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1 ntredugie

Nas reabilitacdes de pacientes total ou parcialmente desdentados,
por meio de préteses removiveis, a manutengdo da adaptagdo entre a parte interna
das bases e os tecidos de suporte pode ser considerada como um dos aspectos
criticos do tratamento, tendo em vista que o rebordo residual apresenta constantes
alteracdes morfoldgicas, devidas ao processo de reabsorcdo que € cronico,
progressivo, irreversivel e de origem multifatorial’*. Em funcdo dessa reabsorgao,
a adaptagdo das bases das proteses aos tecidos subjacentes deve ser
periodicamente corrigida para a manutencdo das condigdes de retengdo e
estabilidade obtidas inicialmente*'. A readaptacio das bases pode ser realizada no
préprio consultério por meio do reembasamento imediato que, pela facilidade e
rapidez de execucdo, constitui um método alternativo ao reembasamento do tipo
mediato*'. Esse procedimento proporciona aos profissionais solucdes efetivas nos
casos em que hd necessidade de se realizar correcOes nas bases das préteses e
restabelecer sua adaptagcdo ao rebordo residual, bem como prolongar o tempo de
utilizacdo quando a confec¢@o de novas proteses ndo estd indicada, devido as
condicdes do paciente ou dos tecidos de suporte“.

O reembasamento imediato € realizado utilizando-se resinas
acrilicas autopolimerizéveis, especialmente formuladas para essa finalidade. Esses
materiais sdo fornecidos na forma de um pé composto de polietil metacrilato
(PEMA) e de um liquido que pode ser a base de butil metacrilato (BMA), isobutil
metacrilato (IBMA) ou 1,6-hexanediol dimetacrilato (1,6-HDMA)’, apresentando,
portanto, composi¢des diferentes das resinas acrilicas autopolimerizdveis
convencionais, a base de metil metacrilato (MMA). Tem sido demonstrado que
essas diferencas na composicdo podem influenciar, significativamente, as

propriedades fisicas e mecanicas dos materiais reembasadores’ 28089103,
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A caracterizagdo fisico-estrutural das resinas para reembasamento
imediato por meio da andlise de algumas caracteristicas como peso molecular,
grau de conversdo e temperatura de transi¢do vitrea (7g) € um outro fator
importante a ser considerado, uma vez que, associados a composi¢cdo, esses
aspectos também podem interferir diretamente nas propriedades desses materiais
poliméricos. Da mesma forma, a identificacdo e a quantificacdo de substancias
residuais liberadas para a cavidade bucal, com o propdsito de se determinar o
potencial alérgico ou de sensibilizacio desses materiais reembasadores,
constituem aspectos relevantes a serem analisados.

O processo de polimerizacdo das resinas acrilicas ocorre
simultaneamente a partir dos radicais livres que foram formados. Assim, o nimero
de moléculas de mondmero, com baixo peso molecular, que reage para formar as
macromoléculas de polimero, com alto peso molecular, pode variar dependendo
da capacidade das cadeias para o crescimento a partir dos radicais livres™. Como
resultado, o polimero final obtido ndo se apresenta como um material no qual
todas as moléculas possuem o mesmo peso, mas sim possui uma distribui¢do de
macromoléculas com diferentes pesos moleculares’™.

A distribui¢do do peso molecular e o comprimento das cadeias
moleculares influenciam as propriedades do polimero. A medida que o peso
molecular de um polimero aumenta, a resisténcia a tragdo, o modulo de
elasticidade e a dureza também aumentam, enquanto o escoamento (‘“creep”)
diminui’'. Entretanto, a influéncia do peso molecular sobre a resisténcia dos
polimeros ocorre até que um determinado comprimento médio da cadeia seja
atingidozg. Tem sido relatado que a resisténcia a tragdo, ao impacto e a fadiga, o
alongamento, o médulo de elasticidade e a Tg de resinas acrilicas para base de

. 5
prétese’!”

podem ser reduzidos quando o peso molecular médio for inferior ao
valor limite aproximado de 10°, apresentado por Martin et al.”’ em 1972. Acima
desse valor, o polimero se apresenta com cadeias tipicas longas e adequadas
propriedades fisicas e mecanicas®>>%,

Outros estudos tém demonstrado, ainda, que o tamanho e a

distribuicdo das particulas e o peso molecular do p6 de resinas acrilicas utilizadas
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na confeccdo de bases de préteses e de materiais reembasadores resilientes podem
: . . . ~ - 74,87
influenciar a velocidade de dissolu¢do e o molhamento pelo mondmero™"’, bem
~ . ~ 76 L
como os tempos de formacao de massa e manipulacdo”. O peso molecular do pé é

. . <. . 76,87
diretamente relacionado a viscosidade'™

, a qual representa a capacidade de
escoamento dos materiais poliméricos, propriedade que poderia influenciar na
adaptacdo obtida entre as bases das prdteses e os tecidos orais, durante o
reembasamento. Além disso, baixa viscosidade no inicio da polimerizacgdo resulta
na formacdo de cadeias com baixo peso molecular e, conseqiientemente, em
menores valores de resisténcia®’.

Além do peso molecular, a Tg também tem sido reconhecida como
um dos importantes parametros dos materiais poliméricos devido a sua influéncia
significante sobre as propriedades mecénicas do material®’®. A T g € definida
como a temperatura na qual o polimero apresenta a transicdo do comportamento
vitreo para borrachéide, sendo também denominada de temperatura de
amolecimento’®. Na definicdo de Jacobsen, Darr46, a Tg indica que as cadeias
moleculares do polimero obtiveram, geralmente a partir de fontes térmicas,
energia suficiente para superar as barreiras que previnem a rotagdo das ligagcoes
intermoleculares. O material passa, entdo, da condicdo “congelada” vitrea, com
mobilidade muito limitada entre as cadeias, para um sistema no qual as ligacdes
polares apresentam-se enfraquecidas e se rompem, permitindo que as cadeias
moleculares se movimentem mais livremente dentro da massa polimérica36’45.
Esse aumento da mobilidade tem efeito significativo sobre os polimeros e, durante
a transicdo vitrea, alteracOes acentuadas em propriedades como mddulo de
elasticidade e indice de refracdo sdao observadas®’, tendo sido relatado que a
resisténcia ¢ o moédulo de elasticidade diminuem quando a temperatura se
aproxima da Tg, enquanto que a expansdo térmica aumenta’".

O peso molecular e a Tg estdo relacionados entre si e ao processo
de polimerizagﬁozg, que ocorre por meio da conversido de moléculas de mondomero
em macromoléculas do polimero. Tendo em vista que essa conversdo nio é
totalmente completa, as resinas, ap6s a polimerizacdo, geralmente apresentam

. . N . 6,62,66,98,102 28
determinada quantidade de mondmero residual™~™>">""“. Ferracane, Greener
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evidenciaram uma correlacdo entre a Tg de resinas compostas € o grau de
conversdo desses materiais, tendo sido observados valores mais baixos nas
amostras que apresentaram menor grau de conversdo. Resultados semelhantes
foram obtidos em estudos realizados com resinas acrilicas, evidenciando que Tg
mais baixas refletem niveis mais altos de mondmero residual>*’. A presenca de
mondmero residual na resina polimerizada apresenta efeito plastificante,
diminuindo a 7g para uma temperatura mais baixa que aquela considerada como a
temperatura de transi¢do caracteristica do material®.

Além do efeito negativo sobre as propriedades das resinas acrilicas,
o mondmero residual também pode ser liberado para o mejo'!-6768:92:96.100.101
afetando a biocompatibilidade desses materiais. Estudos t€ém demonstrado que

esse mondmero é citotéxico in vitro >

, além de ter sido apontado como uma das
possiveis causas de alteracdes como inflamacao, eritema, dor, ulceracdo, erosdo,
prurido e edema labial na mucosa oral dos pacientes portadores de
préteses'®**% Esses sinais e sintomas podem estar relacionados 2 irritacio
quimica local, causada pelo mondmero residual, ou a uma reagcdo de
hipersensibilidade alérgica, principalmente em individuos com histdria prévia de
sensibilizagdo' %% Além disso, reacdo alérgica diagnosticada como urticéria
cronica foi relatada como sendo o primeiro caso de envolvimento sist€émico
desenvolvido a partir de materiais acrilicos®.

Tem sido relatado, ainda, que ftalatos e ésteres de 4cidos
carboxilicos aromaticos sdo utilizados como plastificantes em materiais soft para
reembasamento de bases de préteses e em condicionadores de tecidos’”. Alguns
destes plastificantes também estdo presentes, em menores quantidades, na

69,92

composicdo de materiais para base de protese e para reembasamento

imediato”®. A liberagdo destes ftalatos para a cavidade bucal também deveria ser
avaliada devido a possibilidade de indugdo de efeitos bioldgicos
indeseja’weis3 8.40.50, Chatterjee, Dutta®' relataram que grupos ambientais e de saide
tém aumentado o interesse no estudo de ftalatos, os quais podem causar desordens
hormonais, toxicidade reprodutiva, tumores hepatocelulares e desordens genitais

devido a sua capacidade de se ligar aos receptores estrogénicos e devido a acdo
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toxica em baixas dosagens durante determinados periodos de desenvolvimento
fetal. Entretanto, os mecanismos pelos quais os ésteres ftilicos afetam a satude
humana ainda s@o pouco conhecidos. Apesar da concentracdo do plastificante
dibutil-n-ftalato (DBNP) no liquido do material New Truliner ser baixa (8%)"® em
relacdo aos materiais soft e condicionadores de tecido, também foi considerado
oportuno avaliar a sua liberagdo em saliva artificial, uma vez que este composto
tem sido relacionado a efeitos biologicos téxicos. Além disso, ndo foram
encontrados estudos de liberagdo deste plastificante a partir de materiais para
reembasamento rigidos.

Tem sido observado, ainda, que além do mondmero residual e do
plastificante, outros produtos também podem ser liberados™®7:07-69.84.85.92.9597
uma vez que esses materiais estdo sujeitos a influéncias quimicas e mecanicas, as
quais podem resultar em sua degradacdo e conseqilente liberacio de
substancias’”®. Essa liberagdo pode incluir tanto compostos aditivos como ndo
aditivos. Os plastificantes, os inibidores, os catalisadores da reacdo e as particulas
de carga s@o considerados compostos aditivos enquanto as fragdes de baixo peso
molecular, os produtos de degradacdo e os contaminantes, introduzidos durante o
processamento dos materiais, sdo considerados substincias nio aditivas®®. Entre
os produtos da reacdo radicalar de polimerizacdo, aditivos e produtos de
degradac@o, formados a partir de hidrélise, decomposicdo ou oxidagdo, que
podem ser liberados de resinas acrilicas a base de polimetil metacrilato (PMMA),
podem ser citados o MMA, o 4cido metacrilico (MA), o acido benzéico (BA), o
fenil benzoato, o fenil salicilato, o bifenil e o formaldeido!-2236-37:67-69.84.92.95-97

De maneira similar ao que ocorre com o mondmero residual e os
plastificantes, essas substancias também t€m sido apontadas como agentes
irritantes, as quais, através de sua liberacdo para o meio bucal, poderiam
desencadear alteracdes na mucosa que mantém contato com as bases das
pr(’)‘[esesz’lz’lg’31’33 0383 Resultados de estudos que avaliaram a citotoxicidade de
resinas acrilicas evidenciaram que os componentes extraidos a partir desses
materiais apresentam efeitos toxicos em diferentes niveis e tempos, 0s quais se

f L L 63,88 A
prolongam por vdrios dias apds a polimeriza¢do™™"". As substancias que eluem de
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resinas acrilicas podem inibir o crescimento celular e alterar varios processos
metabdlicos.  Resinas  para  base de  prétese  autopolimerizdveis,
termopolimerizdveis ou ativadas por luz tém demonstrado diferentes graus de
citotoxicidade in vitro e respostas alérgicas in vivo'. Em um estudo prévio®,
também foi verificado que alguns dos materiais utilizados para o reembasamento
do tipo imediato apresentaram-se citotoxicos.

O contetido de mondmero residual varia dependendo do processo

e 44,49,99,102
de polimerizacdo utilizado ™ 9.

, sendo maior nas resinas polimerizadas por
meio de ativagio quimicaﬁz’loz. Assim, as resinas utilizadas no reembasamento do
tipo imediato, por serem autopolimerizdveis, podem apresentar niveis mais altos
de mondmero residual, os quais, dependendo de sua magnitude, poderiam influir
na Tg, no peso molecular e, conseqiientemente, nas propriedades finais obtidas.
Além disso, a liberacdo de mondmero residual, de plastificante e de produtos de
degradacdo estd relacionada ao conteido inicial de compostos orginicos

6,101 _ - 34 .
%6101 & 3 solubilidade desses compostos” e, deste modo, as resinas

residuais
autopolimerizdveis para reembasamento imediato poderiam liberar quantidades
maiores de substancias residuais. Em funcio desses aspectos, e considerando-se
os possiveis efeitos adversos dos compostos residuais, a utilizagdo de métodos que
promovam a redugcdo dos niveis desses compostos poderia contribuir para
melhorar tanto as propriedades fisicas e mecénicas como a biocompatibilidade
desses materiais reembasadores. Entretanto, os niveis de redugdo e a quantidade
de compostos remanescentes que ainda poderiam ser liberados para o meio s
podem ser evidenciados por meio de avaliagdes quimicas analiticas. A redugdo da
quantidade de mondmero residual pode ser obtida por meio de liberagdo por

e 60,101 ~ .. e~ 6,17,60,61 %10
difusdo , reacdo adicional de polimerizacdo , evaporagdo ,

11,57,84,95 11,57

oxidacdo ou hidrdlise Estudos tém demonstrado que esses
mecanismos podem ser induzidos através de tratamentos realizados apds a
polimerizacdo, como a imersdo em 4gua aquecida ou irradiacdo com energia de
microondas, reduzindo, significativamente a quantidade de mondmero residual

presente em resinas acrilicas termopolimerizdveis e autopolimerizaveis
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convencionais! 096103

assim como naquelas indicadas para o reembasamento
, .99
imediato™".

Enquanto vérios estudos tém sido realizados com resinas

compostas, resinas para base de prétese e materiais reembasadores macios, para

14,25,82,86 39,43,75 28,46,48,79
, Tg

avaliar o grau de conversao , peso molecular e a

. ~ R : Ao 362,73,92,98
liberacdo de mondmero residual e outras substancias™™> 9298 poucas

informagdes relativas aos materiais reembasadores rigidos estio dispom’veis7’53,
indicando que outros estudos ainda precisam ser desenvolvidos. A necessidade
desses estudos torna-se ainda mais evidente pelo desenvolvimento continuo de
novos materiais reembasadores com diferentes formulagées7. Esse aspecto é
particularmente importante pela influéncia da composi¢do sobre a reagdo de
polimerizacdo e, conseqiientemente, sobre o grau de conversdo e nivel de
mondmero residual, peso molecular e Tg. Além disso, conforme salientado por
Tsuchiya et al”, a possibilidade de alteragdes bucais de etiologia desconhecida,
como a estomatite protética e a sindrome da ardéncia bucal, estarem associadas a
liberagdo de compostos a partir das proteses, torna imprescindivel sua
identificacdo e quantificagio. Sheridan et al.”” também ressaltam a necessidade de
pesquisas futuras para identificar os componentes dos eluatos das resinas, os quais
sdo responsaveis pelos efeitos citotdxicos observados em seu estudo. De acordo

64 . . . . .. .
com Leusncher , para avaliar tox1cologlcamente oS blomaterlals, tem sido

recomendado identificar e quantificar seus compostos liberados.



2 Proposigia

Os objetivos deste estudo in vitro foram:

1. Analisar o peso molecular por cromatografia de permeagdo em gel (GPC)
do pré-polimero (pd) de trés resinas acrilicas autopolimerizadveis utilizadas
para o reembasamento imediato (Kooliner - K, Ufi Gel hard - U e Tokuso
Rebase Fast - T) e de uma resina acrilica termopolimerizdvel convencional
(Lucitone 550 — L) e o peso molecular de corpos-de-prova da resina
autopolimerizdvel Kooliner apds ter sido submetida aos procedimentos de
polimeriza¢do recomendados pelo fabricante (controle) e a tratamentos
pos-polimerizacdo (irradiacdo por energia de microondas - MW e imersdo
em 4gua aquecida - WB). Analisar o grau de conversdo por espectroscopia
Raman com transformada de Fourier (FTIR-Raman) das resinas Kooliner,
Ufi Gel hard, Tokuso Rebase Fast e Lucitone 550, apés a polimerizacio
recomendada pelos respectivos fabricantes e os tratamentos pos-
polimerizagdo por irradiacdo por microondas e imersdo em dgua aquecida;

2. Analisar a Tg por calorimetria exploratdria diferencial (DSC) das resinas
autopolimerizaveis Duraliner II - D, Kooliner, New Truliner - N, Tokuso
Rebase Fast e Ufi Gel hard e da resina termopolimerizavel Lucitone 550,
apés a polimerizacdo recomendada pelos respectivos fabricantes e os
tratamentos pds-polimerizacdo por irradiacdo por microondas e imersdo

em 4gua aquecida;
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Desenvolver, validar e aplicar um método analitico por cromatografia
liquida de alta eficiéncia (CLAE) para a quantificacio de monomero
residual (isobutil metacrilato - IBMA e 1,6-hexanediol dimetacrilato - 1,6-
HDMA) e de plastificante (dibutil-n-ftalato - DBNP) liberados em saliva
artificial a partir dos materiais Kooliner, New Truliner, Ufi Gel hard e
Tokuso Rebase Fast, ap6s a polimeriza¢do recomendada pelos respectivos
fabricantes e o tratamento pds-polimerizacdo por imersdo em &dgua
aquecida;

Desenvolver, validar e aplicar um método analitico por cromatografia
liquida de alta eficiéncia (CLAE) para a quantificacdo dos produtos de
degradacdo, dcido metacrilico (MA) e 4cido benzdico (BA), liberados em
saliva artificial a partir dos materiais Kooliner, New Truliner, Ufi Gel hard
e Tokuso Rebase Fast, apdés a polimerizacio recomendada pelos
respectivos fabricantes e o tratamento pds-polimerizacdo por imersdo em

dgua aquecida.
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Degree of conversion and molecular weight of one denture base and three

reline resins submitted to post-polymerization treatments

Abstract

The effect of post-polymerization treatments (MW-microwave irradiation and
WB-water-bath) on the degree of conversion (DC) of three reline resins (Ufi Gel
hard-U, Kooliner-K, and Tokuso Rebase Fast-T) and one denture base resin
(Lucitone 550-L), submitted to two polymerization cycles (LS-short and LL-long)

was evaluated by using FT-Raman spectroscopy (n=5). The molecular weight

(Mw) of the powder of all materials and of K polymerized specimens (control;
MW; and WB; n=3) was analyzed using GPC. DC data were analyzed using
Kruskal-Wallis test (a=.05). For control specimens, there were no significant
differences between U (68%) and LL (77%) and among LL, K (81%), and T
(84%). LS (92%) had the highest DC (P<.05). Only material K exhibited an

increased DC after WB (P<.05). All powders had M w from 4.0x10° to 6.5x10°
and narrow M w distributions (2.1 to 3.6). Polymerization and post-

polymerization produced K specimens with M w similar to that of K powder.

Keywords: reline resin, degree of conversion, molecular weight, post-

polymerization treatment.

Introduction

Due to the alveolar bone resorption, which is an inevitable
consequence of tooth loss, removable prostheses require periodic relining to
reestablish tissue support for the denture base. Two techniques for relining
dentures can be applied, the direct and the indirect.' The relining of denture bases
directly in the oral cavity using autopolymerizing hard reline acrylic resins is
faster than the laboratory-processed reline system. Because of the simplicity of the

method and the good fit obtained,” the direct relining technique has been used to



improve the retention and stability of removable prostheses,” thus providing a
more equal distribution of the load over the residual ridge.

During the polymerization reaction of the acrylic resins, the
conversion of monomers to polymers is incomplete and some unreacted
monomers are left in the polymerized materials.’ Polymerization time and
temperature affect the residual monomer content, which is usually higher in
autopolymerizing than in heat-polymerizing acrylic resins.*” The residual
monomer content is a major factor influencing the properties of the polymers.6’7
The higher the degree of conversion of double bonds, the greater the mechanical
strength of the resins.®’ In addition, the unreacted monomer may leach from the
polymerized material and irritate the soft tissue.®

It has been observed that the amount of residual monomer of
acrylic resins can be reduced by post-polymerization treatments such as

11

immersion in hot water’'! or microwave irradiation.'"!® These treatments have

. . . 13,14
also resulted in improved mechanical properties ™

and biocompatibility of the
polymerized materials.'” While a number of studies have evaluated the degree of
conversion of dental composites,”'>'° little information is available regarding
denture base acrylic resins.”!” Moreover, no information could be identified by the
authors concerning the degree of conversion of autopolymerizing hard reline
resins.

Molecular weight is another important aspect that can influence the

1820 The polymerization of acrylic resins represents a

performance of a polymer.
conversion of low molecular weight molecules (monomers) into high molecular
weight macromolecules (polymers). Some properties such as fatigue

1821 fracture toughness,21 tensile strength, modulus of elasticity,

resistance,
hardness,” impact strength, and glass transition temperature may be affected'®
when the average molecular weight of narrow molecular weight distribution
acrylic is below a limiting value of approximately 10°.* The molecular weight of
the prepolymer powder and the particle size distribution are also important factors
influencing the doughing time of acrylic resins.”*** Some studies have

investigated the molecular weight of original powder and polymerized denture



base acrylic resins.'”* However, there is limited information regarding the
molecular weight of hard chair-side reline resins.”

The aim of this study is to measure the degree of conversion (DC) of
three hard chairside reline resins and one heat-polymerizing denture base acrylic
resin, processed using two polymerization cycles. The effect of two post-
polymerization treatments on the DC of these materials was also investigated. In
addition, the molecular weight of the prepolymer powder of all materials and the
molecular weight of a reline resin without crosslinking agent after polymerization

and after being submitted to the post-polymerization treatments were analyzed.

Material and Methods
The identification codes, brand names, batch numbers,
manufacturers, powder/liquid ratios, compositions, and polymerization conditions

of the materials used in the present study are listed in Table 1.
TABLE 1 HERE

FT-Raman spectroscopy

The DC of the materials under investigation was determined by
FT-Raman spectroscopy.

Specimens (n=15) of the heat-polymerizing resin Lucitone 550 (L),
with dimensions of 10 x 4 x 4 mm, were produced by using stainless steel master
dies, which were duplicated in silicone rubber to facilitate the removal of the
processed specimens from the flask. These silicone molds were then invested in
conventional metal dental flasks in Type IV dental stone to create working molds
from which the specimens were made. The polymer powder and monomer were
mixed following the manufacturer’s directions (Table 1) and left covered until the
dough stage was reached. The dough formed was packed into the molds, the flasks
were closed and left under pressure for 30 minutes. The specimens were then
polymerized using one of the two processing cycles recommended by the

manufacturer (Table 1). After polymerization, the flasks were allowed to cool for



30 min in air, followed by 15 min in running water before deflasking. The
specimens were then stored in distilled water at 37+1°C for 48 h.2

For the hard chair-side reline resins, specimens (n=15) were
fabricated using a stainless steel mold with a breakaway compartment (10 x 4 x 4
mm). The mold was placed on the center of a glass plate, the materials were
mixed following the manufacturers’ instructions (Table 1) and inserted into the
metal mould. A second glass plate was placed over the material, and pressure was
applied until polymerization was complete (Table 1).

Specimens of all materials were then divided into three groups of
five specimens each. Control group specimens were left untreated (C). MW group
specimens were submitted to post-polymerization treatment by placing them in an
adjustable microwave oven and irradiating with the following power/time
combinations: 550 W/3 min — L (short cycle - LS and long cycle - LL); 550 W/5
min — Kooliner (K); 500 W/5 min — Tokuso Rebase Fast (T); and 550 W/4 min —
Ufi Gel hard (U). These power/time settings were determined in a preliminary
study, which evaluated the effect of nine different power/time combinations on
the flexural strength of these materials.'* The power/time setting, which produced
the highest flexural strength value for each material, was used in this study. For
WB group, the heat-polymerized specimens (LS and LL) were submitted to a
post-polymerization treatment by immersion in water bath at 55+1°C for 60 min
following the recommendation for denture base resins reported by Tsuchiya et
al.'’ Reline resin specimens were immersed in water at 55°C for 10 min,
following a reline material (Duraliner II, Reliance Dental Mfg. Co., Worth, Ill.,
USA) manufacturer’s recommendation to reduce the monomer taste. In addition,
the results from a previous study suggested that further polymerization could be
achieved by using these MW and WB post-polymerization treatments."!

FT-Raman spectra of all specimens were recorded at ambient
pressure and temperatures using a Bruker RFS 100/S instrument (Bruker Optics
Inc, Billerica, MA, USA) equipped with a broad-range quartz beamsplitter,
defocusing optics, and an InGaAs detector. Spectra were obtained with 100 scans

at a resolution of 4 cm™ within a wavelength from 1.000 to 4.000 cm™ in the



transmission mode, under a nitrogen gas purge, using 300 mW of Nd:YAG laser
power.

The DC (%) of monomer-to-polymer was calculated by
comparison of the absorbance ratio using a standard baseline technique®’ of the
C=C peak from the methacrylate group at 1640 cm” to that of the unchanging
C=0 peak from the ester group at 1720 cm™, which was used as a reference peak,
before (monomer) and after polymerization (group C), and after the two post-
polymerization treatments (groups MW and WB). By taking the ratio between the
two absorbances, the fraction of unreacted double bonds could be calculated from

the formula:

DC% = (1 -] Abs (C=C) / Abs (C=0) ] polymerized specimen |x 100%
[ Abs (C=C) / Abs (C=0) ] monomer

The DC values were then analyzed by Kruskal-Wallis test at 95%

level of confidence.

Gel permeation chromatography (GPC)

GPC was used to determined the weight average molecular weight
(Mw), which represents the ratio of the overall weight of the molecules to the

weight of the individual molecule, number average molecular weight (Mn),

which is the ratio of the whole molecules present in the mixture to the number of

molecules, and polydispersivity (M w/ M n) which expresses molecular weight
distribution, of the original powder of all materials. GPC analysis was also used to

evaluate the effect of microwave irradiation and water bath post-polymerization

treatments on MW, M n and polydispersivity of polymerized specimens of K
reline resin, the only material that does not contain crosslinking agent in its
composition (Table 1). During the polymerization reaction, the presence of a
crosslinking agent in the liquid monomer leads to the formation of an insoluble

crosslinked network (gel),’ which impairs the dissolution of samples in



tetrahydrofuran.'**’

. Since this dissolution is a pre-requisite for analyzing
molecular weight by means of gel permeation chromatography, in the present
investigation no attempt was made to examine the molecular weight of the
polymerized materials Lucitone 550, Tokuso Rebase Fast and Ufi Gel hard
materials, which contain crosslinking agents.

K specimens (10 x 10 x 1 mm) were fabricated following the
manufacturer’s instructions and then divided into three groups (n=3). Control
group specimens (C) were left untreated. For the MW and WB groups, the
specimens were submitted to post-polymerization treatments by microwave
irradiation or immersion in hot water, under the same conditions as described for
the analysis of degree of conversion of material K.

Polymeric samples (original powder of all materials and specimens
of the reline resin K) were left for 24 hours to dissolve in HPLC-grade
tetrahydrofuran at concentrations of 0.1% w/v. Polystyrene standard samples
(n=12) of known molecular weight were also dissolved in tetrahydrofuran. Both
samples (polymeric and standard) were filtered through a 0.45 pum filter and
injected into the GPC system (Waters model 410, Mildford, Mass., USA). Three
size-exclusion columns (HR-3, HR-4, and HR-5E, Waters, Mildford, Mass., USA)
were used and the column temperature was kept at 40°C. The mobile phase used
was tetrahydrofuran at a flow rate of 1 mL/min. The injection volume was 100 uLL
and a refractometer was used as detector.

Polystyrene standard samples were used to generate a calibration

curve of log M w vs. elution volume. Since the volume of eluant is proportional
to the log of the molecular weight, a molecular weight distribution was then
derived.'® Polymeric samples were chromatographed under conditions identical to

those used for the molecular-weight standard determinations.

Results
The mean DC (%) and standard deviations for all materials and

groups evaluated are given in Table 2.



TABLE 2 HERE

For group C, the highest (P<.05) DC mean value was observed for
LS specimens. The reline resins T and K, and the denture base resin processed
using the long cycle (LL) did not differ statistically from each other (P>.05). In
addition, there was no significant difference (P>.05) between LL and the reline
resin U. When materials were submitted to microwave irradiation (group MW), no
significant differences (P>.05) were found in the DC mean values of LS, T and K
specimens. After water bath post-polymerization treatment (group WB), no
significant difference was observed when LS and K materials were compared, and
the DC mean value of K specimens was not significantly different from that of T
specimens (P>.05). After both post-polymerization treatments, the DC mean
values of LL and U materials were comparable and significantly lower than the
other materials evaluated (P<.05). Statistical analysis also revealed that only
material K exhibited a significant increase (P<.05) in the DC mean value after
water bath post-polymerization treatment. Figure 1 shows Raman spectra between
1600 cm™ and 1800 cm™! of representative specimens of Kooliner, with the C=C,

and C=0 vibrations upper labeled.

FIGURE 1 HERE

The results of the weight average molecular weight (M w), number

average molecular weight (M n), and polydispersivity (M w/M n) of the original
powder of all materials are presented in Table 3. The peak molecular weights

were found to be between 4.0 x 10° and 6.5 x 10°. All materials investigated in
this study demonstrated a distribution of MW / Mn less than 4 (from 2.1 to 3.6).

Table 4 shows MW, Mn, and Mw/ Mn mean values of the polymerized K
specimens. It can be seen that, both conditions, polymerization and post-

polymerization treatments, did not affect molecular weight values.



TABLE 3 HERE
TABLE 4 HERE

The molecular weight distribution curves (MWD) for the original
powder of all materials are presented in Figure 2 (2A — the entire MWD curves;
2B — enlargement of the MWD curve in the region of molecular weight lower than
10% 2C - enlargement of the MWD curve in the region of molecular weight
higher than 10%). The calculated weight fraction of chains with molecular weight
values lower than 10° for the original powder of L, K, U, and T were 18%, 10%,
6.0%, and 10%, respectively. The calculated weight fraction of chains with
molecular weight values higher than 10° for the original powder of L, K, U, and T
were 7.0%, 7.0%, 19%, and 14%, respectively. Figure 3 shows the Chain
Branching Distribution Function (CBDF),® which quantified the differences
between the molecular weight distribution curves of denture base (L) and reline
resin (K, U, and T) powders. The CBDF curves were calculated using Excel
software running a macro. The macro calculates the shift between a point in the

. . 2
reference curve and its correspondent in the other curve. o

FIGURE 2 HERE
FIGURE 3 HERE

The molecular weight distribution curves for K powder, K after
polymerization (C), and K after post-polymerization treatments (MW and WB)
are showed in Figure 4. The calculated weight fraction of chains with molecular
weight values lower than 10° for K control, K after MW, and K after WB were
10%, 9.0%, and 13%, respectively. The calculated weight fraction of chains with
molecular weight values higher than 10° for K control, K after MW, and K after
WB were 10%, 8.0%, and 10%, respectively. Figure 5 shows the Chain Branching
Distribution Function (CBDF),”® which quantified the differences between the
molecular weight distribution curves of K powder, K after MW, and K after WB

compared with K control.



FIGURE 4 HERE
FIGURE 5 HERE

Discussion

FT-Raman scattering used in the present investigation is an
alternative method that has been widely used to determine the degree of
conversion of polymeric materials by measuring the carbon double bonds (C=C)
converted into carbon single bonds (C—C).IS’16 The low-power near-infrared laser
in the FT-Raman spectrometer makes it possible to analyze colored samples,
which can heat in the laser beam, without the loss of sensitivity due to
fluorescence of 01rganics.3 % This technique can be applied to normal denture
materials with pigments in contrast to the direct infrared method, which can be
used only for transparent polymeric materials.”' Other advantages of FT-Raman
scattering include: (1) rapid analysis with a minimum of sample preparation,
because the incident radiation can be focused on the sample and the scattered
radiation collected with suitable collection optics; (2) the sensitivity of Raman
scattering to the highly symmetrical C=C vibration of the acrylate resins used in
the dentistry.16

It has been stated that there is an inverse relationship between the
degree of conversion and the residual monomer content, thus the higher the

“* n a previous study,' high performance liquid

former the lower the latter.
chromatography (HPLC) was conducted to determine the residual monomer
content of materials Lucitone 550, Tokuso Rebase Fast, Ufi Gel hard, and
Kooliner, under the same conditions used in the present investigation to evaluate
their degree of conversion (Table 2). The results from both studies revealed that
this inverse relationship was observed for materials Lucitone 550, Ufi Gel hard
and Tokuso Rebase Fast. In addition, when these materials were compared, the
results followed a similar pattern in both studies. Therefore, the Lucitone 550

specimens polymerized using the short cycle, which included a terminal 30

minutes at 100°C, showed significantly higher degree of conversion (Table 2) and



lower residual monomer levels'' than those processed with the long cycle, in all
groups evaluated. These results can be attributed to the polymerization
temperature used in the long cycle, which is lower than the glass transition
temperature (7g) of the matrix phase of the resin Lucitone 550 (97.0 to 100°C).>
As a result, the conversion was limited due to lower molecular chain motions and
immobilization of monomer in the glassy polymer.’

