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PROJETO DE PESQUISA'

! Projeto redigido segundo o Manual de Normas para Dissertacdes da Universidade Federal de
Pelotas disponivel em: <http://www.ufpel.tche.br/prg/sisbi>. Acesso em: 20 fev. 2009.




RESUMO

FONTES, Silvia Terra. Tetrahidrofurano como solvente de adesivos
odontolégicos. 2009. 77p. Dissertacdo de Mestrado — Programa de Pds-Graduagao
em Odontologia, Universidade Federal de Pelotas, Pelotas, RS, Brasil.

O objetivo deste estudo sera avaliar o desempenho do tetrahidrofurano (THF)
como solvente na composicdo do primer de um adesivo odontoldgico experimental
através da resisténcia de unido a microtracdo em dentina apdés 24h e 6 meses de
armazenamento em agua. Sessenta incisivos bovinos serdo distribuidos
aleatoriamente em dez grupos, conforme o tipo de solvente: 1) THF, 2) acetona, 3)
etanol, 4) agua, 5) THF/agua, 6) acetona/agua, 7) etanol/agua, 8) All Bond 2
(acetona/etanol/agua), 9) Opti Bond FL (etanol/agua) e 10) Scotch Bond (agua). O
desgaste na face vestibular dos dentes sera realizado até exposicdo da dentina
superficial com lixas de carbeto de silicio sob refrigeracdo. Depois que a superficie
dentinaria for condicionada com gel de &cido fosforico a 35% (15s) e lavada com
agua (30s), o excesso de agua superficial sera removido com papel absorvente. Nos
grupos experimentais, o primer sera aplicado sob agitacdo constante (30s) seguido
de jato de ar por (10s) a distédncia de 10cm, a fim de auxiliar a evaporagdo do
solvente. Uma camada de resina adesiva experimental sera aplicada e fotoativada
(20s). Os sistemas adesivos de marcas comerciais serdo aplicados conforme
instrugcbes dos fabricantes. As restauragbes serdao realizadas com composito
restaurador pela técnica incremental. Os incrementos serdo fotoativados
individualmente a 1400mW/cm?. Ap6s o periodo de 24 horas de armazenamento em
agua a 37°C, as amostras serdo seccionadas obtendo-se uma area de secgao
transversal de aproximadamente 0,5mm?. Metade dos corpos de prova sera testada
imediatamente e a outra metade sera mantida sob as mesmas condicées de
armazenamento para avaliagao apds 6 meses. A resisténcia de unidao a microtragao
(MPa) sera testada através de uma maquina universal de ensaios mecanicos
(1,0mm/min/100N). As porgdes correspondentes a dentina serdo analisadas por
microscopia de luz (500X) e classificadas de acordo com o padrédo de fratura em:
CD) falhas coesivas em dentina, CC) falhas coesivas em compdsito restaurador, A)
falhas adesivas, M) falhas mistas ou FP) falhas prematuras. Significancia estatistica
sera considerada quando a=0.05.

Palavras-chave: Adesivo. Dentina. Materiais dentarios. Microtracdo. Resisténcia de
unido. Solvente.



ABSTRACT

FONTES, Silvia Terra. Tetrahydrofuran as solvent in dental adhesive systems.
2009. 77p. Dissertation (Master degree) — Post Graduate Program, School of
Dentistry, Federal University of Pelotas, Pelotas, RS, Brazil.

The aim of this study is to evaluate the performance of tetrahydrofuran (THF)
as solvent in the primer composition of an experimental adhesive system on the
resin-dentin microtensile bond strength after 24h and 6 months of water storage.
Sixty bovine incisors will be randomly separated into ten groups, according to the
solvent type: 1) THF, 2) acetone, 3) ethanol, 4) water, 5) THF/water, 6)
acetone/water, 7) ethanol/water, 8) All Bond 2 (acetone/ethanol/water), 9) Opti Bond
FL (ethanol/water) e 10) Scotch Bond (water). Vestibular enamel will be removed to
expose the superficial dentin and further polished with grit silicon-carbide under
irrigation. After acid etching with 35% phosphoric acid (15s), the surfaces will be
rinsed with water (30s) and the excess of superficial water will be removed with
absorbent paper. Each experimental primer will be applied with agitation (30s)
followed by a gently air stream (10s) at a distance of 10cm to help solvent
evaporation. One coat of an experimental adhesive resin will be applied and light-
activated (20s). The marketed available adhesive systems will be used according
manufacturer instructions. Resin composite restorations will be constructed
incrementally. Each layer of composite will be light-activated individually at
1400mW/cm?. After water storage for 24h at 37°C, the restored teeth will be
sectioned to obtain sticks with a cross-sectional area of approximately 0.5mm?. Half
of specimens will be tested after 24 hours and the other half will be maintained in the
same storage conditions to be evaluated after 6 months. Microtensile bond strength
(MPa) will be evaluated with an universal testing machine (1.0mm/min/100N). The
half corresponding to dentin will be evaluated in a light microscope (500X) and
classified as: CD) cohesive in dentin, CC) cohesive in resin composite, A) adhesive,
M) mixed or PD) premature debonded. Statistical significance will be set at a=0.05.

Keywords: Adhesive. Bond strength. Dental materials. Dentin. Microtensile. Solvent.
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1 INTRODUGAO

Atualmente, os sistemas adesivos convencionais com trés etapas de
aplicagdo apresentam desempenho mais favoravel a longo prazo do que os
sistemas adesivos de técnica simplificada (BRESCHI et al., 2008, DE MUNCK et al.,
2003, OSORIO et al., 2008). Entretanto, os adesivos convencionais apresentam
etapas criticas de aplicagdo, que consistem no manejo clinico de uma umidade de
superficie ideal (MANSO et al., 2008, REIS et al., 2004) e de completa evaporagao
dos solventes (GIANNINI et al., 2008, IKEDA et al., 2005). Tanto a desidratagéo do
substrato (MACIEL et al., 1996, NAKAJIMA et al., 2002), quanto a retencédo de
solventes organicos e agua (YIU et al., 2005), afetam adversamente a infiltracdo e a
polimerizacdo dos monémeros resinosos.

Monbmeros hidroéfilos dissolvidos em solventes volateis assumem papel
imprescindivel na hibridizacdo dentinaria, devido a natureza umida do substrato
(TAY; PASHLEY, 2003), e na reexpansao da rede de fibras de colageno colapsadas
em decorréncia de secagem excessiva (AGEE et al., 2006, GARCIA et al., 2005,
PASHLEY et al., 2003). Além disso, os solventes facilitam a evaporagdo da agua
residual, que deve ser completamente eliminada antes da polimerizagéo (DICKENS;
CHO, 2005, GIANNINI et al., 2008, HOLMES et al., 2007). Devido ao baixo peso
molecular e a alta capacidade de difusdo dos solventes, tais componentes atuam
positivamente a medida que reduzem a viscosidade e aumentam o potencial
hidrofilico da solugdo (CHO; DICKENS, 2004, GARCIA et al., 2005, VAN LANDUYT
et al., 2007). Por estas razdes, consideravel niumero de produtos disponiveis
comercialmente tem utilizado etanol, acetona e/ou agua como veiculos aos
mondmeros resinosos, tornando-se elementos indispensaveis as formulagbes
(ABATE et al., 2000, VAN LANDUYT et al., 2007).

No entanto, para conferir maior durabilidade clinica, os sistemas adesivos
deveriam apresentar formulacbes a base de mondmeros hidréfobos, evitando a
presenca de monémeros hidréfilos, solventes organicos e agua em sua composigao
(BRESCHI et al.,, 2008, TAY; PASHLEY, 2003, TAY et al., 2007). Estes
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componentes estao relacionados a uma série de implicacdes clinicas, acarretando
uma maior suscetibilidade a sorgdo de agua, solubilidade e degradacao da interface
de unido (CARRILHO et al., 2005, DE MUNCK et al., 2003, MALACARNE et al.,
2006, YIU et al., 2006). Ademais, os solventes usados em Odontologia devem
atender aos requisitos de biocompatibilidade e baixo custo (VAN LANDUYT et al.,
2007).

A habilidade de reexpandir a rede de fibrilas de colageno colapsadas, em
decorréncia da desidratacao, esta relacionada com a capacidade dos solventes em
formar ligacdes de hidrogénio (AGEE et al., 2006, GARCIA et al., 2005, PASHLEY et
al., 2003), enquanto a taxa de evaporacgao € dependente da temperatura de ebulicao
e vapor de pressao desses componentes (ABATE et al., 2000, IKEDA et al., 2005,
REIS et al., 2008). A agua, por exemplo, € um solvente inorganico, altamente polar e
amplamente utilizado nas formulagdes (VAN LANDUYT et al., 2007). Através de sua
habilidade para prevenir ou romper interagdes intermoleculares é capaz de reverter
situagbes de colabamento das fibrilas de colageno (NAKAJIMA et al., 2002,
PASHLEY et al., 2003). No entanto, sua alta temperatura de ebulicdo e baixo valor
de vapor de pressdao podem predizer sua maior dificuldade de volatilizacdo em
comparagao com outros solventes (ABATE et al., 2000, VAN LANDUYT et al., 2007).
Isto significa que mesmo apods os eventos de evaporagdo, solventes organicos e
agua podem permanecer retidos, inclusive se houver formacdo de ligagcdes de
hidrogénio entre solventes e mondémeros hidrdéfilos, favorecendo ainda mais sua
retengao (IKEDA et al., 2005, YIU et al.,, 2005). Desse modo, solventes e agua
residuais podem ser considerados fatores predisponentes a degradagao (BRESCHI
et al., 2008, DE MUNCK et al., 2003).

