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RESUMO

A saliva é um fluido complexo que interfere em diversas fungdes, como
auxiliar atividades importantes do sistema estomatognéatico como a mastigacéo e a
comunicacdo dos individuos. A auséncia ou reducdo do fluxo de saliva pode
prejudicar o cumprimento de suas fun¢des e causar desconforto. Diante disso,
esse estudo avaliou, de maneira objetiva, se o fluxo salivar interfere na eficiéncia
mastigatéria e na distancia interoclusal durante a fala. Um total de 60 voluntarios
saudaveis foram divididos em trés grupos (n=20): (1) controle, composto por
voluntarios com fluxo salivar normal; (2) hipossalivacdo, composto por voluntarios
com fluxo salivar reduzido; e (3) hipersalivacdo, composto por voluntarios com
salivacdo aumentada. Para compor o grupo 2, foram selecionados 20 voluntarios
gue faziam uso sistémico de isotretinoina, indicada para tratamento dermatologico,
0 qual tem a boca seca como um dos efeitos colaterais mais frequentes. A
condicao de hipersalivacédo do grupo 3 foi induzida por meio de gotejamento de
acido citrico 6% na superficie lateral da lingua. Para comprovar o estado salivar,
todos os voluntarios tiveram fluxo salivar determinado e expresso em mL/min,
imediatamente antes dos testes de eficiéncia mastigatoria e distancia interoclusal
durante a fala. A eficiéncia mastigatéria foi avaliada por meio da mastigacdo de
3,4 g de material artificial (Optosil®) durante 20 ciclos mastigatérios. Apds a
mastigacdo, a eficiéncia mastigatéria foi calculada por meio da porcentagem de
material triturado capaz de atravessar a peneira 10 (2 mm de abertura), utilizando-
se sistema de peneiras acopladas a um agitador. A distancia interoclusal durante a
fala de todos os fonemas da Lingua Portuguesa brasileira foi mensurada por meio
do método eletromagnético de registro do tracado mandibular, utilizando-se um
cinesiografo. Os dados obtidos foram submetidos a analise de variancia (P=0,05).
A comparacédo da eficiéncia mastigatéria e da distancia interoclusal durante a fala
entre individuos com diferentes condicdes salivares ndo revelou diferenca
estatistica significante. Nas condi¢cdes deste estudo, conclui-se que individuos

com fluxo salivar reduzido ou aumentado ndo apresentaram alteracdes na



eficiéncia mastigatoria e distancia interoclusal durante a fala em relagdo aos

individuos com fluxo salivar normal.

Palavras-chave: Saliva, mastigacdo, comunicacéo
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ABSTRACT

Saliva is a complex fluid which performs various functions, as assisting
important activities of the stomatognathic system such as mastication and speech
articulation. The lack or reduction of salivary flow affects its functions and causes
discomfort. This study objectively evaluated the effect of salivary flow rate on the
masticatory efficiency and interocclusal distance during speech. Sixty healthy fully
dentate subjects were divided into 3 groups: (1) control, composed by subjects with
normal salivary flow rate; (2) hyposalivation, composed by subjects with reduced
salivary flow rate; (3) hypersalivation, composed by subjects with increased
salivary flow rate. To establish group 2, twenty subjects who used systemic oral
isotretinoin were selected. This drug is indicated for dermatologic treatment and its
most common side effect is dry mouth. Group 3 hypersalivation condition was
conducted by 6% citric acid dripping on tongue lateral borders. The salivary flow
was measured immediately before the tests to confirm the salivary condition of the
subjects. Masticatory efficiency was evaluated by means of the percentage of an
artificial material (Optosil®) which can pass through the 10-mesh sieve after 20
chewing strokes, using a sieving method. The interocclusal distance during the
pronunciation of all the Brazilian Portuguese language phonemes was measured
using an electromagnetic jaw-tracking method, Recorded data were analyzed by
ANOVA (P=0,05). The comparison of masticatory efficiency and interocclusal
distance during speech among subjects with different salivary conditions revealed
no significant differences. Within the conditions this study, it is possible to conclude
that subjects with reduced or induced salivary flow rate presented neither
masticatory efficiency nor interocclusal distance during speech alterations when

compared with subjects with normal salivary flow rate.

Key Words: Saliva, mastication, communication
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INTRODUCAO

A saliva é produzida principalmente por trés pares de glandulas:
parétidas, submandibulares e sublinguais. Juntas, essas glandulas secretam de 90
a 93% de toda a saliva. Os 7 a 10% restantes da secrecao desse fluido bucal sdo
produzidos pelas glandulas salivares menores, as quais estdo distribuidas pela
cavidade oral (Sreebny, 1989). A mistura dos fluidos orais € conhecida como
saliva total (Sreebny, 1989; Sreebny et al., 1992) que, além dos constituintes de
origem salivar, contém também fluido crevicular, células sanguineas, bactérias e
seus produtos, células epiteliais descamadas, virus, fungos, restos alimentares e
secrecdes provenientes do trato respiratorio (Sreebny et al., 1992).

Numerosas sdo as funcdes dessa secrecdo: digestdo, lubrificacao,
manutencdo da integridade da mucosa, reparo dos tecidos moles, equilibrio
ecoldgico, limpeza, funcdo antimicrobiana, manutencdo do pH, manutencédo da
integridade dentaria e controle do nivel de hidratacdo (Mandel, 1987). A saliva
também desempenha papel de grande importancia na mastigacao, na pronuncia
das palavras (Sreebny, 1989; Sreebny et al.,, 1992; Sreebny & Schwartz, 1997;
Ishijima et al., 2004) e participa da degluticio e da retencdo de proteses
removiveis. Ainda, permite que as pessoas apreciem alguns dos mais simples
prazeres da vida como a sensacao delicada do paladar, o prazer de comer, 0 som
impar da voz humana e a gratificacdo de um beijo (Sreebny, 1989).