For the reline resins Ufi Gel hard and Tokuso Rebase Fast, the
results from the present investigation also agree well with those previously
1rep0rted.11 Ufi Gel hard exhibited higher residual monomer content'' and lower
degree of conversion compared with Tokuso Rebase Fast. In addition, in both
studies, the values obtained for Ufi Gel hard and Tokuso Rebase Fast reline resins
were comparable with those of the denture base resin Lucitone 550, processed
using the long and the short cycle, respectively (Table 2)."" These findings differ
from results of conventional methyl methacrylate-based resins. For these resins,
the residual monomer is usually higher in the autopolymerized than in the heat-
polymerized materials,”™® due to the lower degree of conversion achieved by the
use of a chemical activator than that generated by heat-activation. One factor that
may have accounted for the favorable results observed for materials Ufi Gel hard
and Tokuso Rebase Fast is their composition. These reline resins contain the
cross-linking agent 1,6-hexanediol dimethacrylate,* whereas Lucitone 550
denture base resin contain the cross-linking agent ethylene glycol dimethacrylate
(Table 1). The increased distance between the methacrylate groups of the cross-
linking agent 1,6-hexanediol dimethacrylate probably enhanced the reactivity of
the second double bond, thus favoring the monomer to polymer conversion.>
Therefore, despite the fact that the polymerization of Ufi Gel hard and Tokuso
Rebase Fast was chemically activated, their degree of conversion and residual
monomer level were similar to those of the heat-polymerizing denture base resin
Lucitone 550.

Differently from the other materials, a comparison of the results
from this study with those of the previous investigation'' demonstrated that an

indirect relationship between degree of conversion and residual monomer content



was not observed for Kooliner reline resin. Table 2 shows that the degree of
conversion of Kooliner material did not differ from that of Tokuso Rebase Fast,
and was significantly higher than that of Ufi Gel hard, in all groups evaluated. In
contrast, the residual monomer level of Kooliner was found to be significantly
higher than those of reline resins Ufi Gel hard and Tokuso Rebase Fast.'' The
difference in results between the two studies could be related to the materials
composition as well as the analytical methods used in each investigation. Ufi Gel
hard and Tokuso Rebase Fast contain dimethacrylate monomer, whereas Kooliner
liquid contains the monofunctional monomer isobutyl methacrylate (Table 1). As
the polymerization progresses, the network formation decreases the mobility of
monomers resulting in unreacted double bonds. Part of these unreacted
methacrylate groups remain as monomers that can leach out from the polymerized
material. Part of the dimethacrylate monomers react only to one of the double
bond, resulting in pendant molecules, which remain bound within the polymer
network, and are not free to elute.” While Raman spectroscopy used to determine
the degree of conversion measures all the unreacted double bonds in the polymer,
including pendant groups and extractable species, the HPLC analysis is performed
by extraction of the free monomer from the polymerized material."' Other
investigators also have stated that only a fraction of the unreacted carbon-carbon
double bonds in the polymer matrix are present on residual monomer.’**> This
may help explain why the residual monomer levels of Ufi Gel hard and Tokuso
Rebase Fast were lower than that of Kooliner, even though they all had quite
similar degree of conversion. Another possible explanation for the differences
between this and the previous study could be the fact that the residual monomer
was extracted from the whole polymer matrix of each specimen in HPLC analysis.
However, Raman spectroscopy is essentially a surface measuring technique, thus
spectra reveal the absorption in the actual region representative of the top five
microns of the specimens.3 * To validate this hypothesis, however, Raman
spectroscopic analysis at different depths of reline resin specimens should be

made.



When the effect of post-polymerization treatments on the degree of
conversion of the materials evaluated is considered, it was found that only
material Kooliner exhibited a significant increase in the degree of conversion after
water bath post-polymerization treatment compared to control (Table 2 and Figure
1). The reduction in the intensity of the aliphatic (C=C) peak at 1640 cm™ in
relation to the carbonyl (C=0) peak at 1720 cm™ is observed when comparing the
spectrum of monomer (liquid) to the control group (C), and the control to the
water-bath post polymerization group (WB). These results are also different from
those of a previous study,11 in which both post-polymerization treatments
promoted a significant reduction in the residual monomer content of materials
Kooliner, Ufi Gel hard and Tokuso Rebase Fast. The denture base resin Lucitone
550 polymerized using the short cycle also showed a significant decrease in the
residual monomer after being immersed in hot water. The differences between the
two studies may be partially explained by the effects of the post-polymerization
treatments on the polymer matrix. During these treatments, mechanisms such as

9,13
and

diffusion into water,*’ hydrolysis,3 ® further polymerization at active sites,
monomer volatilization® may reduce significantly the free unreacted monomer,
but do not necessarily have an effect on pendant double bonds, which may remain
unaltered in the polymer matrix. Therefore, the mechanisms involved in the post-
polymerization treatments were more effectively detected when using the HPLC
method than by using Raman spectroscopy.

The original powders of all materials were evaluated using gel

permeation chromatography (GPC) to determine the weight average molecular
weight (M w), number average molecular weight (Mn), and polydispersivity

(M wl M n). GPC analysis was chosen because it is a reliable method of
molecular weight determination, enabling molecular weight distributions to be
established quickly and accurately,® and has been used by several
investigators.lg’lg’23 39

It has been shown that the existence of chains with molecular
weights of less than 10° may have a plasticizer effect, thus weakening the

polymer.40 According to Ruyter & Svendsen,” the strength of a polymer increases



with increasing molecular weight. However, the strength becomes fairly constant
at molecular weights above 6.0 x 10° for polymethyl methacrylate. Figure 2 (A
and B) shows that, in comparison to the reline resins, the Lucitone 550 powder
contained significantly higher amount of polymer chains having molecular weight
lower than 10°. Large amounts of polymer chains with molecular weight higher
than 10° was also found for materials Ufi Gel hard and Tokuso Rebase Fast.
Figure 3 corroborates this finding, showing that the difference between denture
base powder and reline resin powders is more pronounced below 10°. Among the
reline resins tested, the Ufi Gel hard exhibited higher concentration of chains with
molecular weight greater than 10°, when compared with Lucitone 550. This is
demonstrated in Figure 3, where the CBDF curve of material Ufi Gel hard is at a
greater distance from the zero line. These results indicated that the polymeric

beads of the reline resins are polymerized by the suspension method at a higher

degree of polymerization than the denture base material. Despite of this, the Mw
of all original powders, including the Lucitone 550 material, was greater than 10°
(Table 3), at which chain entanglement occurs,29 and was in the range where the
properties are largely independent of molecular Weight.20 Hence, it is likely that
the molecular weights of the powders will have little effect on the mechanical
properties of the polymerized materials.

In addition to the strength, the flow property of a methacrylate-
based resin can be regulated by the molecular weight of polymer powders,24
mainly by the increase in the fraction of molecules with molecular weight higher
than 10°, as observed for materials Ufi Gel hard and Tokuso Rebase Fast. Table 1
shows that the hard chair-side reline resins manufacturers have also added
monomers with molecular weight higher than that of methyl methacrylate
(100.12), such as isobutyl methacrylate (142.20), and 1,6-hexanediol
dimethacrylate (254.33). For reline materials composed of high molecular weight
monomers and prepolymers, the working time of the bulk polymerization
decreases due to the increase in the material’s viscosity. A clinical evaluation of
some hard chair-side reline resins demonstrated that the working and setting times

were significantly shorter for Tokuso Rebase Fast than for Kooliner.” In addition,



Kooliner was considered unsatisfactory in 47% of cases because of the high flow,
which make border moulding particularly difficult.” Thus, it is likely that the flow
characteristics of Ufi Gel hard and Tokuso Rebase Fast mixtures may play a role
in producing satisfactory functional impression of the denture-bearing area.
However, other studies should evaluate the influence of flow on the impression
accuracy and the resulting fit of the relined denture.

It is known that the molecular weight distribution is more
important than the attainment of a high average molecular weight, provided that
the amount of polymer chains with a molecular weight of less than 10° is reduced

to a minimum.”’ The chains have the same length and weight when the ratio

Mwlﬁn is equal to 1.0. However, this is an ideal situation, which is not
possible in practice. Polydispersivity up to 5.0 would indicate a narrow
distribution and between 5.0 and 20 a medium distribution.”® In this work, all
materials investigated have shown a narrow molecular weight distribution with
polydispersivity indices between 2.1 and 3.6 (Table 3). The value for Lucitone
550 resin is in general agreement with those obtained with a conventional cross-
linked denture base resin for water-bath polymerization.13 Moreover, the values
obtained for Tokuso Rebase Fast and Kooliner are similar to those obtained by
Arima et al. (1.8 and 1.7, 1respectively).25

The results for Kooliner polymerized specimens are not in
agreement with Huggett et al," who demonstrated that the polymerized material

generally displayed higher molecular weight values than the original powder

component. Tables 3 and 4 present the M w values of Kooliner powder and
Kooliner after polymerization, respectively. The weight average of Kooliner
polymerized was slightly higher than that of Kooliner powder, but the difference
is not significant because it is within the systematic error of the method. This
observation is also evidenced by the superimposition of all molecular weight
distribution curves (Figure 4), and their calculated shift, in terms of the CBDF
function, being almost zero (Figure 5). Thus, the molecular weight distribution

achieved in bulk polymerization of Kooliner material was shown to be similar to
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that obtained by the manufacturer during the polymerization of the polymeric
powder.

Higher temperatures usually favor faster monomer conversion,
since propagation constants and diffusion coefficients increase with temperature.
A temperature increase can also affect polymer quality, for example, by affecting
the molecular weight distribution or even degrading the polymer chains.'
However, the molecular weight of Kooliner reline resin was not affected by the
heating produced by the post-polymerization treatments (Table 4, Figures 4 and
5).

Conclusion
Within the parameters of the study design and materials tested, the
following conclusions can be draw:

1. The degree of conversion of material Ufi Gel hard was similar to that of
Lucitone 550 polymerized using the long cycle, and lower than those of
the other materials.

2. In all groups evaluated, the short polymerization cycle produced Lucitone
550 specimens with a significant higher degree of conversion than the long
cycle.

3. Water-bath post-polymerization treatment increased the degree of
conversion for Kooliner material. The degree of conversion of the other
materials was not influenced by both microwave and water-bath post-
polymerization treatments.

4. Polymer powder of all materials have weight average molecular weights
exceeding 10° and narrow molecular weight distributions.

5. After polymerization and post-polymerization, the weight average
molecular weight values obtained for Kooliner material were similar to

that of the original Kooliner powder.



Acknowledgements

This study was supported by Sao Paulo State Foundation (FAPESP
Grant 02/01405-0). The authors would like to thank Dr. Rosa Lucia Simencio and
CCDM (Centro de Caracterizagdio e Desenvolvimento de Materiais
UFSCar/UNESP) for carrying out the gel permeation chromatography

determinations.



References

1. Dahl JE, Frangou-Polyzois MJ, Polyzois GL. In vitro biocompatibility of
denture relining materials. Gerodontology. 2006; 23 (1):17-22.

2. Haywood J, Basker RM, Watson CJ, Wood DJ. A comparison of three hard
chairside denture reline materials. Part I. Clinical evaluation. European Journal
of Prosthodontics and Restorative Dentistry. 2003; 11 (4):157-163.

3. Ruyter IE, Oysaed H. Conversion in denture base polymers. Journal of
Biomedical Materials Research. 1982; 16 (5):741-754.

4. Vallittu PK, Miettinen V, Alakuijala P. Residual monomer content and its
release into water from denture base materials. Dental Materials. 1995; 11
(6):338-342.

5. Vallittu PK, Ruyter IE, Buykuilmaz S. Effect of polymerization temperature
and time on the residual monomer content of denture base polymers. European
Journal of Oral Science. 1998; 106 (1):588-593.

6. Lee SY, Lai YL, Hsu TS. Influence of polymerization conditions on monomer
elution and microhardness of autopolymerized polymethyl methacrylate resin.
European Journal of Oral Science. 2002; 110 (2):179-183.

7. Sideridou I, Tserki V, Papanastasiou G. Effect of chemical structure on degree
of conversion in light-cured dimethacrylate-based dental resins. Biomaterials.
2002; 23 (8):1819-18209.

8. Barclay SC, Forsyth A, Felix DH, Watson IB. Case report--hypersensitivity to
denture materials. British Dental Journal. 1999; 187 (7):350-352.

9. Lamb DJ, Ellis B, Priestley D. The effects of process variables on levels of
residual monomer in autopolymerizing dental acrylic resin. Journal of Dentistry.
1983; 11 (1):80-88.

10. Tsuchiya H, Hoshino Y, Tajima K, Takagi N. Leaching and cytotoxicity of
formaldehyde and methyl methacrylate from acrylic resin denture base materials.
Journal of Prosthetic Dentistry. 1994; 71 (6):618-624.

11. Urban VM, Machado AL, Oliveira RV, Vergani CE, Pavarina AC, Cass QB.
Residual monomer of reline acrylic resins. Effect of water-bath and microwave

post-polymerization treatments. Dental Materials. 2006. In Press.



12. Aradjo PHH, Sayer C, Po¢o JGR, Giudici R. Techniques for reducing residual
monomer content in polymers: a review. Polymer Engineering and Science.
2002; 42 (7):1442-1468.

13. Blagojevic V, Murphy VM. Microwave polymerization of denture base
materials. A comparative study. Journal of Oral Rehabilitation. 1999; 26
(10):804-808.

14. Vergani CE, Seo RS, Pavarina AC, dos Santos Nunes Reis JM. Flexural
strength of autopolymerizing denture reline resins with microwave
postpolymerization treatment. Journal of Prosthetic Dentistry. 2005; 93 (6):577-
583.

15. Emami N, Soderholm KJM, Berglung LA. Effect of light power density
variations on bulk curing properties of dental composites. Journal of Dentistry.
2003; 31 (3):189-196.

16. Shin WS, Li XF, Schwartz B, Wunder SL, Baran GR. Determination of the
degree of cure of dental resins using Raman and FT-Raman spectroscopy. Dental
Materials. 1993, 9 (5):317-324.

17. Bartoloni JA, Murchison DF, Wofford DT, Sarkar NK. Degree of conversion
of denture base materials for varied polymerization techniques. Journal of Oral
Rehabilitation. 2000; 27 (6):488-493.

18. Beech DR. Molecular weight distribution of denture base acrylic. Journal of
Dentistry. 1975; 3 (1):19-24.

19. Huggett R, Bates JF, Packham DE. The effect of the curing cycle upon the
molecular weight and properties of denture base materials. Dental Materials.
1987; 3 (3):107-112.

20. Martin RJ, Johnson JF, Cooper AR. Mechanical properties of polymers: the
influence of molecular weight and molecular weight distribution. Journal of
Macromolecular Science - Reviews in Macromolecular Chemistry and Physics.
1972; C8 (9):57-199.

21. Graham J, Pruitt L, Ries M, Gundiah N. Fracture and fatigue properties of
acrylic bone cement. Journal of Arthroplasty. 2000; 15 (8):1028-1035.



22. Kusy RP, Katz MJ. Effect of molecular weight on the fracture surface energy
of poly(methyl methacrylate) in cleavage. Journal of Materials Science. 1976; 11
(7):1475-1486.

23. Harrison A, Magara JB, Huggett R. The effect of variation in powder particle
size on the doughing and manipulation times and some mechanical properties of
acrylic resin. European Journal of Prosthodontics and Restorative Dentistry.
1995; 3 (6):263-268.

24. Mutlu G, Huggett R, Harrison A. Factors that affect the rheologic properties
of acrylic resin denture base materials. Journal of Prosthetic Dentistry. 1994; 71
(2):186-191.

25. Arima T, Murata H, Hamada T. Analysis of composition and structure of hard
autopolymerizing reline resins. Journal of Oral Rehabilitation. 1996; 23 (5):346-
352.

26. International Organization for Standardization. Specification 1567: denture
base polymers. 2" ed. Switzerland: ISO, 1998.

27. Rueggeberg FA. Determination of resin cure using infrared analysis without
an internal standard. Dental Materials. 1994; 10 (4):282-286.

28. Pinheiro LA, Chinelatto MA, Canevarolo SV. The role of chain scission and
chain branching in high density polyethylene during thermo-mechanical
degradation. Polymer Degradation and Stability. 2004; 86 (3):445-453.

29. Canevarolo SV. Chain scission distribution function for polypropylene
degradation during multiple extrusions. Polymer Degradation and Stability.
2000; 70 (1):71-76.

30. Rehman I, Harper EJ, Bonfield W. In situ analysis of the degree of
polymerization of bone cement by using FT-Raman spectroscopy. Biomaterials.
1996; 17 (16):1615-1619.

31. Austin AT, Basker RM. The level of residual monomer in acrylic denture base
materials with particular reference to a modified method of analysis.
British Dental Journal. 1980; 149 (10):281-286.

32. Ferracane JL. Elution of leachable components from composites. Journal of

Oral Rehabilitation. 1994; 21 (4):441-452.



33. Ruyter IE, Svendsen SA. Flexural properties of denture base polymers.
Journal of Prosthetic Dentistry. 1980; 43 (1):95-104.

34. Arima T, Murata H, Hamada T. Properties of highly cross-linked
autopolymerizing reline acrylic resin. Journal of Prosthetic Dentistry. 1995; 73
(1):55-59.

35. Tuusa SMR, Puska MA, Lassila LVJ, Vallittu PK. Residual monomers
released from glass-fibre-reinforced composite photopolymerised in contact with
bone and blood. Journal of Materials Science Materials in Medicine. 2005; 16
(1):15-20.

36. Koda T, Tsuchiya H, Yamauchi M, Ohtani S, Takagi N, Kawano J.
Leachability of denture base acrylic resins in artificial saliva. Dental Materials.
1990; 6 (1):13-16.

37. Bagis YH, Rueggeberg FA. The effect of post-cure heating on residual,
unreacted monomer in a commercial resin composite. Dental Materials. 2000; 16
(4):244-247.

38. Evans JM. Gel permeation chromatography: a guide to data interpretation.
Polymer Engineering and Science. 1973; 13 (6):401-408.

39. Jones DW, Hall GC, Sutow EJ, Langman MF, Robertson KN. Chemical and
molecular weight analyses of prosthodontic soft polymers. Journal of Dental
Research. 1991; 70 (5):874-879.

40. Anderson JN. Applied dental materials. Blackwell Scientific Publications:
Oxford, USA, 1976.



Table 1. Materials evaluated in this study

47

Code Powder (P)/ Composition Polymerization
Brand name Batch Manufacturer Liquid (L) condition
number ratio (g/mL) Powder Liquid
K Kooliner 080700A (P) Coe Laboratories, 1.4/1.0 PEMA IBMA 12 min at room
062900A (L) Inc.,York, Chicago, temperature
1L, USA
T Tokuso Rebase 437 (P) Tokuyama Dental 2.05/1.0 PEMA MAOP and 6 min at room
Fast 094 (L) Corp., Tokyo, Japan 1,6-HDMA temperature
U Ufi Gel hard 330936 (P) Voco GmbH, 1.76/1.0 PEMA 1,6-HDMA 7 min at room
321892 (L) Cuxhaven, Germany temperature
LS Lucitone 550 65173 (P) Dentsply 2.1/1.0 PMMA MMA and 90 min at 73°C
(short cycle) 64979 (L) International Inc., EGDMA and then
York, Pa., USA boiling water
for 30 min
LL Lucitone 550 65173 (P) Dentsply 2.1/1.0 PMMA MMA and 9hat73°C
(long cycle) 64979 (L) International Inc., EGDMA

York, Pa., USA

PEMA, poly (ethyl methacrylate); IBMA, isobutyl methacrylate; MAOP, f-methacryloyl

oxyethyl propionate; 1,6-HDMA, 1,6-hexanediol dimethacrylate; PMMA, poly (methyl

methacrylate); MMA, methyl methacrylate; EGDMA, ethylene glycol dimethacrylate.



Table 2. Degree of conversion (%) expressed as mean values with standard

deviations and results of statistical analysis

Material Group
C MW WB
LS 92 £2.0 Aa 89 +£4.0 Aa 92 +1.0 Aa
84 + 1.0 Ba 89 +£2.0 Aa 87 +1.0Ba
K 81 £5.0Ba 86 £ 6.0 Aab 88 £3.0 ABb
LL 77 +7.0 BCa 77+7.0Ba 73+7.0Ca
U 68 £ 6.0 Ca 74 £ 1.0 Ba 71 £6.0 Ca

Horizontally, means with identical small letters are not significantly different (P>.05)

Vertically, means with identical capital letters are not significantly different (P>.05)
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Table 3. Number average molecular weight (M n), weight average molecular

weight (M w), and polydispersivity (M wl M n) of the original powder

samples for all materials evaluated

Material Mw M n Mw/Mn
L 4.0x 10° 1.1x 10° 3.6
52x 10° 22x10° 2.3

T
U 6.5x 10° 29x10° 2.2
K 43x10° 2.1x10° 2.1
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Table 4. Number average molecular weight (M n), weight average molecular

weight (M w), and polydispersivity (M wl M n) of K specimens after

polymerization (C), and after the two post-polymerization treatments (MW

and WB)
Group Mw Mn Mw/Mn
C 4.7 x 10° 2.1x10° 2.2
MW 47 x10° 2.1x10° 2.3
WB 4.8x10° 2.2x10° 2.1




Captions for figures

Figure 1. Raman spectra of material K: (liquid) monomer, (C) after
polymerization, (MW) after microwave irradiation with 500 W for 5 minutes, and

(WB) after immersion in water at 55°C for 10 minutes.

Figure 2. Molecular weight distribution curves for the original powder of all
materials (A — the entire MWD curves; B - M w/M n for M w lower than 10°; C

- M wiMnfor M w higher than 10%).

Figure 3. Chain Branching Distribution Function from the comparison of the

reference curve (L-powder) with the other curves (K, U, and T-powders).

Figure 4. Molecular weight distribution curves for K powder, K control, K after

post-polymerization treatments (MW and WB).

Figure 5. Chain Branching Distribution Function from the comparison of the
reference curve (K-control) with the other curves (K powder, K after MW, and K

after WB).
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Abstract: This study evaluated the effect of post-polymerization treatments on the
glass transition temperature of 5 hard chairside reline resins (Duraliner II,
Kooliner, New Truliner, Ufi Gel hard and Tokuso Rebase Fast) and one heat-
polymerized resin (Lucitone 550). Specimens (10x10x1mm) were made following
the manufacturers' instructions and divided into three groups (n=5). Control group
specimens were left untreated. Microwave irradiation group specimens were
irradiated with pre-determined power/time combinations and water-bath group
specimens were immersed in hot water at 55°C for 10 (reline resins) or 60 minutes
(heat-polymerized resin) after the polymerization time recommended by the
manufacturers. Glass transition (°C) was performed by Differential Scanning
Calorimetry. Data were analyzed using ANOVA/Tukey's test (a=0.05). Post-
polymerization treatments were able to improve the glass transition of Kooliner.
Glass transition of Lucitone 550 was influenced by the polymerization cycle, with

the short cycle that included a terminal boil period resulting in highest value.

Introduction

Continuing bone resorption leads to a poor fit and a lack of support
of the denture base. Some autopolymerizing acrylic resins have been developed
specifically as hard chairside reline resins for relining dentures directly in the
mouth, thus improving the adaptation of the denture bases to the supporting
tissues [1].

During the polymerization reaction, the conversion of monomers
into polymers is never complete, leading to the presence of unreacted residual
monomers in the polymeric material [2]. Studies have shown that there is more
residual monomer in the autopolymerized than in the heat-polymerized materials
[3,4]. In addition, the amount of residual monomer in heat-polymerized denture
base polymers is directly dependent on polymerization temperature and time [3,5-
7]. The residual monomer has a potential impact on both the properties [8,9] and
the biocompatibility of the acrylic resins [2,10]. Among the properties that can be
affected by the presence of residual monomers in acrylic resin is its glass

transition temperature (7g) [11].
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Tg is recognized as one of the most important descriptors for
polymer’s state. This is the temperature at which the thermoplastic polymer
undergoes a transition from glassy to rubber-like behavior. Below the glass
transition, the polymer chains do not have enough energy to surmount the barriers
that preventing bond rotation. At the 7g, the heat capacity of the samples
increases, since molecular chains are able to move rather freely within the
polymeric mass [12].

The properties of a polymer are influenced by the increase in the
temperature, so that the determination of its intrinsic critical transition is a very
important aspect. It has been shown that during this transition, dramatic variation
of physical and mechanical properties is observed, such as modulus, elasticity and
dimensional stability [13-15]. Tg is significantly affected by the degree of
conversion, thus a high conversion may yield an increased Tg [11,16]. Several
techniques have been suggested for reducing residual monomer or improving
degree of conversion in the final polymer product, among them post-
polymerization treatments, such as water bath and microwave irradiation
[2,17,18].

The purpose of this study was to evaluate the effect of water-bath
and microwave post-polymerization treatments on the 7g of five hard chairside
reline resins, and one heat-polymerized denture base resin processed using two
polymerization cycles. The first working hypothesis to be tested was that the post-
polymerization treatments could lead to an increase in the 7g of the materials
evaluated. The second hypothesis was that the Tg of the heat-polymerized denture

base acrylic resin would be affected by the polymerization cycle.

Materials and Methods

The identification codes, brand names, batch numbers,
manufacturers, powder/liquid ratios, compositions, and polymerization conditions
of the materials used in the present study are listed in Table 1.

Specimens (n=15) of the heat-polymerizing resin Lucitone 550 (L),

with dimensions of 10 x 10 x 1 mm, were produced by using stainless steel master



dies, which were duplicated in silicone rubber (Optosil, Heraeus Kulzer,
Dormagen, Germany) to facilitate the removal of the processed specimens from
the flask. These silicone molds were then invested in conventional metal dental
flasks in Type IV dental stone (Vel-Mix, Kerr, Romulus, Mich, USA) to make
working molds from which the specimens were made. The polymer powder and
monomer were mixed following the manufacturer’s directions (Table 1) and left
covered until the dough stage was reached. The dough formed was packed into the
molds, the flasks were closed and left under pressure of 1250 kgf for 30 minutes.
The specimens were then polymerized using one of the two processing cycles
recommended by the manufacturer (Table 1). After polymerization, the flasks
were allowed to cool for 30 minutes in air, followed by 15 minutes in running
water before deflasking. The specimens were then stored in distilled water at 37°C
for 48 h [19].

For the hard chair-side reline resins, specimens (n=15) were
fabricated using a stainless steel mold with a breakaway compartment (10 x 10 x 1
mm). The mold was placed on the center of a glass plate, the materials were
mixed following the manufacturers’ instructions (Table 1) and inserted into the
metal mould. A second glass plate was placed over the material, and pressure was
applied during the polymerization time recommended by the manufacturers (Table
1).

Specimens of all materials were then divided into three groups of
five specimens each. Control group (C) specimens were left untreated. The
microwave irradiation (MW) group specimens were submitted to post-
polymerization treatment by placing them in an adjustable microwave oven
(Sensor Crisp 38, Brastemp, Manaus, AM, Brazil) and irradiating with the
following power/time combinations: 550 W/3 minutes — Lucitone 550 (short cycle
- LS and long cycle - LL); 650 W/4 minutes — Duraliner II (D); 550 W/5 minutes
— Kooliner (K); 500 W/5 minutes — Tokuso Rebase Fast (T); 550 W/3 minutes —
New Truliner (N); and 550 W/4 minutes — Ufi Gel hard (U). These power/time
settings were determined in a preliminary study, which evaluated the effect of

nine different power/time combinations on the flexural strength of these materials
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[20]. The power/time setting, which produced the highest flexural strength value
for each material, was used in this study. For WB group, the heat-polymerized
specimens (LS and LL) were submitted to a post-polymerization treatment by
immersion in water bath at 55°C for 60 minutes. This procedure has been found to
significantly reduce the amount of residual monomer leached from denture base
resins [17]. Reline resin specimens were immersed in water at 55°C for 10
minutes, following the material D manufacturer’s recommendation to reduce the
monomer taste. The short immersion period for the reline resins is due to the fact
that the patients should be wearing the relined denture bases soon after
polymerization. The hard chairside reline resin specimens were submitted to the
post-polymerization treatments within 30 minutes after polymerization, whereas
the denture base material Lucitone 550 specimens were treated after being
immersed in water at 37°C for 48 h [19]. After post-polymerization treatments, the
specimens were then bench cooled to room temperature before measuring the
glass transition temperature.

The glass transition temperatures of the acrylic resins were
measured using differential scanning calorimetry technique (DSC), which is
defined as differential, because the behavior of the reference material or crucible
is compared with that of the sample and its crucible [12,14]. During differential
scanning calorimety measurement, a polymer sample is placed into one crucible
and the other crucible serves as reference [21]. In practice, the heat is supplied to
the sample contained in the crucible, and similarly, to the reference in its crucible.
The heat flow differential between crucibles is recorded by the computer and
corresponds to the polymeric specimen [21].

Samples of approximately 5 mg were lidded in an aluminum
crucible. Sample and reference crucibles were then transferred to the sample
holder in the equipment DSC 204 (Netzsch, Selb, Bayern, Germany), fitted with a
cooler system using liquid nitrogen and the analysis was carried out during
subsequent heating within the temperature range 0-200°C with a heating rate of
20°C/minute. At least three individual measurements were made to ensure

reproducibility. All measurements were conducted under a dried nitrogen



atmosphere at a flow rate of 30 mL/minute and cooled by liquid nitrogen. The
heat flux through the crucibles was plotted against the sample temperature, and Tg
was taken to be the midpoint of the specific heat capacity [22]. The recorded onset
and endpoint temperatures were calculated by the Netzsch Proteus® software
(Figures 1 to 4).

Two separate 2-way analysis of variance (ANOVA) were
performed: 1) for the denture base acrylic resin, with polymerization cycle and
group as factors; 2) for the hard chairside reline resins, with material and group as
factors. Post-hoc testing was accomplished with the Tukey test. The level of

significance was set at a=0.05.

Results

The mean values for Tg (°C) and standard deviations for all
materials and groups evaluated are given in Tables 2 and 3. The mean values were
found to range from 46.5 to 79.6°C for the reline resins and from 79.1 to 112°C
for the denture base acrylic resin.

The results revealed that the post-polymerization treatments did not
promote a significant increase in the Tg for materials T, U, D, N, LS, and LL
compared with controls. For material K, both post-polymerization treatments
significantly improved the Tg (P < 0.05), with the effect being more pronounced
with microwave irradiation.

When control specimens were compared, no significant difference
between T and U specimens was observed. The lowest Tg mean values were
recorded for materials K, D and N (P < 0.05). There was a significant difference
in Tg due to the two polymerization cycles for the heat-polymerized denture base
resin investigated (P < 0.05). When the short polymerization cycle (LS) with
terminal boil was used, significantly higher 7g mean value was obtained (P <

0.05) compared to the specimens polymerized using the long cycle (LL).



Discussion

Several methods have been used to determine the Tg of polymeric
materials, such as thermogravimetric analysis [23], thermomechanical analysis
[14,15,24,25], dynamic mechanical thermal analysis [14,21,26], and differential
scanning calorimetry [14,21-23,27]. Huggett et al [14] measured the glass
transition temperature of a range of acrylic resins used for prosthetic applications
using differential scanning calorimetry, thermomechanical analysis and dynamic
mechanical thermal analysis and observed that the measuring techniques yielded
very similar results. Differential scanning calorimetry is a convenient and reliable
method and has been widely used to determine 7g values of denture base
materials [14,21-23,27]. Therefore, in the present study differential scanning
calorimetry was chosen to investigate the Tg of the materials evaluated.

It was found that the first hypothesis was only partially accepted
because the water-bath and microwave irradiation post-polymerization treatments
did not significantly increase the Tg mean values of the materials evaluated, with
the exception of the reline resin Kooliner (Tables 2 and 3 and Figures 1 to 3).
During post-polymerization treatments, the heating of the samples causes an
increased mobility of the residual monomer, which was stationary in the polymer
network, increasing their degree of conversion [25]. As a result, the Tg increases
and the thermal expansion coefficient decreases [25]. In general, as the cross
linking degree increases the effects of a given thermal treatment become less
pronounced, due to the decrease of the configurational heat capacity and to the
constraints imposed by the cross links to segmental motion [22]. Therefore, the
increase in the 7g for Kooliner reline resin after post-polymerization treatments
could be attributed to the fact that the liquid of this material does not contain
cross-linking agents [28]. Another possible explanation could be the efficiency of
the original conversion. It has been shown that the magnitude of the post-
polymerization will depend on this efficiency [26], so that a poorly converted
material will probably undergo more post-polymerization. The high residual
monomer content of material Kooliner previously evaluated under the conditions

of the present study supports this hypothesis [7]. Although both post-
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polymerization treatments increased the Tg of Kooliner material compared to
control, the effect of microwave irradiation was more pronounced than the water-
bath post-polymerization. During microwave irradiation, the monomer molecules
are positively moved by a high frequency electromagnetic field and their
movements cause the internal heat [29]. Therefore, it is likely that a higher level
of heat was generated within the resin by microwaving than immersing in water-
bath, thus enhancing the residual monomer molecules mobility. However, it
should be emphasized that the rise in temperature of the materials evaluated
during the post-polymerization treatments was not measured in the present study,
and should be further investigated.