Na tentativa de solucionar inconvenientes desta natureza, uma determinada
empresa de produtos odontoldgicos incorporou, recentemente, terc-butanol como
solvente a formulagdo de um sistema adesivo. A adigdo deste componente foi
justificada pela sua estabilidade quimica e capacidade de evaporagao (VAN
LANDUYT et al., 2007). Estudos prévios testaram a aplicabilidade do metanol,
verificando seu comportamento favoravel como solvente, devido a sua habilidade de
evaporagao e reexpansdo da matriz desmineralizada (CARVALHO et al., 2003,
PASHLEY et al.,, 2003). Apesar disso, o metanol ndo tem sido utilizado como

solvente na composicido dos adesivos atualmente disponiveis.
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Dentro deste contexto, é evidente que ainda existe necessidade de se buscar
novas possibilidades como solventes para uso em Odontologia, a fim de otimizar o
desempenho dos sistemas adesivos atuais. O tetrahidrofurano (THF) consiste em
um composto organico heterociclico (fig. 1) com capacidade de evaporagao
semelhante a acetona. Trata-se de um solvente polar aprético capaz de dissolver
componentes polares e apolares (SOLOMONS; FRYHLE, 2001). Apesar do THF
apresentar caracteristicas que se assemelham as propriedades dos solventes
tradicionalmente empregados nas formulagdes (tab. 1), sdo poucas as informagdes
encontradas acerca de seu comportamento em materiais odontolégicos (BRAUER,;
TERMINI, 1972).

O

Figura 1 - Férmula estrutural do THF.

Tabela 1 - Propriedades fisicas de alguns solventes

Nome Peso molecular Ponto de ebuligao Vapor de pressao
(g/mol) (°C) a 20°C (mmHg)

THF 72,1 65,4 173

Acetona 58,0 56,2 184

Etanol 46,0 78,5 43,9

Agua 18,0 100 17,5

Fonte: SOLOMONS; FRYHLE, 2001.



2 JUSTIFICATIVA

Frente ao papel imprescindivel desempenhado pela agua e solventes
organicos incorporados aos sistemas adesivos, o tetrahidrofurano (THF) pode surgir
como um solvente alternativo viavel para utilizagdo em Odontologia. Tal composto
apresenta propriedades fisico-quimicas que favorecem sua indicagdo como solvente
na formulagao de sistemas adesivos. Ademais, seu desempenho satisfatério podera
contribuir para a evolugéo e o desenvolvimento de novos biomateriais para aplicagao

odontoldgica.



3 OBJETIVO

O objetivo do presente estudo sera investigar o desempenho do THF como
solvente orgénico na composi¢cdo do primer de um sistema adesivo experimental
através de teste de resisténcia de unido a microtracdo em dentina apos 24 horas e 6

meses de armazenamento em agua.



4 HIPOTESE NULA
A hipotese nula a ser testada é que a variagao do tipo de solvente utilizado na
composi¢ao do primer de sistemas adesivos experimentais nao tera influéncia nos

valores de resisténcia de unido a microtracdo imediata e a longo prazo.



5 MATERIAIS E METODOS

5.1 Consideracoées iniciais
Este projeto de pesquisa sera submetido ao Conselho Coordenador de
Ensino, Pesquisa e Extensdo (COCEPE) da Universidade Federal de Pelotas

(UFPel) para processo de aprovagao.

5.2 Formulagao dos primers e da resina adesiva experimental

Os reagentes usados neste estudo seréo obtidos diretamente dos fabricantes,
sem receber tratamentos adicionais. As proporgdes em massa dos produtos
experimentais serdo realizadas em balanga analitica de preciséo (AG 200, Gehaka,
Brasil), isotermicamente, a temperatura de 23°C (x1) e umidade relativa de 70%
(£5).

Sete primers dentinarios serdo preparados a partir de quantidades fixas de
50% de HEMA (2-hidroxietil metacrilato) (Aldrich, USA), 10% de monémero &cido
(LIMA GDA et al., 2008) e 40% de solvente (Labsynth, Brasil). Estas concentragdes
permanecerdo constantes para todos os grupos, variando somente o tipo de

solvente que sera utilizado na forma pura e em combinagdo com agua (tab. 2).

Tabela 2 - Composicéo (% em massa) dos sete primers experimentais

Reagentes HEMA Monémero THF Acetona Etanol Agua Total

Grupo acido
1 50 10 40 0 0 0 100
2 50 10 0 40 0 0 100
3 50 10 0 0 40 0 100
4 50 10 0 0 0 40 100
5 50 10 20 0 0 20 100
6 50 10 0 20 0 20 100
7 50 10 0 0 20 20 100

HEMA: 2-hidroxietil metacrilato; THF: tetrahidrofurano.
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Uma resina adesiva (CDC-Bio/UFPel, Brasil), formulada através da mistura
intensa de bisfenol-A glicidil dimetacrilato (Bis-GMA), trietileno glicol dimetacrilato
(TEGDMA), HEMA, iniciadores de polimerizagéo e estabilizadores, sera usada como
adesivo de cobertura apds aplicagao do primer para todos os grupos experimentais.

Depois de prontas, todas as misturas serdo homogeneizadas por 15 minutos
em cuba ultrassénica (Plana, Brasil) e armazenadas, hermeticamente, até o

momento de serem utilizadas.

5.3 Produtos de marcas comerciais (grupos controle)

Serdao utilizados trés adesivos disponiveis comercialmente, contendo
diferentes tipos de solventes, os quais servirdo como grupos controle aos sistemas
adesivos experimentais. O nome comercial, os dados do fabricante e a composigéo

dos produtos empregados neste estudo estao descritos na tab. 3.

Tabela 3 - Caracteristicas dos adesivos de marcas comerciais

Grupo Nome Composigao

(fabricante)

8 All Bond 2 1) Acido: H3sPO4 35%
(Bisco, 2) Primer A: NTG-GMA, acetona, etanol e agua
Schaumburg, 3) Primer B: BPDM, fotoiniciador, acetona
IL, USA) 4) Adesivo: Bis-GMA, HEMA, UDMA

9 OptiBondFL 1) Acido: H3PO435%
(Kerr, Orange, 2) Primer. HEMA, GPDM, PAMA, CQ, BHT, etanol e agua
CA, USA) 3) Adesivo: Bis-GMA, HEMA, GDMA, CQ, EDMAB,
particulas de silica, bario, fluorsilicato de sédio, aluminio
borosilicato de bario, fotoiniciador

10 Adper Scotch 1)Acido: H3PO4 35%
Bond (3M ESPE, 2) Primer. HEMA, acido polialcendico, agua
St Paul, MN. 3) Adesivo: Bis-GMA, HEMA, amina terciaria, fotoiniciador
USA)

BHT: 2,6-di-terc-butil-p-hidroxi tolueno; Bis-GMA: bisfenol-A glicidil dimetacrilato; BPDM: bisfenil
dimetacrilato; CQ: canforoquinona; EDMAB: etil 4-dimetil amino benzoato; GDMA: glicerol
dimetacrilato; GPDM: glicerofosfato dimetacrilato; HEMA: 2-hidroxietil metacrilato; H;PO,: acido
fosforico; NTG-GMA: np-tolil glicidil metacrilato; PAMA: acido monometacrilato phtalico; UDMA:
uretano dimetacrilato.
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5.4 Preparo dos dentes

Sessenta incisivos inferiores bovinos serdo obtidos em frigorifico e
imediatamente armazenados em solucdo desinfetante de cloramina-T 0,5% durante
sete dias. Apos o periodo de desinfecgao, sera removido o ligamento periodontal e o
tecido pulpar dos dentes, enquanto a raiz sera seccionada. Os dentes serao
colocados em agua destilada e acondicionados em freezer, aonde permanecerao
congelados até o momento de serem utilizados.

Dentro do periodo de trés meses a partir da data de extracao, sera escolhida
aleatoriamente a quantidade de seis dentes para cada grupo em teste. A face lingual
sera planificada e a superficie vestibular sera desgastada até exposicdo da dentina
coronal superficial. A padronizacado da superficie dentinaria sera conseguida através
do polimento das amostras por 60s, usando lixas impermeaveis de carbeto de silicio
(SiC) com granulacdo #600 acopladas a uma politriz universal (Aropol-E, Arotec,

Brasil), usada em velocidade de 50rpm sob irrigagao constante.

5.5 Procedimentos adesivos

Todos os procedimentos adesivos serdo executados por um unico operador
previamente treinado.