Cerca de 99% da saliva produzida é composta por agua, e 1% por
proteinas, moléculas organicas menores e eletrolitos (Sreebny et al.,, 1992).
Esses elementos constituintes estdo diretamente envolvidos ndo apenas nas
funcdes protetoras como lubrificacdo e controle de microrganismos, mas também
nas funcbes motoras como facilitar a mastigacao, a degluticdo e a fala (Mandel,
1987; Sreebny et al., 1992). Dentre as proteinas contidas na saliva, as mucinas
sdo as principais responsaveis pelo revestimento da mucosa oral, formando uma
camada protetora que impede a desidratacdo. Isso se da devido ao fato de as
mucinas possuirem como caracteristicas a baixa solubilidade, a alta viscosidade, a

elasticidade e a adesividade e serem 0s constituintes organicos mais importantes



muco (Tabak et al., 1982). Esse filme lubrificante facilita a comunicagéo e permite
a passagem do bolo alimentar com uma friccdo tecidual minima, conferindo
conforto e funcdo aos individuos (Sreebny et al., 1992). A diminui¢do do fluxo de
saliva dificulta a formacdo da pelicula protetora, reduzindo os beneficios que esta
proporciona. Em estudo prévio (Sreebny & Valdini, 1988), pesquisadores
verificaram que, dentre individuos que relataram sensacdo de boca seca, 25%
sentiram dificuldade para mastigar alimentos secos e 48%, dificuldades para falar.

O resultado objetivo de reducdo do fluxo salivar é chamado de
hipossalivacdo, enquanto a sensa¢do subjetiva de boca seca é chamada de
xerostomia (Dawes, 2004a). A xerostomia afeta de 25% a 30% da populagcdo com
mais de 65 anos (Nagler & Hershkovich, 2005) e raramente se apresenta de forma
isolada. A sensacéo de boca seca esta comumente associada a outros sintomas
orais e nao-orais, tais como: dificuldade para falar, mastigar e deglutir alimentos
secos (Sreebny et al., 1989; Fox, 1997), além de labios, garganta, nariz, pele e
olhos ressecados, visdo borrada e vaginites recorrentes em mulheres (Sreebny et
al.,, 1989, 1992). Diante disso, percebe-se que, apesar da diminuicdo ou da
auséncia de saliva ndo ameacar a vida humana, a falta desse fluido provoca
muitas dificuldades com consequente reducéo da qualidade de vida dos individuos
(Mandel, 1987; Sreebny, 1989). Ocasionalmente, também existem queixas de
salivacdo excessiva (hipersalivacdo). Esse sintoma pode refletir-se em
desconfortos e problemas de coordenacdo oromotora, diminuicdo do ténus
muscular perioral e dificuldade durante a degluticdo (Sreebny et al., 1992).

Muitos estudos relacionam a diminuicdo de fluxo salivar com o avango
da idade (Sreebny & Valdini, 1988; Navazesh, 1989; Navazesh et al., 1996; Nagler
& Hershkovich, 2005). No entanto, foi observado que houve reducdo apenas no
fluxo salivar ndo estimulado de populagdes senis em relacdo a individuos jovens
(Navazesh et al., 1996), e que a resposta das glandulas salivares a estimulagéo
mostrou um potencial fisiolégico ndo deteriorado pela idade (Parvinen & Larmas,
1982). Apesar das alteracdes morfologicas encontradas nas glandulas salivares

de individuos senis, acredita-se que as principais causas da hipossalivacdo e da



xerostomia sejam a desidratacao (Loesh et al., 1995; Sreebny & Schwartz, 1997),
a presenca de doengas sistémicas, e principalmente o uso de medicamentos e de
terapia por irradiacéo (Sreebny & Valdini, 1988; Sreebny et al., 1992; Loesh et al.,
1995; Navazesh et al., 1996; Fox, 1997, Sreebny & Schwartz, 1997). Segundo
Navazesh et al. (1996), o numero de doencas sistémicas, assim como a presenca
e a duracéo do tratamento por meio de medicamentos com potencial xerostomico,
afetam significativamente o fluxo salivar estimulado e n&do estimulado. Em
acréscimo, doencas como hipertensdo, artrite reumatéide, diabetes mellitus e
desordens gastrintestinais estdo associadas com hipofuncdo das glandulas
salivares (Kreher et al., 1987; Sreebny, 1989). Antidepressivos, sedativos,
hipnoticos, agentes anti-hipertensivos, diuréticos, anti-histaminicos e drogas
antiparkinsonianas séo exemplos de medicamentos associados a reducéao do fluxo
salivar (Sreebny, 1989). Ainda, outros tipos de drogas, tais como: supressores de
apetite, descongestionantes, broncodilatadores, relaxantes musculares e
retindides também contribuem significativamente para a diminuicdo do fluxo de
saliva (Scully, 2003).

Os retindides sdo medicamentos derivados sintéticos da vitamina A e
séo indicados para tratamentos dermatoldgicos principalmente para acne grave ou
resistente a outros tipos de tratamento. A sua forma mais difundida é a
isotretinofna (acido 13-cis-retinéico) (Roacutan®, Isoface®), a qual pode ser
utilizada topica ou sistemicamente (Chivot, 2005). Quando administrada de
maneira sistémica, atua de forma indireta sobre as glandulas sebaceas, no
entanto, outros fatores como a hiperqueratinizacédo do foliculo pilossebaceo, assim
como a proliferacdo de Propionibacterium acnes (principal agente etiolégico da
acne), sao afetados pela droga (Chivot, 2005). Acredita-se que a isotretinoina atue
também na membrana das células, contudo, essa acdo é bastante complexa e
ainda néo foi totalmente esclarecida (Chivot, 2005). Esse retindide apresenta forte
potencial xerostébmico, e a administracdo sistémica provoca o ressecamento de
diversas estruturas orais e ndo-orais, cujos efeitos colaterais mais comumente

observados sdo boca e labios secos (Oikarinen et al., 1995; Scully, 2003). A



hipossalivacdo é também uma condicdo frequentemente encontrada e pode ter
como consequéncia o comprometimento das estruturas orais, como 0 aumento do

indice de dentes cariados, perdidos e obturados (Lupi-Pegurier et al., 2007).