The low transitions demonstrated by the New Truliner and
Kooliner control group specimens could be attributed to the composition of the
liquids, which do not contain crosslinking agents. Cross-linked polymers are hard,
inflexible, have a much higher Tg, and more heat resistance [11]. As the crosslink
density increases, the apparent activation energy associated to the glass transition
increases. Alves et al [22] evaluated polymethyl methacrylate networks with
different crosslinking degrees and found that the raise of crosslinker content from
0.5 to 9 wt% increased the calorimetric glass temperature approximately 12°C.
Another explanation for the low Tg of material New Truliner is the plasticizer
dibutyl-n-phthalate contained in the liquid (8.0%) [28]. The addition of
plasticizers to polymers provides enough additional free volume to the system,
reducing the entanglements and intermolecular forces that result in a lowering of
Tg and elastic modulus [11]. Despite the presence of the cross-linking agent
ethylene glycol dimethacrylate in the liquid, material Duraliner II displayed low
Tg values. One factor that may have affected the Tg of the material Duraliner II is
its lowest powder to liquid ratio. It has been shown that the amount of residual
monomer in the polymerized resin is dependent on the amount of the monomer in
the mixture ratio [30]. With lower powder/liquid ratios the peroxide/amine ratio
will be lowered and hence the rate of decomposition of the peroxide increased.

Consequently, the net effect will be a decrease in the concentration of longer-lived



radicals and an increase in the residual monomer concentration [31], thus reducing
the Tg [11].

The results demonstrated that the Tg values of the reline resins
Tokuso Rebase Fast and Ufi Gel hard were higher than the other reline resins and
comparable to those of the Lucitone 550 specimens polymerized by the long
cycle. There are several factors that might have contributed to these findings,
among them powder/liquid ratio (Table 1), chemical composition, cross-linking
chain length, and number of polar groups (Figure 5). The two reline resins Ufi Gel
hard and Tokuso Rebase Fast contain the cross-linking agent 1,6-hexanediol
dimethacrylate. The longer the cross-link chain length, the greater the distance
between the two methacrylate groups. According to Ruyter and Svendsen [27],
with a long distance between the methacrylate groups a more complete
polymerization is expected because of the high reactivity of the second
methacrylate group. Consequently, a high degree of conversion can be achieved,
resulting in an increase in the glass transition temperature [16]. As can be seen in
Figure 5, the cross-linking agent 1,6-hexanediol dimethacrylate has two carbonyl
groups. The liquid of Tokuso Rebase Fast contains the monomer fS-methacryloyl
oxyethyl propionate [28], which also has two carbonyl groups. The presence of
polar groups like carbonyl in polymeric macromolecules tends to draw the
polymer chains together, increasing the secondary bonds [32]. Because Tg is the
temperature in which polymer segments have enough energy to rearrange or rotate
themselves, the higher the attractive secondary bonds, the lower the ability of the
chain to crossover the energetic barrier, and thus higher is the Tg [33]. These
aspects may help explain the higher Tg values recorded in the present study for
materials Ufi Gel hard and Tokuso Rebase Fast.

The secondary hypothesis was accepted because the two
polymerization cycles evaluated resulted in statistically significant differences in
Tg mean values of the material Lucitone 550, with the specimens processed using
the short cycle exhibiting the highest value. It has been demonstrated that
polymerization cycles with a terminal boil significantly reduced the level of

residual monomer in acrylic resin denture base materials [S]. The presence of
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residual monomer in a heat-activated acrylic resin polymerized without a terminal
boil resulting in increased plasticization of the polymer chains has also been
reported as the most likely cause of an apparent transition at a somewhat lower
temperature in addition to the characteristic higher transition [14]. In a previous
study [7], the short cycle used in the present investigation, which included a
terminal 30 minutes at 100°C, resulted in a lower level of residual monomer. This
may have accounted for the increased 7g of the LS specimens [18,24].

During clinical use, the temperature of a dental prosthesis may vary
considerably because of the intake of hot and cold food and drinks, and the use of
warm or hot water in cleaning the prosthesis [15]. In addition, more recently
microwave irradiation has been suggested as an infection control method [34] as
well as for the treatment of denture-related stomatitis [35]. Increasing the
temperature, the material will take closer to its glass transition temperature, which
can result in rapid and irreversible deformation [13,24]. For that reason, it is
important that the prosthesis never approaches this transition [15] and further
studies should be conducted to evaluate the influence of 7g on the dimensional

stability of relined denture bases.

Conclusions
Within the parameters of the study design and materials tested, the

following conclusions can be drawn:

1. The Tg of Lucitone 550, Tokuso Rebase Fast, Ufi Gel hard, Duraliner II and
New Truliner materials remained unaffected after the post-polymerization
treatments.

2. Both post-polymerization treatments promoted a significant increase in the 7g
of the reline resin Kooliner, with the effect being more pronounced for microwave
irradiation. These treatments could be used to improve the longevity of the
denture bases relined with this material.

3. Tokuso Rebase Fast and Ufi Gel hard reline resins exhibited comparable Tg

values, which were significantly higher than those of New Truliner, Duraliner II



and Kooliner materials, and, therefore, can be expected to perform better under
clinical conditions.

4. The polymerization cycle significantly influenced the Tg of Lucitone 550
denture base acrylic resin, with the long cycle that did not include a period at
100°C resulting in lower Tg than the short polymerization cycle with the terminal
boil.
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Figure captions

Fig. 1. DSC graph of material K — control group (C)

Fig. 2. DSC graph of material K — microwave irradiation (MW)

Fig. 3. DSC graph of material K — water bath (WB)

Fig. 4. DSC graph of LL specimen — control group (C)

Fig. 5. Chemical formulae of the reline resin liquid constituent (1,6-HDMA - 1,6-
hexanediol dimethacrylate; IBMA, isobutyl methacrylate; MAOP, f-methacryloyl
oxyethyl propionate; EGDMA, ethylene glycol dimethacrylate; BMA, butyl

methacrylate)
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Table 1. Materials evaluated in this study

Code Powder (P)/ Composition Polymerization
Brand name  Batch number Manufacturer Liquid (L) condition
ratio (g/mL)  Powder Liquid
D Duraliner II 031501 (P) Reliance Dental 1.0/1.0 PEMA BMA and 12 minutes
012201 (L) Mfg. Co., Worth, EGDMA at room
I1l., USA temperature
K Kooliner 080700A (P) Coe Laboratories, 1.4/1.0 PEMA IBMA 10 minutes
062900A (L) Inc.,York, at room
Chicago, 111, temperature
USA
N New 0207-332 (P) Bosworth 1.34/1.0 PEMA IBMA and 10-15 minutes
Truliner 0304-194-X Company, DBP at room
(L) Skokie, IlI., USA temperature
T Tokuso 437 (P) Tokuyama Dental 2.056/1.0 PEMA MAOP and 8 minutes
Rebase Fast 094 (L) Corp., Tokyo, 1,6-cHDMA at room
Japan temperature
U Ufi Gel hard 330936 (P) Voco GmbH, 1.77/1.0 PEMA 1,6-HDMA 7 minutes
321892 (L) Cuxhaven, at room
Germany temperature
LS Lucitone 550 65173 (P) Dentsply 2.1/1.0 PMMA MMA and 90 minutes at
(short cycle) 64979 (L) International Inc., EGDMA 73°C and then
York, Pa., USA boiling water
for 30 minutes
LL Lucitone 550 65173 (P) Dentsply 2.1/1.0 PMMA MMA and 9 hat73°C
(long cycle) 64979 (L) International Inc., EGDMA
York, Pa., USA

PEMA, poly (ethyl methacrylate); PMMA, poly (methyl methacrylate); BMA, butyl methacrylate;
EGDMA, ethylene glycol dimethacrylate; IBMA, isobutyl methacrylate; DBP, dibutyl-n-phthalate;
MAOP, p-methacryloyl oxyethyl propionate; 1,6-HDMA, 1,6-hexanediol dimethacrylate; MMA,
methyl methacrylate.
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Table 2. Tg (°C) of the reline resins expressed as mean values with standard

deviations and results of statistical analysis

Materials Groups
C MW WB
T 79.6 (2.13) ™ 77.3(1.93) 77.4 (4.05) ™
U 73.6 (1.08) 73.4 (0.720) * 76.8 (4.92) **
K 49.8 (2.19) 74.1 (1.47)*° 59.8 (5.50) B¢
D 48.6 (4.24)® 46.8 (0.980) ** 52.2 (4.99) ©

N

47.9 (0.800) B

46.5 (0.340) B

47.2 (0.510) <

Horizontally, means with identical superscript small letters were not significantly different (P >

0.05).

Vertically, means with identical superscript capital letters were not significantly different (P >

0.05).
C= control;

microwave post-polymerization
polymerization treatment.

treatment; WB=

water-bath  post-
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Table 3. Tg (°C) of Lucitone 550 denture base resin expressed as mean values

with standard deviations and results of statistical analysis

Polymerization Groups
cycles C MW WB
Short 103 2.21) ™ 107 (8.60) ** 112 (5.45) ™
Long 86.3 (13.7)® 79.1 (10.8) B 79.2 (9.52) B

Horizontally, means with identical superscript small letters were not significantly different (P >
0.05).

Vertically, means with identical superscript capital letters were not significantly different (P >
0.05).

C= control; MW= microwave post-polymerization treatment; WB= water-bath post-
polymerization treatment.
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Abstract

Objetives: The effect of a water-bath post-polymerization treatment (WB) on the
leaching of residual compounds from hard chair-side reline resins (Kooliner-K,
New Truliner-N, Ufi Gel hard-U and Tokuso Rebase Fast-T) was evaluated.
Methods: Specimens of each material (n=12) were made and immersed in water at
55°C for 10 min or as a control left untreated. Specimens were then placed in
artificial saliva at 37+1°C, and after 1, 3, 5, 24-h, 3, 7, 14 and 30-day intervals,
aliquots were removed and analyzed by a HPLC method. The compounds
analyzed were isobutyl methacrylate-IBMA (K and N), dibutyl-n-phthalate-DBNP
(N) and 1,6-hexanediol dimethacrylate-1,6-HDMA (U and T). Results: The results
(ug/mL), submitted to Wilcoxon or Mann-Whitney tests (a=0.05), revealed that
the largest amounts of IBMA were leached out from the control specimens of K
(88.6 pg/mL) and N (61.4 pg/mL) within the first hour. No change in the
quantities of 1,6-HDMA released from materials U (5.22 pg/mL) and T (1.45
pug/mL) control specimens was observed with immersion time up to 24 hours
(p>0.050). The amount of monomers released from all materials decreased with
increasing immersion time (p<0.05). For N control specimens, DBNP release
increased (p=0.028) from 1 hour (0.450 pug/mL) to 3 hours of immersion (0.550
png/mL), and decreased (p=0.028) with increasing immersion time up to 24 hours
(0.320 pg/mL). WB produced a significant decrease in the amount of residual
compounds eluted from the reline resins within the first hour of immersion. With
the exception of material U, WB decreased the duration of release of the residual
compounds evaluated. Significance: Immersion of dentures relined with the
materials evaluated, especially reline resins K and N, in water at 55°C for 10 min

can be used to reduce the amounts and duration of release of residual compounds.

Keywords
Hard chair-side reline resins, residual monomer, plasticizer, leaching, HPLC,

post-polymerization treatment, artificial saliva.
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Introduction

Continuing bone resorption leads to a poor fit and a lack of support
of the denture base. Therefore removable prostheses may require periodic relining
to reestablish tissue support for the denture base. Some autopolymerizing acrylic
resins have been developed specifically as hard chair-side reline resins for relining
dentures directly in the mouth, thus improving the retention and stability of
removable prostheses [1], and providing a more uniform load distribution to the
residual ridge. Moreover, in immediate denture treatment, these materials can be
used as a temporary measure to compensate for discrepancy in the fit of the
denture to the healing supporting tissues [2].

Free radical polymerization reaction does not result in complete
conversion of all carbon-carbon double bonds and, therefore, acrylic resins are
known to contain and release unpolymerized monomers [3,4]. These acrylic
monomers are reported to be cytotoxic in vitro [5,6]. Reactions of the oral mucosa
to acrylic materials, such as “burning mouth sensation” [7], redness, swelling and
pain in the oral mucosa [8], ulceration [9] and labial edema [10] have been
described. Moreover, a clinical case of allergic reaction complaining chronic
urticaria was reported as the first case of isolated systemic involvement developed
by acrylic materials [11].

Phthalates and other esters of aromatic carboxylic acids have been
used as plasticizers in soft [12] and hard denture lining materials [13] to increase
flexibility, extensibility, and to enhance working properties. However, these
plasticizers are potentially toxic compounds [3], and may posses undesirable
biological effects, particularly as xenoestrogens [12], inducing hormonal tumors,
genital disorders and a low-dose toxic action during certain periods of fetal
development [14] owing to a capacity to bind oestrogen receptors [15]. Although
the leaching of residual monomers and plasticizers from denture base acrylic
resins [3,4] and soft-lining or tissue-conditioning materials has been evaluated
[12], no study could be identified by the authors concerning the release of residual

monomers and plasticizers from hard chair-side reline resins.



Post-polymerization treatments such as water-bath [4,16,17] and
microwave irradiation [17] have been proposed for reducing residual monomer
content of polymerized acrylic resins. This reduction may, in theory, contribute to
decrease the leachability of residual compounds from the polymerized materials
and, consequently, minimize their harmful effects on tissues.

The aim of this work was to use a validated high performance
liquid chromatographic (HPLC) method to quantify the leaching of residual
monomers and plasticizer from hard chairside reline resins in artificial saliva. The
effect of a post-polymerization treatment on the leaching process was also
evaluated. The hypotheses tested were that the time and also the amount of
residual compounds released from the hard chair-side reline resins would be
different, and that these parameters would be reduced by a post-polymerization

treatment.



Material and Methods

The materials used in this work, batch number, together with the
manufacturers, composition, mixing proportions of monomer to polymer and
polymerization conditions are listed in Table 1. These materials are examples of
cross-linked and non-cross-linked autopolymerizing hard chairside reline resins
and were selected because of their differences in composition.

Disk-shaped specimens from each hard chair-side reline resin (n =
12), with dimensions of 50 mm in diameter and 2 mm in thickness, were made by
using a stainless steel mold. The materials were mixed and polymerized in
accordance with the manufacturer’s recommendations (Table 1). The mix was
packed into the metal mold and a polyester sheet and a glass plate were positioned
on top of the mold. The set was maintained under compression in a hydraulic
bench press at room temperature (23+2°C) during the polymerization time
recommended by the manufacturers (Table 1). All samples were carefully
grounded with 360-grit silicon carbide paper to remove lateral irregularities and
excess material. Specimens of all materials were then divided into two groups, of
six specimens each. Group C specimens were left untreated (control). Specimens
of group WB were submitted to post-polymerization treatment by immersing in
water-bath at 55°C for 10 min. In a previous study, this treatment was found to
significantly reduce the residual monomer content of reline resins [17].

Each specimen was placed in separate closed plastic flasks
containing 20 mL of artificial saliva [18] and stored in dark conditions at 37x1°C.
Aliquots of 200 uL were taken from each immersion solution at the periods of 1,
3, 5 and 24 h and also at 3, 7, 14 and 30 days. For the periods up to 24 h, the
liquid in the container was replaced with a fresh 20 mL portion of artificial saliva
after each aliquot was taken. After 24-h interval, the artificial saliva was replaced
daily for a period of 30 days. For the replacements, each specimen was washed in
deionized water, dried with absorbent paper and, then, immersed into the fresh
artificial saliva. The aliquots were analyzed by HPLC immediately after sampling.

The following residual compounds, released from the reline resins,

were quantified: isobutyl methacrylate — IBMA (K and N), 1,6-hexanediol



dimethacrylate - 1,6-HDMA (U and T), and plasticizer dibutyl-n-phthalate —
DBNP (N). The fact that MAOP could not be detected by HPLC [13], only 1,6-
HDMA monomer was quantified for material T. After optimizing the analytical
conditions, calibration curves were carried out using calibrations solutions in
artificial saliva in the following concentrations of each standard compound
(IBMA = 0.700 to 100 pg/mL, 1,6-HDMA = 1.00 to 8.00 pg/mL, DBNP = 0.300
to 2.40 pg/mL). The method was fully validated, and the concentrations of
leached compounds in each specimen were determined.

HPLC analyses were made on a system (Shimadzu Corporation,
Kyoto, Japan) equipped with a system controller (CBM-10A), a liquid
chromatograph pump (LC-10AD), a UV-Vis detector (SPD-10A) and an auto-
injector (SIL-10AF). Chromatographic conditions consisted of a LC-18 column (5
pum particle size, 100 A pore size, 0.46 cm LD. x 15 cm length) using
methanol/tetrahydrofuran/water 73.85:3.15:23 (v/v), at a flow rate of 0.8 mL/min,
and detection at 230 nm. A sample (20 pL) of immersion solution was injected
into the HPLC system. Data acquisition was done on a Class LC10 software
(Shimadzu Corporation, Kyoto, Japan).

The quantities of released IBMA, 1,6-HDMA and DBNP were
calculated on the basis of calibration graphs by taking the area under the
chromatographic bands and expressed in pg/mL. Differences within each material
with increasing immersion time were tested for significance using Wilcoxon’s
signed rank sum test. Mann-Whitney two-sample test was used to investigate the
differences between materials within the same experimental conditions at each
time interval. To test the hypothesis that the post-polymerization treatment could
affect the leaching of residual compounds from the evaluated materials, Mann-
Whitney test was also applied. All tests were performed at a confidence level of

95%.



Results

Representative HPLC chromatograms of standards and hard chair-
side reline resins are given in Figure 1. Figure 2 shows the relationship between
immersion time and the median values of residual monomers and plasticizer
released from the materials in the experimental conditions investigated.

For materials K and N, the largest amounts of IBMA were leached
out from the control specimens within 1 hour, with median concentrations of 88.6
pg/mL and 61.4 pg/mL, respectively. The leaching concentrations significantly
decreased with increase in the immersion time (p<0.050). For both materials, after
3 hours of immersion in artificial saliva, the IBMA concentrations were reduced
to approximately a half of the median values obtained at 1 hour of immersion. For
material K, concentration of 0.910 pg/mL was quantified even after 14 days of
immersion in artificial saliva, whereas for material N, quantifiable concentrations
were obtained only up to 7 days (1.07 pg/mL). The water-bath post-
polymerization treatment produced a significant decrease in the amount of IBMA
leached from materials K (6.17 pg/mL) and N (1.05 pg/mL) within the first hour
of immersion in artificial saliva as compared to controls (p=0.004). This reduction
was also observed for the other periods of immersion. For materials N and K
treated specimens, IBMA could not be detected in artificial saliva after 3 days and
24 hours of immersion, respectively, indicating that the water-bath post-
polymerization treatment also significantly reduced the time during which the
monomer was released from the reline resins.

The amount of 1,6-HDMA that leached from materials U (5.22
pg/mL) and T (1.45 pg/mL) control specimens did not change significantly
(p>0.050) with immersion time up to 24 hours. For material U, the median
concentration decreased to 3.01 pg/mL on the third day and to 1.13 pug/mL on the
seventh day of immersion (p=0.028). The concentrations released from the reline
resin T were small and close to the quantification limit of the analytical method,
and after a significant decrease on the third day (p=0.028) it was possible only to
detect but not to quantify the 1,6-HDMA monomer (< 1.00 pg/mL). Figure 2 also

demonstrates that the concentration of 1,6-HDMA monomer released from the



specimens submitted to the water-bath post-polymerization treatment during the
first hour of immersion in artificial saliva (U - 3.76 ug/mL; T - 1.06 pg/mL) were
significantly lower than that of the control specimens (p=0.025). For the other
immersion periods, no significant differences were found between control and
treated specimens. Water-bath post-polymerization treatment did not alter the time
of release of 1,6-HDMA for material U (7 days). For material T, quantifiable
amounts of 1,6-HDMA was detected leaching out from control specimens up to 3
days, whereas no monomer was released from treated specimens after 24 hours.

Lower amounts of IBMA (p<0.050) were released from material N
than from material K after 1 h and 14 days of immersion in artificial saliva
(control specimens) and after 1, 3, and 24 hours of immersion (treated specimens).
For the other periods, there were no significant differences between the amounts
leached from materials K and N (p>0.050). Material T released the lowest level of
1,6-HDMA (p<0.050) from both control and treated specimens for immersion
periods up to 7 days.

The levels of DBNP that leached from N control specimens
significantly increased (p=0.028) from 1 hour (0.450 pg/mL) to 3 hours of
immersion in artificial saliva (0.550 pg/mL), and then significantly decreased
(p=0.028) with increasing immersion time up to 24 hours (0.320 ug/mL). After
water-bath post-polymerization treatment, the quantities of DBNP released in
artificial saliva during 1 hour and 3 hours decreased to values close to the
detection limit of the method (p=0.004). In addition, DBNP could not be detected

after 24 hours of immersion.



Discussion

The results obtained demonstrate that the time and the
concentrations of the compounds released from the hard chair-side reline resins
were different and that they were reduced by the water-bath post-polymerization
treatment. Hence, both hypotheses tested were accepted.

A time-associated effect on the leaching out mechanism was found
in the present work, as the residual monomers released from all materials
decreased significantly with time. These findings are in agreement with those
previously reported [3,19]. For Kooliner and New Truliner control specimens, the
loss of IBMA was rapid during the initial periods of immersion in artificial saliva,
and most of the residual monomer was released within 5 hours. No significant
changes were observed in the concentrations of the residual compounds leached in
the immersion periods up to 24 hours for materials Ufi Gel hard and Tokuso
Rebase Fast. The amount of 1,6-HDMA released from these reline resins were
reduced significantly after this time interval, and the elution appears to be
completed within few days [20]. These findings may be explained not only by the
diffusion of the monomers out of the resins [16] into the artificial saliva, but also
by their chemical degradation [21]. The remaining monomeric methyl
methacrylate in the polymerized material may be degraded in aqueous solutions
through oxidation by dissolved oxygen [22], and also by hydrolytic reactions [21]
resulting in degradation by-products, such as formaldehyde and methacrylic acid
[20,22]. Some of these degradation products have been found to be cytotoxic at
much lower concentrations than residual monomer [4]. The possibility of
biological effects elicited by the products of degradation reactions may pose
significant concern and, therefore, it is important to identify them and their ability
to be leached from the reline acrylic resins [21].

The results from the present work also demonstrated that Kooliner
and New Truliner materials released relatively high quantities of IBMA compared
with the small amounts of 1,6-HDMA released from Ufi Gel hard and Tokuso
Rebase Fast resins. These findings could be related to the extent of the

polymerization reaction. The IBMA, the monomer used in the Kooliner and New



Truliner resins is a monofunctional monomer, whereas the 1,6-HDMA the
monomer of the resins Ufi Gel hard and Tokuso Rebase Fast is a dimethacrylate.
The presence of a bifunctional monomer might improve the polymerization
process, by providing more reactive groups for free radical polymerization. In
addition, the cross linking agent 1,6-HDMA shows a large distance between the
two methacrylate groups (Figure 2b), which could increase the reactivity of the
second methacrylate group [23]. Hence, it is likely that the degree of conversion
of materials Ufi Gel hard and Tokuso Rebase Fast was higher than that of
Kooliner and New Truliner resins, and, therefore, fewer residual monomer was
available to be leached out [19]. The results of a previous work [17] support this
hypothesis, because the two reline resins Ufi Gel hard and Tokuso Rebase Fast
demonstrated significantly lower residual monomer content than the other
materials evaluated, including Kooliner.

The differences between the concentrations of monomers released
from the materials into artificial saliva could also be attributed to the structure of
the polymer networks. Elution occurs via diffusion of molecules through the resin
matrix [3]. Materials Kooliner and New Truliner do not contain cross-linking
agents, whereas the reline resins Ufi Gel hard and Tokuso Rebase Fast contain
high percentage of the cross-linking agent 1,6-HDMA. Therefore, it could be that
the resulting network of Kooliner and New Truliner may be of such configuration
that the diffusion of residual monomer molecules through these materials is
facilitated. Conversely, for the resins Ufi Gel hard and Tokuso Rebase Fast, the
unreacted monomers were probably trapped into the highly cross-linked polymer
structures and their release into artificial saliva was restricted [19]. Arima et al.
[24] has shown a strong correlation between increasing the concentration of cross-
linking agents and the reduced solubility of polyethyl methacrylate polymers. The
solubility of polymers is related to the outward release of leachable constituents
such as residual monomers, plasticizers, and initiators [24]. Another factor that
may have accounted for the results of the present work is the relatively small size
and low molecular weight [19,25] of IBMA monomer compared to 1,6-HDMA

(Figure 2a and 2b). It has been reported that small monomers have enhanced



mobility within the polymer matrix and will be eluted in higher quantities than the
large monomers [19]. Concurrently, lower-molecular-weight monomers are more
susceptible to leach from the polymer matrix than compounds with high
molecular weight [25].

Despite their similar compositions and powder-to-liquid ratios
(Table 1), material Kooliner released more IBMA than New Truliner reline resin.
One possible explanation could be that Kooliner has a more porous structure than
New Truliner, thus facilitating IBMA release [26]. However, other studies are
necessary to confirm this assumption.

The amount of 1,6-HDMA released from Ufi Gel hard was higher
than the amount released from Tokuso Rebase Fast material. This difference may
also be attributed to the porosity in the structure of Ufi Gel hard. This material
undergoes rapid polymerization reaction and solidifies very quickly. During
specimen preparation, difficulty of mixing the powder and liquid may have
contributed to the incorporation of voids, thus facilitating the release of 1,6-
HDMA from Ufi Gel hard. In addition, two another factors may explain these
results. First, as previously described, the residual monomer content was higher in
Ufi Gel hard than in Tokuso Rebase Fast material [17]. Second, because the
chemical that could be leached out are in the liquid component of the materials,
the higher liquid-to-powder ratio recommended for material Ufi Gel hard might
have influenced the results.

The mechanism of the action of monomers is membrane-mediated
and relatively non-specific [27]. The hemolytic activity and cytotoxicity of a
compound has been related to its lipophilicity [28]. According to Fujisawa et al.
[28], a compound showing large alkyl chain may have higher lipophilicity (a
higher retention time in reversed-phase elution mode by HPLC) and also
demonstrated higher cytotoxicity. In a previous study, a significant inhibitory
response of the cell proliferation produced by compounds leached from Ufi Gel
hard was observed [6]. Another study demonstrated that all reline resin liquids
evaluated had cytotoxic effects on primary gingival fibroblasts and periodontal

ligament cells in dose-dependent manners, and Tokuso Rebase liquid appeared to



be the most cytotoxic [5]. Approximately 50% of the cellular viability was
affected when 0.2% of Kooliner liquid or 0.05% of Tokuso Rebase liquid was
used [5]. Therefore, even though the quantity of 1,6-HDMA released from Ufi Gel
hard and Tokuso Rebase Fast was lower than that of IBMA released from
Kooliner and New Truliner, the potential biological effects of the former could be
more pronounced than the latter. However, cytotoxicity assays are necessary to
determine if the residual monomers in the concentrations found in this work
induce cytotoxic responses.

The results also showed that, in contrast to the relatively large
amounts of the IBMA monomer, the plasticizer DBNP was released from New
Truliner in smaller amounts. Although not directly comparable, due to differences
in methodology, these results are in general agreement with qualitative and
quantitative determination of non-phthalic and phthalic residual compounds
released from heat-cured acrylic resins [3]. It has been found that denture soft
lining materials, tissue conditioners and temporary restorative resins release
considerable high levels of plasticizers upon immersion in water or saliva
[12,25,29,30]. This is to be expected, because the plasticizer content is
particularly high in these prosthodontic materials [12,25,29,30]. Conversely, the
amount of added plasticizer in the New Truliner reline resin is only 8% [13].
Hence, the low-level leaching of DBNP from New Truliner was most likely
associated with its low content of plasticizer in the liquid composition. The
polymer structure may explain the differences observed. The flexible soft
polymer-gel materials are generally based upon poly (ethyl methacrylate) or an
ethyl methacrylate co-polymer that is softened in the presence of a mixture of
alcohol and ester plasticizer, producing polymer-chain entanglement and gel
formation [29]. For New Truliner reline resin, during the mixing of the
prepolymerized powder particles with the liquid, the monomers penetrate into the
powder particles, and the particles are partly dissolved [31]. After the chemically
induced polymerization, a multiphase polymer is formed, and the resulting
polymerizable resin matrix may have decreased the diffusion of plasticizer

molecules from this material.



The mechanisms by which phthalate esters affect human health are
poorly understood and it is not clear if they are endocrine disruptor chemicals
(EDC) [30]. Dialkyl phthalates have been reported as potential xenoestrogens,
which may compete with the natural estrogen by binding to the estrogen receptor
[15]. As a result, hormonal tumors, genital disorders and a low-dose toxic action
during certain periods of fetal development have been reported [14]. Wine et al.
[32] described the lowest observed adverse effect level (LOAEL) for DBNP at 52
mg/kg. A minimal margin of safety (MOS) of 1/80 of the above LOAEL (i.e. 0.65
mg/kg) was proposed by Hansen et al. [33]. If this MOS is well endorsed, then
clinicians should avoid using phthalate ester-containing materials, especially when
treating women during their childbearing years [12]. The amount of DBNP
released from New Truliner is well below the reported LOAEL (0.450 pg/mL).

The water-bath post-polymerization treatment produced a
significant reduction not only in the time needed for the complete discharge of
residual compounds from the reline resins in artificial saliva but also in the
amount released. It has been demonstrated that the release of residual compounds
is a temperature-dependent process, since the diffusion is enhanced by the
increase in temperature [26]. Therefore, the heat from the water-bath post
polymerization treatment might have contributed to the diffusion into water of
residual compounds from the reline resin [4,16]. Alternatively, the reductions
observed were the result of further polymerization of residual monomers [16]. At
higher temperatures, the propagation constants and diffusion coefficients increase,
thus favoring a faster conversion of the remaining monomers [34]. Degradation of
methacrylates over time, by oxidation reactions or by attack of functional groups
by hydrolysis [21,22], might also explain the reduction of residual monomers.

It is important to emphasize that the in vivo conditions may differ
significantly from those of this in vitro study. Despite this limitation, the results
indicated that the water-bath treatment was effective in reducing the level of
released compounds from the reline resins evaluated, particularly from the
Kooliner and New Truliner materials. Given that it is desirable that the leaching of

residual components from acrylic materials to the mouth should be minimized or
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not occur at all, the immersion of the relined dentures in hot water at 55°C for 10

minutes to decrease leaching concentrations of residual compounds is suggested.



Conclusion

Within the limitations of this in vitro study, it can be concluded
that water-bath post-polymerization treatment proved to be an effective method
for reducing residual monomer and plasticizer loss from hard chair-side reline
resins, thereby improving their biocompatibility. Thus, it is recommended that this

procedure be adopted before the insertion of the relined dentures.
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Table 1. Materials evaluated in this study

el Powder (PY/ Composifion
Product pumber Manufacturer Liquid (L) Curing cycle
ratio Powder Liquid
K 0208282 (P) Coe Laboratories, 1.4 21 mL PEMA IBMA 10 min at room
0206251 (L) Inc.,York, Chicago, temperature
IL, USA
N 0212-703 (P) Bosworth 134 g1 mL PEMA  I[BMA and 10-15 mmin at
0401-050 (L)  Company, Skokie, DENP room temperature
IL, USA
u 531727 (P) Voco GmbH, 1.77 g1 mL PEMA  1.6-HDMA 7 min at room
531172 (L) Cuxhaven, temperature
Germany
T 4641 (P) Tokuyama Dental  2.056 g/l mL.  PEMA  MAOP and & min at room
176B1 (L)  Corp., Tokyo, Japan 1.6-HDMA temperature

D —— . —————— . ——————————————————————
PEMA, poly fethyl methacrylate); TEMA, isobutyl methacrylate; DEND, dibutyln-phthalate: 187004, 1,5

hexanediol dimethacrylate; MAQEF, methacrylovl oxyethyl propionate,
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Captions to tables and figures
Table 1. Materials evaluated in this study.

Figure 1. HPLC chromatograms obtained from a standard solution (a) and from
the hard chair-side reline resins (b — K, ¢ — N, d — U, and e — T) immersed in
artificial saliva for one hour. Group C = control; Group WB = water-bath post-

polymerization treatment.