Apoés aplicagdo de jato de ar, deixando a superficie visivelmente seca, o
condicionamento de toda superficie de dentina sera realizado com gel de acido
fosforico 35% (CDC-Bio/UFPel, Brasil) por 15s. Depois desta etapa, sera realizada
lavagem abundante da superficie com agua por 30s, seguida de remogao do
excesso de umidade superficial com papel absorvente. De acordo com o grupo
experimental, o primer sera aplicado com auxilio de um pincel descartavel sob
agitacao constante por 30s. Em seguida, sera empregado jato seco de ar por 10s a
distancia de 10cm para auxiliar a evaporagao do solvente. Uma fina camada do
componente adesivo sera aplicada uniforme e regularmente sobre toda a superficie
de dentina e fotoativada por 20s com aparelho LED (Radii, SDI, Australia) com
intensidade de 1400mW/cm?.

Nos grupos controle, os sistemas adesivos serdo utilizados conforme

recomendacdes dos fabricantes (tab. 4).
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Tabela 4 - Instru¢gdes de uso dos adesivos de marcas comerciais

Grupo Nome comercial Modo de aplicagao
8 All Bond 2 a,b,c', d%ef g
9 Opti Bond FL a,b,c’d efg
10 Scotch Bond a,b,c?d efd

a. Condicionamento com &cido fosférico 35% (15s); b. Enxague abundante com agua (15s); ¢'. Jato
de ar (1-2s); ¢®. Jato de ar (5s); d'. Aplicacdo de uma camada de primer ; d°. Mistura do primer A +
primer B e aplicacdo de 5 camadas; e. Jato de ar (5s); f. Aplicagdo do adesivo; g'. Fotoativagdo (10s);
g°. Fotoativacdo (20s); g°. Fotoativagao (30s).

As restauragdes serao confeccionadas com compasito restaurador (Charisma,
Heraeus Kulzer, Alemanha), utilizando quatro incrementos de aproximadamente
1,0mm de espessura. Cada um dos incrementos sera fotoativado individualmente
por 20s.

Os dentes restaurados serdo devidamente identificados por grupos e
armazenados em agua destilada no interior de estufa (Q316M2, Quimis, Brasil) a

temperatura de 37°C, aonde permanecerao durante 24 horas.

5.6 Preparo dos corpos de prova e teste de resisténcia de uniao

Ap6s o periodo de 24 horas, as amostras serdo seccionadas
perpendicularmente a interface adesiva em duas dire¢bes, utilizando disco de corte
diamantado acoplado a cortadeira de precisdo (Isomet 1000, Buehler, EUA) com
velocidade de 400rpm.

Serao obtidos em média seis palitos por dente, sendo que os espécimes
provenientes de uma mesma amostra serdo distribuidos de forma aleatéria em dois
subgrupos (24 horas e 6 meses), contendo 18 unidades cada um. Desta forma, além
da avaliagado da resisténcia de unido imediata, serdo guardados corpos de prova
para avaliacdo em testes de longevidade apds 6 meses de armazenagem em agua a
37°C. Os palitos terdo area de secgdo transversal de aproximadamente 0,5mm?,
cujas dimensdes serao aferidas com um paquimetro digital (500-144B, Mitutoyo,
Brasil) com precisao de 0,01mm.

Os corpos de prova serao fixados individualmente em um dispositivo metalico
desenvolvido para ensaios de microtracdo com auxilio de um adesivo instantaneo a

base de cianoacrilato (Super Bonder Gel, Loctite, Brasil). O tracionamento sera
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realizado até fratura em uma maquina universal de ensaios mecanicos (DL 500,

EMIC, Brasil), utilizando velocidade de 1,0mm/min e célula de carga de 100N.

5.7 Analise do modo de fratura

As porgoes fraturadas correspondentes a dentina serdo analisadas através de
microscopia de luz disponivel em microdurémetro digital (FM 700, Future-Tech,
Japao) com aumento de 500X para determinagdo do modo de fratura. As falhas
poderéo ser classificadas em: CD) falhas coesivas em dentina, quando ocorrerem
exclusivamente em dentina; CC) falhas coesivas em compésito restaurador, quando
ocorrerem em resina composta; A) falhas adesivas, quando ocorrerem na regiao de
interface dentina-resina; M) falhas mistas, quando a falhas acontecem na interface
adesiva, estendendo-se para um dos substratos vizinhos; FP) falhas prematuras,

quando as falhas ocorrerem durante o preparo ou armazenamento dos espécimes.

5.8 Tratamento estatistico

O numero de repeticoes em cada avaliacdo tera como base o caélculo
amostral executado previamente a partir de um estudo piloto, adotando-se o poder
de teste proximo ou superior a 80%. A partir dos resultados obtidos, o método
estatistico sera escolhido com base na aderéncia ao modelo de distribuicdo normal e
igualdade de varidncia. Para todos os testes, sera considerada significancia

estatistica quando a=0.05.
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ORCAMENTO

Descrigao Quantidade | Custo (unidade)| Custo (total)
Acetona 1000 ml R$ 18,00 R$ 18,00
Adesivo a base de cianoacrilato 10 un. R$ 5,00 R$ 50,00
Adper Scotch Bond (3M ESPE) 1 kit R$ 160,00 R$ 160,00
All Bond 2 (Bisco) 1 kit R$ 420,00 R$ 420,00
Cera pegajosa em bastao 4 cx. R$ 25,00 R$ 100,00
Compdsito restaurador 10 un. R$ 50,00 R$ 500,00
Disco de precisao para corte 1 un. R$ 1.600,00| R$ 1.600,00
Etanol 1000 ml R$ 10,00 R$ 10,00
HEMA 500 g R$ 350,00 R$ 350,00
Impressoes 10 un. R$ 50,00 R$ 500,00
Lixas para desgaste (#600) 30 un. R$ 1,00 R$ 30,00
Luvas de procedimento 1 cx. R$ 18,00 R$ 18,00
Mascaras descartaveis 1 cx. R$ 10,00 R$ 10,00
Opti Bond FL (Keer) 1 kit R$ 86,00 R$ 86,00
Pincel descartavel 1 cx. R$ 10,00 R$ 10,00
Servigo de revisdo do inglés 1 revisdo R$ 200,00 R$ 200,00
THF 1000 ml R$ 40,00 R$ 40,00

Total| R$ 4.102,00

Quadro 1 - Orgamento previsto para viabilizagdo do projeto.
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Abstract

Objective. To evaluate the influence of tetrahydrofuran (THF) on the resin-dentin
microtensile bond strength (WTBS) after water storage for 24 hours and 6 months and
to compare it behavior with traditional solvents.

Methods. Seven versions of monomer/solvent mixtures were prepared using the
following solvents and water combinations: 1) THF, 2) acetone, 3) ethanol, 4) water,
5) THF/water, 6) acetone/water and 7) ethanol/water. Forty-two bovine incisors,
randomly separated into seven groups, had their superficial coronal dentin exposed.
After acid-etching and rinse, the excess of water was removed from the surface with
absorbent paper. Each solvent-based experimental primer was applied with agitation
(30 s) followed by a gently air stream (10 s). The experimental adhesive resin was
applied and light-activated (20 s). Resin composite restorations were constructed
incrementally. Restored teeth were stored in distilled water at 37 °C (24 h) and
sectioned to obtain sticks (0.5 mm?). Half of specimens were subjected to the uyTBS
test immediately after cut and the other half was tested after water storage for 6
months. Data (MPa) were analyzed by two-way ANOVA, Tukey test and paired T-test
ata=0.05.

Results. Both “solvent type' and ‘storage time' affected the resin-dentin pTBS.
Significant decreases in pTBS were observed for all the groups tested after 6
months, except for THF-based primer that resulted in more stable bonds over this
period.

Significance. THF appears to be a promising solvent to be used in dental adhesive

systems, improving the resistance of resin-dentin bond to water degradation.

Keywords: Adhesive, bond strength, dentin, solvent, storage.
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1. Introduction

Considerable number of bonding systems currently in use contain hydrophilic
resin monomers often dissolved in volatile solvents such as acetone, ethanol, water
or a combination of then [1]. The main objectives of the inclusion of these elements in
etch-and-rinse adhesives formulations were to improve the dentin hybridization [2]
and the net expansion of dried demineralized dentin matrix [3-7]. Because of the low
molecular weight and high diffusion capacity, the solvents also decreases the
viscosity and increases the hydrophilicity of solutions [1, 3, 8]. Besides, organic
solvents aids in the displacement of residual water that should be completely
eliminated from the surfaces prior to curing [9-12].

The knowledge of chemical and physical properties of adhesive components is
indispensable to understand or even predict their behavior. Some of the main
characteristics of solvents are its boiling temperature, vapor pressure, H-bonding
capacity and polarity [1]. The two first properties ensure good evaporation of the
solvents after application [13, 14], but volatility may also influence the shelf life of
adhesives [15]. The high ability to hydrogen bonding is desirable because, by this
way, solvents can remove water from the demineralized dentin matrix and preserves
the collagen interfibrilar spaces at the same time [3-7]. Besides, their polarity
determines the solubility characteristics of molecules [1]. Previous works indicated
that methanol can reexpand the collapsed network because of it higher ability to form
H-bond with collagen than the peptides have for themselves, yet it is very volatile [5,
7], even so its not used commercially.