A importancia do fluxo salivar na mastigagéo foi evidenciada por meio
de testes utilizando alimentos naturais e/ou materiais artificiais, em que individuos
saudaveis foram induzidos a um quadro de hipossalivacdo por meio da
administracdo de drogas com potencial xerostbmico antes da realizacdo dos
testes (Liedberg & Owall, 1991; Ishijima et al., 2004). No entanto, esses estudos
ndo reproduziram o que acontece a populacdo que faz uso de medicamentos com
potencial xerostbmico de maneira continua para o tratamento de doencas como
acne, hipertensao, depressao, doencgas reumaticas e de Parkinson.

Dentre os métodos para avaliacdo da funcdo mastigatoria, o célculo da
eficiéncia mastigatdria € um dos mais utilizados (Manley & Braley, 1950; Omar et
al., 1987; Liedberg & Owall, 1991; Ishijima et al., 2004). Por definicéo, eficiéncia
mastigatoria € o numero de ciclos mastigatérios ou 0 tempo necessario para a
reducdo do alimento a um determinado tamanho de particula (Bates et al., 1976).
Alimentos naturais e materiais testes artificiais podem ser utilizados para avaliagao
da funcdo mastigatoria, no entanto, alimentos naturais sdo considerados de dificil
padronizacdo, ja que sofrem influéncias sazonais e geograficas. Por isso,
materiais artificiais como o Optosil® sdo preferiveis (Edlum & Lamm, 1980, Olthoff
et al., 1984, 1986).

De acordo com alguns autores, o fluxo salivar também pode influenciar
ou dificultar a fala (Sreebny & Valdini, 1988; Sreebny, 1989; Sreebny et al., 1992;
Sreebny & Schwartz, 1997; Dawes, 2004b; Ship, 2004). A amplitude dos
movimentos  mandibulares durante a fala pode ser quantificada
tridimensionalmente por meio de um dispositivo eletromagnético (Peraire et al.,
1990; Rodrigues Garcia et al., 2003; Bianchini & Andrade, 2006; Bianchini et al.,
2007) conhecido como cinesiografo. Os movimentos mandibulares, assim como
das estruturas do trato vocdlico, o qual € composto por laringe, faringe, palato

mole, lingua, bochechas e labios, fazem-se importantes para a producdo dos



diferentes fonemas, uma vez que alteram a passagem do som proveniente da
laringe (Smith & Zelaznik, 2004). Constituintes da saliva, como mucinas e agua
sdo importantes para a manutencao da hidratacdo da mucosa oral (Tabak et al.,
1982), permitindo flexibilidade e liberdade de movimento para as estruturas do
trato vocalico (Bianchini & Andrade, 2006); consequentemente, a saliva
desempenha papel importante na pronuncia das palavras (Sreebny, 1989;
Sreebny et al., 1992; Fox, 1997; Ship, 2004). No entanto, escassos sao 0s estudos
sobre este tema, sendo que apenas uma referéncia sobre a dificuldade da fala em
pacientes xerostdomicos foi encontrada (Sreebny & Valdini, 1988), a qual foi
realizada por meio de questionario, ou seja, de maneira subjetiva. Assim, ainda é
desconhecida a influéncia da saliva no bom desempenho dos movimentos
mandibulares durante a fala.

Estudo prévio indicou que 14% da populacdo entre 18 e 24 anos
apresenta sensacao de boca seca (Sreebny et al., 1992). A xerostomia também é
frequentemente percebida pela populacdo senil (Loesh et al., 1995). Cerca de
40% da populacdo com mais de 50 anos (Sreebny et al., 1992) e cerca de 30% da
populacdo com mais de 65 anos (Nagler & Hershkovich, 2005) sofre com essa
condicao. Nos individuos total ou parcialmente desdentados, e reabilitados com
préteses removiveis, a saliva desempenha papel fundamental na retencdo das
préteses (Sreebny, 1989). Consequentemente, uma reducdo acentuada no fluxo
salivar pode desencadear desconforto e traumatismos ocasionados por retencéo
prejudicada e movimentacdo da prétese quando em funcédo (lkebe et al., 2005).
Essa condicdo pode representar um déficit funcional durante a mastigacdo e a
comunicacao dos individuos (Niedermeier et al., 2000).

Como a saliva desempenha varias fungbes, as quais explicam a
importancia ndo s6 de sua presenca, mas de uma quantidade minima adequada
para que a qualidade de vida dos individuos seja mantida ao longo da vida, sua
alteracdo quantitativa pode desencadear sensacfes desagradaveis e prejudicar
funcdes importantes como o mastigar e o falar. Assim, a proposta deste estudo foi

avaliar se a reducao ou o aumento da quantidade do fluido salivar pode alterar a



eficiéncia mastigatoria e a distancia interoclusal durante a fala de individuos

totalmente dentados.
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Abstract

Aims: Saliva is a complex secretion, which plays an important role in
stomatognathic system activities, and its lack may lead to damaged functions such
as mastication and speech. The aim of this study was to investigate the effect of
salivary flow rate on masticatory efficiency and interocclusal distance during
speech. Methods: Sixty dentate subjects were divided into 3 groups (n=20)
according to the salivary flow rate: (1) control, (2) hyposalivation and (3)
hypersalivation. All subjects from group 2 were under dermatologic treatment and
taking systemic oral isotretinoin. Subjects from groups 1 and 3 were not under any
systemic medication and hypersalivation was induced in group 3 subjects by using
6% citric acid. Masticatory efficiency was evaluated using an artificial test material
(Optosil®) and a sieving method. Masticatory efficiency was calculated as the
weight percentage of the fragmented test food that passed through the 10-mesh (2
mm aperture) sieve. The interocclusal distance during speech was evaluated by
means of a jaw-tracking device during the reading of pictures containing all
Brazilian Portuguese language phonemes. Data were analyzed using ANOVA
(P=.05). Results: No statistical differences were found among groups for
masticatory efficiency and interocclusal distance during speech. Conclusion:
Within the experimental design of this study, it could be concluded that masticatory
efficiency and interocclusal distance during speech were not influenced by salivary

flow rate.

Key words: Saliva, salivary flow rate, masticatory efficiency, interocclusal

distance, speech.