Figure 2. The amount (ug/mL) of residual compounds (IBMA - a, 1,6-HDMA -
b, and DBNP - ¢) released from the hard chair-side reline resins evaluated (K, N,
U, and T) at various times after immersion in artificial saliva. Median values

(bars) and minimum to maximum values (vertical lines) are given.
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Abstract The elution of degradation products from acrylic resins has a potential
impact on their biocompatibility. The effect of water-bath post-polymerization
treatment on the leaching of degradation products (methacrylic acid-MA and
benzoic acid-BA) from the hard chairside reline resins Kooliner (K), New
Truliner (N), Ufi Gel hard (U), and Tokuso Rebase Fast (T) in artificial saliva was
evaluated. Specimens of each material (n=12) were made and divided into 2
groups: C (control) — specimens were left untreated; WB (water-bath) — specimens
were immersed in water at 55+1°C for 10 minutes. Specimens were placed in
artificial saliva at 37£1°C and, after 1, 3, 5, 24-h, 3, 7, 14, and 30-day intervals,
aliquots were removed and analyzed using HPLC. The results (ug/mL) were
submitted to Wilcoxon, Mann-Whitney or Kruskal-Wallis tests (0=0.05). At the
first hour of immersion, the mean concentration of MA released from material U
control specimens (16.6 pg/mL) was significantly higher (p<0.010) than those of
the other reline resins, and decreased significantly (p=0.028) after 3h of
immersion (2.51 pg/mL). The mean concentration of MA released from K control
specimens (4.80) was significantly higher (p=0.037) than the other materials in
24-h immersion time. Only for material U, WB specimens released lower
(p<0.050) amounts of MA (1h — 1.42; 3h — 1.13) than control specimens. For all
control specimens, mean concentrations of BA (K —-19.2; N-24.1; U-17.5; T —
6.56) progressively decreased with increasing immersion time (p<0.050). In the
first interval, WB specimens of all materials released significantly lower amounts
of BA (K - 1.67; N —3.05; U - 3.42; T — 1.30) than the controls (p<0.050). The
highest concentration of MA was leached from material U control specimens. For
all materials, the leaching of BA decreased during the monitoring period. Water-
bath post-polymerization treatment caused a significant reduction in elution of

BA.

Keywords Reline resins - Methacrylic acid - Benzoic acid - Leachability - HPLC -

Post-polymerization treatment
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Introduction

Removable dentures may need to be relined at suitable intervals
because of changes in the denture-bearing area, usually due to alveolar bone
resorption and/or changes of the mucosal tissues. Autopolymerizing reline resins
can be used directly in the mouth for temporary or permanent improvement of the
denture fit [1], thus enhancing the retention and stability of removable prostheses
[2]. They are also useful as temporary relining materials for immediate dentures in
order to assure proper fit of the denture bases to the final contours of the healed
tissue [3]. The composition of the hard chair-side reline resins not only differs
significantly from that of the polymethyl methacrylate (PMMA) acrylic resins, but
also varies considerably among products. The conventional PMMA powder has
been replaced by polyethyl methacrylate (PEMA). A variety of monomers, such
as isobutyl methacrylate (IBMA), butyl methacrylate (BMA), or 1,6-hexanediol
dimethacrylate (1,6-HDMA) have been used instead of methyl methacrylate
(MMA) [4]. Moreover, some of the current available autopolymerizing reline
resins are highly cross-linked [4].

It is known that chemically-induced polymerization reaction does
not result in complete conversion of the initial methacrylate groups (i.e. carbon-
carbon double bonds) [5], and certain amounts of unreacted monomers remain in
the polymer [6]. In addition, during clinical use, polymeric materials may undergo
degradation due to mechanical, chemical and thermal stresses [7,8]. Degradation
can be caused by different mechanisms, including oxidation, decomposition and
hydrolysis [7, 9-15], and may result in the formation of several by-products. The
elution of components from polymers has been shown to be dependent upon the
degree of double bond conversion, the size and chemical characteristics of the
leachable species, and the degree of cross-linking in the polymerized material
[16,17].

Components eluted from acrylic resins into saliva may diffuse to
the oral mucosa adjacent to the dentures. Some of these organic components,
among them methacrylic acid (MA) and benzoic acid (BA) [10,15] are potent

sensitive/irritant agents, and may induce irritant and/or delayed allergic reactions
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[18-24]. Therefore, to evaluate biomaterials toxicologically, it has been
recommended to identify and quantify the leaching compounds [25]. In vitro and
in vivo studies have been conducted to determine the release of leachable
components from denture base acrylic resins [7,9-13,15,26]. However, to the
author's knowledge, the leachability of degradation products from hard chair-side
reline resins has not been reported in the literature. In addition, it is desirable that
the amount of residual compounds be reduced to a minimum. Water-bath
[8,13,27,28] and microwave irradiation [28-30] have shown effectiveness in
reducing residual monomer content of polymerized acrylic resins. It can be
hypothesized that a more complete polymerization reaction could diminish the
leaching of residual compounds.

The aim of this work was to use a validated high performance
liquid chromatographic (HPLC) method to quantify the leaching of MA and BA
from hard chairside reline resins in artificial saliva. It was also evaluated the effect

of a post-polymerization treatment on the leaching process.

Material and Methods

The materials used in this work, batch number, together with the
manufacturers, composition, mixing proportions of monomer to polymer and
polymerization conditions are listed in Table 1. These materials comprise cross-
linked and non-cross-linked autopolymerizing hard chairside reline resins and

were selected because they contain different types of monomer.

Specimen preparation

Specimen disks, 50 mm in diameter and 2 mm in thickness, were
prepared for each hard chair-side reline resin (n = 12) using a stainless steel mold.
The materials were mixed in accordance with the manufacturer’s instructions
(Table 1) and inserted into the metal mold. A polyester sheet and a glass plate
were then positioned on top of the mold in order to prevent the formation of an
air-inhibited surface layer. The materials were polymerized under compression in

a hydraulic press at room temperature for the polymerization time recommended
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by the manufacturers (Table 1). After polymerization, lateral irregularities and
excess material were carefully removed using 360-grit silicon carbide paper.
Specimens of all materials were then divided into two groups (n=6)
as follows: Group C (control), in which the specimens were left untreated; Group
WB, in which the specimens were submitted to post-polymerization treatment by
immersing in water-bath at 55£1°C for 10 min. This treatment was performed
following the recommendations of one of the manufacturers of autopolymerizing
reline resins to reduce the monomer taste. Moreover, in a previous work, this
treatment was found to significantly reduce the residual monomer content of hard

chair-side reline resins [28].

HPLC analysis

Each specimen was individually placed in 20 mL of artificial saliva
[31] in closed plastic containers at 37+£1°C, protected from light during 30 days.
To determine the amount of MA and BA released from the hard chair-side reline
resins, aliquots (200 uL) from each immersion solution were analyzed at 1, 3, 5,
and 24 h and 3, 7, 14, and 30 days after specimen preparation. For the periods up
to 24 h, the liquid in the container was replaced with a fresh 20 mL portion of
artificial saliva after each aliquot was taken. After 24-h interval, the artificial
saliva was replaced daily for a period of 30 days. For the replacements, each
specimen was washed in deionized water, dried with absorbent paper and
immersed into the fresh artificial saliva. The aliquots were subjected to HPLC
immediately after sampling.

After optimizing analytical conditions, the method was developed,
validated and used in the leaching experiments. A sample (20 uL) of immersion
solution was injected into the HPLC system (Shimadzu Corporation, Kyoto,
Japan) equipped with a system controller (CBM-10A), a liquid chromatograph
pump (LC-10AD), a UV-Vis detector (SPD-10A) and an auto-injector (SIL-10F).
A LC-18 column (5 pm particle size, 100 A pore size, 0.46 cm ILD. x 15 cm
length) was used to achieve chromatographic separation. The mobile phase

(acetonitrile:water 20/80 with pH 3.0, adjusted by the addition of glacial acetic
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acid) eluted at a flow rate of 0.8 mL/min under isocratic mode for 20 min. The
elution then changed to gradient mode ranging from 20 to 100% (v/v) during 3
min, and returned to 20% during 5 min. Afterwards, the mobile phase eluted
under isocratic mode for additional 5 min. Absorbance readings were performed
at 230 nm. The band area of released compounds on the HPLC trace was
determined by software (Class LC10, Shimadzu Corporation, Kyoto, Japan).

The concentration of the acids was determined based on calibration
curves, which were prepared using standard solutions containing known amounts
of the acids in artificial saliva. Various concentrations of each compound (MA =
1.00 to 128 pg/mL, BA = 0.500 to 64.0 pg/mL) were injected into the
chromatograph and the band areas were recorded and measured to construct the
calibration graphs. Thereafter, the sample solution from each specimen containing
unknown concentrations of the substances of interest was injected and the band

area was determined.

Statistical analysis

The amount of released MA and BA was calculated on the basis of
calibration graphs by taking the area under the HPLC bands and expressed in
pg/mL. Differences within each material with increasing time were tested for
significance using Wilcoxon’s signed rank sum test. To evaluate if the post-
polymerization treatment might affect the leaching of degradation products from
the evaluated materials at each immersion period, Mann-Whitney two-sample test
was used. Kruskal-Wallis test was used to investigate the differences between
materials within the same experimental condition at each time interval. All tests

were performed at a confidence level of 95%.

Results

Figure 1 illustrates typical chromatograms of standards (a) and
reline resins (K — b, N —c¢, U —d, and T — e). The mean values of MA and BA
released with time from each material (K —a, N-b, U—-c, and T — d) in the two

groups evaluated (C and WB) are shown in Figures 2 and 3.
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At the first hour of immersion, the mean concentration of MA
released from material U control specimens (16.6 ng/mL) was significantly higher
(p<0.010) than those of the other reline resins, and decreased significantly
(p=0.028) after 3h of immersion (2.51 ug/mL). The mean concentration of MA
leached from K control specimens (4.80 ug/mL) was significantly higher
(p=0.037) than the other materials at the 24-h immersion time. For the other time
intervals, no significant differences were observed among the control groups of
the four reline resins.

Only for the material U, the amounts of MA released from the
treated specimens (group WB) were significantly lower than the control
specimens after 1 h (1.42 pg/mL) and 3 h (1.13 pg/mL) of immersion in artificial
saliva. Figure 2 demonstrates that MA concentrations of 1.32 to 2.50 pg/mL
remained even after 30 days of immersion in artificial saliva. It can also be seen
from Figure 2 that substantial variation existed between the minimum and
maximum concentrations of MA leached from all reline resins under both control
and experimental conditions.

For all control specimens, mean concentrations of BA (K — 19.2
pg/mlL; N — 24.1 pg/mL; U — 17.5 pg/mL; T — 6.56 pg/mL) decreased
significantly (p<0.050) within the first 5 hours of immersion (K — 4.01 pg/mL; N
—4.10 pg/mL; U — 5.25 pg/mL; T — 1.80 pg/mL). Afterwards, concentrations of
BA leached from all control specimens increased (p<0.050) at the I1-day
immersion (K — 15.8 pug/mL; N — 35.0 pg/mL; U — 17.5 pg/mL; T — 12.7 pg/mL)
and then gradually decreased during the monitoring period. At the 1-, 3- and 24-h
time periods, significant statistical differences were found among controls of all
materials evaluated (p<0.050), with more BA being released from N and K
materials than from U and T reline resins.

In the first interval, WB specimens of all materials released
significantly lower amounts of BA (K — 1.67 pug/mL; N — 3.05 pg/mL; U — 3.42
pg/mL; T — 1.30 ug/mL) than the controls (p<0.050). Significant reductions
(p<0.05) were also noted after 3 h of immersion for materials K, N and U, and

after 24 h of immersion for materials N, U e T. There were significant (p=0.016)
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differences among treated materials in the first hour of immersion, with U and N

materials showing higher BA leaching than K and T materials.

Discussion

It is known that polymers may be degraded to some extent due to
oxidation, attack of functional groups, and chain scission [32], and this may set
free components or chemically altered reaction products [33]. Studies have shown
that in addition to residual monomer several degradation products, such as
methacrylic acid [10,15,34], benzoic acid [10,34], formaldehyde [9,11-13], phenyl
salicylate [7,35], phenyl benzoate, biphenyl [7,26,35], and 2-hydroxy-4-methoxy-
benzophenone [35], are capable of being leached from acrylic resins. In this study,
the degradation products methacrylic acid and benzoic acid were detected
leaching out of all reline resins, and were quantified using HPLC.

Differences in the amount of methacrylic acid released from the
hard chair-side reline resins could be noted in the first hour and the first day of
immersion in artificial saliva. Methacrylic acid is probably formed via hydrolysis
[10,32,36] or esterification of methacrylate groups (Figure 4). Although the results
of a previous study [28] have demonstrated that Ufi Gel hard material had lower
residual monomer content than the other hard chairside reline resins evaluated,
this material released significantly higher amounts of methacrylic acid than the
others at the first hour of immersion. Stereochemistry of 1,6-hexanediol
dimethacrylate can provide some explanation for this result. This molecule has
two methacrylate groups, so two methacrylic acid molecules can be formed by its
hydrolysis (Figure 4). However, although the liquid composition of Tokuso
Rebase Fast also comprises 1,6-hexanediol dimethacrylate monomer, this reline
resin released less methacrylic acid in comparison with the other materials,
including Ufi Gel hard. Even though Ufi Gel hard has crosslinking agent in its
composition, it is possible that a more porous structure may have been created
during dough formation, facilitating the diffusion of methacrylic acid through the
matrix [37]. However, other studies are needed to confirm these assumptions. The

higher leachability of methacrylic acid from Kooliner resin after one day of
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immersion could be related to high residual monomer content. The results of a
previous study [28], in which Kooliner resin demonstrated significantly higher
residual monomer content than the other materials evaluated, support this
hypothesis.

Previous studies have shown that residual monomer values
decrease with increasing time [15,27,38]. If one of the mechanisms involved with
the reduction of residual methacrylate monomer is its hydrolysis to methacrylic
acid, an increase in the amount of methacrylic acid with increasing time may be
expected [10]. However, for methacrylic acid leachability, a time-associated effect
was not found. In fact, the amount released from U control specimens decreased
from 1 h to 3 h of immersion in artificial saliva, and for the other reline resins no
significant differences were detected among all immersion periods. A large
variation between minimum and maximum concentrations of methacrylic acid
releasing from all materials was also observed. One possible explanation for these
results could be the fact that methacrylic acid is unstable and may polymerize
[39]. In addition, methacrylic acid is classified as readily biodegradable, and
undergoes oxidation to CO, and H,O and a smaller part escapes as
methylmelonate, succinate, and possibly as p-hydroxy-isobutyrate [40] or is
promptly converted to pyruvic acid. Hence, the changes in the concentration of
methacrylic acid observed in the present work may be due to polymerization and
degradation mechanisms of this unstable compound.

The water-bath post-polymerization treatment did not reduce the
leachability of methacrylic acid, with the exception of material Ufi Gel hard on
the first and third hour of immersion. As discussed before, it is difficult to predict
the concentration of methacrylic acid. Nevertheless, the results demonstrated that
amounts were measured even after 30 days of immersion in artificial saliva,
indicating that the leachability of methacrylic acid from treated specimens
consists of a slow mechanism.

For all materials, the results showed that the amounts of benzoic
acid decreased during the first five hours. The leaching increased in 1-day

immersion and then gradually decreased within the monitoring period. According
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to the Material Safety Data Sheet (MSDS) provided by the manufacturer
(Mallinckrodt Chemicals J.T. Baker, Phillipsburg, NJ, USA), this compound is
expected to readily biodegradate, showing a half-life between 1 to 10 days when
released into water or an aqueous solution, such as the artificial saliva used in the
present work. This fact associated with diffusion from the reline resins to artificial
saliva may help explain the decrease in the amount of this degradation product
with time.

It was observed that New Truliner and Kooliner resins showed
higher leachability of benzoic acid than did Ufi Gel hard and Tokuso Rebase Fast
materials within the initial time of immersion. Benzoic acid is ascribable to the
decomposition product of benzoyl peroxide added as an initiator [10,41]. Despite
the higher powder-to-liquid ratio and consequently the higher benzoyl
peroxide/terciary amine ratio in Ufi Gel hard and Tokuso Rebase Fast resins, these
materials leached less benzoic acid than Kooliner and New Truliner materials.
These results are reasonably consistent with the chemical formulation of the reline
resins (Table 1). Ufi Gel hard and Tokuso Rebase Fast resins present 1,6-
hexanediol dimethacrylate, whereas Kooliner and New Truliner materials present
isobutyl methacrylate in their liquid composition. The use of dimethacrylates like
1,6-hexanediol dimethacrylate can enhance the polymerization reaction by
increasing the reactivity of the second methacrylate group [42] and then less
residual compounds can be found. In addition, the results demonstrated that
Tokuso Rebase Fast released the lowest amount of benzoic acid regardless of the
experimental condition. This material also contains B-methacryloyl oxyethyl
propionate [43] in its composition. Probably after the initiation period, the
presence of this bifunctional monomer together with 1,6-hexanediol
dimethacrylate could result in a more complete polymerization. This result
corroborates with the findings obtained in a previous study, where Tokuso Rebase
Fast material also showed the lowest amount of residual monomer compared to
the other reline resins evaluated [28]. Therefore, it seems that the monomer
reactivity plays a more important role in enhancing the polymerization and/or the

consumption of benzoyl peroxide than the powder/liquid ratio.
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Differently from the methacrylic acid, the water-bath post-
polymerization treatment caused a significant reduction in elution of benzoic acid.
Particularly for benzoic acid, the extraction rate is directly dependent upon
temperature: the higher the temperature, the higher the rate of extraction [15]. In
addition, the MSDS states that benzoic acid decomposes to toxic vapors and gas
including phenol, benzene, and carbon monoxide when this compound is heated.
Thus, the decrease in benzoic acid leachability could be related to the heating of
acrylic resins during the post-polymerization treatment, which may have enhanced
the diffusion and accelerated the biodegradation of this by-product.

Similar to the potential cytotoxic effect of residual monomer, other
substances eluting from acrylic resins may inhibit cell growth and disrupt various
metabolic processes [44]. Results from a previous study [1] showed that Ufi Gel
hard resin may have enhanced the mitochondrial activity of L.929 fibroblasts. This
stimulation of cell activity may reflect a compensatory response of cell enzyme
activity to resin-associated toxicity [45]. In addition, Campanha et al. [1] observed
an increased cytotoxicity of some reline resins even after the water-bath post-
polymerization treatment [1]. Another previous study [28] showed that Ufi Gel
hard material presents low residual monomer content compared to other reline
resins. This previous study [28] also demonstrated that the water-bath post-
polymerization treatment significantly reduced the residual monomer content of
reline acrylic resins. Campanha et al. [1] also speculated that the cytotoxicity may
be related to the leaching of other compounds, such as additives, by-products from
the free radical polymerization reaction, degradation products, impurities or
products formed from the decomposition of benzoyl peroxide [7]. Thus, another
cytotoxicity assays are required to determine if the concentrations found in the
present investigation for methacrylic and benzoic acids may induce cytotoxic

responses.

Conclusion
1. Methacrylic and benzoic acids were detected leaching out of all reline resins;

2. The highest concentration of methacrylic acid was leached from control



specimens of Ufi Gel hard;

3. For all control specimens, the leachability of benzoic acid progressively
decreased with increasing immersion time;

4. Regardless of the experimental condition, Tokuso Rebase Fast released
significantly less benzoic acid than the other materials;

5. The water-bath post-polymerization treatment did not reduce the amounts of
methacrylic acid released from the reline resins, but caused a significant reduction

in elution of benzoic acid.

Acknowledgements
This study was supported by FAPESP (grant — 03/04097-7). The authors
would like to thank Voco GmbH (Cuxhaven, Germany) for the donation of Ufi

Gel hard material evaluated in this study.



Capitila § _———- 115

References

1. Campanha NH, Pavarina AC, Giampaolo ET, Vergani CE, Machado AL,
Carlos IZ (2006) Int J Prosthodont In Press

2. Haywood J, Basker RM, Watson CJ, Wood DJ (2003) Eur J Prosthodont Restor
Dent 11:157-163

3. Murphy WM, Huggett R, Handley RW, Brooks SC (1986) Br Dent J 160:391-
394

4. Arima T, Murata H, Hamada T (1995) J Prosthet Dent 73:55-59

5. Tuusa SM, Puska MA, Lassila LV, Vallittu PK (2005) J Mater Sci Mater Med
16:15-20

6. Lung CY, Darvell BW (2005) Dent Mater 21:1119-1128

7. Lygre H, Solheim E, Gjerdet NR (1995) Acta Odontol Scand 53:75-80

8. Lee SY, Lai YL, Hsu TS (2002) Eur J Oral Sci 110:179-183

9. Ruyter IE (1980) Acta Odontol Scand 38:17-27

10. Koda T, Tsuchiya H, Yamauchi M, Ohtani S, Takagi N, Kawano J (1990)
Dent Mater 6:13-16

11. Tsuchiya H, Yamada K, Akagiri M, Tajima K, Miyazaki T, Takagi N, Itoh U,
Sato M (1993) Dent Mater J 12:253-258

12. Tsuchiya H, Hoshino Y, Kato H, Takagi N (1993) J Dent 21:240-243

13. Tsuchiya H, Hoshino Y, Tajima K, Takagi N (1994) J Prosthet Dent 71:618-
624

14. Ruyter IE (1995) Adv Dent Res 9:344-347

15. Sofou A, Tsoupi I, Emmanouil J, Karayannis M (2005) Anal Bioanal Chem
381:1336-1346

16. Ferracane JL (1994) J Oral Rehabil 21:441-452

17. Ortengren U, Wellendorf H, Karlsson S, Ruyter IE (2001) J Oral Rehabil
28:1106-1115

18. Ali A, Reynolds AJ, Walker DM (1986) Br Dent J 161:444-447

19. Bohnenkamp DM (1996) J Prosthet Dent 76:113-114

20. Barclay SC, Forsyth A, Felix DH, Watson IB (1999) Br Dent J 187:350-352
21. Lunder T, Rogl-Butina M (2000) Contact Dermatitis 43:232-233



Capitila § _————- 116

22. Ruiz-Genao DP, Moreno de Vega MJ, Sanchez Perez J, Garcia-Diez A (2003)
Contact Dermatitis 48:273-274

23. Gawkrodger DJ (2005) Br J Dermatol 153:479-485

24. Gongalves TS, Morganti MA, Campos LC, Rizzatto SM, Menezes LM (2006)
Am J Orthod Dentofacial Orthop 129:431-435

25. Leusncher J (1992) Clin Mater 10:51-57

26. Lygre H, Solheim E, Gjerdet NR, Berg E (1993) Acta Odontol Scand 51:45-
51

27. Lamb DJ, Ellis B, Priestley D (1983) J Dent 11:80-88

28. Urban VM, Machado AL, Oliveira RV, Vergani CE, Pavarina AC, Cass QB
(2006) Dent Mater In Press

29. Yunus N, Harrison A, Huggett R (1994) J Oral Rehabil 21:641-648

30. Blagojevic V, Murphy VM (1999) J Oral Rehabil 26:804-808

31. Katz S, Park KK, Stookey GK, Schemehorn BR (1986) Caries Res 20:424-
428

32. Ferracane JL (2006) Dent Mater 22:211-222

33. Rose EC, Bumann J, Jonas IE, Kappert HF (2000) J Orofac Orthop 61:246-
257

34. Koda T, Tsuchiya H, Yamauchi M, Hoshino Y, Takagi N, Kawano J (1989) J
Dent 17:84-89

35. Lygre H, Klepp KN, Solheim E, Gjerdet NR (1994) Acta Odontol Scand
52:150-156

36. Corkill JA, Lloyd EJ, Hoyle P, Crout DHG, Ling RSM, James ML et al
(1976) Clin Chim Acta 68:141-146

37. Vallittu PK, Miettinen V, Alakuijala P (1995) Dent Mater 11:338-342

38. Baker S, Brooks SC, Walker DM (1988) J Dent Res 67:1295-1299

39. Morawetz H, Rubin ID (2003) J Polym Sci 165:687-692

40. Bratt H, Hattway DE (1977) Brit J Cancer 36:114-119

41. Al Doori D, Huggett R, Bates JF, Brooks SC (1988) Dent Mater 4:25-32

42. Ruyter IE, Svendsen SA (1980) J Prosthet Dent 43:95-104

43. Arima T, Murata H, Hamada T (1996) J Oral Rehabil 23:346-352



Capitila § _—— 117

44. Schuster GS, Lefebvre CA, Dirksen TR, Knoernschild KL, Caughman GB
(1995) Int J Prosthodont 8:580-586

45. Lefevbre CA, Knoernschild KL, Schuster GS (1994) J Prosthet Dent 72:644-
650



118

Table 1. Materials evaluated in this study

Powder (P)/ Composition
Batch
Product aumber Manufacturer Liquid (L) Curing cycle
ratio Powder Liquid
K 0208282 (P) Coe Laboratories, 1.4 g/l mL PEMA IBMA 10 min at room
0206251 (L) Inc.,York, Chicago, femperature
IL, USA
N 0212-703 (P) Bosworth 134g1 ml. PEMA  IBMA and 10-15 min at
0401-050 (L) Company, Skokie, DBNP room temperature
IL. USA
U 531727 (P) Voco GmbH, 1.77 g/l mL. PEMA 1,6-HDMA 7 min at room
531172 (L) Cuxhaven, temperature
Germany
T 4641 (P) Tokuyama Dental  2.056 g/l mL.  PEMA  MAOP and 8 min at room
176B1 (L)  Corp., Tokyo, Japan 1.6-HDMA temperature

_———————————————————————————————————————
PEMA, poly fethvi methacryiate); IBMA, isobutvi methacrylute; DENE, dibutvl-n-phthalate, 1 &4DMA, 1.6
hexanediol dimethacrylate; MAGPR, Bmethacryloyl axyethyl prapionate.
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Figure 1
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Captions to the figures

Fig. 1. HPLC chromatograms obtained from a standard solution (a) and from the
hard chair-side reline resins (b — K, ¢ — N, d — U, and e — T) immersed in artificial
saliva for one hour. Group C = control; Group WB = water-bath post-

polymerization treatment.

Fig. 2. Methacrylic acid (ug/mL) released from the hard chair-side reline resins
evaluated (K - a, N-b, U-c, and T - d) at various times after immersion in
artificial saliva. Mean values (bars) and minimum to maximum values (vertical

lines) are given.

Fig. 3. Benzoic acid (ug/mL) released from the hard chair-side reline resins
evaluated (K - a, N-b, U-c, and T - d) at various times after immersion in
artificial saliva. Mean values (bars) and minimum to maximum values (vertical

lines) are given.

Fig. 4. Mechanism for methacrylic acid production by esterification of IBMA (a)
and 1,6-HDMA (b).
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Durante a andlise e interpretacdo dos resultados obtidos no presente
estudo, os possiveis fatores envolvidos foram discutidos, de acordo com a
metodologia utilizada. Esses fatores, divididos em tdépicos, serdo apresentados a
seguir.

Inicialmente serdo discutidos os resultados dos grupos controles

(sem tratamento) dos materiais avaliados.
4.1 Fatores relacionados aos resultados de Tg e grau de conversdo

4.1.1 Ciclo de polimerizacdo

Os resultados do presente estudo demonstraram uma relagio
favoravel da utilizacdo de ciclos curtos de polimerizacio que incluem uma
temperatura final em ebulicio com o aumento do grau de conversdo (Tabela 2 —
Capitulo 1 e Apéndice 2) e da Tg (Tabela 3 — Capitulo 2 e Apéndice 3) da resina
termopolimerizdvel Lucitone 550 utilizada para confeccdo de base de proétese.
Esses resultados foram atribuidos a temperatura de polimerizacdo utilizada no
ciclo longo, que € inferior a Tg da matriz polimérica da resina Lucitone 550 (97,0
a 100°C)*”. Como resultado, a conversdo das amostras polimerizadas a partir do
ciclo longo foi limitada devido a baixa movimentacdo das cadeias moleculares e a
imobilizacdo do mondmero no polimero vitreo™.

Tem sido demonstrado que os ciclos de polimerizagdo por banho
de 4gua com um periodo terminal em ebuli¢do reduzem significativamente o nivel
de mondmero residual em resinas acrilicas para base de pr(’)tese44’99. A presenca de
mondmero residual, resultando em aumento na plasticidade das cadeias, em
resinas acrilicas ativadas termicamente e polimerizadas sem esse periodo terminal
em ebulicdo também tem sido relatada como a causa mais provavel de uma

transicdo aparente em uma temperatura mais baixa que aquela caracteristica do
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material®. Esse fato deve ter contribuido para a Tg mais alta das amostras do

material Lucitone 550 processadas utilizando o ciclo curto de polimerizagﬁol7’48.

4.1.2 Proporgdo po/liquido

Foi observada a influéncia da propor¢do pé/liquido dos materiais
acrilicos nos valores de transicdo vitrea. O baixo valor de Tg do material
Duraliner II (Tabela 2 — Capitulo 2 e Apéndice 3) foi relacionado com sua baixa
propor¢do pdé/liquido. Tem sido demonstrado que o contetido de mondmero
residual na resina polimerizada é dependente da quantidade de mondmero na
proporcdo da mistura®. Com baixas propor¢des pd/liquido, a propor¢do entre
peréxido e amina serd diminuida e, dessa forma, a velocidade de decomposicdo do
peréxido aumentard. Conseqiientemente, o efeito final serd uma diminui¢do na
concentragdo de radicais livres e um aumento na concentracdo de mondmero

residual61, reduzindo, assim, a 7’ g70.

4.1.3 Composicdo

Polimeros que apresentam ligagdes cruzadas sdo rigidos,
inflexiveis, apresentam Tg mais altas e maior resisténcia 2 degradago térmica’.
A medida que as ligacdes cruzadas aumentam, a energia aparente de ativacio
associada com a transi¢do vitrea aumenta. Alves et al.* avaliaram polimeros de
polimetil metacrilato com diferentes graus de ligagdes cruzadas e verificaram que
um aumento no contetido de agente de ligagdo cruzada de 0,50 a 9,0% aumentou a
temperatura de transi¢do vitrea em, aproximadamente, 12°C. Desse modo, as
baixas temperaturas de transi¢do vitrea apresentadas pelas amostras do grupo
controle dos materiais New Truliner e Kooliner (Tabela 2 — Capitulo 2 e Apéndice
3) foram atribuidas a composicao dos liquidos dessas resinas, os quais ndo contém
agentes de ligacdo cruzada.

A baixa Tg do material New Truliner também foi atribuida a
presenca do plastificante dibutil-n-ftalato no seu liquido (8,0%)°. A adicdo de

plastificantes aos polimeros proporciona volume livre adicional ao sistema,
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reduzindo os entrelacamentos e as forcas intermoleculares que resulta em uma
diminuicdo da Tg e do mddulo de elasticidade™.

Os resultados deste estudo demonstraram uma relacdo entre a
presenca de moléculas bifuncionais com longas distincias entre os dois grupos
metacrilatos e os valores de grau de conversdo e Tg. Quanto mais longa a cadeia
de uma molécula, maior a distincia entre os dois grupos metacrilatos. De acordo
com Ruyter, Svendsen®’, com uma longa distdncia entre esses grupos uma
polimerizagdo mais completa é esperada devido a maior reatividade do segundo
grupo metacrilato.

As resinas para reembasamento Ufi Gel hard e Tokuso Rebase Fast
contém o mondmero bifuncional 1,6-hexanediol dimetacrilato’, enquanto a resina
para base de prétese Lucitone 550 contém o agente de ligagdo cruzada etileno
glicol dimetacrilato (Tabela 1 — Capitulo 1). A maior distancia entre os grupos
metacrilatos do 1,6-hexanediol dimetacrilato provavelmente aumentou a
reatividade da segunda dupla ligacdo, favorecendo, dessa forma, a conversido do
mondmero em polfmer087. Os resultados de grau de conversdo (Tabela 2 —
Capitulo 1 e Apéndice 2) e de Tg (Tabela 2 — Capitulo 2 e Apéndice 3)
apresentados pelas resinas para reembasamento Ufi Gel hard e Tokuso Rebase
Fast foram compardveis aqueles apresentados pela resina para base de prétese
Lucitone 550, principalmente quando foi utilizado o ciclo longo de polimerizacio
(Tabela 2 — Capitulo 1 e Apéndice 2 e Tabela 3 — Capitulo 2 e Apéndice 3).

Como pode ser visto na Figura 5 (Capitulo 2), o agente de ligacdo
cruzada 1,6-hexanediol dimetacrilato tem dois grupos carbonilicos (éster). O
liquido do Tokuso Rebase Fast contém o mondmero A-metacriloil oxietil
propionatog, o qual também apresenta dois grupos carbonilicos. A presenca de
grupos polares, como os carbonilicos, em macromoléculas poliméricas aumenta
suas ligacdes secunddrias, mantendo as cadeias poliméricas mais préximas'®.
Tendo em vista que a Tg é a temperatura na qual os segmentos poliméricos
apresentam energia suficiente para um rearranjo ou rotagdo, quanto mais fortes as
ligacdes secunddrias, menor a capacidade das cadeias de superarem a barreira

" . : < 93 £ .
energética e, assim, mais alta é a Tg"". Esses aspectos também explicam os valores



mais altos de Tg registrados no presente estudo para os materiais Ufi Gel hard e

Tokuso Rebase Fast.

4.2 Fatores relacionados aos resultados de liberacdo de monémero residual e

plastificante

4.2.1 Proporgao po/liquido

Tendo em vista que o mondmero residual passivel de ser liberado
encontra-se no liquido dos materiais, uma menor proporcdo pd/liquido pode
resultar em uma maior liberagdo de mondmero residual. Este fato pode explicar
parcialmente os maiores valores de liberagdo de 1,6-hexanediol dimetacrilato pela
resina Ufi Gel hard (Figura 2b — Capitulo 3 e Apéndice 5), a qual apresenta uma
menor propor¢do pd/liquido em relagdo a resina Tokuso Rebase Fast. Tem sido
relatado que a velocidade de decomposi¢do do perdxido de benzoila aumenta com
propor¢des peréxido/amina menores®’. Como resultado, o contetido de mondmero

residual aumenta no material polimerizado.