Increased concentrations of hydrophilic compounds have to be used in the
composition of primer and/or adhesive resin to enhance their ability to infiltrate within

the demineralized dentin [2]. Unfortunately, these products are prone to water
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sorption that adversely affects the stability of resin-dentin interfaces [16-19]. Thus,
contemporary bonding procedures ideally should be done in the absence of water,
employing hydrophobic resins that are expected to be more stable over the long term
[2, 20, 21]. As residual solvent or insufficiently removed surface water are considered
degradation promotion factors [18, 21], the role of solvent type in their elimination
from the substrate it has been recognized [14, 22, 23]. Moreover, prolonged air-
drying [11, 14, 22, 24] and prolonged application-times [13] were already proposed to
optimize the elimination of organic solvents and water, but proposals of changes in
the solvent type are quite few.

Tetrahydrofuran (THF) is a heterocyclic organic and polar aprotic solvent that
dissolves a wide range of polar and nonpolar compounds [25]. These features may
justify why THF could possible be used in dental adhesives that combine
hydrophobic and hydrophilic components [1]. Moreover, the volatile character of THF
imply that this solvent is easy to be removed after application in teeth superficies, like
traditional solvents already evaluated [13]. In spite of supposed advantages above-
described, little information was founded about THF up to now [26].

Whereas its clearly necessary optimizing the formulations to minimize the
adverse effects of some ingredients commonly used in current dental adhesives, the
aim of this study was to evaluate the influence of THF as an alternative solvent in the
primer composition of an experimental adhesive system on the resin-dentin
microtensile bond strength (WTBS) after 24 h and 6 months of water storage and,
also, to compare it behavior with traditional solvents. The null hypothesis tested was
that there was no influence on the uTBS of different solvent-based experimental

primers, regardless of the time of water storage.
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2. Materials and methods

2.1 Materials™ preparation:

Seven versions of solvent-based experimental primers were used in this study.
The blends were formulated thought the intensive mixture of 50 wt% 2-hydroxyethyl
methacrylate (HEMA) (Aldrich; St Louis, MO, USA), 10 wt% phosphate monomer [27]
and 40 wt% solvent (Labsynth, Diadema, SP, Brazil), as described in Table 1. The
concentrations of experimental primers were based on a pilot study, which indicated
that a solvent concentration of 40 wt% was required for each monomer blend
(unpublished data). These organic solvents were used as they were received from
the manufacturers, without any additional treatment. An experimental adhesive resin
(AD-50, CDC-Bio, Pelotas, RS, Brazil) was also prepared by addition of
methacrylates, photoinitiators and stabilizers. All the weight measurements were
carried out isothermally at 23 °C (x1) using an analytical balance (AG 200, Gehaka,
Sao Paulo, SP, Brazil). The freshly prepared blends were ultra-sonicated for 15 min,
to ensure homogeneity, and used until 24 h after the preparation.

2.2 Specimens’ preparation:

Forty-two extracted bovine incisors, that were disinfected in 0.5 % chloramine-
T and used within 3 months after extraction, were chosen to this study. The teeth
were randomly separated into seven experimental groups, assigning six teeth for
each one. The superficial coronal dentin was exposed and further polished with a
600 grit silicon-carbide paper for 60 s to create a standardized smear layer.

All the bonding procedures were carried out by a single operator at a room
temperature of 23 °C (x1) and at a relative humidity of 70 % (+5). After acid-etching
with 35 % phosphoric acid for 15 s, the surfaces were rinsed with distilled water for

30 s and the excess of water was removed with absorbent paper. According the
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group, one coat of the solvent-based experimental primer was applied to the dentin
with agitation for 30 s using a brush. Air stream for 10 s at a distance of 10 cm was
used to help solvent evaporation. One coat of an experimental adhesive resin was
applied and light-activated for 20 s using a LED (Radii, SDI, Bayswater, Victoria,
Australia) at 1.400 mW/cm?. Composite restorations were constructed on the bonded
surfaces with four incremental layers of approximately 1.0 mm of resin composite
(Charisma, Heraeus Kulzer, Hanau, Hesse, Germany). Each layer of composite was
light-activated with the light unit set at the same time and intensity as above
mentioned.

2.3 Microtensile bond strength test:

After storage in distilled water at 37 °C for 24 h, the restored teeth were
longitudinally sectioned in both “x” and “y” directions across the bonded interface with
a diamond blade in a Isomet saw (Isomet 1000, Buehler, Lake Bluff, IL, EUA) at 400
rpm to obtain bonded sticks with a cross-sectional area of approximately 0.5 mm?.
The cross-sectional area of each stick was measured with a digital caliper (DC 500,
Mitutoyo, Suzano, SP, Brazil) and recorded for subsequent pTBS calculation.
Approximately six sticks were produced from each tooth (eighteen sticks per group).
Half of then were tested immediately after the cut and the other half were tested after
6 months of water storage at 37 °C. Each stick was individually attached to a device
for microtensile testing with cyanoacrylate resin (Loctite, Henkel, Diadema, SP,
Brazil) and subjected to a tensile force in a universal testing machine (DL 500, Emic,
Séo José dos Pinhais, PR, Brazil) at a cross-head speed of 1.0 mm/min. Bond
strengths values, in mega-Pascal (MPa), were obtained by dividing the force, in

Newton (N), by the calculated area, in mm? Data records were submitted for

statistical analysis (SigmaStat 3.1, Systat, Richmond, CA, USA), using two-way
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ANOVA, Tukey test and paired T-test. The level of confidence was established at a =
0.05.

2.4 Failure pattern analyzes:

The half corresponding to dentin in each specimen was removed from the
device for microtensile testing and evaluated at 500 X in a light microscope (FM 700,
Futuretech, Kawasaki, Tokyo, Japan). The failure patterns were classified as:
cohesive in dentin (failure exclusive within dentin), cohesive in composite (failure
exclusive within resin composite), adhesive (failure at resin-dentin interface), mixed
(failure at resin-dentin interface that simultaneously included cohesive failure of the
neighboring substrates) or premature debonded (failure during specimen preparation

or water storage).
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3. Results

The mean values and the standard deviations of resin-dentin microtensile
bond strength are presented in Table 2 and Figure 1. Two-way analyzes of variance
(solvent type versus storage time) showed significant differences for the factors
‘solvent’ and ‘time’ (p < 0.001). There was also a statistically significant interaction
between these two factors (p < 0.001).

The mean values of uTBS from the groups tested did not statistically differ
after water storage for 24 h, except for the water-based primer that attained lower
immediate yTBS (p < 0.001). However, the only group which did not reduce bond
strength was the THF-based primer, resulting in more stable bonds over 6 months (p
=0.902).

After water storage for 24 h, paired T-test presented no statistically significant
difference between PTBS of solvent-based primers and their corresponding with
water (p > 0.05). Nevertheless, there were differences statistically significant between
these same groups after 6 months evaluation, showing lower bond strengths in
groups that contained water combination as solvent (p < 0.05).

Adhesive failures and premature debonded sticks were both associated with
lower results of uTBS. Sixteen out of the total number of tested specimens failed
cohesively in resin composite. None specimen debonded prematurely while being
prepared. On the other hand, there were eight premature debonded after storage for

6 months. The overall 6 months fracture analysis is expressed in Figure 2.
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4. Discussion

The dependence of bond strength upon the composition of current etch-and-
rinse adhesive systems to dentin was already demonstrated in recent studies [23, 28,
29]. However, when marketed available adhesives are compared, different
components are appraised simultaneously. Moreover, manufacturers are usually
reluctant to reveal the complete information of their products to avoid disclosure of
the formulations [1]. The advantage of the present study was the use of experimental
adhesive systems, which only differed on the type of solvent present on each primer.
Thus, the authors expected to be able to determine the performance of THF-based
primer in comparison to solvents traditionally available (i. e. acetone, ethanol, water
or combinations).

According the methodology used in the present study, the surface dentin
moisture and the primer application protocols were equally adopted for all
experimental adhesive tested, regardless of the solvent type. In this manner, the
solvent role in the degree of evaporation was assessed, trying to minimize variables.
Although current adhesive systems require a moist dentin surface before bonding, it
is know that the amount of water necessary to maximize bond strengths is different
among the solvent-containing agent [4, 23, 29]. Despite the use of different artifices,
such as prolonged application times and an air-dry stream, to improve the removal of
residual water and organic solvents [13], it was reported that completely elimination
is difficult to be achieved and dependent of the solvent type and content [14, 22, 23].

The present study required the rejection of the tested null hypothesis because
demonstrated that both solvent type and storage time interfered in uTBS results (p <
0.001). Despite statistically similar immediate yTBS between THF (55.3 MPa),

acetone (56.0 MPa) and ethanol (61.1 MPa) based primers, it was demonstrated that
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these values were maintained only to THF-based primer (55.9 MPa) after 6 months
of water storage. Additionally, the bond strength values suffered significant reduction
for all the groups when water was added to the formulations after 6 months of
evaluation (p < 0.05). This way, these data also confirms that most dental adhesive
systems show favorable immediate bonding results, but the stability of the bonded
interfaces still deserves major concerns [21].

Considering bond strength and further information of boiling temperature and
vapor pressure [1, 15], the authors speculated that there might be a dependence
between mechanical properties of the bonded interfaces and volatile character of
solvents. Whereas, ethanol (43.9 mmHg) and water (17.5 mmHg) based primers
present a lower vapor pressure and a higher difficulty to displace the remaining
solvent and water [22]. Maybe these groups could achieve better uTBS after 6
months if a drier dentin surfaces had been used [23, 29]. Additionally, solvents with
high H-bonding capacity, like ethanol and water, preferentially interact with collagen
peptides, preventing the collapse of the dentin matrix [3-5]. However, the water
molecules can diffuse thought the polymer matrices by binding successively to their
polar sites via hydrogen bond [17].

