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RESUMO

DOMICIANO, S. J.; COLUCCI, V.; SERRA, M. C. Microdureza da Dentina Radicular
Adjacente a Materiais Restauradores Contendo Fliuor Apés Desafios Erosivos:
Estudo in situ lex vivo. 2007. 29p. Dissertagcdo (mestrado) — Faculdade de
Odontologia de Ribeirao Preto, Universidade de Sao Paulo, Ribeirdo Preto, 2007.

Este estudo foi realizado a fim de avaliar a microdureza da dentina radicular
adjacente a materiais restauradores contendo fluoretos apds desafios erosivos. Foi
utiizado um delineamento crossover de duas fases de 4 dias consecutivos cada.
Cento e doze fragmentos de dentina bovina foram obtidos, nos quais foi confeccionada
uma cavidade padronizada no centro de cada um. Estas cavidades foram restauradas
aleatoriamente com cimento de ionémero de vidro (Ketac-fil) ou resina composta
(Filtek Z-250). Em seguida, os fragmentos restaurados foram distribuidos
aleatoriamente entre os 14 voluntarios, montados em aparelhos, cada um com 4
espécimes restaurados com o mesmo material. A partir do segundo dia, metade do
aparelho, com dois espécimes, foi imersa em refrigerante de lim&do por 90 s, quatro
vezes por dia, fora da boca por 3 dias. Apdés um intervalo de 3 dias, fragmentos
restaurados com o material ainda nao utilizado foram montados no aparelho e foi
iniciada a segunda fase do experimento. Apds os desafios erosivos, foram realizadas
as medidas da microdureza da dentina adjacente as restauragdes. Independente do
material empregado, os espécimes erodidos apresentaram menores valores de
microdureza (p<0.0001). Com relagdo aos materiais restauradores, foi verificado que a
dentina, nas condi¢cdes deste estudo, apresentou maiores valores de microdureza
quando restaurada com cimento de iondémero de vidro (p<0.0001). Sendo assim,
podemos concluir que o cimento de iondmero de vidro diminui a progressao da erosao

da dentina radicular adjacente a restauragao.

Palavras-chave: erosio, dentina, material restaurador, fltor.



ABSTRACT

DOMICIANO, S. J.; COLUCCI, V.; SERRA, M. C. Effect of different restorative
materials on root dentine erosion: an in situ/ex-vivo study. 2007. 29p. Dissertation
(master's degree) — School of Dentistry of Ribeirdo Preto, University of Sdo Paulo,
Ribeirdo Preto, 2007.

This study sought to evaluate the microhardness of root dentine adjacent to
fluoride-containing restorative materials after erosive challenge. A cross-over study
was performed in two phases of 4 consecutive days each. One hundred and twelve
bovine root dentine slabs were obtained, and standardized box-shaped cavities were
prepared at center of each specimen. The prepared cavities were randomly restored
with glass-ionomer cement or composite resin. The slabs were randomly assigned
among 14 volunteers, which wore intraoral palatal device containing 4 restored root
dentin slabs. Starting on the second day, half of the palatal acrylic devices were
immersed extraorally in a lemonade-like carbonated soft drink for 90 seconds, four
times daily for 3 days. After 3-day wash-out, dentine slabs restored with the alternative
material were placed into palatal appliance and the volunteers started the second
phase of this study. After erosive challenges, microhardness measurements were
performed. Regardless of the restorative material employed, eroded specimens
demonstrated lower microhardness value (p<0.0001). At any given dentine condition
examined in this study, dentine restored with glass-ionomer cement showed higher
microhardness values (p<0.0001). It may be concluded that the glass-ionomer cement

decreases the progression of root dentine erosion at restoration margin.

Key words: erosion, dentine, restorative materials, fluoride.
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Modelos de pesquisa in situ tém sido utilizados para avaliar as propriedades
cariostaticas de materiais fluoretados (Ten Cate, J. M, 1994). Este tipo de experimento
é considerado um estagio intermediario entre estudos in vivo e in vitro (Classen, A.B.S,
@gaard, B, 1999) e é util nas pesquisas sobre erosdo (Hunter, M. L. et al, 2003). Esse
tipo de desgaste dental tem etiopatogenia relacionada a desmineralizagdo dental
(Lussi, A et al, 1995; Lussi, A et al, 2004), proporcionada pela agao de acidos de
origem intrinseca ou extrinseca na superficie dental sem biofilme (Ganss, C, 2006). De
origem extrinseca, o consumo frequente de acidos de origem alimentar, como os
refrigerantes (Hooper, S. M. et al, 2007), esta associado a presenga e progressao do
desgaste erosivo (Lussi, A, 2006). Diversas estratégias tém sido descritas visando a
redugdo do desgaste erosivo. Dentro desse contexto, a principal recomendacédo €&
reduzir a exposi¢ao a acidos (Hughes, J. A et al, 2004; Lussi, A. et al, 2004, Lussi, A et
al, 2006), através da diminuigdo da frequéncia de ingestdo e tempo de contato com a
estrutura dental (Hughes, J. A et al, 2004; Lussi, A. et al, 2004). Entretanto, ha casos
em que a perda significativa de tecido dental, a hipersensibilidade e o envolvimento
estético, requerem a instituicdo de medidas terapéuticas restauradoras, para devolver
a forma e a saude (Lambrechts, P. et al, 1996; Levitch, L.C et al, 1994).