4.2.2 Composicdo

Foi observado neste estudo que os materiais Kooliner e New
Truliner liberaram quantidades relativamente altas de isobutil metacrilato em
comparagdo com o 1,6-hexanediol dimetacrilato liberado a partir das resinas Ufi
Gel hard e Tokuso Rebase Fast (Figura 2a e 2b — Capitulo 3 e Apéndice 5). O
isobutil metacrilato presente no liquido dos materiais Kooliner € New Truliner é
um mondmero monofuncional, enquanto o 1,6-hexanediol dimetacrilato contido
no liquido das resinas Ufi Gel hard e Tokuso Rebase Fast € um dimetacrilato. A
presenga de mondmeros bifuncionais pode melhorar o processo de polimerizacdo
comparado com os sistemas baseados em mondmeros monofuncionais, por
também proporcionarem um nimero maior de grupos reativos para a reagdo de
polimerizagdo. Os resultados de um estudo prévio’’ proporcionam suporte a essa

hipdtese, tendo em vista que as duas resinas Ufi Gel hard e Tokuso Rebase Fast
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apresentaram conteido de mondmero residual significativamente menor que as

demais resinas para reembasamento imediato avaliadas, incluindo a Kooliner.

4.2.3 Matriz polimérica

As diferengas entre as concentracdes de mondmeros liberados dos
materiais em saliva artificial foram relacionadas as estruturas poliméricas dessas
resinas. A elui¢do ocorre por meio da difusdo das moléculas através da matriz
resinosa. Os materiais Kooliner e New Truliner ndo contém agentes de ligacao
cruzada, enquanto as resinas para reembasamento Ufi Gel hard e Tokuso Rebase
Fast contém alta percentagem do agente de ligacdo cruzada 1,6-hexanediol
dimetacrilato. Assim, as estruturas poliméricas resultantes do Kooliner e do New
Truliner podem apresentar configuracdo tal que a difusdo das moléculas de
mondmero residual através desses materiais seja facilitada. De maneira oposta,
para as resinas Ufi Gel hard e Tokuso Rebase Fast os mondmeros que ndo
reagiram provavelmente ficaram retidos nas estruturas poliméricas mais densas,
com alta taxa de ligag@o cruzada, e sua liberacdo em saliva foi restrita®. Arima et
al.® demonstraram uma forte correlagio entre um aumento na concentracio de
agentes de ligacdo cruzada e uma solubilidade reduzida dos polimeros a base de
polietil metacrilatos. A solubilidade dos polimeros € relacionada com a liberacdo
de constituintes que podem ser extraidos, tais como mondmeros residuais,
plastificantes e iniciadores da reagﬁog.

Apesar da similaridade nas composicdes e propor¢des péd/liquido
(Tabela 1 — Capitulo 3), o material Kooliner liberou mais isobutil metacrilato que
a resina para reembasamento New Truliner. Uma possivel explicagdo foi
relacionada a uma estrutura mais porosa da resina Kooliner que a da resina New
Truliner favorecendo, dessa forma, a elui¢ao do isobutil metacrilato'®". Entretanto,
outros estudos sdo necessarios para se confirmar essa hipédtese.

Os valores mais baixos de dibutil-n-ftalato liberados a partir da
resina para reembasamento imediato New Truliner em comparacdo a outros
materiais protéticos, tais como resinas resilientes para reembasamento de proteses,

os condicionadores de tecidos e as resinas para restauracdes tempordrias € a
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diferenca na estrutura polimérica™. Os materiais resilientes sio geralmente
constituidos por polietil metacrilato ou por um co-polimero de etil metacrilato que
€ plastificado na presenca de uma mistura de dlcool e plastificante (éster),
produzindo um entrelacamento de cadeias poliméricas e a formagdo de um gel*.
Para a resina de reembasamento New Truliner, uma estrutura mais complexa é
formada durante a reacdo de polimerizacdo quimicamente induzida e a matriz

resinosa resultante pode ter diminuido a difusdo das moléculas de plastificante a

partir desse material.

4.2.4 Quantidade de compostos residuais

As quantidades de 1,6-hexanediol dimetacrilato e de dibutil-n-
ftalato liberadas pelas resinas acrilicas para reembasamento também foram
relacionadas com seu conteido inicial. Os resultados demonstraram que a
quantidade de 1,6-hexanediol dimetacrilato liberada a partir do Ufi Gel hard foi
maior que aquela liberada pelo material Tokuso Rebase Fast (Figura 2b — Capitulo
3 e Apéndice 5). Esse resultado foi relacionado ao maior contetido de mondémero
residual demonstrado pela resina Ufi Gel hard em estudo prévio®.

Em contraste com as quantidades relativamente grandes de
mondmero isobutil metacrilato, o plastificante dibutil-n-ftalato foi liberado do
material New Truliner em pequenas quantidades. Embora ndo possam ser
diretamente comparados, devido as diferengas na metodologia, esses resultados
sdo concordantes com a determinagdo qualitativa e quantitativa de compostos
ftalicos e nao-ftalicos liberados de resinas termopolimerizéveisgz. Tem sido
observado que os materiais resilientes para reembasamento de préteses, 0s
condicionadores de tecidos e as resinas para restauracdes temporarias liberam
niveis consideravelmente altos de plastificantes apds imersdao em dgua ou
saliva*****"3 Esse comportamento é esperado, tendo em vista que o contetido de
plastificante é particularmente alto nesses materiais protéticos3 4323473 Por outro
lado, a quantidade de plastificante adicionada a resina para reembasamento New

Truliner é de somente 8%’ . Dessa forma, o baixo nivel de liberag¢do de dibutil-n-
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ftalato a partir do New Truliner foi associado ao baixo contetido de plastificante

presente no liquido desse material.

4.2.5 Tamanho da molécula

A maior liberacdo de isobutil metacrilato a partir dos materiais
Kooliner e New Truliner em relacdo a liberacdo de 1,6-hexanediol dimetacrilato
pelos materiais Ufi Gel hard e Tokuso Rebase Fast foi relacionada ao menor
tamanho e baixo peso molecular’®* do mondmero isobutil metacrilato (Figura 2a
— Capitulo 3). Mondmeros de pequeno tamanho apresentam maior mobilidade
dentro da matriz polimérica e podem ser liberados em maior quantidade que os
mondmeros com tamanhos maiores. Da mesma forma, mondmeros com baixo
peso molecular sdo mais susceptiveis a eluicdo a partir da matriz polimérica que
0s compostos com alto peso molecular’. Ao contrdrio, o maior tamanho e peso
molecular mais alto do 1,6-hexanediol dimetacrilato (Figura 2c — Capitulo 3)
podem ter diminuido sua difusdo através da estrutura polimérica dos materiais Ufi

Gel hard e Tokuso Rebase Fast?*2,

4.2.6 Tempo de imersdo

26’92, o efeito do

Da mesma forma que em investigacdes prévias
tempo no mecanismo de eluicdo foi observado no presente estudo, considerando-
se que as concentracdes de monodmeros residuais liberadas de todos os materiais
diminuiram significativamente com o tempo. Para os corpos-de-prova do grupo
controle dos materiais Kooliner e New Truliner, a liberac@o de isobutil metacrilato
foi rdpida durante os periodos iniciais de imersdo em saliva artificial'”' e a maior
parte do monomero passivel de ser extraido foi liberado em 5 horas. Embora
diferencas significativas ndo tenham sido observadas entre os periodos de imersao
de até 24 horas para os materiais Ufi Gel hard e Tokuso Rebase Fast, a quantidade
de 1,6-hexanediol dimetacrilato liberada a partir dessas resinas reembasadoras

reduziu significativamente apds esse tempo de imersdo e a elui¢do pareceu ter

sido completada em poucos dias™".
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A redugdo dos mondmeros residuais foi relacionada ndo somente a
difusdo® a partir da matriz polimérica para a saliva artificial, como também ao
mecanismo de degradacdo quimica®. O metil metacrilato remanescente no
material polimerizado pode ser degradado quando em solugdes aquosas por meio
de oxidacdo causada pelo oxigénio84 e por reagoes hidroliticas®’, resultando na
formacdo de produtos de degradacdo, como o formaldeido e o 4cido
metacrilico”™, Alguns desses produtos de degradacdo tém sido identificados
como citotéxicos em concentracdes bem menores que aquelas observadas para o
mondmero residual®®. A possibilidade de efeitos bioldgicos, desencadeados por
produtos de degradacdo, constitui fator preocupante e, dessa forma, torna-se
importante identificar esses produtos assim como a capacidade de serem liberados

a partir de resinas para reembasamento imediato®’.

4.3 Fatores relacionados aos resultados de liberagdo de produtos de degradagdo

Sabe-se que todos os polimeros podem se degradar através de
oxidacdo, ataque dos grupos funcionais e cisdo de cadeias” e essa degradacio
pode causar o aparecimento de componentes livres ou produtos de reacdo
quimicamente alterados®'. Estudos tém demonstrado que além do mondmero
residual e do plastificante, diversos produtos de degradacdo podem ser

identificados e quantificados a partir da liberacdo de resinas acrilicas, tais como

56,57,92 67,69
b

acido metacrilico , acido benzéi0056’57, formaldel’d084’95'97, fenil salicilato

fenil benzoato, bifenil® %

e 2-hidroxi-4-metoxi-benzofenona®”. No presente
estudo, os produtos de degradacdo, 4cidos metacrilico e benzdico, foram liberados

de todas as resinas para reembasamento e foram quantificados utilizando CLAE.

4.3.1 Tempo de imersdo

Estudos prévios demonstraram que os valores de mondmero
residual diminuem com o aumento do tempo“’ﬁl’”. Se um dos mecanismos
envolvidos na reducdo dos metacrilatos residuais € sua hidrdlise em acido
metacrilico, um aumento na quantidade de acido metacrilico com o aumento do

tempo poderia ser esperado’’. Entretanto, para a liberacdo de dcido metacrilico, o
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efeito associado ao tempo de imersdo ndo foi observado. Na realidade, a
concentragdo liberada a partir das amostras do grupo controle do material Ufi Gel
hard diminuiu significativamente na terceira hora de imersdo em saliva artificial e,
para os outros materiais reembasadores, ndo foram observadas diferencas
significantes em todos os periodos de imersdo (Apéndice 6). Uma grande variacdo
entre a concentracdo minima e maxima de dcido metacrilico liberada a partir de
todos os materiais também foi observada (Apéndice 6). Uma possivel explicacio
para esses resultados pode ser o fato de que o dcido metacrilico € instdvel e pode
polimerizar72. Além disso, o 4cido metacrilico é classificado como um composto
altamente biodegraddvel. Este produto de degradacdo pode ser oxidado a CO; e
H,O e uma pequena parte degrada-se em metilmelonato, succinato e,
possivelmente, [S—hidroxi—isobutirato19 ou ¢é rapidamente convertido a &cido
pirdvico. Dessa forma, as alteragdes nas concentracdes de 4cido metacrilico
observadas no presente estudo podem ser devidas aos mecanismos de
polimerizacdo e degradacdo deste composto instavel.

Para todos os materiais, os resultados demonstraram uma rapida
liberagdo de acido benzdico durante as primeiras cinco horas de imersdo. A
liberagdo deste composto aumentou no primeiro dia de imersdo e entdo diminuiu
gradualmente durante o periodo de monitoramento (Apéndice 6). De acordo com
os Dados de Seguranca do Material (MSDS) fornecidos pelo fabricante do acido
benzéico (Mallinckrodt Chemicals J.T. Baker, Phillipsburg, NJ, EUA), é esperado
que este composto biodegrade-se rapidamente, demonstrando uma meia vida entre
1 a 10 dias quando liberado em dgua ou em uma solucdo aquosa como a saliva
artificial utilizada no presente estudo. Este fato associado com a difusdo a partir
das resinas para reembasamento para saliva artificial pode explicar a diminuicio

da quantidade deste produto de degradagdo com o tempo.

4.3.2 Composigao
Diferencas na quantidade de 4cido metacrilico liberado a partir das
resinas para reembasamento imediato foram observadas na primeira hora e no

primeiro dia de imersdo em saliva artificial. O dcido metacrilico é provavelmente
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222757 e - -
" ou esterificacdo dos grupos metacrilatos (Figura 5 —

formado por hidrélise
Capitulo 4). Apesar dos resultados de um estudo prévio99 terem demonstrado que
o material Ufi Gel hard apresenta um conteiido de mondmero residual mais baixo
que as demais resinas acrilicas para reembasamento imediato avaliadas, no
presente estudo este material liberou quantidades significativamente maiores de
dcido metacrilico que os outros materiais na primeira hora de imersido (Apéndice
6). A estereoquimica do mondmero 1,6-hexanediol dimetacrilato pode explicar
este resultado. Esta molécula apresenta dois grupos metacrilatos, dessa forma,
duas moléculas de dcido metacrilico podem ser formadas por hidrélise (Figura 5 —
Capitulo 4).

Apesar da composi¢do do liquido do material Tokuso Rebase Fast
também apresentar o mondmero bifuncional 1,6-hexanediol dimetacrilato, este
material liberou menos 4cido metacrilico em comparag@o com os outros materiais,
incluindo o Ufi Gel hard (Apéndice 6). Duas razdes poderiam explicar este
resultado. Primeiramente, este resultado pode ser devido a uma maior densidade
de ligacdo cruzada da matriz polimérica do material Tokuso Rebase Fast, que
poderia dificultar a liberagio de compostos residuais’>*; além disso, uma
estrutura mais porosa do Ufi Gel hard poderia ter facilitado a difusdo do acido
metacrilico'®'. Entretanto, outros estudos sdo necessarios para confirmar essas
hipdteses.

Foi observado que as resinas New Truliner e Kooliner
apresentaram uma maior liberacdo de dcido benzdico que os materiais Ufi Gel
hard e Tokuso Rebase Fast durante o periodo inicial de imersdo (Apéndice 6). O
dcido benzéico é um produto de decomposi¢cdo do perdxido de benzoila utilizado
como iniciador da reacdo de polimerizagﬁol’57. Apesar da alta proporcdo
pé/liquido e, conseqiientemente, da alta propor¢do perdxido de benzoila/amina
tercidria das resinas Ufi Gel hard e Tokuso Rebase Fast, estes materiais liberaram
uma menor quantidade de dcido benzdico que os materiais Kooliner e New
Truliner. Estes resultados foram relacionados com a formulacdo quimica das
resinas para reembasamento (Tabela 1 — Capitulo 4). As resinas Ufi Gel hard e

Tokuso Rebase Fast apresentam o mondmero 1,6-hexanediol dimetacrilato,
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enquanto os materiais Kooliner e New Truliner apresentam o mondmero isobutil
metacrilato na composicdo de seu liquido. A utilizagdo de dimetacrilatos como o
1,6-hexanediol dimetacrilato pode melhorar a reacdo de polimerizacdo pelo
aumento da reatividade do segundo grupo metacrilato® e, assim, menor
quantidade de compostos residuais pode ser encontrada. Além disso, os resultados
demonstraram que o material Tokuso Rebase Fast liberou a menor quantidade de
dcido benzdico, independentemente da condi¢do experimental. Este material
também contém o mondmero [-metacriloil oxietil plropionato8 em sua
composicdo. Provavelmente apds o periodo de iniciacdo, a presenga deste
monodmero bifuncional juntamente com o mondmero 1,6-hexanediol dimetacrilato
pode ter resultado em uma polimerizagdo mais completa. Este resultado estd em
acordo com aqueles obtidos em um estudo prévio, no qual o material Tokuso
Rebase Fast também apresentou o menor conteido de mondomero residual em
relacdo as outras resinas para reembasamento avaliadas”. Deste modo, é provével
que a reatividade do mondmero desempenhe um papel mais importante na
otimizagdo da reagdo de polimerizagdo e/ou no consumo de peréxido de benzoila

que a propor¢do péd/liquido do material.

4.3.3 Quantidade de compostos residuais

A maior liberagdo de 4dcido metacrilico a partir da resina Kooliner
no primeiro dia de imersdo (Apéndice 6) pode ser relacionada ao seu maior
conteido de monomero residual. Os resultados de um estudo prévio99 suportam
esta hipétese, uma vez que a resina Kooliner demonstrou conteido de mondmero

residual significativamente maior que os outros materiais avaliados.

4.4 Fatores relacionados aos resultados de peso molecular

4.4.1 Quantidade de cadeias poliméricas com pesos moleculares
inferiores a 1 0
Tem sido demonstrado que a presenca de cadeias com pesos

. . 5 . . .
moleculares inferiores a 10° pode apresentar um efeito plastificante e, assim,



135

enfraquecer o polimero’. De acordo com Ruyter, Svendsen®’, a resisténcia do
polimero aumenta a medida que o peso molecular também aumenta. Entretanto,
para as resinas com composi¢do a base de metil metacrilato a resisténcia torna-se
praticamente constante em pesos moleculares superiores a 6,0 x 10°. A Figura 2
(A e B — Capitulo 1) mostra que, em comparacdo com as resinas para
reembasamento imediato, o p6é da resina Lucitone 550 contém quantidade
significativamente maior de cadeias poliméricas com pesos moleculares inferiores
a 10°. A Figura 3 (Capitulo 1) comprova esse resultado, demonstrando que a
diferenca entre o pé da resina para base de prétese e o das resinas para
reembasamento imediato € mais pronunciada em pesos moleculares inferiores a
10°. Entre as resinas para reembasamento testadas, a Ufi Gel hard apresentou
maior concentragdo de cadeias com peso molecular maior que 10°, quando
comparada com a resina Lucitone 550. Isso € demonstrado na Figura 3 (Capitulo
1), onde a curva CBDF do material Ufi Gel hard esta posicionada mais distante da
linha do zero. Esses resultados indicam que as pérolas do pré-polimero das resinas
para reembasamento imediato polimerizadas por suspensdo atingem um grau de

polimerizacdo maior que as pérolas da resina para base de prétese. Apesar disso,

os valores de M w de todos os pos originais, incluindo o do material Lucitone
550, foram maiores que o limite de 10° (Tabela 3 — Capitulo 1), no qual o
entrelagamento das cadeias ocorre’!, e apresentaram-se numa faixa de variag@o na
qual as propriedades dos polimeros apresentam-se independentes do peso
molecular’'. Dessa forma, é provavel que o peso molecular dos pés terd pouca

influéncia nas propriedades mecanicas dos materiais polimerizados.

4.4.2 Quantidade de cadeias poliméricas com pesos moleculares

superiores a 1 0°
Grandes quantidades de cadeias poliméricas com peso molecular
superior a 10° também foram observadas para os materiais Ufi Gel hard e Tokuso
Rebase Fast. Além da resisténcia, a propriedade de escoamento das resinas a base
de metil metacrilato pode ser regulada pelo peso molecular do pré-polimero

(p(’))76, principalmente pelo aumento da fracdo de moléculas com pesos



moleculares superiores a 10°, como foi observado para os materiais Ufi Gel hard e
Tokuso Rebase Fast. A Tabela 1 (Capitulo 1) mostra que os fabricantes das
resinas para reembasamento imediato também tém adicionado monémeros com
pesos moleculares superiores ao do metil metacrilato (100,12), tais como isobutil
metacrilato (142,20) e 1,6-hexanediol dimetacrilato (254,33). Para as resinas para
reembasamento compostas por pré-polimeros e mondmeros de alto peso
molecular, o tempo de trabalho é diminuido devido ao aumento na viscosidade do
material. Uma avaliagdo clinica de algumas resinas autopolimerizdveis para
reembasamento imediato demonstrou que os tempos de trabalho e de
polimerizacdo foram significativamente menores para o Tokuso Rebase Fast do
que para o Kooliner*'. Além disso, o Kooliner foi considerado insatisfatério em
47% dos casos devido ao seu alto escoamento, que tornou a moldagem de borda
particularmente dificil'. Assim, é provavel que as caracteristicas das misturas do
Ufi Gel hard e do Tokuso Rebase Fast possam contribuir para a obtencdo de
moldagens funcionais satisfatérias dos tecidos de suporte durante o
reembasamento. Entretanto, outros estudos deveriam avaliar a influéncia do
escoamento dos materiais na precisdo dessa moldagem e na adaptacio resultante

da base da prétese reembasada.

4.4.3 Distribuicdo do peso molecular

Sabe-se que a distribui¢do do peso molecular é mais importante do
que a obten¢do de um alto valor de peso do peso molecular médio, desde que a
quantidade de cadeias poliméricas com pesos moleculares inferiores a 10° seja

reduzida a um minimo’. As cadeias apresentam o mesmo comprimento € peso

quando a propor¢do M wiM né igual a 1,0. Entretanto, essa € uma situagfo ideal,
a qual ndo é possivel na pratica (Apéndice 1). Valores de polidispersividade de até
5,0 sdo considerados indicativos de distribuicdo estreita e entre 5,0 e 20 de
distribuicdo média®®. Neste estudo, todos os materiais avaliados apresentaram
distribuicdo de peso molecular estreita e indices de polidispersividade entre 2,1 e
3,6 (Tabela 3 — Capitulo 1). O valor da resina Lucitone 550 apresentou-se em

acordo com aquele obtido com uma resina convencional, com agente de ligacdo
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cruzada, polimerizada termicamente em banho de dgua . Além disso, os valores
obtidos para os materiais Tokuso Rebase Fast e Kooliner foram similares aos

obtidos por Arima et al. (1,8 e 1,7, respectivamente)s.

4.4.4 Polimerizacdo

Os resultados deste estudo demonstraram que as amostras
polimerizadas do material Kooliner ndo apresentam valores de peso molecular
mais altos que o componente original do seu p6. Estes resultados ndo estdo de
acordo com os resultados de Huggett et al.®, que demonstraram que os materiais
polimerizados geralmente apresentam valores de peso molecular mais altos que os

dos componentes originais dos pés. As Tabelas 3 e 4 (Capitulo 1) apresentam os

valores de M w do pé e das amostras polimerizadas do Kooliner,
respectivamente. O peso do peso molecular médio do Kooliner polimerizado foi
numericamente maior que o de seu pd, porém a diferenga nido € significativa
porque se situa dentro do erro sistemdtico do método. Essa observacdo também é
evidenciada pela superposicio de todas as curvas de distribuicio de peso
molecular (Figura 4 — Capitulo 1), e pelo desvio calculado em termos da fungéo
CBDF ser praticamente zero (Figura 5 — Capitulo 1). Assim, a distribuicdo do
peso molecular atingida durante a polimeriza¢do do material Kooliner demonstrou
ser similar aquela obtida pelo fabricante durante a polimerizagdo do pd pré-

polimérico.

A seguir serdo discutidos os resultados dos grupos submetidos aos

tratamentos pds-polimerizacao.

4.5 Efeito sobre as propriedades de grau de conversdo, peso molecular e Tg
Quanto ao efeito dos tratamentos pés-polimerizagdo no grau de

conversdo dos materiais avaliados, foi verificado que somente o material Kooliner

apresentou aumento significativo no grau de conversdo apds o tratamento pos-

polimerizacdo por imersdo em dgua aquecida (Tabela 2 e Figura 1 — Capitulo 1 e
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Apéndice 2). A redugdo na intensidade da banda alifatica (C=C) na regido de 1640
cm” em relacdo a carbonilica (C=0) na regido de 1720 cm’ é observada quando
se compara o espectro do mondmero (liquido) com o grupo controle (C), e o
controle com o grupo submetido ao tratamento pds-polimerizagdo por imersdo em
dgua aquecida (WB). Entretanto, ndo foi observada nenhuma alteragdo no peso
molecular da resina para reembasamento imediato Kooliner apds ter sido
submetida aos tratamentos pds-polimerizagdo (Tabela 4, Figuras 4 e 5 — Capitulo
1).

Durante os tratamentos pds-polimeriza¢do, o aquecimento das
amostras proporciona um aumento na mobilidade das moléculas de mondmero
residual, as quais se encontram estaciondrias na massa polimérica, aumentando
seu grau de conversdo’'. Como resultado, a Tg aumenta e o coeficiente de
expansdo térmica diminui’’. Em geral, a medida que as ligacdes cruzadas
aumentam, os efeitos de um determinado tratamento térmico se tornam menos
pronunciados, devido a diminui¢do da capacidade térmica configuracional e as
limitacdes impostas pelas ligacdes cruzadas a movimentacdo das cadeias
poliméricas®. Dessa forma, o aumento na Tg observado para a resina para
reembasamento Kooliner apds os tratamentos pds-polimerizacdo (Apéndice 3)
poderia ser atribuido ao fato de que o liquido deste material ndo contém agente de
ligagdo cruzada®. Uma outra possivel explicacio poderia ser a eficiéncia da
conversdo inicial. Tem sido demonstrado que a magnitude da pds-polimerizacio
ird depender dessa eficiéncia®®, de tal forma que um material com conversio
inicial baixa provavelmente ird apresentar uma reacdo de polimerizacdo
complementar mais acentuada. Em estudo anteriormente realizado, o alto nivel de
mondmero residual observado para o material Kooliner, quando avaliado nas
mesmas condi¢des utilizadas na presente investigacio, proporciona suporte a essa
hipétese™.

Embora os dois tratamentos avaliados tenham aumentado a Tg do
material Kooliner, o efeito da irradiacdo por microondas foi mais acentuado que o
do tratamento por imersio em dgua aquecida (Apéndice 3). Durante essa

irradiacdo, as moléculas de mondmero sdo movimentadas por um campo
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eletromagnético de alta freqiiéncia e esses movimentos resultam em aquecimento
interno®. Assim, podemos supor que o nivel de calor gerado dentro da resina pela
irradiagdo com microondas foi mais alto que aquele proporcionado pela imersio
em agua aquecida, aumentando, dessa forma, a mobilidade das moléculas de
mondmero residual. Entretanto, deve ser enfatizado que o aumento da temperatura
dos materiais avaliados durante os tratamentos pds-polimerizacdo nado foi

mensurado no presente estudo e ainda necessita ser investigado.

4.6 Efeito sobre a liberacdo de compostos residuais

O tratamento pds-polimerizacdo por imersdo em 4gua aquecida
produziu uma reducéo significante no tempo necessario para a completa eluicdo e
na quantidade de compostos liberados a partir das resinas reembasadoras para a
saliva artificial (Apéndice 5). Tem sido demonstrado que a liberagdo de
compostos residuais € um processo que depende da temperatura e, dessa forma,
aumentando-se a temperatura aumenta-se a difusdo'". Assim, o calor presente no
tratamento pds-polimerizacdo deve ter facilitado a difusdo do mondmero residual
das resinas para a saliva artificial®”®. Um mecanismo alternativo envolve reagio
de polimerizagdo continuada do mondmero residual nos locais ativos ainda
presentes apds a polimerizacio inicial®’. Em temperaturas mais altas, a constante
de propagacdo e o coeficiente de difusdo aumentam favorecendo, desse modo,
uma conversdo mais rdpida do mondmero remanescente’. Como relatado
anteriormente, a redu¢do dos monomeros residuais também pode ter sido causada
pela degradacdo dos metacrilatos através de oxidagdo ou hidrélise®” ™.

O tratamento pds-polimerizagdo por imersdo em dgua aquecida ndo
reduziu significativamente a liberagdo de 4cido metacrilico, com exce¢do do
material Ufi Gel hard na primeira e na terceira horas de imersdo (Apéndice 6).
Como discutido anteriormente, é dificil prever a liberacdo do dcido metacrilico.
Entretanto, os resultados demonstraram que concentracdes de dcido metacrilico
foram mensuradas apds 30 dias de imersdo em saliva artificial, indicando que a
liberagdo de 4cido metacrilico a partir das amostras tratadas consiste em um

mecanismo lento (Apéndice 6).
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Diferentemente do 4cido metacrilico, o tratamento pOs-
polimerizacdo por imersdo em dgua aquecida causou uma redugfo significante na
liberag@o de acido benzdico (Apéndice 6). Particularmente para o dcido benzdico,
a velocidade de extracdo foi diretamente dependente da temperatura: quanto maior
a temperatura, maior a velocidade de extragﬁogz. Além disso, os Dados de
Seguranga do Material (MSDS) menciona que o acido benzdico se decompde em
vapores toxicos e gases, tais como fenol, benzeno e monéxido de carbono quando
aquecido. Deste modo, a diminui¢do da liberagdo de 4cido benzdico pode ser
relacionada com o aquecimento das resinas acrilicas durante o tratamento pés-
polimerizacdo, o qual, possivelmente, aumentou a difusdo e acelerou a

biodegradacdo deste composto.

Para finalizar a discussdo, serdo apresentados alguns aspectos
considerados importantes sobre o método utilizado para a andlise de grau de
conversdo e a citotoxicidade dos compostos residuais avaliados. Essas
consideracdes discutem as limitagcdes do estudo e apontam os estudos futuros que

ainda sdo necessarios.

4.7 Consideracdes sobre a andlise de grau de conversdo por FT-Raman
Diferentemente dos outros materiais, a comparagao dos resultados
do presente estudo com aqueles da investigacdo prévia99 demonstraram que para a
resina para reembasamento Kooliner a relacdo inversa entre grau de conversao e
conteido de mondmero residual ndo foi observada. A Tabela 2 (Capitulo 1)
mostra que o grau de conversdo do material Kooliner ndo diferiu daquele
observado para o material Tokuso Rebase Fast e foi significativamente maior que
o do material Ufi Gel hard, em todos os grupos avaliados. Em contraste, foi
verificado previamente que o conteido de mondmero residual do material
Kooliner foi significativamente maior que aqueles das resinas para

reembasamento Ufi Gel hard e Tokuso Rebase Fast’™.
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A diferenca nos resultados entre os dois estudos poderia ser
relacionada tanto a composicdo dos materiais como aos métodos analiticos
utilizados em cada estudo. As resinas Ufi Gel hard e Tokuso Rebase Fast contém
um mondmero dimetacrilato, enquanto o liquido do Kooliner contém o mondémero
monofuncional isobutil metacrilato (Tabela 1 — Capitulo 1). A medida que a
reacdo de polimerizacdo ocorre, a estruturagdo da matriz polimérica diminui a
mobilidade dos mondmeros resultando em duplas ligacdes que ndo reagiram.
Parte dessas ligagdes permanece como mondmeros que podem ser liberados a
partir da resina polimerizada. Outra parte dos mondmeros dimetacrilatos reage
somente em uma das duplas ligacdes, resultando em grupos pendentes, os quais
permanecem unidos a estrutura polimérica e ndo estardo disponiveis para
liberagﬁogg. Enquanto a espectroscopia Raman detecta todas as duplas ligacoes
que ndo reagiram no polimero, incluindo os grupos pendentes e aqueles passiveis
de serem extraidos, a andlise em CLAE (Apéndice 4) é realizada por meio da
extracdio do mondmero livie a partir do material polimerizado™. Outros
pesquisadores também ja relataram que somente uma fracdo das duplas ligacdes
que ndo reagiram pode ser extraida da matriz polimérica na forma de mondémero
residual’®”®. Esses fatos ajudam a explicar porque os niveis de mondémero residual
do Ufi Gel hard e do Tokuso Rebase Fast foram mais baixos que o do Kooliner,
ainda que todos tenham apresentado graus de conversdo bastante similares.

Outra possivel explicagdo para as diferencas entre este estudo e
aquele previamente realizado” poderia ser o fato de que em CLAE (Apéndice 4),
o mondmero residual é extraido de toda a matriz polimérica do corpo-de-prova.
Entretanto, a espectroscopia Raman ¢é essencialmente uma técnica analitica
superficial, uma vez que o espectro revela a absor¢éo na regido representativa dos
5 um superiores do corpo-de-prova®’. Para validar essa hipétese, no entanto,
andlises com espectroscopia Raman deveriam ser realizadas em diferentes niveis
de profundidade nos corpos-de-prova das resinas para reembasamento.

Os resultados do efeito dos tratamentos pés-polimerizagdo sobre o
grau de conversio também diferem do estudo prévio”, no qual os dois

tratamentos pos-polimerizagio proporcionaram reducdo significativa no conteido
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de mondmero residual dos materiais Kooliner, Ufi Gel hard e Tokuso Rebase
Fast. A resina para base de protese Lucitone 550 polimerizada utilizando-se o
ciclo curto de polimerizagio também mostrou diminuicdo significativa no
mondmero residual apds ter sido imersa em dgua aquecida. As diferencas entre os
dois estudos podem ser parcialmente explicadas pelos efeitos que os tratamentos
poés-polimerizacdo apresentam sobre a matriz polimérica. Durante esses
tratamentos, mecanismos como difusio em 4gua®'®', hidrélise”’, reacdo de

1761 o volatilizacdo do mondmero' podem reduzir

polimerizacdo continuada
significativamente o mondmero livre que ndo reagiu, mas ndo necessariamente
tém efeito sobre as ligagdes pendentes, que podem permanecer inalteradas na
matriz polimérica. Assim, parece correto supor que os mecanismos envolvidos
nos tratamentos pés-polimerizac¢do foram detectados mais efetivamente quando se

utilizou CLAE do que quando se utilizou a espectroscopia Raman.