Thus, storage time might be deleterious to the mechanical properties of some
of the resin-dentin components, which could compromise their durability [16, 18, 19].
These findings could explain the worst performance after aging of groups that had
water as solvent or combinations in their formulations. On the other hand, the high
vapor pressure of THF (173 mmHg), very similar to acetone (184 mmHg), certainly
must ensure enhanced evaporation of water left in dentin and, consequently, bond
strength stability over the time. Besides that, these polar aprotic solvents do not have

the required hydroxyl-group to form strong hydrogen bonds as mentioned before [1].
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Adhesive failures and premature debonded sticks were both associated with
lower uTBS, especially when water was incorporated to formulations. Regarding to
bond strength, they seem to rely on the quality of the hybrid layer [30], a poor-
hybridized dentin has worst interfacial mechanical properties to resist the
degradation. These findings cope with other researches which demonstrated that the
retained organic solvent and water within the adhesive resin may severely
compromise the bond strength of resin-dentine and affect the structural integrity of
the hybrid layer [16, 19]. Besides, these lowest values of pTBS indicate that the
excess of water is more detrimental for water-based than to the other solvent-based
adhesives [23], resulting in deterioration of the bonded interfaces even for short time
period (i.e. 6 months).

Considering scarce information about the knowledge concerning THF in dental
materials [26], further citotoxicity tests and long-term evaluations (up to one year) are
necessary to verify its behavior as solvent in the composition of dental adhesive

systems.
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5. Conclusions

Within the scope of this investigation, it was concluded that THF is seen as an
alternative solvent to be added in primer composition of dental adhesive systems to
improve the bonding stability over the time. The null hypothesis was rejected
because the present results showed that the type of solvent affected the bond

strength to dentin and it also influenced the stability of the bond interface.
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Tables and figures

Table 1. Composition (wt%) of the experimental primers

eagent HEMA Phosphate THF Acetone Ethanol Water Total

Group monomer

THF 50 10 40 0 0 0 100
Acetone 50 10 0 40 0 0 100
Ethanol 50 10 0 0 40 0 100
Water 50 10 0 0 0 40 100
THF/water 50 10 20 0 0 20 100
Acetone/water 50 10 0 20 0 20 100
Ethanol/water 50 10 0 0 20 20 100

HEMA: 2- hydroxylethyl methacrylate; THF: tetrahydrofuran.
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Table 2. Mean values followed by standard deviations of bond strength values (in
MPa) after 24 h and 6 months water storage for adhesive systems formulated by

different solvent types

Groups Storage period
24 hours 6 months
THF A55.3 (13.2)a A55.9 (9.7)a
Acetone A56.0 (14.3)a B46.5 (12.8)ab
Ethanol A61.1(11.4)a B36.9 (19.3)bc
Water A42.0 (12.1)b 817.5(11.5)d

Different superscript capital letters indicate statistically significant differences among
means in rows and different lower letters indicate statistically significant differences

among means in columns (p < 0.05).
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Figure 1. Means and standard deviations of bond strength values (in MPa) after 24 h

and 6 months water storage for adhesive systems formulated by combination of

different solvents and water
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Figure 2. Failure pattern analyzes of 6 months evaluation
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CF 11 bs2 0.73 [LE ¥ i TE S
CF 12 bsl 0.7 [EE] Iy 3376
CR13 b=e 062 37 T T IE
CF 14 bsl 064 i iy jELt]
CFP 15 bs2 0,74 46 154 =
Momero OFs 13 15 13 15
L] AL 0.7020 1.759 [ 5]
[EEERE (6100 0.7200 .74 T 03
Cezy Facrio [RETE 0.06763 0.7161 1587
Cost ar % 6.001 0.634 1506 1457
Minirmns A ] 05901 1175 ol |
Fddema B.T100 08400 3864 B
Tenzao (MPa)
B0 05
! !
{ ]
I
o
Ay
&5 0 I L1

|
/
f
|
|

i)

L/

N ENEN TR EX ER X

1. 200

I8 1o Lialae L1zl eal s pelerlasl sl

i Deformacao (mm)
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UFPEL - Treinamento Evandro

Relatorio de Ensaio

Trazare e 1420

Tipoe Grupa 1 (6m)

Tenzda
Fddema
iPal

=41
o157
858
540
4380
357
M
6608
47356

waquna: Emdc DL2000  Cojua: Trd 19 Estensdmemo: - Dot 171170008 Horae 13:55:13
Programa: Tesc verszfo 3.01 Método ce Ensaie: UFPEL Microtracio Script_EP
ldant. Amaostra:
Corpo g Largura Espessury Area Forga
Prova W
= ey ot mmz] L
CcP1 060 0.72 43 1.56
cP2 L6l 0.64 (K] 180
CcP3 055 0.61 LK ] L3
cP4 ] 0.7 [ | 3.09
CPE 065 0.67 [LE 2] o2
CPE [l 0.7 43 135
cP7 065 0.75 X ] 111
cPg 064 0.69 44 .08
cP5 6T 0.78 52 2.53
P 40 ] 0.7§ 53 333
cP il 66 0.67 44 251
cP12 060 0.70 [LE 4 .73
CcP13 054 0.63 KT 164
CP 4 L6l 0.62 b3E L.56
CP 15 L6l 0.78 [LE ] 3.11
CP 15 ] 0.67 .40 179
cP 17 060 0.73 44 2B
CcP 18 0E7 0.60 34 g
Himeans CFs 18 15 18 13
dscly 06180 06978 04333 464
Iaclara 06100 06950 B.4338 1.512
Dezv Fadric 004378 0.05917 BERs1 0.5254
Cost \dar(% 073 B.479 1396 I1.32
Minima 05400 0.6000 03355 1.5610
Miemo 0.70DD 0.7%00 3372 3330
Tensio (MPa)

:. ] .'I ]

| Al
ML il

Ll III II |I |[ r

A

——
—

ot

#l e o,

A

b—- | =
i)

I T

I ) el B i ] Y Y

[ ] 1. 200

0 Deformagio (mm)
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UFPEL - Treinamento Evandro

Relatério de Ensaio

Msguns Emic DL2000  Cohia:Trd 19 Sstensemewc:-  Datm: 18110008 Hore 08:23:56  Trasamene 1421
Programa: Tesc verzio 3.01 Mstoda ce Ensale: UFPEL Microtragio Scripe_EP
Ident. Amostra: Tipa: Grapo 1 {6m)
Carpa ce Largura Espmssura Araa Famga Tenzdo
Frova LT L] Fdoema
mm ) Ihgh) PPa]
cP1 060 0.33 19§ 3542
cP2 057 0.64 144 IS
cP3 06l 0.77 136 48713
CF4 064 0.5 148 4539
CPE L6l 0.77 199 4182
CFE 0.55 0.78 154 42112
CFP7 ] 0686 113 1951
CR# D62 0.64 155 En
CP& 0.58 0.74 198 4535
CF 90 055 .64 066 1838
cP11 057 0.635 193 114
CF12 051 0.71 122 L]
CcP13 051 0.61 153 45 59
CF 44 0.7 0.52 118 B3
CP 15 064 0.51 3.08 516
CF 9§ 0.5 .64 1835 5743
CP 17 0.56 0.64 1.32 a4
CP 18 0.56 0.6§ 169 TL3S
Nimen: CFs 18 13 15 15
szl D811 0.7150 1.967 4646
Fdaclara BET00 06331 1973 45 8T
Desv Facrio D4RER 0.08431 0.5710 1278
Cost Var% E551 11.7% o3 1751
Minimz D100 06001 0.6500 1536
Fddofma D. 7000 08501 3.080 TL3S
Tenszao (&Pa)
£ 0
5 1 . |
|
I |I
1]
S 00
I|' ]
'l I
{10y i
Lol | |I I

|'
f

l
A
f

i

—

|
I

J
|'

W

= -..1.#%:"'_,_4!_

J
il
WA

L2 L2 1 L5 L 12 15 [5 Loolas ozeslosossloras ool
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UFPEL - Treinamento Evandro

