position without shoes,
and the weight was recorded in kilograms (kg) (Mechanical anthropometric scale

R110, Welmy, Santa Barbara D’'Oeste, SP, Brazil).

Vertical Facial Type

Lateral cephalograms were used for facial type determination. The
subjects, covered with a lead apron, were placed in the cephalostat at a 90°
position to the tube head. All cephalograms were taken by standard procedures
with the same radiographic unit (Elipsopantomograph Funk X-15, Macrotec

Industria e comércio de equipamentos Ltda, S&o Paulo, SP, Brazil) and processed

10



with an automatic processor (Macrotec MX-2, Macrotec Industria e comércio de
equipamentos Ltda, Sao Paulo, SP, Brazil) (16).

Facial type of all volunteers was determined by using a digital
cephalometric analysis (Radiocef v.4.0, Radio Memory Ltda, Belo Horizonte, MG,
Brazil), which enabled skeletal type definition of each subject in a vertical direction.
According to Ricketts et al., (1981), the vertical facial pattern was determined by
the VERT index, allowing the classification of the subjects in three groups (n=26)
as follows: (1) brachyfacial (equal or above +0.5), (2) mesofacial (between -0.5 and

+0.5) and (3) dolichofacial (equal or below -0.5) (17).

Maximum Occlusal Force

The bilateral maximum occlusal force was measured by a tensiometric
analysis with a bite force sensor based on force sensing resistors (FSR™ no. 151
NF, Interlink Electronics, Echternach, Luxembourg) (14). The bite force sensors
had a diameter of 12.7 mm and a thickness of 0.25 mm. They were protected from
moisture and deformities during clenching using metal disks of 0.7 mm in diameter,
held by a plastic film. Thus, the total thickness of the sensor assembly was 1.65
mm. The force applied on the sensors was amplified, converted and recorded by a
special analytical equipment (Spider 8, Hottinger Baldwin Messtechnik GmbH,
Darmstadt, Alemanha) (14). The uses, limitations and reliability of this method

have been previously discussed and reported (14).
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Each subject performed maximum clenching in the intercuspal position
with the bite force sensors placed bilaterally in the first molars region, during 7
seconds. The generated load was recorded in KgF, and the sum of the maximum
values from each side was considered as the maximum bilateral bite force of each

subject (18).

The errors of measurement (Se) for MOF were assessed from repeated
measurements on two separate occasions (m1, m2) of 10 randomly selected
subjects (n), using Dahlberg’s (1940) formula: Se= V3 (m1-m2)?/ 2n . The error was

3.85 KgF, approximately 9.1%.

Patterns of Masticatory Cycles

The mandibular movements were recorded and measured by the
magnetic method of jaw tracking using a kinesiograph (K6-I, Myotronics-Noromed
Inc., Seattle, WA, USA). The records were done on frontal plane, monitoring
mandibular displacement in three dimensions that represent the components of
vertical, horizontal and anteroposterior movements (19).

Each subject used an array of sensors suspended on a lightweight
headgear, which is sensitive to alterations of a magnetic field. A magnet (5x 6 x 9
mm) was fixed to the mandibular incisors at the deepest point of the fornix,

adjacent to the mandibular central incisors. The software system records and
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displays spatial coordinates in the frontal plane from the incisor point and
reconstructs the mandibular movements.

The records were taken in a quiet, peaceful place, without external
interference. The subjects were placed with the Frankfort plane parallel to the
ground, with a firm headrest, and asked to chew, as habitually, 17 cubes with
approximately 3.4 g of a test material (Optosil, Heraeus Kulzer, Hanau, Germany).
The mandibular movements during chewing were recorded during the first 4
strokes for all groups (20). Three opening and closing path configurations in the
frontal plane were distinguished during chewing: the tear-drop (Type 1)
characterized by a homogeneous medial deviation from maximal interccuspal
position; hemi-oval (Type Il) that corresponds to cycles in a predominant side of
mastication and a significant distance between the opening and closing paths; and
the sliver (Type Ill) that reflexes a predisposition to unilateral mastication without a

great outlying of opening and closing trace (21).