Introduction

Saliva plays a vital role in the integrity of the oral tissues, ingestion,
preparation of food for digestion and in our ability to communicate with one
another?. Components of saliva, such as water and mucins, coat the oral mucosa
providing lubrication and a selective permeability barrier against exogenous insult

and desiccation®®*

, which enables flexibility and free movements of oral
structures®, facilitating the motor activities of chewing, swallowing and speaking, as
well as sensory and chemo-sensory functions in the oral cavity>?.

Salivary gland hypofunction decreases or ceases the functions of saliva,
which leads to a direct negative impact on the nutritional intake and quality of life of
the patients®’. Hyposalivation, which is an objective indicator of reduced salivary
flow rate®, is usually caused by a general loss of body water, damage to the
salivary glands or by an interference with the neural control of the glands®. Some
consequences of hyposalivation include: xerostomia, increase in dental caries,
mucositis, gingivitis, recurrent yeast infections®'°, halitosis®®, sensation of burning
mouth, dryness of lips, throat, skin, nose and eyes, fissuring of the tongue, poorly
fitting dentures, difficult mastication, swallowing (dysphagia) and speaking

167810 a5 well as abnormal taste (dysgeusia)’. The oral symptoms can

(dysphonia)
be attributed in large part to a lack of salivary mucin®. Severe hyposalivation is
frequently observed in patients at late stages of Sjogren’s Syndrome, an
autoimmune disease, and also in patients who have undergone treatment with
irradiation for oral cancer'. Xerostomia, which is the subjective sensation of dry
mouth®, is assumed to be related to systemic disease and use of medications. Its
prevalence increases with age and affects 25 to 30% of the population of 65 years
or over'®t,

Hundreds of medications have xerostomic potential™®"%*2 including
antihypertensives, antiparkinsonian, antidepressants, antinflamatories, analgesics

"12 Most of these drugs are prescribed among the elderly’, and

and retinoids
strongly contribute to frequent decreases in salivary flow rate and to the sensation

of oral dryness. Of the 200 most prescribed medications in the United States, 63%



had potential to induce dry mouth and decrease in salivation, which were the most
reported side effect’®. Retinoids are derivates of vitamin A and are mostly
prescribed to the young for the treatment of severe acne™. It is known to have non-
oral and oral side effects, including increased damaged, missing and filled teeth
index as a consequence of reduced salivary flow rate during treatment™*. The most
common side effects are dryness of the mouth, lips, nose, eyes and skin®®, which
are reversible after 2 months of drug remission™.

Production of sufficient saliva is indispensable for good chewing!¢, once
moistening and fragmentation of food are the main functions of mastication®’. In
addition, the food bolus lubrication degree as well as the food particle size are a

trigger for deglutition®®'®

. It was observed that 29 and 25% of the subjects
complaining of xerostomia reported difficulty at swallowing and chewing dry foods,
respectively'®. Moreover, the number of chewing strokes increased, as well as the
time the food remained in the mouth until swallowing®, while the masticatory
efficiency decreased® after experimentally induced oral dryness. Indeed, saliva

622 which means that

has a prominent function in retention of removable prosthesis
the lack of the oral secretion may lead to damaged activities as mastication and
speech® as well as deleterious influence on the denture-bearing tissue®*.

A method to quantify masticatory efficiency consists of determining the
particle sizes of the comminuted food. Standardized sieving procedure and
chewing material are needed to obtain reproducible results®. Artificial test material
is preferred to natural foods for measurements of masticatory efficiency because of
its reproducibility of shape, hardness and consistency and more stable properties,

which do not suffer alterations by the components of saliva® .

The importance of saliva in speech has also been well reported*®"81°_ |t
was observed that 48% of subjects with subjective sensation of dry mouth reported
difficulty to speak®®. However the relationship between these two factors has not
been objectively studied. The production of speech sounds occurs in the mouth
and nose, modifying the sound produced by the larynx according to the

conformation of structures such as the larynx, pharynx, palatine velum, jaw,
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tongue, cheeks and lips®. Mandibular motions enable the modification of spaces,
which allows free tongue and soft tissues movements. The dynamic variation in
vocal tract shape during speech largely accounts for the production of specific
speech sounds®®. Several pharmacological agents, including isotretinoin, might
promote oropharingeal dryness, voice and movements changes, which alters the
production of speech, vocal quality, or both by acting at any level of the vocal

tract>%3?

. It is suggested that, to move freely and adequately produce speech
sounds, the tissues and the vocal tract must be lubricated with water and mucins,
which are found in saliva.

As saliva plays an important role in the quality of life of the individuals,
the aim of the present study was to investigate the masticatory process and the
interoclusal distance during speech sounds under normal salivary flow rate,

hyposalivation and hypersalivation.

Materials and Methods

Sixty subjects (34 males and 26 females) with ages ranging from 16 to
26 years participated in this study. Only healthy subjects, with good oral hygiene
and free of carious lesions, periodontal disease and malocclusion, with at least 10
occlusal units and no edentulous regions were included. One pair of occluding
molars was counted as two occlusal units, whereas a bicuspid pair was counted as
one oclusal unit. Moreover, to be included in the study, subjects should present no
systemic disease, no signs or symptoms of temporomandibular dysfunction and no
history of communication deficits or prior speech-language treatment. Subjects
were selected among students and the staff of Piracicaba Dental School, as well
as among patients who had sought dental treatment in the same institution.
Additionally, subjects were selected in medical offices among dermatologic
patients taking systemic oral isotretinoin therapy according to medical
recommendations. The Ethics Committee of Piracicaba Dental School from State

University of Campinas approved the research protocol (number 063/2006) and a
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written consent was obtained from all participants or from their caregivers, in case
of participants under 18.

The subjects were divided into 3 groups (n=20): (1) normal salivary flow
rate (mean age = 21.0 + 2.2 years), considered as control; (2) hyposalivation
(mean age = 21.2 £ 4.0 years); and (3) hypersalivation (mean age = 20.2 = 2.6
years). Subjects who did not take any medication were randomly divided into
groups 1 and 3. Subjects from group 2 (hyposalivation) were undergoing a
systemic oral isotretinoin therapy for acne treatment, prescribed by a dermatologist
for at least one month™, at a dosage of 0.5-0.7 mg/kg/day. All these subjects
presented xerostomia and dry lips, which are signs of hyposalivation, however,
other conditions, such as dryness of skin and eyes, were frequently reported.
Saliva stimulation (hypersalivation) for subjects from group 3 consisted of dripping
6% citric acid on the tongue laterals borders.