Relatorio de Ensaio

Tiramelnzn’ 1423

waquna: Emic DL2000  Céua: Trd 19 Ewtensdmetro: - Dabac 101170E  Horao 0B:20:23
Frograma: Tesc verzio 3.01 Mesodo e Ensak: UFPEL Microtracdo Scripe EP
Ident. Amostna: Tip Grrupe 3 ()
Compao dies Largura Espessura Aren Forga Tensdo
Proea Wanima Miogima
{=m () {=mz] (gl P2l
CF1 63 0.63 o4l 106 1518
CFP2 L&2 0.63 [LE 139 1w
CP3 063 0.74 w47 0935 L]
CFP4 057 0.63 036 0.47
= 059 0.42 037 163
CFE 0.72 0.83 o6l 135
CPT 058 0.6 L] 159
CPg L1 0.69 LK 159
CPg 065 0.69 LE 176
CFPi0 057 0.70 4D 1.4
CP 1 057 0.63 [} 0.58
CcP1i2 .54 0.63 034 0.51
cPiz 63 0.63 o4l 0.50
CPia 054 0.63 34 194
CP15 L.56 0.58 03z 0.23
CP 1B 050 0.58 [ 0.5
CPi7 051 0.59 030 211
cPig 050 0.64 [LUE ] 127
Komero OFs 18 18 18 18 15
hidsla [.5844 0.6611 03501 1414 3451
Meclara 05750 0.6500 B385T 1368 FIL
Dezy Facric 205731 0.06314 BOTAIS 06444 1831
Cost ari% 2.807 9.551 1511 4558 5134
Hinimo 05000 0.5500 B850 04721 11 5%
M&wima 0700 0.5500 0810 1650 TLM
Tensan (MPa)
B (W
4
5 0 } ]
! /
1
s Ill
/
Tt
IJ {J' {I}f : I:'I
B ;Jﬂﬁp‘f o j "
(B 1] L — = = =1 —

[

1.560

200

Lo Lz Lo Lo Ls s Lo L Lo Loohosbesleslslosaeliras sl
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UFPEL - Treinamento Evandro

Relatdrio de Ensaio

Megura Emic DL2000  Cohim Trd 19  Sstensomebs:-  Data L4ALME  wors 08:4323  maarore 1410

Frograma: Tesc verzfio 3.01 kistoda ce Ensale: UFPEL Microtracis Scripe EP

Idenl. Amosim: Tipz Grrzpo 4 (m)
Campa de Largura Espessura Area Forga Tensdo
Prowva Wi Mixima

{mm} (mm) mmz1 (bt (Pl

CF .76 0.63 048 0.14 18]
cP2 &7 0.33 nse 145 MH0E
CP3 63 .63 4l .60 1443
CP4 64 073 048 11 N
CPE 60 0.64 K] 0.50 1165
CPE 08 0.7 04l 017 i1
CPT el 0.6 040 0.1s 377
CPE ez .64 040 141 M2
CPE 67 0.7 04T .12 1455
CF 90 60 0.63 LK. 138 M
CP 11 g3 0.68 4r 0.es 1333
omers CFs 1 11 11 11 11
hdcla L6391 06855 04383 07811 1747
Mezlara L6300 0.6300 24130 0.7152 1455
Dezy Fadric 04TES 0.07408 Q15T 0.5137 1145
Coad Var (%] 7486 10.81 1404 65.67 BT
Minim 05800 0.6300 D3840 0.1377 15N
Mieima 07600 0.5500 DSE0E 1447 M2

Tensio (MPa)

B 00

00

48 00

Ll 1}

]

= g
(Bri] 1 1
[N 0] i

lele s s

15 Ls 12 1 2 LoolesslesloslusoelzLslosl s

' Deformacio {mm)
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UFPEL - Treinamento Evandro

Relatdrio de Ensaio

Maquna Emic DL2000  cemTrd19  Stensomews:-  Osw0U122008  soee 10:09:57  Trasamene 1432

Frograma: Tesc werzfo 3.01 Wistodo e Ensale UFPEL Microtragio Script_EP

Ident. Amosima: Tipx Grupe 5 (§m)
o e Largura EspErsurs Area Fomga Tensdo
Prova T Idwima

{r=mj i) (mmz) (gt P2l

CP 1 062 0.70 43 1.62 »n
cP2 057 0.62 35 1.81 TE 16
cP3 053 0.78 4l 175 4060
cP4 L5l 0.62 LK+ 1.95 4
CPE L5l n.62 L] Rl 18
CPE sl 0.62 L] 1.59 4133
[+ bET 0.76 .51 1.56 e
CPE 064 0.74 LE ¥ 180 £
CPg 056 0.61 34 1.36 B
cP 10 062 0.67 4z 1.84 8343
=R} 62 0.65 L] 14 438
cP12 063 0.74 47 111 44355
cP13 .64 0.67 43 1.94 4478
CP 14 .64 0.69 a4 .60 1327
CRig o8l 0.67 4l 1.27 335
CP 16 18l 0.63 .38 1.63 4283
cP 17 063 0.64 LE ] 1.49 wn
cP 18 062 0.68 .43 1.28 1930
Ko GFs 15 18 15 15 15
[EENE] 06133 0.6733 04133 1833 4398
Feclara [L6T00 0.6700 24110 1787 4318
Desv Fadnio [t ] 005314 5T 05705 1434
Cost \Var (%) 5176 7.892 1830 31.10 3182
inirnis 05300 06100 13416 05875 1327
dwima [LETO0 07800 el 1820 TE2E

Tensio (AMFa)

B0 05

H4.00

a0 |I |=I ll:l

| ”Wu
i W
- HE R
I I 1Y !

j
...--.I:'H_

!
. AP

"Lz L Lo 15 L L2 Lo Ts LaoLorlaslesteslasielerlasl ol

X1}

Deformacao {(mm)
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UFPEL - Treinamento Evandro

Relatorio de Ensaio

wagunz Emic DLI000 o Trd19  Sxtensomevc:-  Dam 0122008 sor 08:08:39  Trasamen- 1433
Programa: Tesc wersfo 3.01 Wstodo ce Ensakec UFPEL Microéracdo Scripe EP
Ident. Amostra: Tipac Grrupa § (Gm)
Cama g Largura Espezsura Area Foma Tensdo
Prova L MAwma
{r=m i) Ly K4 ikt P2l
CP 1 k] 0.63 .37 1.58 41.71
cP2 D63 0.73 046 0.73 15867
CF 3 ko] 0.5 .40 194 4742
CF4 060 0.62 .37 111 NS
CPE 064 0.72 046 0.60 1158
CPE 057 0.62 .35 .03 54
CPT 0.50 0.66 .33 1.03 =T
CP8 k] 0.64 103 -
CP5 054 0.87 0.66 1739
CF 10 0.56 0.63 175 TEIE
CF 11 D63 0.64 1.55 3761
CP 12 048 0.66 0.76 1361
CF A3 050 0.50 1.82 4481
CF 4 060 0.64 1.50 3E3E
CF 15 D63 0.63 0.61 1453
CF 98 048 0.5§ 0.62 1918
CF 17 066 0.56 857 0.64 1163
CF 18 066 0.53 056 145 =542
Nimen CFs 18 15 18 13 15
(Lo ] 0.5B06 0.7033 04080 1.146 3M
(R 0500 06600 B.3%H 1.082 531
Desv Facric 005036 0.1008 BITERE 0.6194 1748
Cosf War(% 1o 14.35 15 82 49.70 33TT
Minimz 04800 0.6200 03168 0.5960 1143
Miwima 06600 09700 05576 1747 ¥
Tensan (MPa)
o 1016
]
I
4.0 }
J
&5 0 |I
/
Ll II 1
B0 - ll
] g 1 |"I
Vo AL S
| 1 F L= -
‘:-lll il ki 1.2 | 00 2000

oLz s Lol La L2 Ls Lo Lookss Lizleolsol s Lnelarluslosl oo

Deformacio {mm)
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UFPEL - Treinamento Evandro

Relatario de Ensaio

Mguna: Emic DL2000  ColumTrd 18 Swenstmebo:- Dot 03120008 Hore 07:21:26  Trsabens 1434

Programa: Tesc versfio 3.01 Mstoda ce Ensale: UFPEL Microtracio Scripe_EP

Ident. Amostra: Tipa: Grrupa 7 (Gm)
Campa e Largura EspEIsUra Area Foma Tensda
Prosa Saudme Fddeima

imm} imim mm] ikgh) Pa)

[ bse 063 .38 0.40 101%
cP2 65 0.51 053 0.53 550
cP3 62z 0.63 L+ 0.66 1543
cP4 ) 0.79 47 0.50 10080
CRE D60 0.68 W40 1.25 3
CPE bse 0.72 [LE 4 0.45 1117
CP7 [0 0.71 43 0.79 1514
CPE 5w 0.78 45 0.52 1135
CPS 60 0.64 038 0.54 13 .86
P 40 ) 0.72 L+ 0.43 953
cP1i el 0.63 L] 0.23 575
cP12 ) 0.42 .37 0.59 1576
[ Rk ] 64 0.68 [LE 4 0.30 T
CF 14 nEe 065 038 0.44 1179
CP 15 5w 0.47 L] 0.7 1559
CP 15 D66 0.74 L] 0.59 11586
cP 17 63 063 B4l 0.47 1135
Momens CFs T 17 17 T 17
[EEH] DE0TE 0.6929 04714 0.5611 13m0
Iaclara DE0OD 06700 B4218 0.5180 1135
Desy Fadrao OzIse 0.05533 1S 0.2301 SEI=
Cost \ari%} 3BEB3 B.064 P EES 41.01 413
Minima D.SR0D 0.6200 D3558 0.2327 5735
Kieima D.GEOD 0.8100 BF165 1253 3.