Medial Mandibular Flexure

Impressions of the occlusal and incisal regions of the mandibular first
molars of each subject were obtained by using a bite fork (George Gauge, Great
Lakes Orthodontics Ltd., Tonawanda, New York, USA) as a tray for the addition
silicone, a polyvinyl siloxane impression material (Flexitime, Heraeus Kulzer,
Hanau, Germany). Impressions of each subject occlusion were carried out in three
mandibular positions: relative rest position (minimum mouth opening for impression

making), maximum opening and maximum protrusion (12).
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The impressions and digital calipers with the measuring head set at a 10
mm-width were scanned at 200% magnification and 300 dpi resolution. Using the
Adobe Photoshop® 4.0 software tools, anatomical reference points on the
contralateral first molars were selected for the images. The intermolar linear
distance was measured (Image Tool software, University of Texas Health Science
Center, San Antonio, TX, USA). Previous to the intermolar measurement, each
image was calibrated with the digital calipers image (10 mm-width). Intermolar
distance was measured three times for each image and averaged.

MMF in maximum opening (MMFO) and protrusion (MMFP) were
calculated by subtracting the intermolar distance at these respective register
positions from the one on resting position (12, 22).

The reliability of the MMF measurements was determined on 10
randomly selected volunteers, by the Dahlberg’s method on two sets of
measurements with an interval of 14 days. The error of the individual
measurements was .01 mm for MMFA and .02 mm for MMFP, approximately 5.3%

and 4.9% respectively.

Statistical Analysis

Data were analyzed by the descriptive statistical method. One-way
ANOVA and Tukey’s pos hoc test were performed to compare MOF and MMF in
maximum opening and maximum protrusion positions among groups, considering
the vertical facial patterns. The results of kinesiographic analyses of jaw

movements during chewing were analyzed regarding their distribution frequency
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among groups. All evaluations were carried out with the significance level set at P

< 0.05. The data were analyzed using the SAS Systems for Windows (SAS/STAT

9.0 Software, Cary, NC, USA).

Results

Anthropometric and sample characteristics are shown on Table 1. In

relation to the frequency of facial types, there was a homogeneous distribution in

all groups.

Table 1. Sample characteristics on investigated groups (mean + SD)

Facial Pattern

Brachyfacial Mesofacial Dolichofacial Total

(VERT>+0.5) (-0.55VERT=<+0.5) (VERT< -0.5)
Male (n) 13 13 13 39
Age (years) 23.9+45 235+29 229+3.8 23.5+3.7
Height (m) 1.78 £0.04 1.75 £0.06 1.74 £0.07 1.75 £0.06
Weight (kg) 75.6 £9.9 79.1+11.8 75.0 +10.3 76.6 +10.6
Female (n) 13 13 13 39
Age (years) 234 +£42 252 +£5.7 22.1+£22 23.6 £44
Height (m) 1.70 £0.04 1.66 +0.06 1.65 +£0.08 1.67 £0.06
Weight (kg) 63.1+54 61.0+11.8 59.2+74 61.1+44
Total (n) 26 26 26 78
Age (years) 23.7+43 244 +£45 225+3.1 23.5+£4.0
Height (m) 1.74 £0.06 1.70 £0.07 1.69 +0.08 1.71 £0.07
Weight (kg) 694 +10.1 70.1 £14.8 67.1£11.9 68.9 +12.3

Mean values and standard deviation of MOF and MMF are presented on

Table 2. The MOF results showed significant differences (P < 0.0001) among the 3

15



groups, where higher values were observed in the brachyfacial group, followed by

mesofacial and dolichofacial groups.

Table 2. Maximum occlusal force (MOF), medial mandibular flexure in
opening (MMFO) and protrusion (MMFP), considering facial patterns (mean

+ SD)
Facial Pattern
Brachyfacial Mesofacial Dolichofacial
MOF (KgF) 535+15.6a 39.7+£16.6b 27.8+15.2c
MMFO (mm) 0.30+0.15a 0.21 +0.13b 0.14 £0.08 c
MMFP (mm) 0.23+£0.09 a 0.19+0.12a 0.09+0.07b

Different lower case letters show statistical differences among facial patterns.
(t-test, P < 0.0001).