As alteragbes no conteudo mineral provocadas pela exposicdo a bebidas
acidas podem interferir na dureza do tecido dentinario. Medidas de microdureza
superficial permitem a detecgdo de estagios iniciais de enfraquecimento da dentina
desmineralizada (Attin, T, 2006). A utilizacdo de material fluoretado na restauragéo de
lesbes de erosdo também poderia influenciar esta dindmica, dependendo da
concentracao deste ion. Dentre os materiais utilizados destacam-se os cimentos de
ionbmero de vidro convencionais e, as resinas compostas. Em relagdo a progressao
de lesbdes de carie, ha evidéncias laboratoriais de que os cimentos de ionémero de
vidro previnem e/ou controlam a formacao destas lesées em esmalte na cavidade e

também a uma distancia da restauragao (Hara, A. T, 2002). Entretanto, o efeito desse
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material na dentina radicular, frente a desafios erosivos, em ambiente bucal, ainda nédo
foi verificado.

Sendo assim, este estudo avaliou a microdureza da dentina radicular adjacente
ao material restaurador contendo fluoretos quando submetidos a desafios acidos,

através de um modelo in situ.



PROPOSICAO
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Essa dissertagdo tem como objetivo apresentar um artigo cientifico para avaliar
a influéncia de material restaurador com flior na microdureza superficial da dentina
radicular bovina adjacente a restauragdes quando submetidos a desafios erosivos, in

situl ex vivo.
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Abstract

This study sought to evaluate the microhardness of root dentine adjacent
to fluoride-containing restorative materials after erosive challenge. A cross-over
study was performed in two phases of 4 consecutive days each. One hundred
and twelve bovine root dentine slabs were obtained, and standardized box-
shaped cavities were prepared at center of each specimen. The prepared
cavities were randomly restored with glass-ionomer cement or composite resin.
The slabs were randomly assigned among 14 volunteers, which wore intraoral
palatal device containing 4 restored root dentin slabs. Starting on the second
day, half of the palatal acrylic devices were immersed extraorally in a
lemonade-like carbonated soft drink for 90 seconds, four times daily for 3 days.
After 3-day wash-out, dentine slabs restored with the alternative material were
placed into palatal appliance and the volunteers started the second phase of
this study. After erosive challenges, microhardness measurements were
performed. Regardless of the restorative material employed, eroded specimens
demonstrated lower microhardness value (p<0.0001). At any given dentine
condition examined in this study, dentine restored with glass-ionomer cement
showed higher microhardness values (p<0.0001). It may be concluded that the
glass-ionomer cement decreases the progression of root dentine erosion at

restoration margin.

Key words: erosion, dentine, restorative materials, fluoride
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Introduction

Since 19" century, the incidence and prevalence of dental erosion have
been increasingly being reported, mainly in adult patients.” Due to a chemical
process, the contact of the dental surface with non-bacterial acids 2.3 promotes
irreversible loss of dental tissue that leads to the formation of non-carious
lesions, such as dental erosion. This pathology can be caused by intrinsic
agents, such as recurrent vomiting or regurgitation of the gastric content 45 or
extrinsic factors, including the ingestion of acid drinks, foods or medication, 678
with the former being the major cause of the erosion. °

An accurate diagnosis becomes essential for an effective control of
dental erosion. For extrinsic acids, the goal is to reduce acid exposure by
decreasing the frequency of ingestion of potentially harmful drinks and
foodstuffs as well as minimizing contact time. ' However, owing to the
restricted contribution of the patients in modifying their dietary habits, the
damages caused by acid challenge can reach a certain degree, in which the

" and dentine is hypersensitive '* and

aesthetic appearance is unacceptable
thus, an oral rehabilitation becomes necessary. 13