In order to confirm the salivary flow prior to the evaluation of masticatory
efficiency and interocclusal distance during speech, saliva samples were collected
from all subjects. Before collection, the mouth was emptied by an initial swallow.
Subjects were instructed not to move their tongue or lips during procedure, in
which saliva was allowed to accumulate in the mouth and expectorated into pre-
weighted containers. The collection period was 5 minutes and the flow rate was
expressed in mL/min*#'. The saliva weight in grams was assumed to be equal to
its quantity in milliliters, because the specific density of saliva is close to 1.0%%. The
samples were collected in the morning between 7:30 and 10:30, with all subjects
being instructed to fast and avoid smoking for at least 90 minutes before the
sample collection. The salivary flow rate was considered normal when it ranged
from 0.3 to 0.4 mL/min®*. Saliva collection of less than 0.3 mL/min characterized
hyposalivation while collections above 0.4 mL/min characterized hypersalivation.

Masticatory efficiency was evaluated using a sieve method after saliva
collection. Subjects chewed an artificial test material made of silicone rubber
(Optosil, Heraeus Kulzer), for 20 chewing strokes. The silicon was manipulated

according to the instructions of the manufacturer and the test material was
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prepared in moulds to form cubes with edges of 5.6 mm?*3°. After setting, the
cubes were removed from the mould, weighted individually for standardization and
stored in an electrical stove at 60°C for 16 hours to ensure complete reticulation®®,
The cubes were then removed from the stove and, after cooling, were disinfected
in 2% glutaraldehyde solution for 30 minutes. After, they were washed, dried on
absorbing paper and weighted once again. Portions with 17 cubes (approximately
3 cm® or 3.4 g) were separated and stored in plastic containers until the test. The
portion was offered twice to each participant, as people are not used to chew an
artificial material. Only the data from the second test was used. The volunteers
were instructed to chew the cubes in their habitual way, while the chewing cycles
were counted by the operator®®. The particles obtained after completion of 20
chewing strokes were expectorated on a paper filter sitting on a glass container.
Several mouth rinses with 200 mL of water were carried out for the complete
cleansing of the oral cavity and expectorated on the same filter. Finally, the mouth
of the subjects was examined for retained pieces of the test material. After the
water was totally drained, the filter with the particles was stored in an electrical
stove at 80°C for 25 minutes®. The particles were sieved through a stack of up to
10 sieves, with mesh sizes gradually decreasing from 5.6 to 0.5 mm and a bottom
plate, in a sieving machine (Bertel Industria Metalurgica Ltda.) for 20 minutes. The
amount of test material on each sieve and on the bottom plate was weighted in a

28,35

0.0001 g analytical balance (Mark, 2060, Bel Engineering s.r.). Masticatory

efficiency was calculated as the weight percentage of the fractioned material that
passed through the 10 mesh sieve (mesh size of 2 mm)#+%43'.

To evaluate the interocclusal distance during speech, a kinesiograph
(K6-I Evaluation System, Myotronics-Noromed), which is a jaw-tracking device that
captures signals from a magnet, was used>®. The subjects were seated on a
dental chair with the Frankfort plane parallel to the ground and instructed to avoid
head movements. The magnet was attached to the buccal face of the lower central
incisors without interfering with maximal intercuspal position. An array of eight

sensors was symmetrically positioned on the face of the participants and
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connected to a computer. After adjustments and calibration of the equipment, the
volunteers began the speech test. To verify the interocclusal distance during
speech, the mean vertical opening (mm) and the maximum opening amplitude
(mm) were quantified by means of an easily-recognizable list of pictures
comprising all the Brazilian Portuguese language phonemes and used for
sequential naming with no interruptions>*. The use of all phonemes is important to
reproduce all movements the jaw and the structures of the vocal tract normally
present during speech. The subjects were instructed to close in maximal
intercuspal position and to name the pictures at normal conversation rate and
volume. The intercuspal position, as well as the pictures sequence, were
demonstrated and practiced before the speech test. Data from masticatory
efficiency and interocclusal distance during speech tests were analyzed by
ANOVA. All analyses were carried out at a 5% significance level (SAS/STAT 9.0
Software).

Results

The mean flow rate of subjects from group 2 was 0.13 + 0.07 mL/min
(range 0.03-0.24 mL/min). Half of these subjects presented flow rate < 0.1 mL/min,
which is an evident sign of hyposalivation. Saliva production of the subjects from
group 1 was 0.34 + 0.04 mL/min (range 0.3-0.4 mL/min), while the flow rate of
group 3 subjects was 1.55 + 0.7 mL/min (range 0.55-2.65 mL/min). These values
well characterize the three salivary states.

The masticatory efficiency, as well as the mean and maximum
interocclusal distance during speech, showed no statistical differences between
groups (P>.05) (Table 1).
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Table 1 Means and standard deviations of masticatory efficiency (%) and

interocclusal distance (ID) during speech (mm)

Groups Masticatory efficiency Interocclusal Distance

Mean ID Maximum ID
(1) Control 6.40 + 4.35 457 +1.98 10.8+4.2
(2) Hyposalivation 7.63 £5.57 4.37+1.22 99+27
(3) Hypersalivation 4.73 +4.85 422 +1.24 109 +3.2
P value 0.1872 0.7608 0.5567

Data were transformed to undergo parametric analysis. No significant differences were

found among groups (P>.05).

Discussion

The influence of salivary flow rate on masticatory efficiency and on
interocclusal distance during speech of all phonemes of the Brazilian Portuguese
language was evaluated.