Significant differences for MMF on opening and protrusion were found
among facial patterns (P < 0.0001; Table 2), being the brachyfacial subjects with
the highest values of MMF. However, on protrusion, only dolichofacial subjects
differed from the other two groups (P < 0.0001).

Data from mandibular movements during chewing are shown on Table 3.
Regarding to the frontal plane, the chewing pattern frequency of distribution
showed a predominance of tear-drop (Type |) for the brachyfacial subjects. For the

other groups, a higher frequency of hemi-oval cycles (Type Il) occurred.
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Table 3. Frequency of masticatory cycle types
considering facial vertical typology

Frontal Plane (%)
Type | Typell  Typelll
Brachyfacial 14 (53) 9 (35) 3(12)
Mesofacial 8 (31) 14 (54) 4 (15)
Dolichofacial 6 (23) 12 (46) 8 (31)

Discussion

Occlusal force can be influenced by factors such as gender, age, height,
weight and number of dental functional units, among several other factors (10).
However, in the present study, these variables were controlled (Table 1) and it was
considered that the occlusal force generated should represent the amount of
muscular force assessed by the stomatognathic system objectifying to supply the
necessity of it (12). The results of MOF showed that individuals with shorter faces
present the highest values of maximum occlusal force. These results corroborate
other findings showing association between short-face and higher MOF (5, 23).

Throckmorton et al., 1980; suggested that short-faced subjects exhibit
mechanical advantages regarding the elevator muscles when compared to long-
faced subjects (24). For instance, maintaining the same fixed electromyographic
contraction level, short-faced subjects would produce greater occlusal force (25).
This can be partially explained when considering the diminishing of the gonial
angle that causes a displacement of the resultant load center of the muscular
vectors to a distalized portion on the dental arcs near muscular groupings, thus

potentializing the occlusal force (10).
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Besides, it is important to consider that the variability in craniofacial form
is related to differences in masseter muscle thickness and composition. Short-
faced subjects have been associated to thicker masseter muscles (27) and this
condition is directly associated to higher levels of muscular force (5). In addition,
once short-faced subjects presents higher proportions of type Il fibers in the
masseter muscles (27) and the increase of the amount and size of these fibers is
associated with increased bite force average (28), this finding was expected in the
present study. Additionally, the sensor assembly thickness used in this study had
around 2.5 mm, therefore inducing only a small mouth opening, resulting in a lower
displacement of the mandibular condile on the articular eminence of the
temporomandibular joint. This important difference when compared to the previous
studies makes the evaluation of MOF possible in a reliable way and closer to the
maximal interccuspal condition (14, 24).

These results support the statement that subjects with different
craniofacial morphologies show neuromuscular differences (11). However, they are
in contrast to a study (12) where no differences were found between the MOF
levels in subjects with different facial types. This difference has probably occurred
due to the methodological differences as the selected sample, location and
especially the thickness of the sensors, as previously discussed.

The results of MMC showed that in frontal plane, brachyfacial individuals
present a predominance of tear-drop cycles (Type I) (Table 3). These outcomes
could provide evidence of cycle pattern differences in subjects with different facial

types, once the individuals with shorter face demonstrated a higher frequency of
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homogeneous movements than the long faced ones. In literature, it is reported (29,
30) that the higher muscular force is associated to an increase in the neuro-motor
coordination. As a consequence, lower susceptibility to significant variations on
horizontal (closing phase) and vertical (opening phase) kinetics components of the
masticatory cycles were shown, determining simple trajectories of the mandibular
movements, explaining the findings. Yet, in agreement with the concept that the
more repetitive and simpler the mandibular movements during mastication, the
more effective the handling of masticatory bolus (31), the results of this study allow
us to suggest that short faced individuals present better masticatory ability of
mixing food (31, 32).