4.8 Consideracdes sobre a citotoxicidade dos compostos residuais avaliados

O mecanismo de a¢do dos mondmeros nas células é relativamente
ndo especifico e provavelmente mediado pela membrana celular*. A atividade
hemolitica e a citotoxicidade de um composto t€m sido relacionadas com sua
lipofilicidade30. De acordo com Fujisawa et al.?®, um composto que apresenta uma
cadeia alquilica grande pode ter alta lipofilicidade (um tempo de retencdo maior
nos cromatogramas de CLAE) e também demonstrar alta citotoxicidade. Em
estudo prévio, uma resposta inibitéria significativa na proliferacdo celular
produzida por eluatos do material Ufi Gel hard foi observada®. Um outro estudo
demonstrou que os liquidos de todos os materiais reembasadores avaliados
tiveram efeito citotoxico sobre fibroblastos gengivais e células do ligamento
periodontal de maneira dependente da dose, e o liquido do material Tokuso
Rebase pareceu ser o mais citotéxico™. Aproximadamente 50% da viabilidade
celular foi afetada quando 0,2% de liquido do Kooliner ou 0,05% de liquido do
Tokuso Rebase foi utilizado™. Assim, ainda que a quantidade de 1,6-hexanediol
dimetacrilato liberada dos materiais Ufi Gel hard e Tokuso Rebase Fast tenha sido

menor que a de isobutil metacrilato liberada das resinas Kooliner e New Truliner,
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o potencial de efeitos bioldgicos do primeiro mondmero poderia ser mais
acentuado que o do dltimo. Entretanto, testes de citotoxicidade sdo necessarios
para se determinar se os mondmeros residuais nas concentracdes observadas na
presente investigacdo induzem respostas citotoxicas.

Os mecanismos pelos quais os ésteres ftalatos afetam a sadde
humana sdo pouco conhecidos e nio estd claro se eles podem ser considerados
disruptores enddcrinos quimicos (EDC)™. Os ftalatos dialquilicos tém sido
apontados como xenoestrogenos, os quais podem competir com o estrégeno
natural por meio de ligacio com seu receptor’’. Como resultado, tumores
hormonais, desordens genitais e a¢do téxica em baixas dosagens durante certos
periodos de desenvolvimento fetal t€m sido relatados®'. Wine et al.'™ descreveram
o nivel mais baixo causador de efeito adverso (LOAEL) para o dibutil-n-ftalato
como sendo de 52 mg/kg. Uma margem minima de seguranca (MOS) de 1/80 do
nivel LOAEL acima descrito (i.e. 0.65 mg/kg) foi proposta por Hansen et al.”’. Se
esse valor MOS estiver correto, entdo os profissionais devem evitar utilizar
materiais que cont€ém ésteres ftalatos, especialmente quando estiverem tratando
mulheres em idade fértil”>. No presente estudo, a quantidade de dibutil-n-ftalato
liberada do material New Truliner foi bem inferior ao nivel LOAEL (0,450
pg/mL).

Da mesma forma que o mondmero residual apresenta um potencial
citotoxico, outras substancias que sdo liberadas a partir das resinas acrilicas
podem inibir o crescimento celular e quebrar virios processos metabélicos™.
Resultados de um estudo plrévio20 demonstraram que a resina Ufi Gel hard
aumentou a atividade mitocondrial. Esta estimulacdo da atividade celular pode
refletir uma resposta compensatdria da atividade enzimatica celular & toxicidade
associada 2 resina®. Além disso, Campanha et al.?* observaram um aumento de
citotoxicidade de algumas resinas para reembasamento mesmo apds terem sido
submetidas ao tratamento pods-polimerizacdo por imersdo em agua aquecidazo.
Outro estudo prévio’” também demonstrou que o tratamento pds-polimerizagio
por imersio em &4gua aquecida reduziu significativamente o conteido de

mondmero residual das resinas acrilicas para reembasamento imediato. Campanha
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et al.”* também especularam que a citotoxidade observada pode ser relacionada a
liberagdo de outros componentes, tais como aditivos, subprodutos da reacdo de
polimerizacdo radicalar, produtos de degradacdo, impurezas e produtos formados
a partir da decomposi¢io do peréxido de benzoila®. Assim, outros ensaios de
citotoxicidade sdo necessdrios para determinar se as concentra¢des encontradas no
presente estudo para os dcidos metacrilico e benzdico podem induzir respostas

citotoxicas.



S Concluisiio

1. Em todos os grupos avaliados, as amostras de Lucitone 550 polimerizadas
utilizando o ciclo curto de polimerizagdo apresentaram valores mais altos
de grau de conversdo que aquelas polimerizadas utilizando o ciclo longo
de polimerizacdo;

2. O grau de conversdo do material Ufi Gel hard foi semelhante ao da resina
Lucitone 550, polimerizada pelo ciclo longo de polimerizagao, e foi menor
que o grau de conversao dos outros materiais avaliados;

3. O tratamento térmico por imersdo em dgua aquecida aumentou o grau de
conversido do material Kooliner;

4. As particulas pré-polimerizadas de todos os materiais demonstraram pesos
moleculares médios superiores a 10° e distribui¢des estreitas de peso
molecular;

5. As particulas pré-polimerizadas do material Kooliner e as amostras deste
material ap6s polimerizacdo e apds serem submetidas aos tratamentos pos-
polimerizacdo demonstraram valores semelhantes de peso molecular;

6. As resinas Tokuso Rebase Fast e Ufi Gel hard demonstraram valores
compardveis de transi¢do vitrea, os quais foram significativamente
superiores aos demonstrados pelos materiais New Truliner, Duraliner II e
Kooliner;

7. O ciclo de polimerizagdo influenciou significativamente a Tg da resina
para base de prétese Lucitone 550, uma vez que o ciclo longo de
polimerizacdo resultou em valores de transicdo mais baixos que o ciclo
curto de polimerizagdo com o periodo final em ebuli¢éo;

8. Ambos os tratamentos pés-polimerizacdo promoveram um aumento
significante na 7g da resina Kooliner, sendo que o tratamento por
irradiacdo por energia de microondas proporcionou o maior aumento nos

valores de transicdo;
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A resina para reembasamento Kooliner apresentou maior liberagdo de
IBMA que a resina New Truliner e a resina Ufi Gel hard demonstrou
maior liberacdo de 1,6-HDMA que a resina Tokuso Rebase Fast;

O tratamento pés-polimerizagdo por imersdo em agua aquecida reduziu
significativamente a liberagdo de IBMA a partir dos materiais Kooliner e
New Truliner e a liberagdo de DBNP a partir da resina New Truliner;

O tratamento por imersdo em 4dgua aquecida pode ser utilizado para reduzir
tanto a concentracdo como o tempo de liberagdo de compostos residuais a
partir das resinas acrilicas para reembasamento imediato avaliadas neste
estudo;

A liberacdo dos produtos de degradacdio MA e BA em saliva artificial foi
detectada a partir de todos os materiais reembasadores;

A concentragdo mais alta de MA foi liberada a partir das amostras do
grupo controle do material Ufi Gel hard;

Para as amostras de todos os materiais no grupo controle, a liberacdo de
BA diminuiu durante todo o periodo de avaliaco;

Independentemente da condicdo experimental, o material Tokuso Rebase
Fast liberou menos BA que os outros materiais reembasadores;

O tratamento por imersdo em dgua aquecida ndo reduziu a concentracdo de
MA liberada a partir dos materiais reembasadores, mas proporcionou uma

reducdo significante na liberacdo de BA.
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A curva de calibracio em GPC (Apéndice 1 - Figura Al)

representa o log do peso molecular médio ( M w) em relacdo ao tempo de retencdo

dos padrdes de poliestireno nas colunas cromatograficas (Apéndice 1 - Tabela

Al). Tendo em vista que o volume de eluicdo é proporcional ao log Mw, a
distribuicdo do peso molecular dos padrdes de poliestireno pode ser obtida. A
andlise do peso molecular e da distribuicdo do peso molecular em amostras das
resinas acrilicas € possivel a partir da interpolagdo dos seus volumes de elui¢do na

equacdo de reta obtida com a curva de calibragdo dos padrdes de poliestireno.

FIGURA Al - Curva de calibragdo dos padrdes de poliestireno.



Tabela A1 — Resultados obtidos a partir das andlises dos padrdes de poliestireno

(#) em GPC

# Tempode Volume Mw Log Mw Peso %
retencao de eluicao (Daltons) calculado residual
(mL) (Daltons)
1 16,0 16,0 0,107 x 10’ 6,03 0,108 x 10’ -1,16
2 17,1 17,1 0,460 x 10° 5,66 0,452 x 10° 1,84
3 19,0 19,0 0,156 x 10° 5,19 0,156x 10° 0,265
4 20,3 20,3 0,660 x 10° 4,82 0,670 x 10° -1,54
5 22,1 22,1 0,285 x 10° 4,45 0,283x10° 0,747
6 22,6 22,6 0,220 x 10° 4,34 0,219x 10° 0,681
7 23,9 23,9 0,116 x 10° 4,06 0,116 x10° 0,362
8 24,8 24,8 0,700 x 10* 3,85 0,725 x 10* 3,45
9 25.4 25.4 0,505 x 10* 3,70 0,503 x 10* 0,455
10 26,2 26,2 0,325x 10* 3,51 0,323x 10* 0,703
11 27,2 27,2 0,170 x 10* 3,23 0,166 x 10* 2,74
12 28,5 28,5 0,580 x 10° 2,76 0,589 x 10° -1,49
R = 0,999973

R? = 0,999945
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Planejamento experimental para grau de conversao

Para a varidvel de andlise (grau de conversdo), dois fatores foram
estabelecidos: material, em 5 niveis (LS, T, K, LL e U), e tratamento, em 3
niveis (C — controle; MW — irradiag@o por energia de microondas: 550 W/3 min
para LS ou LL; 500 W/5 min para T; 550 W/5 min para K e 550 W/4 min para U;
WB - imersdo em banho de dgua aquecida a 55°C por 10 min para os materiais
reembasadores e por 60 min para o material para base de prétese). O niimero de
corpos-de-prova necessario para cada condi¢do experimental avaliada neste
estudo (n=5) foi calculado com base nos resultados obtidos em estudo piloto,

resultando em um nimero total de dados da amostra de 75.
Resultados de grau de conversao

Os valores de grau de conversdo obtidos por espectroscopia Raman
com transformada de Fourier, para cada material em cada grupo experimental,

foram tabulados e analisados (Apéndice 2 - Tabelas A2 a A6).

Tabela A2 — Valores de grau de conversdo (%) do material L submetido ao ciclo

curto de polimerizag@o (LS) nos trés grupos experimentais

Corpo-de-prova Grupos

C MW WB

1 94,6 91,0 92,3

2 89,5 80,4 92,9

3 91,5 91,1 90,0

4 90,0 89,1 91,2

5 91,9 91,1 91,9

Média 91,5 88,5 91,7

Desvio padrao 2,01 4,62 1,09




Tabela A3 — Valores de grau de conversdo (%) do material T nos trés grupos

experimentais
Corpo-de-prova Grupos
C MW WB
1 83,3 88,2 85,8
2 84,0 90,0 87,9
3 84,8 86,8 88,9
4 82,2 86,0 84,3
5 85,4 92,7 86,2
Média 83,9 88,8 86,6
Desvio padrao 1,25 2,67 1,80

Tabela A4 — Valores de grau de conversdo (%) do material K nos trés grupos

experimentais
Corpo-de-prova Grupos
C MW WB
1 84,3 75,3 90,2
2 82,4 88,5 92,5
3 83,8 91,8 86,3
4 72,1 88,5 84,4
5 84,0 87,7 88,7
Média 81,3 86,4 88,4
Desvio padrao 5,18 6,39 3,18

Tabela AS — Valores de grau de conversdo (%) do material L submetido ao ciclo

curto de polimerizag@o (LL) nos trés grupos experimentais

Corpo-de-prova Grupos

C MW WB

1 64,3 78,9 78,2

2 84,6 82,8 75,9

3 79,4 63,3 68,4

4 78,1 79,9 62,1

5 78,1 79,5 80,9

Média 76,9 76,9 73,1

Desvio padrao 7,54 7,74 7,72




Tabela A6 — Valores de grau de conversdo (%) do material U nos trés grupos

experimentais
Corpo-de-prova Grupos
C MW WB
1 74,3 71,6 75,4
2 68,9 74,4 68,4
3 70,5 74,8 72,7
4 68,2 73,7 60,4
5 56,7 73,2 76,6
Média 67,7 73,5 70,7
Desvio padrao 6,60 1,25 6,56

Analise estatistica de grau de conversao

Os valores de grau de conversdo obtidos foram submetidos a
andlise estatistica. Essa andlise foi realizada para todos os materiais, comparando-
se os trés grupos experimentais avaliados (C, MW e WB).

Para atender a um dos requisitos para a aplicacdo da andlise
estatistica pelo modelo de andlise de variancia, foram realizados, inicialmente, os
testes de aderéncia a curva normal, cujos resultados indicaram que os dados
amostrais de todos os materiais avaliados ndo se ajustaram a distribuicdo normal
de probabilidades.

Dessa forma, os resultados foram analisados por meio do teste ndo
paramétrico de Kruskal-Wallis, que foi selecionado devido a sua indicacdo para
comparagdo de mais de duas amostras com dados independentes. O nivel de
significancia utilizado foi de 5% (o = 0,05). Os resultados desse teste estdo
apresentados nas Tabelas A7 e A8 (Apéndice 2). A Tabela A7 (Apéndice 2)

demonstra que houve diferenca estatisticamente significante em nivel de 5%.
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Tabela A7 — Teste de Kruskal-Wallis para o grau de conversdo (%) dos materiais

nos trés grupos experimentais

Valor (H) de Kruskal-Wallis 78,3
calculado:

Valor do X* para 20 graus de 78,3
liberdade:

Probabilidade de Ho para esse 0,000%

valor:

Significante em nivel de 5% (o = 0,050)

A Tabela A8 (Apéndice 2) apresenta todas as andlises, em pares,

entre os materiais e os grupos experimentais avaliados, relacionando se foram ou

ndo estatisticamente significantes.

Tabela A8 — Comparacdo entre as médias dos postos médios dos materiais, nos

trés grupos experimentais

Amostras Diferencas entre ~ Valores criticos Significancia
comparadas médias (o)
(duas a duas) 0,050

K (C) x K(MW) 17,6 16,9 1,00%

K (C) x K (WB) 24,6 16,9 0,100%
K (MW) x K (WB) 7,00 16,9 ns

T(C)xT (MW) 17,8 16,9 1,00%
T(C)xT (WB) 9,60 16,9 ns
T (MW) x T (WB) 8,20 16,9 ns
U (C) x UMW) 6,60 16,9 ns
U (C) x U (WB) 4,40 16,9 ns
UMW) x U (WB) 2,20 16,9 ns
LS (C) x LS (MW) 10,5 16,9 ns
LS (C) x LS (WB) 2,00 16,9 ns
LS MW)x LS (WB) 12,5 16,9 ns
LL (C) x LL (MW) 0,000 16,9 ns
LL (C)x LL (WB) 6,60 16,9 ns
LL (MW)x LL (WB) 6,60 16,9 ns
K@) xT(C) 7,00 16,9 ns

K@) x U () 23,0 16,9 0,100%

K (C)x LS (C) 35,7 16,9 0,100%
K (C)x LL (C) 7,20 16,9 ns
K MW) x T (MW) 7,20 16,9 ns

K MW) x UMW) 34,0 16,9 0,100%
K (MW) x LS (MW) 7,60 16,9 ns
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K (MW) x LL (MW) 24,8 16,9 0,100%
K(WB) x T(WB) 8,00 16,9 ns
K(WB) x U (WB) 43,2 16,9 0,100%
K (WB) x LS (WB) 13,1 16,9 5,00%
K (WB) x LL (WB) 38,4 16,9 0,100%

T (C)x U (C) 30,0 16,9 0,100%

T (C) x LS (C) 28,7 16,9 0,100%

T (C) x LL (C) 14,2 16,9 5,00%

T (MW) x U (MW) 41,2 16,9 0,100%
T (MW) x LS (MW) 0,400 16,9 ns

T (MW) x LL (MW) 32,0 16,9 0,100%

T (WB) x U (WB) 35,2 16,9 0,100%

T (WB) x LS (WB) 21,1 16,9 1,00%

T (WB) x LL (WB) 30,4 16,9 0,100%

U (C)x LS (O) 58,7 16,9 0,100%

U (C) x LL (C) 15,8 16,9 5,00%

U (MW) x LS (MW) 41,6 16,9 0,100%
U (MW) x LL (MW) 9,20 16,9 ns

U (WB) x LS (WB) 56,3 16,9 0,100%
U (WB) x LL (WB) 4,80 16,9 ns

LS (C) x LL (C) 42,9 16,9 0,100%

LS (MW)x LL(MW) 32,4 16,9 0,100%

LS (WB) x LL (WB) 51,5 16,9 0,100%




A Figura A2 (Apéndice 2) apresenta os valores médios (+ desvio-

padrao) de grau de conversdo em percentagem.

Grau de conversao

90 A

80 1

70 T

40

30 1

20

U LL K T LS

Oc EMwW OWB

FIGURA A2 - Valores médios de grau de conversdo (%) para cada material

submetido aos grupos experimentais.



1.3 Apendice 3

Planejamento experimental para Tg

Para a variavel de andlise (Tg), duas andlises estatisticas foram
realizadas: uma para a resina acrilica para base de protese com dois fatores de
variagdo: ciclo de polimerizacdo, em 2 niveis (curto - LS e longo - LL), e
tratamento, em 3 niveis (C — controle, MW - irradiacdo por energia de
microondas: 550 W/3 min e WB — imersdo em banho de dgua aquecida a 55°C por
60 min) e outra para os materiais reembasadores com dois fatores de variagdo:
material, em 5 niveis (T, U, K, D e N), e tratamento, em 3 niveis (C — controle,
MW - irradiacdo por energia de microondas: 500 W/5 min para T; 550 W/4 min
para U; 550 W/5 min para K; 650 W/4 min para D e 550 W/3 min para N e WB —
imersdo em banho de dgua aquecida a 55°C por 10 min). O nimero de corpos-de-
prova necessdrio para cada condi¢do experimental avaliada neste estudo (n=5) foi
calculado com base nos resultados obtidos em estudo piloto, resultando em um

ndmero total de dados da amostra de 105.
Resultados de Tg
Os valores de Tg obtidos por calorimetria exploratéria diferencial,

para cada material em cada grupo experimental, foram tabulados e analisados

(Apéndice 3 - Tabelas A9 a A15).
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Tabela A9 — Valores de Tg (°C) do material T nos trés grupos experimentais
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Corpo-de-prova Grupos
C MW WB
1 80,3 76,2 70,9
2 77,5 79,6 79,6
3 77,9 75,0 80,1
4 79,4 79,0 80,5
5 82,8 76,8 76,1
Média 79,6 77,3 77,4
Desvio padrao 2,13 1,93 4,05

Tabela A10 — Valores de Tg (°C) do material U nos trés grupos experimentais

Corpo-de-prova Grupos
C MW WB
1 72,6 73,1 73,0
2 72,8 72,5 74,4
3 75,3 73,0 85,3
4 74,0 74,0 74,7
5 73,5 74,2 76,4
Média 73,6 73,4 76,8
Desvio padrao 1,08 0,72 4,92

Tabela A11 — Valores de Tg (°C) do material K nos trés grupos experimentais

Corpo-de-prova Grupos
C MW WB
1 50,6 75,9 61,1
2 51,1 72,5 58,1
3 50,8 74,3 55,6
4 50,6 72,7 55,4
5 45,9 75,0 68,7
Média 49,8 74,1 59,8
Desvio padrao 2,19 1,47 5,50
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Tabela A12 — Valores de Tg (°C) do material D nos trés grupos experimentais
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Corpo-de-prova Grupos
C MW WB
1 46,7 46,4 46,8
2 55,8 46,7 58,0
3 47,9 48,5 50,4
4 48,4 46,4 56,9
5 44,6 46,0 48,8
Média 48,6 46,8 52,2
Desvio padrao 4,24 0,98 4,99

Tabela A13 — Valores de Tg (°C) do material N nos trés grupos experimentais

Corpo-de-prova Grupos
C MW WB
1 48,5 46,7 47,6
2 49,1 46,7 47,8
3 47,2 46,3 46,7
4 47,6 46,8 46,7
5 47,3 46,0 47,1
Média 47,9 46,5 47,2
Desvio padrao 0,80 0,34 0,51

Tabela A14 — Valores de Tg (°C) do material L, submetido ao ciclo curto de

polimerizacdo, nos trés grupos experimentais

Corpo-de-prova Grupos
C MW WB
1 103 103 110
2 105 123 119
3 107 104 115
4 101 103 110
5 102 104 105
Média 103 107 112
Desvio padrao 2,21 8,60 5,45
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Tabela A15 — Valores de Tg (°C) do material L, submetido ao ciclo longo de

polimerizacdo, nos trés grupos experimentais

Corpo-de-prova Grupos
C MW WB
1 104 66,4 88,6
2 89,0 89,1 90,2
3 65,8 91,6 70,3
4 90,8 74,6 75,6
5 84,4 73,8 71,4
Média 86,3 79,1 79,2
Desvio padrao 13,7 10,8 9,52

Analise estatistica de Tg

Os valores de Tg obtidos foram submetidos a andlise estatistica.

Essa andlise foi realizada para todos os materiais, comparando-se os trés grupos

experimentais avaliados (C, MW e WB).

Duas andlises de varidncia independentes com dois fatores de

variag@o foram realizadas. O resumo da andlise de variancia para a resina acrilica

para base de protese (L) € apresentado na Tabela A16 (Apéndice 3), onde se pode

observar o efeito significativo do fator ciclo de polimerizacao (p<0,050).

Tabela A16 - Sumdrio da andlise de varidncia de Tg para a resina acrilica para

base de prétese (L)

Fonte de Varia(;ﬁo Graus de Média F P
liberdade quadratica

tratamento 2 16,2 0,190 0,173

ciclo de polimerizacio 1 497x10° 59,2 0,000

tratamento*ciclo 2 166 1,98 0,158

residuo 24 84,0

Dessa forma, empregou-se o teste de Tukey em nivel de 5% de

significancia.



O resumo da andlise de variancia para os materiais reembasadores
€ apresentado na Tabela Al17 (Apéndice 3), onde se pode observar o efeito
significativo do fator material (p<0,050) e da interacio material*tratamento
(p<0,050).

Tabela Al17 - Sumério da andlise de varidncia de Tg para os materiais

reembasadores
Fonte de variacio Graus de Média F P
liberdade quadratica

material 6 22,7 239 0,001 x 10
tratamento 2 0,203 2,13 0,122
material*tratamento 12 0,596 6,28 0,001 x 10°
residuo 84 0,095

Dessa forma, empregou-se o teste de Tukey em nivel de 5% de
significancia.

A Figura A3 (Apéndice 3) apresenta os valores médios (x desvio-

padrdo) de Tg em graus Celsius (°C).

Temperatura de transicio vitrea

140

120

100 T

80 A

60 -

40 — — —

20 A

N D K U ‘ T ‘ LS ‘ LL
[Bc mvw Ows]
FIGURA A3 - Valores médios de Tg (°C) para cada material submetido aos

grupos experimentais.
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Protocolos de preparo das solucoes de trabalho dos métodos por CLAE para

a analise dos monomeros e do plastificante

A Figura A4 (Apéndice 4) apresenta o protocolo de preparo das
solugdes estoques padrdo e solugdes de trabalho dos métodos por CLAE para a
andlise dos mondmeros e do plastificante. E importante observar que, para o
monomero IBMA, foram preparadas solucées de trabalho em dois intervalos de
concentragdo (1 e 2), visando a obtencgdo de linearidade nas respectivas curvas

de calibragao.

Solugao comercial

L0 0

IBMA 1,6-HDMA DBNP
d =0,888 g/cm’ d =0,997 g/lcm® d =1,04 g/cm’
Pureza = 97,0% Pureza = 99,0% Pureza = 99,0%

Solugcdo estoque padrao

OO C

IBMA 1,6-HDMA DBNP
C=0888x10"pg/mL C=0997x 10°pg/mL C =1,00x 10° pg/mL
Voo = 1,00 ML Vi = 1,00 L Vi = 9584
V. =100mLMeOH V__=100mLMeOH V __ = 100mLMeOH

fotdl fotal fotal

Solu¢do de trabalho 1 - IBMA + 1,6-HDMA + DBNP

NN RN RN

Solu¢do de trabalho 2 - IBMA + 1,6-HDMA + DBNP

e e e

1A 2A 3A

FIGURA A4 - Protocolo de preparo das solucdes estoques padrao e de trabalho
para a andlise dos monomeros (IBMA - intervalo 1 de concentracdo e 1,6-

HDMA) e do plastificante(DBNP).
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O Quadro Al (Apéndice 4) apresenta as concentragdes finais (Cf)
obtidas para as solugdes de trabalho 1, volumes pipetados das solugdes estoques

padrédo (Vp) e volumes finais (Vf) das solucdes de trabalho 1 em MeOH.

Quadro Al — Protocolo de preparo das solugdes de trabalho 1 para os mondmeros

(IBMA - intervalo 1 de concentragdo e 1,6-HDMA) e plastificante (DBNP)

Solucio IBMA 1,6-HDMA DBNP A%

trabalho Ct Vp Ct Vp Ct Vp MeOH
1 (ug/mL) | (uL) | (ug/mL) | (uL) | (ug/mL) | (uL) (mL)
1 7,00 80,0 10,0 100 3,00 300 100
2 10,0 113 20,0 201 4,00 400 100
3 20,0 224 30,0 301 5,00 500 100
4 40,0 113 40,0 100 6,00 150 25,0
5 60,0 169 50,0 125 9,00 226 25,0
6 70,0 197 60,0 150 12,0 300 25,0
7 80,0 224 70,0 176 18,0 450 25,0
8 100 113 80,0 80,2 24,0 240 10,0

O Quadro A2 (Apéndice 4) apresenta as concentracdes finais
obtidas para as solucdes de trabalho 2 e os volumes finais (Vf) das solucdes de
trabalho 2 em saliva artificial. A saliva artificial apresentou a seguinte
composi¢ao: NaCl (0,4 g), KC1 (0,4 g), CaCl, - 2H,0 (0,795 g), NaH,PO, - 2H,0
(0,78 g), Na,S - 9H,0 (0,005 g), uréia (1,0 g), dgua destilada (1.000 mL). E
importante observar que as solucdes de trabalho 2 foram preparadas pipetando-
se 100 uL da respectiva solucdo de trabalho 1 e adicionando-se 900 uL de saliva
artificial. Dessa forma, a concentracdo da solucdo de trabalho 2 é 10 vezes

inferior a concentragdo da respectiva solucdo de trabalho 1.
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Quadro A2 — Protocolo de preparo das solugdes de trabalho 2 para os mondmeros

(IBMA - intervalo 1 de concentragdo e 1,6-HDMA) e plastificante (DBNP)

Soluciio 1A 2A 3A 4A 5A 6A 7A 8A \73

trab. 2 (ug/mL) | (ug/mL) | (pg/mL) | (pg/mL) | (pg/mL) | (ug/mL) | (pg/mL) | (pg/mL) | (saliva)

IBMA 0,700 1,00 2,00 4,00 6,00 7,00 8,00 10,0 1,00 mL
1,6- 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 1,00 mL

HDMA

DBNP 0,300 0,400 0,500 0,600 0,900 1,20 1,80 2.40 1,00 mL

A Figura A5 (Apéndice 4) apresenta o protocolo de preparo da
solugdo estoque padrdo e solugdes de trabalho dos métodos por CLAE para a

andlise do mondémero IBMA (intervalo 2 de concentracio).

Solucao comercial

:

IBMA
d =0,888 g/cm’
Pureza = 97,0%

Solucdo estoque padrao

IBMA
C =0,500 x 10" ug/mL
Voo = 064 1L

V., = 100 mL MeOH

Solucdo de trabalho 1

U T R ORI

Solucdao de trabalho 2

HERUEE:

1A 2A 6A 7A

FIGURA AS — Protocolo de preparo da solucio estoque padrio e de trabalho para

a andlise do monomero IBMA (intervalo 2 de concentracdo).



O Quadro A3 (Apéndice 4) apresenta as concentragdes finais (Cf)
obtidas para as solucdes de trabalho 1 do mondmero IBMA (intervalo 2 de
concentracdo), volumes pipetados da solucido estoque padrio (Vp) e volumes

finais (Vf) das solugdes de trabalho 1 em MeOH.

Quadro A3 — Protocolo de preparo das solucdes de trabalho 1 para o mondmero

IBMA (intervalo 2 de concentracdo)

Solucdo de 1 2 3 4 5 6 7 A%
trabalho 1 (MeOH)

Vp (uL) 100 | 200 | 400 | 600 | 700 | 800 | 1,00x 10° | 5,00 mL
Cf (ug/mL) 100 | 200 | 400 | 600 | 700 | 800 | 1,00x 10°

O Quadro A4 (Apéndice 4) apresenta as concentracdes finais (Cf)
obtidas para as solucdes de trabalho 2 do mondmero IBMA (intervalo 2 de
concentracdo), volumes pipetados das solucdes de trabalho 1 (Vp) e volumes

finais (Vf) das solucdes de trabalho 2 em saliva artificial.

Quadro A4 — Protocolo de preparo das solucdes de trabalho 2 para o mondmero

IBMA (intervalo 2 de concentragio)

Solugio de 1A 2A | 3A | 4A | 5A | 6A | TA vt
trabalho 2 (saliva)

Vp (uL) 100 | 100 | 100 | 100 | 100 | 100 | 100 1,00 mL
Cf (ug/mL) 10,0 | 20,0 | 40,0 | 60,0 | 70,0 | 80,0 | 100
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Protocolos de preparo das solucoes de trabalho dos controles de qualidade

dos métodos por CLAE para a analise dos monomeros e do plastificante

A Figura A6 (Apéndice 4) apresenta o protocolo de preparo das
solugdes estoques padrdo e solucdes de trabalho dos controles de qualidade dos
métodos por CLAE para a andlise dos mondmeros e do plastificante. Como
relatado anteriormente, as solugoes do monémero IBMA foram preparadas em

dois intervalos de concentragdo (1 e 2).

Solucdo comercial

o 00

IBMA 1,6-HDMA DBNP
d =0,888 g/cm’ d=0997g/cm® d=1,04g/cm’
Pureza = 97,0% Pureza = 99,0% Pureza = 99,0%

Solucao estoque padrao

O 0O

IBMA 1,6-HDMA DBNP
C=0,888x 10°ugmL C =0,997x 10 ugmL  C = 1,00 x 10° ug/mL
Voiauoa = 1,00 mL Voiguoro = 1,00 ML Vauon = 90,8 pl
V,_, =100mLMeOH V., =100mLMeOH V= 100mLMeOH

Solucdo de trabalho 1 - IBMA + 1,6-HDMA + DBNP

R

Solucdao de trabalho 2 - IBMA + 1,6-HDMA + DBNP

] ] I

1A 2A 3A
FIGURA A6 — Protocolo de preparo das solugdes estoques padrdo e de trabalho

dos controles de qualidade para a andlise dos mondmeros (IBMA — intervalo 1 de

concentragdo e 1,6-HDMA) e do plastificante (DBNP).
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O Quadro A5 (Apéndice 4) apresenta as concentragdes finais (Cf)
obtidas para as solucdes de trabalho 1 dos controles de qualidade, volumes
pipetados das solucdes estoques padrdo (Vp) e volumes finais (Vf) das solucdes

de trabalho 1 dos controles de qualidade em MeOH.

Quadro A5 — Protocolo de preparo das solugdes de trabalho 1 dos controles de
qualidade para os mondomeros (IBMA - intervalo 1 de concentracdo e 1,6-

HDMA) e plastificante (DBNP)

Soluciao de IBMA 1,6-HDMA DBNP A%
trabalho 1
Cf Vp Ct Vp Ct Vp MeOH
(ug/mL) | (uL) | (ug/mL) | (uL) | (ug/mL) | (uL) | (mL)
1 8,40 94,6 12,0 120 3,60 360 100
2 45,0 127 32,0 80,2 9,60 240 25,0
3 85,0 239 68,0 170 20,4 510 25,0

O Quadro A6 (Apéndice 4) apresenta as concentracdes finais
obtidas para as solugdes de trabalho 2 dos controles de qualidade e os volumes
finais (Vf) das solugdes de trabalho 2 em saliva artificial. Como relatado
anteriormente, as solucdes de trabalho 2 foram preparadas pipetando-se 100 uL

da respectiva solucdo de trabalho 1 e adicionando-se 900 uL de saliva artificial.
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Quadro A6 — Protocolo de preparo das solugdes de trabalho 2 dos controles de
qualidade para os monomeros (IBMA - intervalo 1 de concentracdo e 1,6-

HDMA) e plastificante (DBNP)

Solucio de 1A 2A 3A vf

trabalho 2 (ug/mL) (ug/mL) (ug/mL) (saliva)
IBMA 0,840 4,50 8,50 1,00 mL

1,6-HDMA 1,20 3,20 6,80 1,00 mL
DBNP 0,360 0,960 2,04 1,00 mL

A Figura A7 (Apéndice 4) apresenta o protocolo de preparo da
solucdo estoque padrdo e solugdes de trabalho dos controles de qualidade dos

métodos por CLAE para a andlise do mondmero IBMA (intervalo 2).

Solucdo comercial

3

IBMA
d =0,888 g/lcm®
Pureza = 97,0%

Solucdo estoque padrdo

®

IBMA
C =0,500 x 10* pg/mL
Vosaors = 564 pl

V., = 100 mL MeOH

Solucdo de trabalho 1

& & 6

Solucdo de trabalho 2

IR

1A 2A 3A
FIGURA A7 — Protocolo de preparo da solucdo estoque padréo e de trabalho dos

controles de qualidade para a andlise do mondmero IBMA (intervalo 2).
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O Quadro A7 (Apéndice 4) apresenta as concentragdes finais (Cf)
obtidas para as solucdes de trabalho 1 dos controles de qualidade do mondmero
IBMA (intervalo 2 de concentracdo), volumes pipetados da solucdo estoque
padrio (Vp) e volumes finais (Vf) das solu¢des de trabalho 1 dos controles de

qualidade em MeOH.