The literature mentions the importance of saliva on the stomatognathic

system activities such as mastication and communication’®"#°

, although, in this
study, no influence of salivary flow rate on the oral functions analyzed was
observed. Sreebny & Valdini*® reported that 29% and 25% of the subjects with a
dry mouth sensation, reported difficulties with deglutition and mastication of dry
food, respectively. Saliva secretion was stimulated and reduced by means of oral
administration of pilocarpine hydrochloride and atropine sulfate, respectively, in
healthy and young individuals to evaluate masticatory efficiency using peanuts as
test food®*. The authors observed that, in spite of the absence of higher values of
masticatory efficiency with increased salivary flow, hyposalivation led to a

significant lower chewing capacity. In a similar study by Liedberg & Owall®,
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hyposalivation and xerostomia were achieved by injection of methylscopolamine
nitrate and masticatory capacity was measured using almonds, chewing gum and
an artificial material (Optosil®). Masticatory efficiency was reduced when almonds
and Optosil® were masticated, however, mastication of chewing gum did not impair
the masticatory index. In the present study, masticatory efficiency was not affected
by hyposalivation condition. The two clinical studies mentioned, which related

salivary flow rate and masticatory capacity?>*

, were conducted within healthy
individuals with normal salivary flow who did not use any medication. The
anticholinergic drugs used to induce hyposalivation were administrated before the
tests in one single visit, leading to an abrupt reduction of saliva secretion. In the
present study, the individuals had already been medicated by their doctors for at
least one month, i.e. they were part of the population who used Xxerostomic
potential drugs. It is suggested that the discrepancies in the outcomes of this study
related to the results presented by Liedberg & Owall*® and Ishijima et al.?* occurred
because the individuals who had been taking xerostomic medications had already
been used to reduced salivary secretion. In contrast, the results of this study
corroborate with the outcomes presented by Ishijima et al.?*, for the subjects who
underwent saliva stimulation and did not present the masticatory efficiency altered
in relation to normal flow rate subjects. Hypersalivation induced by means of
pilocarpina hydrochloride® or 6% citric acid dripping promoted an abrupt salivary
flow increase, generating discomfort and an oromotor coordination deficiency
during functions, which was reported by the participants of this study.

On the other hand, it is known that the chewing capacity influences the
production of saliva>*°. The presence of food in the mouth is a powerful stimulus to
salivation and it is generally accepted that the main components of this effect are

gustatory stimulation and masticatory movements®’*

, however, the gustatory
stimulation of foods is much higher than mechanical stimulation®***'. All four basic
taste stimuli (salt, acid, bitter and sweet) can lead to an increase in salivary flow
rate, but acid is the most potent gustatory stimulus for saliva secretion®. When

natural foods are used to evaluate masticatory capacity, the flow rate might be

16



increased due to taste stimuli. The salivary flow rates observed during chewing
tests using natural foods are much higher than the observed with unflavored
materials®>. The material test used in this study was Optosil®, an easily
reproducible material which is tasteless and does not affect the salivary flow rate
by gustatory stimulus.

It is also important to consider that during mastication, it is likely that
mechanoreceptors in the gingival tissues will be stimulated, which may result in
increased salivary flow*. In a study conducted on animals, the introduction of a
liquid diet resulted in profound parotid salivary gland atrophy, which reversed when
the pelleted diet was reinstated®’. In addition, a positive correlation was found
between bite force and salivary flow rates*, although the highest bite forces are
probably present only in the beginning of the chewing process, as the food is
softened by saliva after a few chewing strokes. In this manner, the salivary flow
tends to decrease over the chewing sequence®***. The artificial material used in
this study is not softened by saliva as natural foods, and the force needed to crush
it is much larger than the force used to knead natural foods usually used in

masticatory tests, such as peanuts, almonds and Melba toast®>*?

. Thus, following
this reasoning, it could be suggested that the mastication of Optosil®, a
hydrophobic and hard material, caused an increased salivary flow, promoting
similar masticatory conditions for all subject groups. These considerations may
contribute to explain why the salivary flow rate did not influence the masticatory
efficiency.

Besides masticatory efficiency, the present study attempted to
objectively examine the relationship between salivary rate and speech. To
articulate the phonemes, a set of movements performed by the jaw and the
movable constituents of the vocal tract, such as lips, cheeks, soft palate and
tongue, are required to alter the expiratory air current>®. These movements
determine considerable shape alterations on the vocal tract and different obstacle

for the air that comes from the larynx®, determining the articulatory specific points
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to produce each phoneme®. A better flexibility of the phonoarticulatory structures
generates more precise movements and clearer production of phonemes”.

In spite of the fact that adult speakers produce regular patterns of
coupling of the upper and lower lips, each subject presents a highly individualized
jaw movement pattern during speech?®. The mandible deviates three-dimensionally
to produce an adequate articulation of speech sounds, however the anterior-

posterior component and the lateral translations are very discreet>*°

, prevailing the
use of opening motions. For this reason, in this study, the vertical amplitude of
movement during speech was measured.

The salivary flow rate did not influence the interocclusal distance during
speech of all phonemes of the Brazilian Portuguese language. This may be
explained by the need of specific vocal tract patterns to produce each sound,
despite the discomfort related by individuals with hyposalivation and xerostomia
during articulation of sounds®®. Consequently, it can be hypothesized that even
without adequate moistening of the oral tissues to allow free movements, the
individuals adapt themselves to this condition and perform the motions needed for
speech.

Many studies mentioned the importance of saliva on speech®”810 A
research using a questionnaire showed that 48% of the patients who complained of
dry mouth, presented difficulties during speech'®. However, these are subjective
findings. It is possible to analyze speech by tracking the mandibular motion during
the pronunciation of phonemes. A pilot study quantified the mandibular movements
during the Brazilian Portuguese language speech®. The authors presented
outcomes for the maximum vertical opening (11,21mm) of healthy subjects, which
agree with the data found in this study. In addition, there was not found any
research that objectively related saliva and speech.

Hyposalivation and xerostomia cause discomfort and damage functions.
Systemic diseases and use of xerostomic medications are two of their most

1,6,9,19

important etiologic factors , therefore the senior population is the most

affected by dry mouth condition'!. In patients wearing complete or partial
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removable dentures, xerostomia was associated with soreness in denture-bearing
tissues and complete denture wearers who complained of dry mouth reported
dissatisfaction with chewing and speaking®, since palatal secretion was correlated
with the retention of upper complete dentures?®.