The restorative treatments should be as conservative as possible. “ As
result of the improvements in mechanical properties of filing materials and in

adhesive techniques, 13,15

it has been possible to rehabilitate eroded dentition in
a less-invasive manner. ™ The use of fluoride-releasing restorative materials,
such as the glass-ionomer cement, has been associated with a cariostatic effect

on root dentine subjected to cariogenic challenges, '® ' '® by decreasing

demineralization and enhancing remineralization process. '
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In vitro and in situ studies have demonstrated that establishment of
fluoridation measurements significantly reduce the erosion progression in
enamel and dentine. 2 ?' Additionally, it has been shown that the use of slow-
release devices for fluoride delivery may facilitate rapid remineralization enamel
and dentine submitted to acid challenges. 22 However, there are no studies that
evaluate the effect of fluoride from glass-ionomer cement restorations on
progression of root dentine erosion.

Considering the limitations in literature, the current study sought to
evaluate in situ the effect of fluoride-containing materials on progression of root
dentine erosion.

Materials and methods

Experimental Design

A cross-over and double-blind study was conducted in two phases of four
days each, with a 3-day wash-out period interposed at the cross-over point
(Figure 1). Initially, the protocol for this study was reviewed and approved by the
Ethics Committee of the School of Dentistry of Ribeirdo Preto (USP). Fourteen
adult volunteers were selected and they received verbal and written information

concerning the study and gave signed and witnessed consent to participate.

The factors involved in this study were restorative material in two levels:
Group A, glass-ionomer cement (Ketac Fil, 3M Dental Products, St Paul, MN,
USA); and Group B, composite resin - control (Filtek Z250, 3M Dental Products,
St Paul, MN, USA); and dentine condition in two levels (I - eroded and Il —

uneroded). The experimental sample, comprised of 112 specimens of dentine,
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was randomly assigned in replicate to the 14 volunteers, which were
considered as statistical blocks. The response variable was microhardness
measurements performed in dentine around the restorations.

Specimen preparation and selection of slabs

Bovine incisors, freshly extracted, with age standardized at four years,
were cleaned with scaler and water/pumice slurry in dental prophylactic cups
and they were stored in a 0.1% thymol solution at 4°C. Teeth were sectioned
with a water-cooled diamond saw in a sectioning machine (Isomet 1000;
Buehler, Lake Bluff, IL, USA) to obtain two fragment from the cervical third (3 x
3 x 2 mm), totaling 150 samples. The dentine surfaces were flattened and
ground in a water-cooled polishing machine (Politriz DP-9U2, Struers A/S,
Copenhagen, DK-2610, Denmark) with 400-, 600- and 1200- grades of Al,O3;
papers, and polished on cloths with a 0.3 ym alumina suspension (Buehler,
Lake Bluff, IL, USA). 2 Slabs were immersed in deionized water and sonicated
for 10 min to clear the surface. Afterwards, specimens were sterilized with

2 carefully inspected for surface defects, and were kept in

ethylene oxide,
100% humidity environmental at 4°C.

Slabs were pretested for Knoop microhardness, in order to standardize
the test pieces. ?° A total of 112 out of 150 slabs were selected based on the

average SMH data.

Cavity preparation and restoration of root dentine blocks

Box-shaped cavities (2 x 2 x 1 mm) were prepared with #2096 diamond
burs (KG Soresen, Barueri, SP, Brazil) at the center of each slab, with a high-
speed handpiece (Dabi-Atlante, Ribeirdo Preto, SP, Brazil). The high-speed

handpiece was fixed in a milling machine (MPC, EIQuip, Sao Carlos, SP,
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Brazil), in which axles movement were monitored by digital comparing clocks,
supplying precision of 0.01 mm in the cavities dimension. New burs were
replaced after every five preparations.

After cavity preparation, blocks were randomly assigned to be restored
with one of the materials to be tested: Z250 (control) or Ketac Fil. The
restorative procedures were performed according to manufacturer's
instructions. For Z250, surfaces were treated with a 35% phosphoric acid gel
(Scotchbond gel, 3M Dental Products, St Paul, MN, USA) for 15 seconds,
rinsed for the same time and gently dried to keep a moist surface. Then, an etch
and rinse adhesive system (Single Bond 2 Adper, 3M Dental Products, St Paul,
MN, USA) was applied for 15 seconds; the remaining solvent was evaporated
with a brief, gentle dry air jet and light-cured for 10 seconds. After that, a hybrid
composite resin restoration was built on the cavity. The composite restoration
was cured for 20 seconds, with a visible light-curing unit (XL 3000, 3M/ESPE,
USA) with a 450-mW/cm? output. The restorative material inserted in the
cavities was pressed for 1 minute with a glass-plate under a load of 500 g. For
glass-ionomer cement restorations were allowed to cure for 7 min. Cavities
restored with Ketac Fil were protected using non-colored nail varnish. After 24
hours in relative humidity at 37°C, the specimens were polished in a water-
cooled polishing machine with 600- and 1200- grades of Al,O3; papers and they

were kept in 100% humidity environmental at 37°C.