Tensio (MPa)

o 104

4.0

&5 OO

Ll )

[ RLs] JJ’I II

il 1 + I |II Jﬁl
1] d._""'jl _.lr( J)I jl’ | ‘rlljl

Lz 1o L L2 L L2 2 Lo Looker Lzleslaslosrelorloslosts

Deformacio {mm)
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UFPEL - Treinamento Evandro

Relatorio de Ensaio

Macurs Emic DL2000  Cotsw: Trd 19 Sstensomsto . Cota: JEOD0E  hors 00:26:20 Trasarere 1367
Frograma: Tesc verzio 3.01 Método de Ensale: UFPEL Microtragio Scripe EP
Ident. Amostra: Tipe Grrupo & (§m)
Como de Largura EzpEzmura Area Fama Tenso
Prava vadma Miema
mm ) immaz L MPa]
CP 1 65 0.33 057 3.9 3
= 0.66 0.73 048 0.4 550
cP1 L2 0.74 046 .00 6153
cP4 68 0.71 048 3.68 TEES
CPE 64 0.63 (LR 241 a7
CFE 062 0.7 [LEE} 110 4745
CP7 L2 0.64 o4l 110 A
CPE 058 065 038 3.33 BE T
cPs L6z .43 [LE ] 182 4135
CF 10 063 0.63 [LEE} 1.45 3387
cP1 L6l 0.63 o4l 1.76 4157
cP12 L6l 0.63 04D 10 z191
Kimers CFs 12 12 1¥ 12 12
iy (L6183 0.7033 Lz 2300 Fa e
sdlara 06300 06300 B431z 1100 S0
Desy Facrio D63 006257 Bs156 09308 ni3
Coed Var (%} 4174 B.396 1165 40.85 33l
Mirime: 05800 0.6500 03T 0.4371 EERE
Memo [L.EEDD 0.5800 05TH 3.B82 BATS
Tensao (MPa)
£ 0038 T
]
|
B0
&5 00 '!

——J1__

——1.
D —

I

/
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iz dn

Tl ls 11512 18 1 Lol leslasloslielolaslosls
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UFPEL - Treinamento Evandro

Relatorio de Ensaio

Miquna: Emic DL200]  Cotua:Trd 19 Sstensmeto: - Doe: 1ODOI00E  sors DR384 Trazatene 1350

Frograma: Tezc versfo 3.01 M#todo e Ensake: UFPEL Microtracdo Scripe_EP

Ident. Amoestra: Tipzx Grepa & (§m)
Corpo e Largura EspEsmra Aren Forga Tensdo
Prorea Liduire Misma

imm} ) imma] gty iMPa)

CF1 0.73 0.53 2] 182 18T
CP2 &2 0.70 043 167 L F
CP3 L2 0.64 040 L 6654
= F 0.60 0.63 .38 150 B4ET
= 072 0.50 058 3l 3186
CFE 063 0.71 LE =] 141 3135
CPY 060 0.43 038 151 &
CPg 072 0.78 037 1.15 JETE
CPS 62 0.73 0es 0.54 1112
CcP10 L62 0.46 o4l 311 TATT
cP i1 .63 0.7% [ K] 199 3216
cP12 058 082 53 3.51 8471
Kimeno GFs 1 12 1 2 12
Pdcla 0.6£08 0.7333 04T 2431 3173
Meciara LEXDD 0.7150 0453 1507 3561
Dz Facrio 2.05178 0.08331 00E313 0.7608 1554
Cost Nari%} 5,050 1164 1751 31.30 IEE
Hinimo 03500 0.6300 03750 0.5596 1117
M&ema L7300 0.2100 0805 3.521 TATT

Tenzao (MPa)

B LA]

f
5400 j'
|

_|
|
[

—.__
e — 1

s

=
—
e

-
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f

)
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UFPEL - Treinamento Evandro

Relatdric de Ensaio

waqune Emic DL200F  CeéuxTrd19  Erestmers.  ODox 26082008 Horw 082048 Trasamone 1325
Frograma: Tesc versie .01 ratodn de Ersalec UFPEL Micratracis Scripe EP
Tipz: Grupa 10 (6]

demt. Arnostra

Conpo d= Largura Espessum Area Foma Tensio
Provea kddma Fddnima

] (rmen] immd} L=y P
CF 1 .41 [ 11 0.38 3.38 ET95
CF2 .83 T .44 193 13
CF3 1166 [ N3] 0.50 3.94 T8.14
ora T2 078 0.56 1.68 19 36
CFE 0.55 [ Ny 0.40 11 53
CFE .40 (] .36 137 M5
CF7 154 [EN] 041 a7 T4 IS
CFE .41 T 0.43 0.73 16.72
CFe .85 a7l 0.47 237 4748
CF 10 .53 (15 0.38 197 b o |
Wimem OFs 1 10 10 10 10
Madly 1.410 -] 04309 1345 3393
Medizna 1.6100 R[] [.4160 1134 3188
Die=ge. Padria 005359 =TT L6261 19944 11 84
ol Waris) 8.714 408 1453 4141 4135
Mirlmao 15400 80 03600 0.7182 16.72
dadma 0.7200 0.TEM 05616 3944 BT 95

Tentdo (MPa)

L

- IHN f }s

I
W e

WD L400 LUHE) ]]Elll-l.'ﬂ]&l,'ﬂhl:l [ mam)



APENDICE B - Relatérios de analises estatisticas

Two Way Analysis of Variance

Data source: THF, ACE, ETH, WAT
General Linear Model
Dependent Variable: MPA

Normality Test: Passed
Equal Variance Test: Passed
Source of Variation DF
SOLVENTE 3
TEMPO 1
SOLVENTE x TEMPO 3
Residual 129
Total 136

(P =0,887)
(P =0,281)
ss MS F P
11566,162 3855387 21,488  <0,001
6949,817 6949,817 38,735  <0,001
3776,246 1258,749 7,016  <0,001
23144,881 179,418
42635,605 313,497

The difference in the mean values among the different levels of SOLVENTE is greater than would be expected by chance after

allowing for effects of differences in TEMPO. There is a statistically significant difference (P = <0,001). To isolate which

group(s) differ from the others use a multiple comparison procedure.

The difference in the mean values among the different levels of TEMPO is greater than would be expected by chance after

allowing for effects of differences in SOLVENTE. There is a statistically significant difference (P = <0,001). To isolate which

group(s) differ from the others use a multiple comparison procedure.

The effect of different levels of SOLVENTE depends on what level of TEMPO is present. There is a statistically significant
interaction between SOLVENTE and TEMPO. (P =<0,001)

Power of performed test with alpha = 0,0500: for SOLVENTE : 1,000
Power of performed test with alpha = 0,0500: for TEMPO : 1,000
Power of performed test with alpha = 0,0500: for SOLVENTE x TEMPO : 0,963

Least square means for SOLVENTE :

Group Mean SEM
THF 55,606 2,232
ACE 51,232 2,232
ETH 49,019 2,232
WAT 29,738 2,563

Least square means for TEMPO :

Group Mean SEM
24h 53,617 1,579
6m 39,181 1,700

Least square means for SOLVENTE x TEMPO :

Group Mean SEM
THF x 24h 55,332 3,157
THF x 6m 55,881 3,157

ACE x 24h 56,010 3,157



ACE x 6m 46,455 3,157
ETH x 24h 61,122 3,157
ETH x 6m 36,917 3,157
WAT x 24h 42,005 3,157
WAT x 6m 17,471 4,039

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor: SOLVENTE

Comparison Diff of Means p q
THF vs. WAT 25,868 4 10,763
THF vs. ETH 6,587 4 2,951
THF vs. ACE 4,374 4 1,959
ACE vs. WAT 21,495 4 8,943
ACE vs. ETH 2,213 4 0,991
ETA vs. WAT 19,281 4 8,022
Comparisons for factor: TEMPO

Comparison Diff of Means p q

24h vs. 6m 14,436 2 8,802
Comparisons for factor: TEMPO within THF
Comparison Diff of Means p q
6m vs. 24h 0,549 2 0,174
Comparisons for factor: TEMPO within ACE
Comparison Diff of Means p q
24h vs. 6m 9,555 2 3,026
Comparisons for factor: TEMPO within ETH
Comparison Diff of Means p q
24h vs. 6m 24,205 2 7,667
Comparisons for factor: TEMPO within WAT
Comparison Diff of Means p q
24hvs. 6m 24,534 2 6,768

Comparisons for factor: SOLVENTE within 24h

Comparison Diff of Means p q

ETH vs. WAT 19,117 4 6,055
ETH vs. THF 5,790 4 1,834
ETH vs. ACE 5,112 4 1,619
ACE vs. WAT 14,005 4 4,436
ACE vs. THF 0,678 4 0,215
THF vs. WAT 13,327 4 4,221

Comparisons for factor: SOLVENTE within 6m

Comparison Diff of Means p q

THF vs. WAT 38,410 4 10,596
THF vs. ETH 18,964 4 6,007
THF vs. ACE 9,426 4 2,985

<0,001
0,158
0,509
<0,001
0,897
<0,001

<0,001

0,902

0,032

<0,001

<0,001

<0,001
0,565
0,662
0,009
0,999
0,015

<0,001
<0,001
0,150

72

P<0,050
Yes

No

Do Not Test
Yes

Do Not Test

Yes

P<0,050

Yes

P<0,05
No

P<0,05

Yes

P<0,05

Yes

P<0,05

Yes

P<0,05
Yes
No
Do Not Test
Yes
Do Not Test

Yes

P<0,05
Yes
Yes
No



73

ACE vs. WAT 28,984 4 7,996 <0,001 Yes
ACE vs. ETH 9,538 4 3,021 0,142 No
ETH vs. WAT 19,446 4 5,365 <0,001 Yes