As a consequence of the continuous increase in the number of
individuals belonging to the geriatric group®* and the dissemination of xerostomic
drug intake by the young, hyposalivation has become more common. Therefore, it
is important for clinicians to evaluate the need for: stimulating saliva production;
neutralizing the xerostomic effect by drug replacement when possible; restituting
the oral secretion; or indicating oral treatments to prevent dental decay. These
proceedings intend to reduce oral signs of dry mouth and the damage caused by
lack of saliva, reducing denture wearers discomfort and dissatisfaction as well as
oral deterioration. For this reason, it is mandatory to totally understand the role of
saliva on human oral functions. Other studies are needed to elucidate how and to

what extent the lack of saliva affects the quality of life of patients.

Conclusion
Within the conditions of this study, it is possible to conclude that salivary
flow rate did not affect either masticatory efficiency or interocclusal distance during

speech.
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4 CONCLUSAO
Os resultados sugerem nao haver influéncia do fluxo salivar sobre a

eficiéncia mastigatéria nem sobre a articulagdo dos fonemas da Lingua

Portuguesa brasileira, nas condi¢cdes em que o estudo foi realizado.
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ANEXO 2 — Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Titulo da Pesquisa: Efeito do fluxo salivar sobre a eficiéncia mastigatoria e distancia
interoclusal durante a fala.

Pesquisadoras responsaveis:
Profé, Dr2. Renata Cunha Matheus Rodrigues Garcia
CD Simone Guimardes Farias Gomes

Justificativa

A maneira de se mastigar e a capacidade que a pessoa tem de pronunciar as palavras sdo
comumente ligadas a quantidade de saliva, mas ndo se sabe a real influéncia da saliva sobre estas
funcdes.

Objetivos
Esta pesquisa esta sendo realizada para estudar se as pessoas que tém uma quantidade de
saliva acima ou abaixo do normal apresentam alguma dificuldade para mastigar ou falar

adequadamente algumas letras.

Procedimentos

Para alcancar nossos objetivos, necessitamos da sua participacdo. Se vocé decidir participar
dessa pesquisa a quantidade de saliva que vocé produz sera medida. Vocé ndo podera comer nem
beber nada por uma hora e meia e, se vocé fuma, ndo devera fumar por pelo menos uma hora
antes dos testes. Se vocé ndo estiver tomando nenhum medicamento para tratamento da pele,
poderemos pingar duas gotas de lim&o na sua lingua antes de fazermos os testes. Caso vocé
esteja tomando remédio para tratamento da pele, ndo pingaremos gotas de limdo na sua lingua.
Para que a quantidade de saliva seja medida, vocé tera que deixa-la cair durante 5 minutos dentro
de um copo pléstico descartavel. Vocé também terd que mastigar pedacos de um material que se
parece com borracha varias vezes e cuspi-los num pote. Vocé precisara realizar também um teste
de fala. Para isto, sera usada uma maquina que desenha o movimento que sua mandibula faz
guando vocé fala uma letra. Ser4 necessério que vocé use um aparelho na cabeca, parecido com
um grande par de 6culos e um pequeno imé serd colado em um dos seus dentes inferiores.
Durante o teste vocé devera fechar a boca com os dentes em contato e falar dez vezes a letra /s/
(ésse) e dez vezes a letra /m/ (eme). O ima e a cola serdo totalmente removidos apos o teste sem

prejudicar os dentes.
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Beneficios e Métodos Alternativos
Vocé terd o beneficio de receber tratamento odontologico gratuito, a ser realizado pelas
pesquisadoras responsaveis: Profd. Dr2. Renata Cunha Matheus Rodrigues Garcia e Cirurgia-

dentista Simone Guimaraes Farias Gomes. Nao existem métodos alternativos descritos.

Desconforto e Riscos

N&o existe nenhum tipo de risco durante a realizacdo da medi¢cdo da quantidade de saliva

nem dos testes de mastigacao e da fala.

Forma de Acompanhamento e Garantia de Esclarecimento

Vocé sera acompanhado durante toda a pesquisa e qualquer problema observado sera
relatado. Vocé tem a garantia de que recebera respostas a qualquer pergunta ou esclarecimento a
gualquer duvida relacionada a pesquisa. Os pesquisadores responsaveis assumem 0 COmpromisso
de proporcionar toda a informacédo obtida e acompanhardo e assistirdo todos os voluntarios a

gualgquer momento durante a mesma.

Liberdade de se Recusar a Participar

Vocé tem a liberdade de se recusar a participar do estudo e também se retirar do mesmo
durante qualquer tempo. Caso vocé se recuse a participar ou se retire da pesquisa por qualquer
motivo, vocé ndo sofrera qualquer prejuizo, bem como isso ndo afetara o seu tratamento
odontoldgico na Faculdade de Odontologia de Piracicaba / UNICAMP.

Garantia de Sigilo
Os pesquisadores responsaveis se comprometem a resguardar todas as informacdes da

pesquisa, ndo revelando a identidade do voluntario que as originou.

Forma de Ressarcimento
Serdo devolvidos quaisquer gastos referentes & sua locomocdo até o local da pesquisa

durante o estudo.

Previsdo de Indenizacéo

Como néo ha previsdo de acontecer nada de grave, ndo ha previsdo de indenizacao.
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Eu, certifico que tendo lido e entendido todas as

informacdes acima, estou de acordo com a realizacdo do estudo e aceito participar do mesmo

como voluntario.

Piracicaba, __ de de 2006.
Nome do voluntario ou responsavel Assinatura do voluntario ou responsavel
Nome da pesquisadora Assinatura da pesquisadora
Nome da testemunha Assinatura da testemunha

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

22 via: Voluntério (a sua participacdo em qualquer tipo de pesquisa é voluntéria)

Em caso de divida quanto aos seus direitos, escreva para Comité de Etica em Pesquisa da FOP-
UNICAMP. Endereco: Avenida Limeira, 901, Piracicaba-SP, CEP: 13414-900.

32



ANEXO 3 - Figuras

Eficiéncia mastigatdria

Figura 1 — Confeccéo de cubos de Optosil® com 5,6mm

de lado, utilizando-se matriz metalica.

Figura 2 - Expectoracédo do material teste artificial,
apos sua trituragdo, em filtro de papel.
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Figura 3 - Material teste artificial triturado.