Quadro A7 — Protocolo de preparo das solugdes de trabalho 1 dos controles de

qualidade para o mondmero IBMA (intervalo 2 de concentracio)

Solucoes de 1 2 3 Vf
trabalho 1 (MeOH)

Vp (uL) 120 450 850 5,00 mL
Cf (ug/mL) 120 450 850

O Quadro A8 (Apéndice 4) apresenta as concentracdes finais (Cf)
obtidas para as solucdes de trabalho 2 dos controles de qualidade do mondmero
IBMA (intervalo 2 de concentracdo), volumes pipetados das solucdes de trabalho
1 (Vp) e volumes finais (Vf) das solugdes de trabalho 2 dos controles de qualidade

em saliva artificial.

Quadro A8 — Protocolo de preparo das solugdes de trabalho 2 dos controles de

qualidade para o mondmero IBMA (intervalo 2 de concentragao)

Solucoes de 1A 2A 3A Vf
trabalho 1 (saliva)

Vp (uL) 100 100 100 1,00 mL
Cf (ug/mL) 12,0 45,0 85,0
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Protocolos de preparo das solucoes de trabalho dos métodos por CLAE para

a analise dos produtos de degradacao

A Figura A8 (Apéndice 4) apresenta o protocolo de preparo das
solugdes estoques padrdo e solugdes de trabalho dos métodos por CLAE para a

andlise dos produtos de degradag@o.

Produto comercial

5o

MA BA
d =1,02 g/cm’ Pureza = 99,0%
Pureza = 99,5%

Solucdo estoque padrao

I

C = 701 pg/mL C = 500 pg/mL
thquoto = 6910 ul- m = 5,00 mg
V oe = 100 MLACN V e = 10,0 MLACN

Solugdo de trabalho - MA e BA

V2 3 4 5 6 (1 8

FIGURA A8 - Protocolo de preparo das solucdes estoques padrao e de trabalho

para a andlise dos produtos de degradacdao (MA e BA).

O Quadro A9 (Apéndice 4) apresenta as concentragdes finais (Cf)
obtidas para as solugdes de trabalho, volumes pipetados das solugdes estoques

padrédo (Vp) e volumes finais (Vf) das solucdes de trabalho em saliva artificial.
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Quadro A9 — Protocolo de preparo das solucdes de trabalho para os produtos de

degradacdo (MA e BA)
Solucio de MA BA vf
trabalho

Cf Vp Ct Vp saliva

(ng/mL) (uL) (ng/mL) (L) (mL)

1 1,00 14,0 0,500 10,0 10,0

2 2,00 28,0 1,00 20,0 10,0

3 4,00 57,0 2,00 40,0 10,0

4 8,00 114 4,00 80,0 10,0

5 16,0 228 8,00 160 10,0

6 32,0 458 16,0 320 10,0

7 64,0 910 32,0 640 10,0

8 128 1,82 x 10° 64,0 1,28 x 10° 10,0
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Protocolos de preparo das solucoes de trabalho dos controles de qualidade

dos métodos por CLAE para a analise dos produtos de degradaciao

A Figura A9 (Apéndice 4) apresenta o protocolo de preparo das
solucdes estoques padrdo e solucdes de trabalho dos controles de qualidade dos

métodos por CLAE para a andlise dos produtos de degradag@o.

Produto comercial

MA BA
d =1,02 g/cm’ Pureza = 99,0%
Pureza = 99,5%

Solucdo estoque padrdao

S

C = 701 ug/mL C = 500 pg/mL
V, = 69,0l m = 5,00 mg

alguota

V.. = 100mMLACN Ve =100mLACN

Solucdao de trabalho - MA e BA

URRCING)

FIGURA A9 - Protocolo de preparo das solugdes estoques padrdo e de trabalho

dos controles de qualidade para a andlise dos produtos de degradagdao (MA e BA).

O Quadro A10 (Apéndice 4) apresenta as concentracdes finais (Cf)
obtidas para as solugdes de trabalho dos controles de qualidade, volumes
pipetados das solucdes estoques padrdo (Vp) e volumes finais (Vf) das solucdes

de trabalho em saliva artificial.
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Quadro A10 — Protocolo de preparo das solugdes de trabalho dos controles de

qualidade para os produtos de degradacdo (MA e BA)

Solucio de MA BA vf
trabalho
Cf Vp Ct Vp saliva
(ng/mL) (uL) (ng/mL) (uL) (mL)
1 1,20 17,0 0,600 12,0 10,0
2 51,4 732 25,6 512 10,0
3 109 1,50 x 10’ 54,4 1,10 x 10’ 10,0

Resultados da validacio dos métodos por CLAE para a analise dos

monomeros e do plastificante

As figuras de mérito analitico utilizadas para a validacdo dos
métodos desenvolvidos foram: linearidade, precisdo e exatiddo intra e interdias,
limites de quantificac@o e deteccdo, ensaio cego, estabilidade e recuperagao.

As Figuras A10, All, Al2 e Al13 (Apéndice 4) apresentam as
curvas de calibracdo obtidas para os compostos IBMA (intervalo 1 de
concentracdo), 1,6-HDMA, DBNP e IBMA (intervalo 2 de concentracdo),
respetivamente. Foi observado que as curvas de calibracdo apresentaram
linearidade nas faixas de concentracdo de 0,700 a 10,0 pug/mL para o IBMA
(intervalo 1 de concentragdo), de 1,00 a 8,00 pug/mL para o 1,6-HDMA, de 0,300 a
2,40 pg/mL para o DBNP e de 10,0 a 100 pg/mL para o IBMA (intervalo 2 de

concentragdo).
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35000

Curva de calibracao IBMA (intervalo 1)

30000

25000
20000

%

area

15000
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5000

R? = 0,9907

y = 3007,7x + 567,24

4 6 8 10
concentragao (ug/mL)

12

FIGURA A10 - Curva de calibragdo obtida para o IBMA (intervalo 1).

30000

Curva de calibracao 1,6-HDMA
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20000 -
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15000

10000
5000 -

A

0
0

y = 3640x - 1461,3
R? = 0,9957

4 6 8
concentracao (ng/mL)

10

FIGURA Al1 - Curva de calibragdo obtida para o 1,6-HDMA.
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40000

Curva de calibracao DBNP

<

35000
30000

P

25000 -
20000

e

area

15000
10000 -
5000

y = 14748x - 1689,1
R2 = 0,9946

0,5 1 1,5 2 2,5 3

concentracao (ug/mL)

FIGURA A12 - Curva de calibragdo obtida para o DBNP.

Curva de calibracao IBMA (intervalo 2)
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y = 3893,3x - 10830
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FIGURA A13 - Curva de calibragdo obtida para o IBMA (intervalo 2).
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A precisdo das andlises foi expressa pelo coeficiente de variagdo
(CV%) das replicatas (n=3) e a exatiddo, expressa em porcentagem, foi
determinada pelo uso do software Microsoft Excel 2000. Foi observado que, para
todas as concentragdes das curvas de calibracdo de todos os compostos, 0s valores
de precisdo e exatidao foram excelentes (Apéndice 4 - Tabelas A18, A19, A20 e
A21 para IBMA - intervalo 1 de concentracdo, 1,6-HDMA, DBNP e IBMA -
intervalo 2 de concentragdo, respectivamente), com valores dentro dos critérios de

aceitacdo do método (< 15%).

Tabela A18 — Precisdo e exatiddo obtidas a partir da andlise das amostras do

IBMA (intervalo 1 de concentracdo) preparadas (n=3) em saliva artificial

Concentracio (ug/mlL.) Precisao (CV %) Exatidao (%)
0,700 15,5 90,2
1,00 7,92 92,2
2,00 5,33 96,8
4,00 4,03 100
6,00 4,98 106
8,00 1,77 103
10,0 5,76 95,1

Tabela A19 — Precisdo e exatiddo obtidas a partir da andlise das amostras do 1,6-

HDMA preparadas (n=3) em saliva artificial

Concentracio (ug/mlL) Precisao (CV %) Exatidao (%)
1,00 25,0 108
2,00 10,1 106
3,00 0,690 97,5
4,00 3,72 96,3
5,00 1,20 97,9
6,00 2,85 100
7,00 1,63 100

8,00 1,44 102
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Tabela A20 — Precisdo e exatiddo obtidas a partir da andlise das amostras do

DBNP preparadas (n=3) em saliva artificial

Concentracio (ug/mlL) Precisao (CV %) Exatidao (%)
0,300 8,95 119
0,400 5,54 112
0,500 0,380 95,1
0,600 5,26 95,1
0,900 0,560 94,5
1,80 4,98 98,9
2,40 4,57 102

Tabela A21 — Precisdo e exatiddo obtidas a partir da andlise das amostras do

IBMA (intervalo 2 de concentracdo) preparadas (n=3) em saliva artificial

Concentracao (ug/mlL) Precisao (CV %) Exatidao (%)
10,0 4,47 117
20,0 4,42 105
40,0 0,610 97,4
60,0 1,18 95,1
80,0 0,550 95,7
100 2,16 105

Como controles de qualidade, foram escolhidos trés valores de
concentragdes (baixa, média e alta), em relacdo as concentracdes utilizadas para
construir as curvas de calibracdo dos compostos. As concentragdes de 0,840, 4,50
e 8,50 ug/mL foram selecionadas para o IBMA (intervalo 1 de concentracio); de
12,0, 45,0 e 85,0 pg/mL para o IBMA (intervalo 2 de concentragdo); de 1,20, 3,20
e 6,80 ug/mL para o 1,6-HDMA e de 0,360, 0,960 e 2,04 ug/mL para o DBNP.

A precisdo e exatiddo intradia foram avaliadas por meio do preparo
e das andlises em replicata (n=5) dos trés controles de qualidade em um mesmo
dia e a precisdo e exatiddo interdias, por meio de andlises realizadas em trés dias
ndo consecutivos (n=15). Os resultados de todas as andlises foram excelentes,
com valores dentro dos critérios de aceitacio do método para todas as

concentragdes de todos os compostos (Apéndice 4 — Tabelas A22, A23, A24 e
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A25 para o IBMA - intervalo 1 de concentragdo, 1,6-HDMA, DBNP e IBMA —

intervalo 2 de concentracdo, respectivamente).

Tabela A22 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do IBMA (intervalo 1 de concentracdo) preparados (n=5) em saliva

artificial
Precisao (CV %) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ng/mL)
0,840 0,840 1,92 1,49 88,4 101 92,2
4,50 4,80 0,220 5,92 96,9 111 97,3
8,50 8,63 0,980 8,36 103 107 103

Tabela A23 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do 1,6-HDMA preparados (n=5) em saliva artificial

Precisao (CV %) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ug/mL)
1,20 3,21 5,40 6,62 107 100 101
3,20 3,69 2,46 3,17 107 87,5 91,8
6,80 4,77 7,22 7,95 107 94,0 101

Tabela A24 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do DBNP preparados (n=5) em saliva artificial

Precisao (CV %) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ug/mL)
0,360 3,31 3,28 2,38 110 89,7 92,9
0,960 3,18 5,78 1,30 105 94,8 92,5

2,04 6,52 2,50 3,86 104 92,8 101
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Tabela A25 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do IBMA (intervalo 2 de concentracdo) preparados (n=5) em saliva

artificial
Precisao (CV %) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ng/mL)
12,0 4,81 1,36 2,51 96,1 104 105
45,0 2,68 2,08 1,74 92,0 97,0 100
85,0 2,63 2,72 2,53 98,7 104 108

Os limites de quantificacdo foram determinados como sendo 0,700,
1,00 e 0,300 pg/mL para o IBMA, 1,6-HDMA e DBNP, respectivamente (Tabelas
A18, A19 e A20 - Apéndice 4), de modo que, para as replicatas (n=3) os valores
de precisdo e exatidao foram superiores a 15%.

Os limites de detec¢do foram determinados como sendo 0,500,
0,700 e 0,250 pg/mL para o IBMA, 1,6-HDMA e DBNP, respectivamente, sendo
estas as concentragdes em que se observou um sinal trés vezes maior que o ruido
do detector para as replicatas (n=3).

O ensaio cego foi realizado por um outro analista, o qual preparou
e analisou duas concentracdes de valores intermedidrios, dentro das faixas de
concentragdes das curvas de calibracdo, de cada um dos compostos analisados. As
amostras foram analisadas (n=3) utilizando as condi¢des cromatogrificas de
andlise determinadas previamente. As concentragdes foram de 7,00 e 70,0 pg/mL
para o IBMA, de 3,50 e 5,50 ug/mL para o 1,6-HDMA e de 0,800 e 1,70 png/mL
para o DBNP. Os valores de precisdo e de exatidio para este ensaio também

estavam dentro do critério de aceitacdo do método (Tabela A26 — Apéndice 4).
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Tabela A26 — Precisdo e exatiddo obtidas a partir da andlise das amostras do

ensaio cego preparadas (n=3) em saliva artificial

IBMA Precisao  Exatidao 1,6- Precisao Exatiddo @ DBNP  Precisio Exatidao

(ng/mL)  (CV%) (%) HDMA  (CV%) (%) (ng/mL)  (CV%) (%)
(ug/mL)

7,00 1,05 113 3,50 4,05 95,0 0,800 2,28 105

70,0 3,89 89,2 5,50 6,67 100 1,70 6,58 109

A estabilidade das amostras, a qual demonstrou ser o fator
preponderante para o presente método de andlise, também foi avaliada. A
estabilidade dos compostos IBMA, 1,6-HDMA e DBNP em saliva artificial foi
avaliada através da comparagdo entre inje¢cdes de amostras recém-preparadas nas
trés diferentes concentragdes controles e apds O armazenamento em quatro
periodos. Uma vez que ndo foi possivel congelar as amostras, devido a répida
degradacdo dos compostos residuais, o parametro de estabilidade foi avaliado nos
intervalos de tempo em que os corpos-de-prova foram armazenados em estufa,
sem que houvesse a substituicdo da saliva artificial. Apds cada periodo de coleta
inferior a 24 h (1 h, 3 h e 5 h), a saliva artificial foi descartada e renovada e, apds
este periodo de armazenamento (24 h a 30 dias), a saliva artificial foi substituida
diariamente. Dessa forma, os corpos-de-prova permaneceram imersos por 1 h (0 a
l1h),2h(l1a3he3a5h), 19h (5a24h)e 24 h (a partir de 24 h) em saliva
artificial ndo renovada. Assim, amostras controles foram analisadas recém-
preparadas e ap0s os periodos de 1, 2, 19 e 24 h.

As amostras foram consideradas estdveis quando a variagdo entre
as concentragdes iniciais e a concentragdo apds cada um dos periodos foi superior
a 85%. As Tabelas A27, A28, A29 e A30 (Apéndice 4) apresentam os resultados
de estabilidade dos compostos IBMA (intervalo 1 de concentracdo), 1,6-HDMA,

DBNP e IBMA (intervalo 2 de concentragio), respectivamente.



Apendice §

190

Tabela A27 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

IBMA (intervalo 1 de concentragio)

controle 1h 2h 19h 24 h
(ng/mL)
0,840 13,2 13,0 - -
4,50 52,6 43,8 - -
8,50 33,7 32,6 - -

* concentragdes ndo-detectaveis.

Tabela A28 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

1,6-HDMA
controle 1h 2h 19h 24 h
(ng/mL)
1,20 90,0 97,5 92,5 95,3
3,20 97,8 85,3 84,8 71,2
6,80 77,8 91,2 86,5 77,7

Tabela A29 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

DBNP
controle 1h 2h 19h 24 h
(ng/mL)
0,360 85,8 61,0 68,7 63,0
0,960 99,1 70,7 66,4 58,7
2,04 90,9 78,7 74,3 66,4

Tabela A30 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

IBMA (intervalo 2 de concentracao)

controle 1h 2h 19h 24 h
(ng/mL)
12,0 60,0 33,7 - -
45,0 37,7 31,4 0,210 -
85,0 21,5 46,0 0,480 -

A partir desses resultados foi possivel comprovar a instabilidade

dos compostos em estudo, principalmente, a instabilidade do monémero IBMA. O
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plastificante DBNP demonstrou ser instavel em solucdo aquosa a partir de 2 h de
armazenamento € o mondomero 1,6-HDMA demonstrou ser o composto mais
estavel.

A porcentagem de recuperagdo para os mondmeros e o plastificante
também foi avaliada. As concentracdes controles foram preparadas (n=3) em
metanol (solvente) e em saliva artificial (fluido) e analisadas imediatamente apos
o preparo. Este procedimento foi realizado com a finalidade de observar a resposta
do detector de UV, relativa as dreas das bandas cromatogréficas apresentadas por
essas amostras, e estabelecer uma relacdo de proporcionalidade em termos
percentuais (saliva/metanol). As Tabelas A31, A32, A33 e A34 (Apéndice 4)
apresentam os resultados deste parametro para os compostos IBMA (intervalo 1
de concentracdo), 1,6-HDMA, DBNP e IBMA (intervalo 2 de concentracio),

respectivamente.

Tabela A31 — Recuperacio (%) do composto IBMA (intervalo 1 de concentracéo)

controle replicatas (n=3) média desvio- CV %
(ug/mL) padrao
1 2 3
0,840 45,8 47,1 51,2 48,0 2,79 5,81
4,50 50,0 51,7 49,1 50,3 1,31 2,61
8,50 44.4 52,2 51,4 49,3 4,27 8,66

Tabela A32 — Recuperacdo (%) do composto 1,6-HDMA

controle replicatas (n=3) média desvio- CV %
(ng/mL) padrio
1 2 3
1,20 31,5 30,0 36,4 32,6 3,32 10,2
3,20 52,0 51,7 46,1 50,0 3,32 6,64

6,80 43,2 48,1 47,1 46,2 2,61 5,65
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Tabela A33 — Recuperacio (%) do composto DBNP

controle replicatas (n=3) média desvio- CV %
(ug/mL) padrao
1 2 3
0,360 20,9 27,8 26,0 24,9 3,58 14,4
0,960 33,9 36,0 32,3 34,1 1,89 5,55
2,04 30,2 33,7 33,9 32,6 2,06 6,31

Tabela A34 — Recuperacido (%) do composto IBMA (intervalo 2 de concentracio)

controle replicata (n=3) média desvio- CV %
(ng/mL) padrao
1 2 3
12,0 52,8 47,4 47,8 49,3 3,02 6,12
45,0 54,3 54,2 49,1 52,5 2,98 5,67
85,0 55,0 54,9 56,8 55,6 1,06 1,90

As amostras de todos os materiais do grupo controle (coletas de 1

h, 3 h, 5 h, 24 h e 3 dias) foram analisadas apds o congelamento (a -20°C) por um

periodo de 14 dias e comparadas com as mesmas amostras analisadas recém-

preparadas (Figuras Al4 a A18 — Apéndice 4). Os resultados demonstraram a

instabilidade das amostras apds periodo de congelamento.
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FIGURA A14 — Valores médios de liberagdo (ug/mL) de IBMA a partir da resina
Kooliner (amostras frescas ou recém-preparadas e de amostras congeladas por 14

dias).
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FIGURA A15 — Valores médios de liberagdo (ug/mL) de IBMA a partir da resina
New Truliner (amostras frescas ou recém-preparadas e de amostras congeladas

por 14 dias).
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FIGURA A16 — Valores médios de liberagcdo (ug/mL) de DBNP a partir da resina

New Truliner (amostras frescas ou recém-preparadas e de amostras congeladas

por 14 dias).
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FIGURA A17 — Valores médios de liberacdo (ug/mL) de 1,6-HDMA a partir da
resina Ufi Gel hard (amostras frescas ou recém-preparadas e de amostras

congeladas por 14 dias).



Liberacao de 1,6-HDMA -resina T

1,80
’TET 1,60 ———
> 1.40 \‘\
G120+ o—r— =
S 1,00 - \‘\\\
& 0,80 N
‘g 0,60 N
2 0,40 \
8 0,20 N\

0,00

1 hora 3 horas 5 horas 24 horas 3 dias
‘—0— frescas —#— congeladas ‘

FIGURA A18 — Valores médios de liberacdo (ug/mL) de 1,6-HDMA a partir da
resina Tokuso Rebase Fast (amostras frescas ou recém-preparadas e de amostras

congeladas por 14 dias).

Resultados da valida¢ao dos métodos por CLAE para a analise dos produtos

de degradacao

As figuras de mérito analitico utilizadas para a validacdo dos
métodos desenvolvidos foram: linearidade, precisdo e exatiddo intra e interdias,
limites de quantificag¢do e deteccdo, ensaio cego, estabilidade e recuperagao.

As Figuras A19 e A20 (Apéndice 4) apresentam as curvas de
calibrag@o obtidas para os compostos MA e BA, respetivamente. Foi observado
que as curvas de calibracdo apresentaram linearidade nas faixas de concentracéo

de 1,00 a 128 pug/mL para o MA e de 0,500 a 64,0 ug/mL para o BA.
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FIGURA A19 - Curva de calibragdo obtida para o MA.
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FIGURA A20 - Curva de calibragdo obtida para o BA.
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A precisdo das andlises foi expressa pelo coeficiente de variagdo

(CV%) das replicatas (n=3) e a exatiddo, expressa em porcentagem, foi

determinada pelo uso do software Microsoft Excel 2000. Foi observado que, para

todas as concentracdes das curvas de calibragdo de ambos compostos, os valores

de precisdo e exatiddo foram excelentes (Apéndice 4 - Tabelas A35 e A36 para

MA e BA, respectivamente), com valores dentro dos critérios de aceitacdo do

método (< 15%).

Tabela A35 — Precisdo e exatiddo obtidas a partir da andlise das amostras do MA

preparadas (n=3) em saliva artificial

Concentracao (ug/mlL) Precisao (CV %) Exatidao (%)
1,00 15,5 120
2,00 3,66 112
4,00 0,530 110
8,00 0,280 106
16,0 2,17 96,1
32,0 0,860 96,9
64,0 0,510 101
128 8,14 106

Tabela A36 — Precisdo e exatiddo obtidas a partir da andlise das amostras do BA

preparadas (n=3) em saliva artificial

Concentracio (ug/mlL) Precisao (CV %) Exatidao (%)
0,500 20,3 117
1,00 7,84 106
2,00 2,30 103
4,00 2,35 102
8,00 1,44 96,5
16,0 0,360 95,2
32,0 0,480 99,6
64,0 7,07 100

Como controles de qualidade, foram escolhidos trés valores de

concentragdes (baixa, média e alta), em relacdo as concentracdes utilizadas para
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construir as curvas de calibracio dos compostos. As concentracdes de 1,20
pg/mL, 51,3 pg/mL e 109 pg/mL foram selecionadas para o MA e de 0,600
pg/mL, 25,6 ug/mL e 54,4 pg/mL para o BA.

A precisdo e exatiddo intradia foram avaliadas por meio do preparo
e das andlises em replicata (n=5) dos trés controles de qualidade em um mesmo
dia e a precisdo e exatiddo interdias, por meio de andlises realizadas em trés dias
ndo consecutivos (n=15). Os resultados de todas as analises foram excelentes,
com valores dentro dos critérios de aceitacio do método para todas as
concentragdes de ambos compostos (Apéndice 4 — Tabelas A37 e A38 para o MA

e BA, respectivamente).

Tabela A37 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do MA preparados (n=5) em saliva artificial

Precisao (CV%) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ng/mL)
1,20 2,80 3,88 6,60 106 111 107
51,3 1,13 1,85 1,47 94,1 88,2 93,5
109 5,33 4,32 3,24 96,6 90,8 98,3

Tabela A38 — Precisdo e exatiddo obtidas a partir da andlise dos controles de

qualidade do BA preparados (n=5) em saliva artificial

Precisao (CV%) Exatidao (%)
Controles 1° dia 2° dia 3° dia 1° dia 2° dia 3° dia
(ng/mL)
0,600 9,94 7,50 5,38 108 107 107
25,6 1,43 1,75 3,72 91,8 91,0 91,1
54,4 5,27 3,45 3,23 95,2 95,8 93,2

Os limites de quantificacio foram determinados como sendo 1,00 e

0,500 pg/mL para o MA e BA, respectivamente (Tabelas A35 e A36 — Apéndice
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4), de modo que, para as replicatas (n=3) os valores de precisdo e exatiddo foram
superiores a 15%.

Os limites de deteccdo foram determinados como sendo 0,750 e
0,100 pg/mL para o0 MA e BA, respectivamente, sendo estas as concentragcdes em
que se observou um sinal trés vezes maior que o ruido do detector para as
replicatas (n=3).

O ensaio cego foi realizado por um outro analista, o qual preparou
e analisou duas concentracdes de valores intermedidrios, dentro das faixas de
concentragdes das curvas de calibracio, de cada um dos compostos analisados. As
amostras foram analisadas (n=3) utilizando as condi¢des cromatogrificas de
andlise determinadas previamente. As concentragdes foram de 10,9 e 91,1 pg/mL
para o MA e de 5,50 e 25,0 ug/mL para o BA. Os valores de precisido e de
exatiddo para este ensaio também estavam dentro do critério de aceitagdo do

método (Tabela A39 — Apéndice 4).

Tabela A39 — Precisdo e exatiddo obtidas a partir da andlise das amostras do

ensaio cego preparadas (n=3) em saliva artificial

MA Precisao Exatidao BA Precisao Exatidao
(ng/mL) (CV %) (%) (ug/mL) (CV%) (%)

10,9 7,45 90,8 5,50 1,43 97,0

91,1 1,04 92,0 25,0 0,690 89,3

A estabilidade dos dcidos MA e BA em saliva artificial foi avaliada
através da comparacdo entre inje¢cdes de amostras recém-preparadas nas trés
diferentes concentracdes controles e apds o armazenamento em quatro periodos
(1,2,19e 24 h).

As amostras foram consideradas estdveis quando a variagdo entre
as concentragdes iniciais e a concentragcdo apds cada um dos periodos foi superior
a 85%. As Tabelas A40 e A41 (Apéndice 4) apresentam os resultados de

estabilidade dos compostos MA e BA, respectivamente.
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Tabela A40 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

MA
controle 1h 2h 19h 24 h
(ng/mL)
1,20 110 110 108 102
51,3 107 90,9 105 100
109 107 94,7 110 102

Tabela A41 — Resultados de estabilidade (%) em relacdo as amostras iniciais do

BA
controle 1h 2h 19h 24 h
(ug/mL)
0,600 113 114 113 112
25,6 90,3 88,6 89,0 91,4
54,4 90,7 91,9 92,7 97,5

A partir desses resultados foi possivel comprovar a estabilidade das
solugdes padrdao dos dcidos em estudo, pois os valores obtidos estavam dentro da
variagdo estabelecida pelo método de +£15% em relagdo as amostras recém-
preparadas.

A porcentagem de recuperagdo para os dcidos também foi avaliada.
As concentracdes controles foram preparadas (n=3) em acetonitrila (solvente) e
em saliva artificial (fluido) e analisadas imediatamente apds o preparo. As Tabelas
A42 e A43 (Apéndice 4) apresentam os resultados deste pardmetro para os

compostos MA e BA, respectivamente.

Tabela A42 — Recuperacdo (%) do composto MA

controle replicatas (n=3) média desvio- CV%
(ug/mL) padrao
1 2 3
1,20 82,5 87,4 85,0 85,0 2,47 2,91
51,3 88,4 87,8 88,0 88,1 0,310 0,360

109 85,6 83,9 82,1 83,9 1,75 2,09




Tabela A43 — Recuperacio (%) do composto BA

controle replicatas (n=3) média desvio- CV %
(ug/mL) padrao
1 2 3
0,600 89,6 87,0 89,1 88,6 1,37 1,55
25,6 91,4 92,1 92,0 91,8 0,370 0,400
54,4 86,5 84,3 88,7 86,5 2,20 2,54

As amostras de todos os materiais do grupo controle (coletas de 1
h, 3 h, 5 h, 24 h e 3 dias) foram analisadas ap6s o congelamento (a -20°C) por um
periodo de 14 dias e comparadas com as mesmas amostras analisadas recém-
preparadas (Figuras A21 a A28 — Apéndice 4). Os resultados demonstraram a
instabilidade de liberacdo do MA a partir das amostras de todos os materiais apds

periodo de congelamento.
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FIGURA A21 - Valores médios de liberacdo (ug/mL) de MA a partir da resina

Kooliner (amostras frescas ou recém-preparadas e de amostras congeladas por 14

dias).
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FIGURA A22 — Valores médios de liberacdo (ug/mL) de BA a partir da resina

Kooliner (amostras frescas ou recém-preparadas e de amostras congeladas por 14

dias).
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FIGURA A23 — Valores médios de liberacdo (ug/mL) de MA a partir da resina

New Truliner (amostras frescas ou recém-preparadas e de amostras congeladas

por 14 dias).
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FIGURA A24 — Valores médios de liberacdo (ug/mL) de BA a partir da resina

New Truliner (amostras frescas ou recém-preparadas e de amostras congeladas

por 14 dias).
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FIGURA A25 — Valores médios de liberacdo (ug/mL) de MA a partir da resina

Ufi Gel hard (amostras frescas ou recém-preparadas e de amostras congeladas por

14 dias).
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FIGURA A26 — Valores médios de liberacdo (ug/mL) de BA a partir da resina Ufi
Gel hard (amostras frescas ou recém-preparadas e de amostras congeladas por 14
dias).
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FIGURA A27 — Valores médios de liberacdo (ug/mL) de MA a partir da resina

Tokuso Rebase Fast (amostras frescas ou recém-preparadas e de amostras

congeladas por 14 dias).
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FIGURA A28 — Valores médios de liberacdo (ug/mL) de BA a partir da resina

Tokuso Rebase Fast (amostras frescas ou recém-preparadas e de amostras

congeladas por 14 dias).
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Planejamento experimental para liberacdo in vitro dos monomeros e do

plastificante

Para a andlise de liberacdo in vitro dos mondmeros e do
plastificante, quatro fatores foram estabelecidos: material, em 4 niveis (K, N, U e
T); composto, em 3 niveis (IBMA, 1,6-HDMA e DBNP); tempo, em 8 niveis (1
h, 3 h, 5 h, 24 h, 3 dias, 7 dias, 14 dias e 30 dias) e tratamento, em 2 niveis (C -
controle e WB — imers@ao em banho de 4dgua aquecida a 55°C por 10 min). O
nimero de corpos-de-prova necessario para cada condicdo experimental avaliada
neste estudo (n=6) foi calculado com base nos resultados obtidos em estudo

piloto, resultando em um ndmero total de dados da amostra de 480.

Resultados de liberacgao in vitro dos monomeros e do plastificante

A concentragdo residual dos mondmeros e do plastificante em
saliva artificial foi determinada por CLAE. Os valores de liberag¢do in vitro para
cada material em cada grupo experimental estdo apresentados nas Tabelas A44 a

A48 (Apéndice 5).
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Tabela A44 — Liberacdo de IBMA (ug/mL) a partir da resina K
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Grupo Amostra Concentracao (ug/mlL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 102 53,7 689 11,6 1,50 0,850 0,600 -*
2 96,8 48,2 4,67 104 1,30 0,700 0,530 -
3 77,7 47,5 9,32 13,3 0,920 1,02 0,680 @ -
4 759 473 129 13,1 0,900 0,860 0,650 -
5 88,8 509 133 985 3,79 0900 0910 -
6 88,3 33,7 12,5 9,17 222 0,820 0,700 -
WB 1 7,58 552 190 3,77 - - - -
2 4,77 296 1,26 273 - - - -
3 9,24 2775 149 392 - - - -
4 14,5 245 145 3,55 - - - -
5 419 148 1,01 1,99 - - - -
6 436 2,67 142 227 - - - -
* concentragdes nao-detectdveis.
Tabela A45 — Liberacdo de IBMA (ug/mL) a partir da resina N
Grupo Amostra Concentracao (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 62,1 46,2 250 140 227 1,07 - -
2 41,8 269 10,0 10,2 1,81 - - -
3 60,7 28,5 163 14,7 296 - - -
4 71,0 414 17,8 924 191 - - -
5 67,7 53,6 13,1 11,6 229 - - -
6 409 26,6 163 7,57 1,78 - - -
WB 1 0,700 0,910 0,830 2,22 0,950 - - -
2 1,21 1,80 - 2,06 0,810 - - -
3 1,39 0,860 0,500 - - - - -
4 1,30 1,83 4,50 - - - - -
5 0,900 0,700 1,07 - - - - -
6 - 1,43 1,08 - - - - -
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Tabela A46 — Liberacao de DBNP (ug/mL) a partir da resina N
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Grupo Amostra

Concentracio (ug/mL)

n=6 1h 3h Sh 24h 3d 7d 14d  30d

C 1 0,420 0,610 0,520 0,340 - - - -
2 0,440 0,470 0,370 0,260 - - - -

3 0,480 0,540 0,480 0,320 - - - -

4 0,420 0,570 0,520 0,310 - - - -

5 0,450 0,480 0,440 - - - - -

6 0,510 0,570 0,480 0,330 - - - -

WB 1 0,340 0,300 - - - - - -
2 - - - - - - - -

3 0,280 0,270 - - - - - -

4 - - 0,430 - - - - -

5 - - - - - - - -

6 0,280 0,270 - - - - - -

Tabela A47 — Liberacdo de 1,6-HDMA (ug/mL) a partir da resina U
Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d

C 1 5,66 558 580 595 4,02 142 - -
2 6,02 530 6,24 623 4,18 1,49 - -

3 487 555 526 436 3,13 0,990 - -

4 5,56 5,66 550 4,65 289 1,12 - -

5 384 496 3,09 346 231 1,09 - -

6 397 527 3,02 3,65 208 1,13 - -

WB 1 3,72 5,67 492 4,62 286 1,94 - -
2 3,79 587 420 438 332 191 - -

3 2,33 2,76 421 257 1,69 1,93 - -

4 2,36 2,79 3,51 261 1,46 1,27 - -

5 4,04 458 4,65 423 232 1,33 - -

6 452 432 397 433 228 1,21 - -




Tabela A48 — Liberacdo de 1,6-HDMA (ug/mL) a partir da resina T

Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
C 1 1,53 1,68 1,65 1,53 - - - -
2 1,37 1,66 1,73 1,33 - - - -
3 1,77 191 1,22 1,65 0,970 - - -
4 1,70 1,38 1,32 1,12 - - - -
5 1,24 1,47 1,23 1,16 - - - -
6 1,15 1,09 1,12 0,910 - - - -
WB 1 1,39 1,18 2,62 1,14 - - - -
2 0,740 0,830 - 0,710 - - - -
3 1,19 225 - 0,940 - - - -
4 1,00 0,940 1,03 0,840 - - - -
5 0,820 0,810 - - - - -
6

1,12 1,03 1,00 - - - - -

Analise estatistica de liberacao in vitro dos monomeros e do plastificante

A andlise estatistica foi realizada para os todos os materiais (K, N,
U e T), comparando-se os dois grupos experimentais avaliados (C e WB) para
cada um dos compostos liberados (IBMA, 1,6c-HDMA e DBNP) durante os
periodos de imersdo em saliva artificial (1 h, 3 h, 5 h, 24 h, 3 dias, 7 dias, 14 dias
e 30 dias).