Brachyfacial subjects showed higher values of mandibular medial flexure
when compared to short and medial-faced subjects. This result is in agreement
with Chen et al. (16) that found association between greater MMF and short-faced
subjects. These differences among facial types can be associated with the
muscular force, suggesting that MOF is directly correlated to higher MMF on the
different jaw positions assumed during masticatory movements, as previously
suggested (15).

Considering the effect of the vertical facial morphology on MMF, it should
be considered in the decision-making processes of prosthetic treatment. Once that
this temporary morphologic alteration of the osseous remainder may generate
prosthesis disadaptations and discomfort during the masticatory function (14, 33).

It is important to note that the results of our study support the statement

made by Farella et al., that subjects with different craniofacial morphologies show
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neuromuscular differences (11). However, they are in contrast to a previous study
from Shinkai, et al. (12) where no differences were found between the MOF levels
in subjects with different facial types. This difference has probably occurred due to
the methodological differences as previously discussed.

The findings of this research demonstrate that differences in MOF, MMC,
and MMF are observed in different facial patterns. Individuals with lower
craniofacial dimension present greater bite inter-occlusal force, trend of
masticatory cycles with simple and equilibrated trajectory and higher values of
medial mandibular deflection. However, future studies are necessary in order to
verify the possible physiologic mechanisms involved in this complex relationship
between functional responses of the stomatognathic system and the morphologic
craniofacial factors, as well as the reproducibility of the observed effect in subjects
with temporomandibular joint disorders. Additionally, within the limits of this study,
it can be concluded that the vertical facial morphology affected the maximum
occlusal force, the trajectory of the mandibular movements during chewing and the

medial mandibular flexure.
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CONCLUSAO

Assim, conclui-se que a morfologia vertical da face influencia variaveis
associadas a funcdo mastigatéria como a forca maxima de mordida, a
movimentacdo mandibular durante a mastigacdo, assim como a deflexdo
mandibular medial. Devendo, portanto ser considerada durante o exame clinico
dos individuos, a fim de propiciar um conhecimento mais abrangente das
caracteristicas que podem interferir na terapéutica reabilitadora, propiciando um
preciso diagnéstico, eficaz planejamento e a determinacdo de um progndstico

favoravel.
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ANEXOS
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ANEXO 1 - Certificado de Aprovacao do Comité de Etica em Pesquisa da

iracicaba

Faculdade de Odontologia de P

COMITE DE ETICA EM PESQUISA

FACULDADE DE ODONTOLOGIA DE PIRACICABA
UNIVERSIDADE ESTADUAL DE CAMPINAS
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O

CERTIFICADO-22 VIA

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa “Influéncia do padrdo facial na forca maxima de
mordida, na deflexdo mandibular medial e nos movimentos mandibulares”, protocolo n® 059/2004, dos pesquisadores ALTAIR ANTONINHA
DEL BEL CURY, EVILIN SANCHES MORAIS, JULIANA SILVA MOURA, RENATA CUNHA MATHEUS RODRIGUES GARCIA, SIMONE GUIMARAES
FARIAS GOMES e WILLIAM CUSTODIO, satisfaz as exigéncias do Conselho Nacional de Salde — Ministério da Salde para as pesquisas em seres
humanos e foi aprovado por este comité em 06/07/2004.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of Campinas, certify that the project “Influence of
facial type on maximum bite force, medial mandibular deflexion and mandibular movements”, register number 059/2004, of ALTAIR
ANTONINHA DEL BEL CURY, EVILIN SANCHES MORAIS, JULIANA SILVA MOURA, RENATA CUNHA MATHEUS RODRIGUES GARCIA, SIMONE
GUIMARAES FARIAS GOMES and WILLIAM CUSTODIO, 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 06/07/2004.

\ 1 )’ (/ /\ / i
Plof. P >nhmn_: <uxmwm Prof. ‘u%,mm JGnior
Secretario Coordenador
CEP/FOP/UNICAMP CEP/FOP/UNICAMP

do protocolo aparece como fornecido pelos pesquisadores, sem qualquer edigdo.
Notice: The title of the project appears as provided by the authors, without editing.
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ANEXO 2 - Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da Pesquisa

Influéncia do padrao facial na capacidade mastigatoria e
comportamento muscular, ciclo mastigatorio, areas de contato oclusais

funcionais e fluxo salivar.