Figura 4 - Sistema de peneiras acopladas ao agitador

(Bertel Industria Metalirgica Ltda., Sao Paulo, Brazil).
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Distancia interoclusal durante a fala

Figura 5 - Posicionamento do magneto

Figura 6 - Posicionamento do sistema eletromagnético
— cinesiégrafo (K6-1 Evaluation System, Myotronics,
Noromed).
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Figura 7 - Lista de figuras para avaliacdo da distancia interoclusal durante a fala
(Fonte: Bianchini & Andrade, 2006).

relégio — lapis — gato — dados — passaro — sofa
tesoura — casa — bicicleta — estrela — caminhao
olho — chave — avido — borboleta — cachorro

telefone — flor — nresente — iacaré — serrote - martelo

Figura 8 - Sequéncia dos nomes da lista de figuras de Bianchini & Andrade, 2006.
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Figura 9 - Tracado do movimento mandibular durante a prondncia dos fonemas da

Lingua Portuguesa Brasileira — Scan 1.
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Figura 10 - Tracado do movimento mandibular durante a prontncia dos fonemas da
Lingua Portuguesa Brasileira — Scan 3.
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ANEXO 4 - Tabelas

Tabela 2 — Dados individuais dos voluntarios do grupo 1 (controle) para fluxo
salivar (mL/min) eficiéncia mastigatoria (%), e distancias interoclusais (DI) média e
maxima (mm).

Voluntarios Fluxo salivar Eficiéncia mastigatéria DI média DI méxima
1 0,30 11,83 55 10,3
2 0,31 3,66 7,0 17,5
3 0,30 2,82 3,0 6,5
4 0,40 17,09 6,7 14,9
5 0,31 5,85 3,2 8,9
6 0,31 15,72 5,9 13,3
7 0,30 4,94 1,6 6,2
8 0,30 4,08 6,9 11,4
9 0,37 8,02 6,5 11,0
10 0,40 8,94 2,5 57
11 0,32 2,78 5,9 14,8
12 0,40 6,84 6,7 19,1
13 0,40 3,28 3,8 12,2
14 0,34 3,97 2,9 5,0
15 0,30 4,91 2,6 8,0
16 0,40 3,92 4,4 13,0
17 0,31 2,04 2,9 7,8
18 0,36 3,60 3,4 8,9
19 0,34 10,57 7,9 15,1
20 0,40 3,16 2,1 5,6
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Tabela 3— Dados individuais dos voluntéarios do grupo 2 (hipossalivagcdo) para
fluxo salivar (mL/min), eficiéncia mastigatéria e distancias interoclusais (DI) média
e maxima (mm).

Voluntarios Fluxo salivar  Eficiéncia mastigatéria DI média DI maxima

1 0,03 11,93 5,6 8,0
2 0,10 5,48 4,2 8,3
3 0,04 1,23 2,6 6,0
4 0,06 0,28 51 7,8
5 0,20 0,18 2,1 7,2
6 0,16 7,37 6,0 10,6
7 0,16 16,32 50 10,9
8 0,01 9,19 2,4 6,1
9 0,23 8,09 52 10,0
10 0,16 14,97 59 13,4
11 0,21 7,59 3,6 7,1
12 0,10 16,28 5,6 12,8
13 0,07 0,16 3,2 9,8
14 0,24 1,92 5,2 15,9
15 0,08 13,95 4,0 11,1
16 0,15 2,93 4,1 9,5
17 0,19 13,65 3,6 8,9
18 0,05 10,44 3,5 9,1
19 0,21 6,49 4,6 10,5
20 0,05 4,15 5,8 14,4
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Tabela 4 — Dados individuais dos voluntérios do grupo 3 (hipersalivagdo) para
fluxo salivar (mL/min), eficiéncia mastigatoria e distancias interoclusais (Dl)
durante a fala (mm).

Voluntarios Fluxo salivar Eficiéncia mastigatéria DI média DI méxima
1 0,91 0,09 3,0 5,8
2 2,08 2,20 5,9 13,6
3 2,19 3,48 5,6 10,3
4 1,75 15,08 4,1 10,9
5 2,62 0,00 3,5 15,5
6 0,64 4,75 3,7 11,5
7 2,65 7,97 4,5 11,5
8 1,13 10,97 2,5 8,6
9 0,55 1,62 3,0 9,8
10 2,00 2,69 1,8 7,7
11 1,56 0,67 4,9 11,4
12 2,24 8,99 53 10,0
13 1,10 10,40 5,0 14,6
14 0,94 14,18 4,5 9,9
15 0,82 1,64 4,9 12,0
16 1,80 1,03 4,5 14,2
17 0,58 0,17 3,1 5,6
18 1,72 1,77 6,8 18,0
19 1,17 6,05 3,3 10,2
20 2,54 0,93 4,4 8,2
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ANEXO 5 — Anédlise Estatistica

Eficiéncia Mastigatoria

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 2 84.507640 42.253820 1.73 0.1872
Error 57 1395.709460 24.486131

Corrected Total 59 1480.217100

R-Square Coeff Var Root MSE M2 Mean

0.057091  79.11025 4.948346  6.255000

Source DF Typel SS Mean Square F Value Pr>F

GROUP 2 8450764000 42.25382000 1.73  0.1872
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Distancia Interoclusal Média durante a fala

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 2 1.2703333 0.6351667 0.27 0.7608
Error 57 131.8130000 2.3125088

Corrected Total 59 133.0833333

R-Square Coeff Var Root MSE M3 Mean

0.009545  34.69263 1.520694  4.383333

Source DF TypelSS Mean Square F Value Pr>F

GROUP 2 1.27033333 0.63516667 0.27 0.7608

Distancia Interoclusal Maxima durante a fala

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 2 13.5543333 6.7771667 0.59 0.5567
Error 57 652.8355000 11.4532544

Corrected Total 59 666.3898333

R-Square Coeff Var Root MSE M4 Mean

0.020340 32.13419 3.384266 10.53167

Source DF Type | SS Mean Square F Value Pr>F
GROUP 2 1355433333 6.77716667 0.59 0.5567
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