A result of "Do Not Test" occurs for a comparison when no significant difference is found between two means that enclose that
comparison. For example, if you had four means sorted in order, and found no difference between means 4 vs. 2, then you
would not test 4 vs. 3 and 3 vs. 2, but still test 4 vs. 1and 3vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 32 1). Note that
not testing the enclosed means is a procedural rule, and a result of Do Not Test should be treated as if there is no significant

difference between the means, even though one may appear to exist.
Two Way Analysis of Variance
Data source: THF/wat, ACE/wat, ETH/wat

General Linear Model

Dependent Variable: sqrt(col(3))

Normality Test: Passed (P=0,3)

Equal Variance Test: Passed (P=0,1)

Source of Variation DF SS MS F P
SOLVENTE 2 40,3 20,2 15,5 <0,001
TEMPO 1 151,0 151,0 115,9 <0,001
SOLVENTE x TEMPO 2 40,1 20,0 15,4 <0,001
Residual 101 131,6 1,3

Total 106 358,0 34

The difference in the mean values among the different levels of SOLVENTE is greater than would be expected by chance after
allowing for effects of differences in TEMPO. There is a statistically significant difference (P = <0,001). To isolate which

group(s) differ from the others use a multiple comparison procedure.

The difference in the mean values among the different levels of TEMPO is greater than would be expected by chance after
allowing for effects of differences in SOLVENTE. There is a statistically significant difference (P = <0,001). To isolate which

group(s) differ from the others use a multiple comparison procedure.

The effect of different levels of SOLVENTE depends on what level of TEMPO is present. There is a statistically significant
interaction between SOLVENTE and TEMPO. (P =<0,001)

Power of performed test with alpha = 0,05: for SOLVENTE : 1,0
Power of performed test with alpha = 0,05: for TEMPO : 1,0
Power of performed test with alpha = 0,05: for SOLVENTE x TEMPO : 1,0

Least square means for SOLVENTE :
Group Mean SEM
THF/wat 7.1 0,2
ACE/wat 6,4 0,2
ETH/wat 5,6 0,2

Least square means for TEMPO :

Group Mean SEM

24h 7,5 0,2

6m 52 0,2

Least square means for SOLVENTE x TEMPO :
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Group Mean SEM
THF/wat x 24h 7,6 0,3
THF/wat x 6m 6,5 0,3
ACE/wat x 24h 7,4 0,3
ACE/wat x 6m 54 0,3
ETH/wat x 24h 7,6 0,3
ETH/wat x 6m 3,6 0,3

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor: SOLVENTE

Comparison Diff of Means p q P P<0,05
THF/wat vs. ETH/wat 1,5 3 7,9 <0,001 Yes
THF/wat vs. ACE/wat 0,7 3 3,6 0,034 Yes
ACE/wat vs. ETH/wat 0,8 3 4,3 0,008 Yes
Comparisons for factor: TEMPO

Comparison Diff of Means p q P P<0,05

24h vs. 6m 2,4 2 15,2 <0,001 Yes
Comparisons for factor: TEMPO within THF/wat

Comparison Diff of Means p q P P<0,05
24h vs. 6m 1,1 2 4.1 0,005 Yes
Comparisons for factor: TEMPO within ACE/wat

Comparison Diff of Means p q P P<0,05
24h vs. 6m 2,0 2 7,5 <0,001 Yes
Comparisons for factor: TEMPO within ETH/wat

Comparison Diff of Means p q P P<0,05
24hvs. 6m 4,0 2 14,8 <0,001 Yes
Comparisons for factor: SOLVENTE within 24h

Comparison Diff of Means p q P P<0,05
THF/wat vs. ACE/wat 0,2 3 0,8 0,828 No
THF/wat vs. ETH/wat 0,04 3 0,1 0,995 Do Not Test
ETH/wat vs. ACE/wat 0,2 3 0,7 0,875 Do Not Test
Comparisons for factor: SOLVENTE within 6m

Comparison Diff of Means p q P P<0,05
THF/wat vs. ETH/wat 3,0 3 10,9 <0,001 Yes
THF/wat vs. ACE/wat 1,1 3 4,2 0,010 Yes
ACE/wat vs. ETH/wat 1,8 3 6,7 <0,001 Yes

A result of "Do Not Test" occurs for a comparison when no significant difference is found between two means that enclose that
comparison. For example, if you had four means sorted in order, and found no difference between means 4 vs. 2, then you
would not test 4 vs. 3 and 3 vs. 2, but still test 4 vs. 1 and 3 vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 32 1). Note that
not testing the enclosed means is a procedural rule, and a result of Do Not Test should be treated as if there is no significant

difference between the means, even though one may appear to exist.
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t-test

Data source: Data 1 in Notebook 1

Normality Test: Passed (P =0,786)

Equal Variance Test: Passed (P =0,241)

Group Name N Missing Mean StdDev SEM
THF (24h) 18 0 55,332 13,165 3,103
THF/wat (24h) 18 0 59,279 16,572 3,906
Difference -3,947

t=-0,791 with 34 degrees of freedom. (P = 0,434)

95 percent confidence interval for difference of means: -14,085 to 6,191

The difference in the mean values of the two groups is not great enough to reject the possibility that
the difference is due to random sampling variability. There is not a statistically significant
difference between the input groups (P = 0,434).

Power of performed test with alpha = 0,050: 0,050

The power of the performed test (0,050) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually
exists. Be cautious in over-interpreting the lack of difference found here.

t-test

Data source: Data 1 in Notebook 1

Normality Test: Passed (P =0,706)

Equal Variance Test: Passed (P =0,420)

Group Name N Missing Mean StdDev SEM
THF (6m) 18 0 55,881 9,718 2,291
THF/wat (6m) 18 0 43,982 14,345 3,381
Difference 11,898

t=2,913 with 34 degrees of freedom. (P = 0,006)

95 percent confidence interval for difference of means: 3,599 to 20,198

The difference in the mean values of the two groups is greater than would be expected by chance;
there is a statistically significant difference between the input groups (P = 0,006).

Power of performed test with alpha = 0,050: 0,768
The power of the performed test (0,768) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually
exists. Be cautious in over-interpreting the lack of difference found here.
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t-test

Data source: Data 1 in Notebook 1

Normality Test: Passed (P =10,538)

Equal Variance Test: Passed (P =0,202)

Group Name N Missing Mean StdDev SEM
ACE (24h) 18 0 56,010 14,312 3,373
ACE/wat (24h) 18 0 56,477 19,642 4,630
Difference -0,467

t=-0,0815 with 34 degrees of freedom. (P = 0,936)

95 percent confidence interval for difference of means: -12,108 to 11,175

The difference in the mean values of the two groups is not great enough to reject the possibility that
the difference is due to random sampling variability. There is not a statistically significant
difference between the input groups (P = 0,936).

Power of performed test with alpha = 0,050: 0,050

The power of the performed test (0,050) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually
exists. Be cautious in over-interpreting the lack of difference found here.

t-test

Data source: Data 1 in Notebook 1

Normality Test: Passed (P =0,668)

Equal Variance Test: Passed (P =0,279)

Group Name N Missing Mean StdDev SEM
ACE (6m) 18 0 46,455 12,781 3,013
ACE/wat (6m) 18 0 31,341 17,480 4,120
Difference 15,114

t=2,961 with 34 degrees of freedom. (P = 0,006)

95 percent confidence interval for difference of means: 4,742 to 25,486

The difference in the mean values of the two groups is greater than would be expected by chance;
there is a statistically significant difference between the input groups (P = 0,006).

Power of performed test with alpha = 0,050: 0,785
The power of the performed test (0,785) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually
exists. Be cautious in over-interpreting the lack of difference found here.
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t-test

Data source: Data 1 in Notebook 1

Normality Test: Passed (P =0,551)

Equal Variance Test: Passed (P =0,560)

Group Name N Missing Mean StdDev SEM

ETA (24h) 18 0 61,122 11,374 2,681

ETA/wat (24h) 18 0 58,507 13,968 3,292

Difference 2,614

t=0,616 with 34 degrees of freedom. (P = 0,542)

95 percent confidence interval for difference of means: -6,014 to 11,243

The difference in the mean values of the two groups is not great enough to reject the possibility that
the difference is due to random sampling variability. There is not a statistically significant
difference between the input groups (P = 0,542).

Power of performed test with alpha = 0,050: 0,050

The power of the performed test (0,050) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually
exists. Be cautious in over-interpreting the lack of difference found here.

t-test
Data source: Data 1 in Notebook 1

Normality Test: Failed (P < 0,050)

Test execution ended by user request, Rank Sum Test begun
Mann-Whitney Rank Sum Test

Data source: Data 1 in Notebook 1

Group N  Missing Median 25% 75%
ETA (6m) 18 0 31,090 21,580 55,060
ETA/wat (6m) 17 0 11,350 10,192 15,512

T =172,000 n(small)= 17 n(big)= 18 (P = <0,001)

The difference in the median values between the two groups is greater than would be expected by
chance; there is a statistically significant difference (P = <0,001).
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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