Pesquisadoras responsaveis:
Prof2. Dr2. Renata Cunha Matheus Rodrigues Garcia
CD William Custodio
Objetivo
O objetivo deste trabalho é relacionar o formato do rosto com a capacidade
mastigatéria da pessoa pela avaliacdo da quantidade de saliva, pela atividade dos
musculos mastigatérios, movimentos da mandibula (queixo) durante a mastigacao
e pela determinagdo do tamanho da area dos dentes quando os mesmos se

tocam.

Justificativa

A capacidade mastigatéria de cada pessoa pode estar relacionada ao
formato do rosto. Além disso, a quantidade de saliva, a forca dos musculos da
mastigacdo, o movimento do queixo e as areas dos dentes que participam da
mastigacdo podem modificar a capacidade de mastigagdo. Assim sendo, o
objetivo desta pesquisa € verificar a influéncia do formato do rosto em sua
capacidade de mastigacao.

Procedimento

Para alcancar nosso objetivo necessitamos de sua participacdo. Se vocé
decidir participar desta pesquisa, vocé recebera se houver necessidade os
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seguintes tratamentos dentarios: limpeza dos dentes e obturacdo daqueles que

estiverem com carie ou quebrados.

Vocé precisara realizar os seguintes procedimentos:

1. Coleta de saliva - A saliva sera coletada 02 vezes: primeiro quando vocé
chegar ao laboratério, e depois vocé sera convidado a mastigar um pedaco de
plastico transparente parecido com aquele usado na cozinha para cobrir comida.
Depois disso, a sua saliva sera novamente coletada.

2. Mastigacao — Vocé sera convidado a mastigar um pedago de material
borrachéide por 20 vezes, e depois disso este material mastigado sera coletado.
Vocé devera repetir este procedimento por 5 vezes.

3. Avaliacao dos musculos da mastigacao — Primeiramente a pele de
seu rosto devera ser desengordurada passando algoddo com alcool e uma
pequena placa de metal serd colocada sobre os musculos da mastigagdo usando
fita adesiva. Depois disso, vocé devera apertar os dentes com um pedaco de
plastico transparente entre os mesmos e logo apds mastigar um pedaco de
material borrachéide por 4 vezes.

4. Avaliacao do movimento da mandibula (queixo)— consiste em medir o
tamanho dos movimentos da mandibula (queixo) durante a mastigacdo. Para
tanto, vocé devera mastigar pedacos de um material borrachdide e o movimento
do queixo durante a mastigacao sera registrado em um aparelho que desenha o
movimento que seu queixo realiza quando vocé mastiga. Sera necessario que
vocé use um aparelho na cabeca parecido com um grande par de éculos, e um
pequeno ima sera colocado por alguns minutos em seus dentes inferiores. O ima
e a cola serao removidos apés o teste. Durante o teste vocé devera mastigar um

material borrachéide 4 vezes.
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5. Avaliacao das areas dos dentes que participam da mastigacao —
consiste em medir 0 quanto que os dentes se tocam quando uma pessoa mastiga
qualquer alimento. Para tanto, seus dentes serdo moldados quando vocé morder

firmemente um material borrachoéide.

6. Avaliacao da forca maxima de mordida — vocé sera convidado a
morder com a maior forga possivel dois sensores semelhantes a uma moeda.
Devidamente preparados, 0s mesmos serdo posicionados simultaneamente, um
de cada lado da boca, na regido dos dentes posteriores. Entdo apo6s o sinal do

operador, vocé mordera os mesmos constantemente até o aviso de final do teste.

7. Analise da deflexao mandibular medial — este teste consiste em medir
quanto que os dois lados da mandibula se aproximam de maneira espontanea,
durante as posi¢cdes de abertura de boca e de protrusdo (anteriorizacdo da
mandibula). Para tanto, seus dentes inferiores serdo moldados com um material
borrachdide nas seguintes posicdes: com a boca aberta; em repouso, com a boca
entreaberta e na protrusdo, ou seja, com a boca semi-aberta e com a mandibula

(queixo) anteriorizada.