Foram utilizados métodos nao-paramétricos para a andlise dos
dados, uma vez que ndo foi possivel comprovar a normalidade, nem mesmo
aproximada, destes valores. O teste de Mann-Whitney foi utilizado para a
compara¢do de amostras independentes e o de Wilcoxon para a comparacio de
dados pareados, ambos em nivel de 5% de significancia.

Nas Tabelas A49 a AS51 (Apéndice 5) sdo apresentadas as
estatisticas descritivas (minimo, maximo, mediana e média) das concentragdes de
IBMA, 1,6-HDMA e DBNP, respectivamente, liberadas a partir dos materiais
avaliados. Sdo apresentados, ainda, os valores-p do teste de Wilcoxon para as

comparagdes entre os periodos de avaliagdo e do teste de Mann-Whitney para as
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comparagdes entre 0s grupos experimentais, em cada material, e entre os

materiais, em cada periodo de avaliacdo.

Tabela A49 — Estatisticas descritivas [minimo (min), maximo (max), mediana
(med), média (m) e valores-p] das concentracdes de IBMA liberadas a partir de

amostras dos materiais K ¢ N, submetidas (WB) ou nio (C) a tratamento

Mat. Grupo  Estat. Concentracio (ug/mlL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
K C min 759 33,77 4,67 9,17 0,900 0,700 0,530 -

max 102 53,7 133 133 3,79 1,02 0910 -
med 88,6 479 109 11,0 1,40 0,850 0,670 -
m 88,2 469 993 112 1,77 0,860 0,680 -

Periodo* 0,028 0,028 0,249 0,028 0,075 0,046 0,028

WB min 4,19 148 1,01 199 - - - -
max 14,5 552 190 3,92 - - - -
med 6,17 271 143 3,14 - - - -

m 7,43 297 142 3,04 - - - -

Periodo* 0,028 0,028 0,028 0,028 1,00 1,00 1,00
C x WB** 0,004 0,004 0,004 0,004 0,004 0,004 0,004 1,00
N C min 409 266 100 7,57 1,78 - -

max 71,0 53,6 250 147 296 1,07 - -
med 614 349 163 109 2,09 -
m 574 372 164 11,2 2,17 0,180 - -

Periodo* 0,028 0,028 0,046 0,028 0,028 1,00 1,00

WB min - 0,700 - - -
max 1,39 1,83 4,50 2,22 0,950 - - -
med 1,05 1,17 0,950 - -

m 0,920 1,25 1,33 0,710 0,290 - - -

Periodo* 0,173 0,917 0,753 1,00 1,00 1,00 1,00

C x WB** 0,004 0,004 0,004 0,004 0,004 0,631 1,00 1,00

K x N** (C) 0,004 0,078 0,025 1,00 0,150 0,055 0,004 1,00
Kx N*(WB) 0,004 0,010 0,109 0,010 0,337 1,00 1,00 1,00

* p da comparag@o entre cada periodo de armazenamento e o anterior por Wilcoxon.
** p da comparagdo entre os grupos experimentais e os materiais por Mann-Whitney.
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Tabela A50 — Estatisticas descritivas [minimo (min), midximo (mdx), mediana
(med), média (m) e valores-p] das concentragdes de DBNP liberadas a partir de

amostras do material N, submetidas (WB) ou nao (C) a tratamento

Mat. Grupo Estat. Concentracio (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
N C min 0,420 0,470 0,370 - - - -

max 0,510 0,610 0,520 0,340 - - - -
med 0,450 0,550 0,480 0,320 - - - -
m 0,450 0,540 0,470 0,260 - - - -

Periodo* 0,028 0,028 0,028 0,043 1,00 1,00 1,00

WB min - - -
max 0,340 0,300 0,430 - - - - -
med 0,140 0,140 -

m 0,150 0,140 0,070 -

Periodo* 0,109 0,715 1,00 1,00 1,00 1,00 1,00

C x WB** 0,004 0,004 0,006 0,016 1,00 1,00 1,00 1,00

* p da comparagdo entre cada periodo de armazenamento e o anterior por Wilcoxon.
** p da comparacdo entre os grupos experimentais por Mann-Whitney.
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Tabela A51 — Estatisticas descritivas [minimo (min), midximo (mdx), mediana

(med), média (m) e valores-p] das concentra¢gdes de 1,6-HDMA liberadas a partir

de amostras dos materiais U e T, submetidas (WB) ou nao (C) a tratamento

Mat. Trat. Estat. Concentracao (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
U C min 384 496 3,02 346 2,08 0,990 - -
max 6,02 5,66 6,24 6,23 4,18 1,49 - -
med 522 543 538 451 3,00 1,13 - -
m 499 539 482 472 3,10 1,21 - -
Periodo* 0,249 0,345 0,753 0,028 0,028 0,028 1,00
WB min 233 2,76 3,51 2,57 146 1,21 - -
max 4,52 587 492 462 332 194 - -
med 376 445 421 428 230 1,62 - -
m 346 433 424 3,79 232 1,60 - -
Periodo* 0,046 0,753 0,173 0,028 0,075 0,028 1,00
C x WB#** 0,025 0,337 0,337 0,200 0,150 0,055 1,00 1,00
T C min L15 1,09 1,12 0910 - - - -
max 1,77 191 1,73 1,65 0,970 - - -
med 145 1,57 1,28 1,25 - - - -
m 146 1,53 1,38 1,28 0,160 - - -
Periodo* 0,463 0,345 0,345 0,028 1,00 1,00 1,00
WB min 0,740 0,810 - - - - - -
max 1,39 225 2,62 1,14 - - - -
med 1,06 0,980 0,500 0,780 - - - -
m 1,04 1,17 0,770 0,610 - - - -
Periodo* 0,753 0,463 0,500 0,068 1,00 1,00 1,00
C x WB** 0,025 0,078 0,055 0,016 0,631 1,00 1,00 1,00
U x T** (C) 0,004 0,004 0,004 0,004 0,004 0,004 1,00 1,00
Ux T#**(WB) 0,004 0,004 0,004 0,004 0,004 0,004 1,00 1,00

* p da comparag@o entre cada periodo de armazenamento e o anterior por Wilcoxon.

** p da comparagdo entre os grupos experimentais e os materiais por Mann-Whitney.
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Planejamento experimental para liberacao in vitro dos acidos de degradacao

Para a andlise de liberacdo in vitro dos 4cidos de degradacdo,
quatro fatores foram estabelecidos: material, em 4 niveis (K, N, U e T);
composto, em 2 niveis (MA e BA); tempo, em 8 niveis (1 h, 3 h, 5 h, 24 h, 3 dias,
7 dias, 14 dias e 30 dias) e tratamento, em 2 niveis (C — controle e WB — imersao
em banho de dgua aquecida a 55°C por 10 min). O nimero de corpos-de-prova
necessdrio para cada condi¢do experimental avaliada neste estudo (n=6) foi
calculado com base nos resultados obtidos em estudo piloto, resultando em um

ndmero total de dados da amostra de 768.

Resultados de liberac¢ao in vitro dos acidos de degradac¢iao

A concentragdo residual dos 4cidos de degradacdo em saliva
artificial foi determinada por CLAE. Os valores de liberacdo in vitro para cada
material em cada grupo experimental estdo apresentados nas Tabelas A52 a A59

(Apéndice 6).
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Tabela A52 — Liberacdo de MA (ug/mL) a partir da resina K
Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 2,91 =¥ - - - - - -
2 - - 2,67 28,8 - - 2,69 -
3 2,75 2,55 - - - - - -
4 - - - - 7,52 - 2,50 -
5 - - - - 14,8 - 3,11 -
6 - - 2,01 - 15,8 - - -
WB 1 - - - - - - - -
2 - 1,98 - - 4,39 4,13 - -
3 - - - - - - - 3,26
4 - - - - - - - 3,49
5 - - - 1,88 4,26 - - 2,37
6 - - - 1,78 - - - 1,95
* concentragdes nao-detectdveis.
Tabela A53 — Liberacdo de BA (ug/mL) a partir da resina K
Grupo Amostra Concentracao (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 41,2 642 268 374 595 340 280 145
2 6,05 591 1,85 - 1,80 - - -
3 393 39,2 11,2 30,7 522 354 287 140
4 5,63 584 238 10,5 527 291 2,03 1,28
5 10,5 5,73 3,05 7,15 0,840 - - 0,770
6 128 496 288 9,16 0,850 - - -
WB 1 1,79 1,74 526 9,03 447 248 1,02 -
2 1,39 1,77 2,07 12,1 3,03 2,00 - -
3 1,58 194 1,18 7,11 2,70 1,81 0,810 -
4 1,86 0,980 - - - - - 0,760
5 1,59 0,900 - 1,09 - - - 0,820
6 1,79 1,34 0,860 7,08 - 1,25 - -
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Tabela A54 — Liberacdo de MA (ug/mL) a partir da resina N
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Grupo Amostra

Concentracio (ug/mL)

n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 - 2,52 3,33 - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - 2,92 - - 2,62 - -
5 - - 2,28 - - - - -
6 - 2,76 4,52 - 4,97 - - -
WB 1 - - - - - - - 6,06
2 - 3,26 - - - - - -
3 - - - - - - - 4,56
4 - - - - - - - 4,38
5 - - - 5,52 - - - -
6 - 2,56 2,19 - 2,36 - - -
Tabela AS5 — Liberacdo de BA (ug/mL) a partir da resina N
Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 355 24,3 841 39,7 10,0 6,45 506 2,67
2 153 9,05 333 328 1,20 - 1,02 -
3 394 11,0 526 442 8,10 6,62 474 2,31
4 348 14,8 535 319 796 49 3,51 1,85
5 924 11,5 1,04 31,1 4,63 0,880 - 0,890
6 10,3 12,2 1,22 30,6 6,24 - - 1,03
WB 1 221 555 241 950 5,12 6,00 2,23 -
2 2,70 3,00 1,77 7,05 - - 0,890 -
3 390 2,85 4,09 219 4,76 - - -
4 4,64 468 3,58 21,0 553 5,62 1,68 -
5 1,17 - 0,860 8,28 7,50 0,990 - 0,800
6 370 2,12 1,37 11,7 227 - - -
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Tabela A56 — Liberacdo de MA (ug/mL) a partir da resina U
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Grupo Amostra

Concentracio (ug/mL)

n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 18,4 2,38 - - - - - -
2 8,64 2,57 2,12 5,03 545 2,08 1,73 -
3 21,9 2,58 - 2,12 - - - -
4 17,5 495 2,02 2,89 - - - -
5 20,5 - 1,87 2,16 - - - -
6 12,5 258 359 147 29,7 2,11 - -
WB 1 - - - - - 2,01 233 5,01
2 231 243 245 272 - - - -
3 2,64 2,07 - - - 2,14 198 7,05
4 - - - 432 16,0 2,38 - -
5 - - - 2,77 - 3,25 - -
6 358 227 223 1,71 12,7 - - -
Tabela AS57 — Liberacdo de BA (ug/mL) a partir da resina U
Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h Sh 24h 3d 7d 14d  30d
C 1 199 8,00 4,37 189 343 3,11 2,06 1,49
2 152 529 1,73 9,59 0,840 - 0,780 -
3 204 947 9,13 16,2 528 299 241 142
4 140 17,7 6,37 248 7,17 3,55 2,89 1,68
5 17,2 9,11 4,78 169 566 3,15 223 1,71
6 183 494 5,10 186 543 3,09 252 1,23
WB 1 3,60 3,18 3,33 571 2775 1,22 1,07 -
2 356 1,87 1,73 0,930 1,09 - - -
3 542 339 366 13,7 298 0,850 0,870 -
4 441 446 227 13,6 324 1,34 0910 -
5 1,03 - - 1,36 4,89 - - -
6 2,50 1,68 1,12 7,45 - - - -
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Tabela A58 — Liberacdo de MA (ug/mL) a partir da resina T

Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
C 1 - 326 221 238 10,1 - - -
2 - - - - - - - -
3 - 3,20 - - - - -
4 - - - 517 1,59 1,50 - -
5 - - - 499 472 4,20 - -
6 - 397 2,10 1,61 451 - - -
WB 1 - - - - - 2,76 - 3,85
2 - 1,77 - 346 8,74 - - -
3 - - - - - 3,30 - 4,08
4 2,36 449 2,15 197 2,17 - - -
5 2,92 350 2,63 - 3,91 - - -
6 - - - 2,06 495 - - -

Tabela AS9 — Liberacdo de BA (ug/mL) a partir da resina T

Grupo Amostra Concentracio (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
C 1 4,60 325 1,20 13,3 0,880 - - -
2 7,38 546 3,69 129 452 260 2,14 1,11
3 546 104 3,79 11,8 489 253 1,82 0,910
4 9,19 6,07 1,18 7,43 5,65 0,830 - 0,770
5 6,87 6,93 - 16,3 2,26 - - 0,780
6 5,85 2,39 0930 14,8 0,870 - - -
WB 1 1,or 1,25 1,08 2,32 0,810 - - -
2 2,68 6,11 383 129 1,67 1,79 - -
3 2,12 544 375 12,0 1,80 1,72 - -
4 1,00 0,910 0,810 0,960 - - - -
5 - 0,800 0,770 1,32 - - - -
6 0,980 1,09 0910 741 - - - -

Andlise estatistica de liberacao in vitro dos acidos de degradaciao

A andlise estatistica foi realizada para os todos os materiais (K, N,
U e T), comparando-se os dois grupos experimentais avaliados (C e WB) para
cada um dos compostos liberados (MA e BA) durante os periodos de imersdo em

saliva artificial (1 h, 3 h, 5 h, 24 h, 3 dias, 7 dias, 14 dias e 30 dias).
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Foram utilizados métodos ndo-paramétricos para a andlise dos
dados, uma vez que ndo foi possivel comprovar a normalidade, nem mesmo
aproximada, destes valores. O teste de Mann-Whitney foi utilizado para a
compara¢do de duas amostras independentes, o de Wilcoxon para a comparagio
de duas amostras pareadas e o de Kruskal-Wallis para a comparag¢do de mais de
duas amostras independentes, ambos em nivel de 5% de significancia.

Nas Tabelas A60 e A61 (Apéndice 6) sdo apresentadas as
estatisticas descritivas (minimo, méaximo, mediana e média) das concentracdes
(ug/mL) de MA e BA, respectivamente, liberadas a partir dos materiais avaliados.
Sao apresentados, ainda, os valores-p do teste de Wilcoxon para as comparacdes
entre os periodos de avaliagdo, do teste de Mann-Whitney para as comparagdes
entre os grupos experimentais em cada material e do teste de Kruskal-Wallis para

as comparacdes entre os materiais em cada periodo de avaliacdo.



Tabela A60 — Estatisticas descritivas [minimo (min), midximo (mdx), mediana
(med), média (m) e valores-p] das concentragdes de MA liberadas a partir de

amostras dos materiais K, N, U e T submetidas (WB) ou ndo (C) a tratamento

Mat. Grupo  Estat. Concentracao (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
K C min - - - - - - - -
max 2,91 2,55 2,67 28,8 158 - 3,11 -
med - - - - 3,76 - 1,25 -
m 0,940 0,430 0,780 4,80 6,35 - 1,38 -
Periodo* 1,00 0,593 1,00 0,715 0,109 0,109 0,109
WB min - - - - - - - -
max - 1,98 - 1,88 439 4,13 - 3,49
med - - - - - - - 2,16
m - 0,330 - 0,610 1,44 0,690 - 1,85
Periodo* 1,00 1,00 1,00 0,285 1,00 1,00 0,068
C x WB** 0,337 0,936 0,337 0,749 0,337 0,631 0,150 0,055
N C min - - - - - - - -
max - 2,76 4,52 - 497 2,62 - -
med - - 2,60 - - - - -
m - 0,880 2,17 - 0,830 0,440 - -
Periodo* 1,00 0,068 0,068 1,00 1,00 1,00 1,00
WB min - - - - - - - -
max - 326 2,19 552 236 - - 6,06
med - - - - - - - 2,19
m - 0,970 0,360 0,920 0,390 - - 2,50
Periodo* 1,00 1,00 1,00 1,00 1,00 1,00 0,109
C x WB** 1,00 0,873 0,078 0,631 0,936 0,631 1,00 0,150
U C min 8,64 - - - - - - -
max 21,9 495 359 503 297 211 1,73 -
med 179 2,57 195 2,14 - - - -
m 166 2,51 1,60 2,28 5,86 0,700 0,290 -
Periodo* 0,028 0,249 0,225 0,686 1,00 1,00 1,00
WB min - - - - - - - -
max 358 243 245 432 160 325 233 7,05
med 1,16 1,04 - 2,21 - 2,08 - -
m 1,42 1,13 0,780 1,92 477 1,63 0,720 2,01
Periodo* 0,285 0,285 0,273 0,465 0,686 0,273 1,00
C x WB** 0,004 0,045 0,522 0,749 1,00 0,200 0,522 0,337
T C min - - - - - - - -
max - 397 221 5,17 10,1 4,20 - -
med - 1,60 - 1,99 3,05 - - -
m - 1,74 0,720 2,36 3,48 0,950 - -
Periodo* 0,109 0,109 0,273 0,715 0,068 1,00 1,00
WB min - - - - - - - -
max 292 449 263 346 874 3,30 - 4,08

med - 0,890 - 0,980 3,04 - - -
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m 0,880 1,63 0,800 1,25 3,30 1,01 - 1,32
Periodo* 0,109 0,109 0,715 0,068 0,249 1,00 1,00
C x WB** 0,337 0,936 0,873 0423 1,00 1,00 1,00 0,337

Mat. C*** <0,001 0,127 0,257 0,037 0,461 0,480 0,059 1,00
Mat. WB*** 0,093 0,528 0,425 0,387 0,392 0,165 0,10 0,850

* p da comparagdo entre cada periodo de armazenamento e 0 anterior no mesmo grupo
experimental em cada material por Wilcoxon.

** p da comparag@o entre os grupos experimentais no mesmo material em cada periodo
de armazenamento por Mann-Whitney.

**% p da comparagdo entre materiais no mesmo grupo experimental em cada periodo de
armazenamento por Kruskal-Wallis.
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Tabela A61 — Estatisticas descritivas [minimo (min), midximo (mdx), mediana

(med), média (m) e valores-p] das concentragdes de BA liberadas a partir de

amostras dos materiais K, N, U e T submetidas (WB) ou ndo (C) a tratamento

Mat. Grupo  Estat. Concentracio (ug/mL)
n=6 1h 3h 5h 24h 3d 7d 14d  30d
K C min 563 496 1,85 - 0,840 - - -
max 41,2 392 11,2 374 595 354 287 145
med 11,7 5,87 2,78 9,83 351 145 1,01 1,03
m 192 11,3 401 158 332 1,64 1,28 0,820
Periodo* 0,116 0,028 0,046 0,046 0,028 0,109 0,273
WB min 1,39 0,900 - - - - - -
max 1,86 1,94 526 12,1 447 248 1,02 0,820
med 1,69 154 1,02 7,09 135 1,53 - -
m 1,67 144 156 6,06 1,70 1,26 0,300 0,260
Periodo* 0,249 0,463 0,043 0,043 0,465 0,068 0,715
C x WB** 0,004 0,004 0,055 0,173 0,150 0,631 0,337 0,150
N C min 924 9,05 1,04 30,6 1,20 - - 0,00
max 394 243 841 442 10,0 6,62 506 2,67
med 250 11,8 429 323 7,0 293 226 1,44
m 24,1 13,8 4,10 350 636 3,16 239 146
Periodo* 0,116 0,028 0,028 0,028 0,028 0,138 0,173
WB min 1,17 - 0,860 7,05 - - - -
max 4,64 555 409 219 750 6,00 223 0,800
med 320 292 2,09 10,6 494 0,500 0,450 -
m 305 303 235 132 420 2,10 0,800 0,130
Periodo* 0,753 0,463 0,028 0,028 0,225 0,144 0,144
C x WB** 0,004 0,004 0,337 0,004 0,200 0,522 0,262 0,020
U C min 140 494 1,73 9,59 0,840 - 0,780 -
max 204 17,7 9,13 248 7,17 355 289 1,71
med 17,8 855 494 17,8 535 3,10 232 1,46
m 17,5 9,08 525 17,5 4,63 2,65 2,15 1,25
Periodo* 0,046 0,046 0,028 0,028 0,028 0,173 0,028
WB min 1,03 - - 0,930 - - - -
max 542 446 3,66 13,7 489 134 1,07 -
med 358 253 200 6,58 286 0420 0,430 -
m 342 243 202 7,11 249 0,570 0,480 -
Periodo* 0,046 0,500 0,046 0,173 0,043 0,285 0,109
C x WB** 0,004 0,004 0,025 0,010 0,055 0,031 0,016 0,016
T C min 4,60 2,39 - 7,43 0,870 - - -
max 9,19 104 3,79 163 565 2,60 2,14 1,11
med 6,36 5,77 1,19 13,1 3,39 0410 - 0,770
m 6,56 5,74 1,80 12,7 3,18 0,990 0,660 0,600
Periodo* 0,463 0,028 0,028 0,028 0,028 0,109 0,465
WB min - 0,800 0,770 0,960 - - - -
max 268 6,11 383 129 1,80 1,79 - -
med 1,01 1,17 1,00 4,86 0410 - - -
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m 1,30 2,60 1,86 6,14 0,710 0,580 - -

Periodo* 0,046 0,028 0,028 0,028 0,593 1,00 1,00

C x WB** 0,004 0,055 0,749 0,025 0,025 0,522 0,337 0,055

Mat. C#*#* 0,013 0,041 0,090 0,008 0,132 0,243 0,150 0,131
Mat, WB*** 0,016 0,456 0,641 0,293 0,065 0,535 0,205 0,262

* p da comparagdo entre cada periodo de armazenamento e 0 anterior no mesmo grupo
experimental em cada material por Wilcoxon.

** p da comparag@o entre os grupos experimentais no mesmo material em cada periodo
de armazenamento por Mann-Whitney.

**% p da comparagdo entre materiais no mesmo grupo experimental em cada periodo de
armazenamento por Kruskal-Wallis.
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Urban VM. Efeito de tratamentos pds-polimerizacdo sobre o peso molecular, o
grau de conversdo, a temperatura de transi¢do vitrea e a liberagdo in vitro de
monodmero residual, plastificante e produtos de degradagdo de resinas acrilicas
para reembasamento imediato [Tese de Doutorado]. Araraquara: Faculdade de

Odontologia da UNESP; 2007.

Os objetivos deste estudo foram avaliar: 1. o efeito de tratamentos pOs-
polimerizacdo (MW-irradiag@o por energia de microondas e WB-imersdo em dgua
aquecida) sobre o grau de conversio (DC) de resinas acrilicas para
reembasamento imediato (Ufi Gel hard-U, Kooliner-K e Tokuso Rebase Fast-T) e
de uma resina acrilica para base de prétese (Lucitone 550-L), submetida a dois

ciclos de polimerizagdo (LS-curto e LL-longo) por espectroscopia FT-Raman; 2. o

peso molecular (MW) do pré-polimero dos materiais U, K, T e L e das amostras
polimerizadas da resina K (controle; MW e WB) por GPC; 3. o efeito de MW e
WB na temperatura de transicdo vitrea (7g) das resinas para reembasamento
imediato (Duraliner II-D, K, New Truliner-N, U e T) e da resina para base de
protese (LS e LL) por DSC; 4. o efeito de WB na liberacdo de compostos
residuais (isobutil metacrilato-IBMA, 1,6-hexanediol dimetacrilato-1,6-HDMA e
DBNP-dibutil-n-ftalato) a partir das resinas para reembasamento imediato K, N, U
e T para saliva artificial por CLAE; 5. o efeito de WB na liberacdo de produtos de
degradacdo (dcido metacrilico-MA e 4cido benzdico-BA) a partir das resinas para
reembasamento imediato K, N, U e T para saliva artificial por CLAE. Amostras
do grupo controle ndo foram submetidas a nenhum tratamento. Os resultados de
DC (%) foram analisados pelo teste de Kruskal-Wallis (a=0,05). Os resultados de
Tg (°C) foram analisados pela andlise de varidncia (ANOVA), seguido pelo teste

de Tukey (0=0,05). Os resultados da liberacio de mondmero



224

Resuma

residual e plastificante (ug/mL) foram submetidos aos testes de Wilcoxon ou de
Mann-Whitney (a=0,05). Os resultados da liberacdo de produtos de degradacio
(ug/mL) foram submetidos aos testes de Wilcoxon, Mann-Whitney ou Kruskal-
Wallis (0=0,05). Para as amostras do grupo controle, ndo houve diferencas
significantes entre o DC das resinas U e LL e entre as resinas LL, K e T. As
amostras da resina L polimerizadas pelo ciclo curto de polimerizagdo
apresentaram o maior valor de DC. Apenas o material K exibiu um aumento nos

valores de DC apds o tratamento WB. Todos os pré-polimeros apresentaram

valores de MW entre 4,0)(105 e 6,5)(105 e distribuicdes estreitas de MW 2,1 a

3.6). As amostras de K polimerizadas ou submetidas aos tratamentos pds-

polimerizacdo apresentaram valores de M w similares ao seu pré-polimero. Os
tratamentos pds-polimerizagido proporcionaram o aumento da transi¢do vitrea do
material Kooliner. A transicéo vitrea da resina Lucitone 550 foi influenciada pelo
ciclo de polimerizag@o, uma vez que o ciclo curto que incluiu um periodo final em
ebulicdo apresentou o valor mais alto de 7g. Foi observado que grandes
concentracdes de IBMA foram liberadas a partir das amostras controles dos
materiais K e N na primeira hora de imersdo em saliva artificial. Ndo foram
observadas diferencas significantes nas concentragdes de 1,6-HDMA liberadas a
partir dos materiais U e T no primeiro dia de imersdo em saliva artificial. As
concentragdes dos mondmeros IBMA e 1,6c-HDMA  diminuiram
significativamente com o aumento do tempo de imersdo em saliva artificial. Para
as amostras do grupo controle do material N, a liberacio de DBNP aumentou na
terceira hora de imersdo e entdo reduziu significativamente no primeiro dia de
imersdo em saliva artificial. Comparado ao grupo controle, o tratamento WB
proporcionou uma diminui¢do significante na quantidade de compostos residuais
(IBMA, 1,6-HDMA e DBNP) liberados a partir das resinas para reembasamento
na primeira hora de imersdo em saliva artificial. Com exce¢do do material U, o
tratamento WB diminuiu o tempo de liberacdo dos compostos residuais (IBMA,
1,6-HDMA e DBNP) avaliados. Na primeira hora de imersdo, a concentragdo
média de MA liberada a partir das amostras controles do material U foi

significativamente maior que a concentragdo dos outros materiais reembasadores e
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diminuiu significativamente apds 3 horas de imersdo em saliva artificial. A
concentracdo média de MA liberada a partir das amostras controles do material K
foi significativamente maior que a concentragio dos outros materiais
reembasadores no primeiro dia de imersdo em saliva artificial. Apenas para as
amostras controles do material U, o tratamento WB proporcionou a diminuicdo da
liberacdo de MA para a saliva artificial. Para todas as amostras do grupo controle
de todos os materiais, as concentragdes médias de BA diminuiram
progressivamente com o aumento do tempo de imersdo. No primeiro intervalo de
imersdo, as amostras submetidas ao tratamento WB liberaram significativamente

menos BA que as amostras do grupo controle.

Palavras-chave: Acrilatos; cromatografia liquida; plastificantes; saliva artificial;

cromatografia em gel; anélise espectral Raman.
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Urban VM. Effect of post-polymerization treatments on molecular weight, degree
of conversion, glass transition temperature, and in vitro leachability of residual
monomer, plasticizer, and degradation products of hard chairside reline resins

[Tese de Doutorado]. Araraquara: Faculdade de Odontologia da UNESP; 2007.

The aims of this study were to evaluate: 1. the effect of post-polymerization
treatments (MW-microwave irradiation and WB-water-bath) on the degree of
conversion (DC) of reline resins (Ufi Gel hard-U, Kooliner-K, and Tokuso Rebase
Fast-T) and denture base resin (Lucitone 550-L), submitted to two polymerization

cycles (LS-short and LL-long) by FT-Raman spectroscopy; 2. the molecular

weight (M w) of the powder of U, K, T, and L materials and of K polymerized
specimens (control; MW; and WB) by GPC; 3. the effect of MW and WB on the
glass transition temperature (7g) of the reline resins (Duraliner II-D, K, New
Truliner-N, U and T) and the heat-polymerized resin (LS and LL) by DSC; 4. the
effect of WB on the leaching of residual compounds (isobutyl methacrylate-
IBMA, 1,6-hexanediol dimethacrylate-1,6-HDMA, and DBNP-dibutyl-n-
phthalate) from the reline resins (K, N, U, and T) in artificial saliva by HPLC; 5.
the effect of WB on the leaching of degradation products (methacrylic acid-MA
and benzoic acid-BA) from the reline resins K, N, U, and T in artificial saliva by
HPLC. Control group specimens were left untreated. DC (%) data were analyzed
using Kruskal-Wallis test (0=.05). 7g (°C) data were analyzed using
ANOVA/Tukey's test (a=.05). The results (ug/mL) of residual monomer and
plasticizer leachability were submitted to Wilcoxon or Mann-Whitney tests
(a=.05). The results (ug/mL) of degradation products leachability were submitted
to Wilcoxon, Mann-Whitney or Kruskal-Wallis tests (a=.05). For DC control

specimens, there were no significant differences between U and LL and among



LL, K, and T. LS specimens had the highest DC. Only material K exhibited an
increased DC after WB. All powders had M w from 4.0x10° to 6.5x10° and
narrow M w distributions (2.1 to 3.6). Polymerization and post-polymerization

produced K specimens with M w values similar to that of K powder. Post-
polymerization treatments were able to improve the glass transition of Kooliner.
Glass transition of Lucitone 550 was influenced by the polymerization cycle, with
the short cycle that included a terminal boil period resulting in highest value. The
largest amounts of IBMA were leached out from the control specimens of K and
N within the first hour. No change in the quantities of 1,6-HDMA released from
materials U and T control specimens was observed with immersion time up to 24
hours. The amount of IBMA and 1,6-HDMA monomers released from the
materials significantly decreased with increasing immersion time. For N control
specimens, DBNP release increased from 1 hour to 3 hours of immersion, and
significantly decreased with increasing immersion time up to 24 hours. Compared
to controls, WB produced a significant decrease in the amount of residual
compounds (IBMA, 1,6-HDMA, and DBNP) eluted from the reline resins within
the first hour of immersion in saliva. With the exception of material U, WB
decreased the duration of release of the residual compounds evaluated (IBMA,
1,6-HDMA, and DBNP). At the first hour of immersion, the mean concentration
of MA released from material U control specimens was significantly higher than
those of the other reline resins, and decreased significantly after 3h of immersion.
The mean concentration of MA released from K control specimens was
significantly higher than the other materials in 24-h immersion time. Only for
material U, WB specimens released lower amounts of MA than control
specimens. For all control specimens, mean concentrations of BA progressively
decreased with increasing immersion time. In the first interval, WB specimens of

all materials released significantly lower amounts of BA than the controls.

Keywords: Acrylates; high performance liquid chromatography; plasticizers;

artificial saliva; gel permeation chromatography; Raman spectroscopy.
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