Beneficios e Métodos Alternativos

Vocé tera o beneficio de receber os exames necessdrios para a
documentacao ortoddntica (radiografias, fotos e modelos de estudo), além do
tratamento odontoldgico se houver necessidade.

Desconforto e riscos esperados

N&ao haverd riscos para o voluntario.

Forma de Acompanhamento e Garantia de Esclarecimento

Vocé sera acompanhado durante o periodo da pesquisa. Vocé tem garantia
de que recebera resposta ou esclarecimento de qualquer didvida quanto aos
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procedimentos, riscos, beneficios e outros assuntos relacionados a pesquisa. Os
pesquisadores responsaveis assumem o compromisso de proporcionar toda a
informagao obtida, e acompanhardo e assistirdao todos os voluntarios a qualquer

momento durante a mesma.

Formas de ressarcimento

Vocé sera ressarcido de eventuais despesas com o transporte para os dias
de coleta dos dados. Se vocé precisar tratar seus dentes, o tratamento
odontol6gico anteriormente descrito sera gratuito.

Formas de indenizacao
Nao ha danos previsiveis decorrentes desta pesquisa. Nao ha forma de

indenizagdes previstas.

Garantia de Sigilo

Os pesquisadores responsaveis se comprometem a resguardar todas as
informagdes da pesquisa, nao revelando a identidade do voluntario que as

originou.

Liberdade para se recusar em participar da pesquisa

A deciséo de fazer parte desta pesquisa é voluntaria. Vocé pode escolher
se quer ou nao participar, assim como podera desistir de participar a qualquer
momento. Caso vocé se recuse a participar ou se retire da pesquisa por qualquer
motivo, vocé ndo sofrera qualquer tipo de prejuizo, bem como isto ndo afetara seu
tratamento odontolégico na Faculdade de Odontologia de Piracicaba/Unicamp.
Caso vocé aceite livremente participar desta pesquisa vocé devera receber uma
cépia assinada deste documento. Qualquer duvida, por favor, comunicar-nos com

a maior brevidade possivel.
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Tel: (19) 2106-5295 (Laboratério de Protese Parcial Removivel) / (19) 2106-
5294 (Profa. Renata C.M. Rodrigues Garcia) / (19)91653582 (C.D. William
Custodio).

Eu,
certifico que tendo lido e entendido todas as informagdes acima, estou de acordo

com a realizagédo do estudo e aceito participar do mesmo como voluntério.

Piracicaba, de de 2007.
Nome do voluntario Assinatura do voluntério
Nome do pesquisador Assinatura do pesquisador
Nome da testemunha Assinatura da testemunha

12 via: Instituicdo (Faculdade de Odontologia de Piracicaba-FOP/UNICAMP)

22 via: Voluntario

A sua participacao em qualquer tipo de pesquisa é voluntaria. Em caso de duvida
quanto aos seus direitos, escreva para Comité de Etica em Pesquisa da FOP-
UNICAMP. Endereco: Avenida Limeira, 901. CEP: 13414-900 — Piracicaba/SP.
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ANEXO 3 - Figuras

Determinacao da forca maxima de mordida

EssTecknik  HBM

A :ﬂ,ﬁerg‘

4,8kHz/DC

Figura 1 — Tensiémetro Spider 8 (HBM do Brasil).

Figura 2 — Sensor FSR numero 151 NF (Interlink Electronics Inc.), antes do
preparo e protegido para a realizagao do teste.
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Figura 3 — Posicionamento dos sensores na regiao dos primeiros molares
inferiores durante a realizagdo do teste de forga maxima de mordida.

Analise dos ciclos mastigatorios

Figura 4 — Posicionamento do magneto.
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Figura 5 — Posicionamento do sistema eletromagnético — cinesiégrafo (K6-1
Evaluation System, Myotronics, Noromed).

Upper
Chewing MNonchewing
Frontal side side
plane
Lower
Typel Type Il Type Il

Figura 6 — Classificagcao dos ciclos mastigatérios no plano frontal por
Sato et al., 2003.
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Avaliacao da deflexao mandibular medial

=
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Figura 7 — Material utilizado para registro das superficies oclusais dos elementos
dentais inferiores; silicone de adicao Flexitime Trial Kit (Heraeus Kulzer, Inc.) e
garfo de registro oclusal George Gauge Bite Forks (Great Lakes Orhtodontics,

LTD.).

Figura 8 — Registro da superficie oclusal dos dentes inferiores nas condigdes de
repouso relativo (R), abertura maxima (A) e protrusao (P).
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Figura 9 — Marcacao dos pontos de referéncia na superficie oclusal dos primeiros
molares contra-laterais.

Figura 10 — Mensuragéo da distancia inter-molar, Image Tool software (University
of Texas Health Science Center at San Antonio).

43



ANEXO 4 - Analise Estatistica

Forca Maxima de Mordida

Class Level Information

Class Levels Values
TIPO 3 BDM
Number of observations 78
Dependent Variable: LOGFMM
©source DF  Sum of Squares  Mean Square  F Value Pr>F
TIPO 2 1.33632931 0.66816465 21.31 <.0001
Error 75 2.35185390 0.03135805
Corrected Total 77 3.68818320
R-Square Coeff Var Root MSE LOGFMM Mean
0.362327 11.38759 0.177082 1.555044

Tukey's Studentized Range (HSD) Test for LOGFMM

Alpha 0.05
Error Degrees of Freedom 75
Error Mean Square 0.031358
Critical Value of Studentized Range 3.38156
Minimum Significant Difference 0.1174

Means with the same letter are not significantly different.

Tukey Grouping Mean N TIPO
A 1.70988 26 B
B 1.56548 26 M
C 1.38977 26 D
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Deflexao Mandibular Medial na Abertura

Class Level Information

Class Levels Values
TIPO 3 BDM
Number of observations 78

NOTE: Due to missing values, only 77 observations can be used in this analysis.

Dependent Variable: LOGDMMA

Source DF Sum of Squares Mean Square F Value Pr > F
TIPO 2 1.70436575 0.85218288 15.41 <.0001
Error 74 4.09281043 0.05530825
Corrected Total 76 5.79717618

R-Square Coeff Var Root MSE LOGDMMA Mean

0.293999 -31.65039 0.235177 -0.743046

Tukey's Studentized Range (HSD) Test for LOGDMMA

Alpha 0.05
Error Degrees of Freedom 74
Error Mean Square 0.055308

Critical Value of Studentized Range 3.38248

Comparisons significant at the 0.05 level are indicated by ***.
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Difference

TIPO Between Simultaneous 95%
Comparison Means Confidence Limits
B - M 0.17595 0.01994 0.33196 ***
B -D 0.36567 0.20811 0.52323 ***
M - B -0.17595 -0.33196 -0.01994 **=*
M -D 0.18972 0.03216 0.34728 ***
D - B -0.36567 -0.52323 -0.20811 **=*
D - M -0.18972 -0.34728 -0.03216 **=*

Deflexao Mandibular Medial na Protrusao

Class Level Information

Class Levels Values
TIPO 3 BDM
Number of observations 78
Dependent Variable: RAIZDMMP
© source DF  Sum of Squares  Mean Square  F value Pr>F
TIPO 2 0.43544878 0.21772439 15.61 <.0001
Error 75 1.04575243 0.01394337
Corrected Total 77 1.48120121
R-Square Coeff Var Root MSE RAIZDMMP Mean
0.293984 30.28383 0.118082 0.389918
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Tukey's Studentized Range (HSD) Test for RAIZDMMP

Alpha 0.05
Error Degrees of Freedom 75
Error Mean Square 0.013943
Critical Value of Studentized Range 3.38156
Minimum Significant Difference 0.0783

Means with the same letter are not significantly different.

Tukey Grouping Mean N TIPO
A 0.46793 26 B
A 0.41264 26 M
B 0.28919 26 D
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