Palatal appliance mounting

For each volunteer, one removable intraoral appliance was constructed
in acrylic resin, with four sites (3 x 3 x 3 mm), being two in each side of the

midline. Four dentine blocks restored with the same material were randomly
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mounted into sites, with the restored surface recessed approximately 1.0 mm
below the surface of the appliance to avoid tongue friction. 2 At the beginning
and end of each experimental day, appliances with the contained specimens,
were soaked in a 0.2% chlorhexidine mouthwash for 2 min. Overnight the

appliances were placed in sealed containers on moist cotton wool. 2

Clinical phase

Before starting the intraoral procedures, a three-day lead-in period was
established. The volunteers were instructed to keep habitual methods of
brushing teeth and to use exclusively the toothbrush and dentifrice supplied to
them by the researchers. All volunteers employed a fluoride-containing
dentifrice over the experiment and they were guided to suspend the use of
fluoridation measurements, such as mouthrinses. After the lead-in period, the
volunteers wore intraoral palatal device containing 4 restored root dentine slabs.
On the first day, no erosive procedures were carried out to allow salivary pellicle
formation. Starting on the second day, half of the palatal acrylic devices, with 2
root dentine slabs were immersed extraorally in a lemonade-like carbonated
soft drink for 90 s, four times daily, for 3 days. During period of intraoral
procedures, the volunteers had brushed only the inner part of their appliances
with the same toothbrush and dentifrice employed to oral hygiene. At the end of
the first intraoral phase, a 3-day wash-out period was founded, where the
volunteers have not used the intraoral device. After the wash-out period,
another 4 dentine slabs, restored with the alternative material, were placed into
palatal appliance and the volunteers started the second phase of this study.

To avoid a possible carry-across effec in the first period, seven

volunteers wore palatal appliance with dentine blocks restored with composite



Capitulo 14

resin and the other seven subjects inserted palatal devices loaded with dentine
slabs restored with glass-ionomer cement. In the second period, volunteers

I, 26

were then crossed over to the alternative restorative materia characterizing

a 2x2 cross-over design (Figure 1).

Microhardness measurements around restorations

At the end of each intraoral phase, the specimens were positioned on
acrylic rods with paralelometer and the measurements around the restorations
were realized in a microhardness (HMV-2) testing with a Knoop diamond and a
25-gram static load which was applied for 10s. The surface microhardness
measurements on root dentine were performed 300um from the margin of the

restored cavities.

Statistical methods

Results were analyzed by applying the ANOVA according to the split-plot
model, after checking normality and homocedasticity. The differences among
mean values were compared by using Tukey’s test at significance level of 5%.
The carry-over and period effects were evaluated by independent t test. The

statistical analysis was performed with Statgraphics Centurion XV.

Results

The effects of carry-over were not statistically significant (p=0.255) in
contrast with period effects which were statistically significant (p=0.009).
Microhardness data were analyzed by split-plot ANOVA, which showed
interaction between the main factors: dentine eroded / dentine uneroded and
restorative material (glass-ionomer cement and composite resin) (p<0.0001).

The mean values and standard deviations for microhardness of the root dentine
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eroded or uneroded restored with different restorative materials are summarized
in Table |. Regardless of the restorative material employed, eroded specimens
demonstrated lower microhardness values (p<0.0001). Within restorative
materials, it was observed that, at any given dentine condition examined in this
study, dentine restored with glass-ionomer cement showed higher

microhardness values (p<0.0001).

Discussion

Glass-ionomer cements are composed of fluoride-containing silicate
glass and polyalkenoic acids which are set by an acid-based reaction between
the components. During the setting reaction, a variety of ionic constituents is
released from the glass, including fluoride. %" Fluoride has been documented as
a protector agent of the erosion progression in enamel and dentine 2 2" 28 29
however, the action of fluoride-containing restorative materials on development
of root dentine erosion has not been evaluated yet. This study was delineated to
evaluate the possible protective effect of fluoride from glass-ionomer cement in
controlling the root dentine erosive lesions.

Microhardness measurements to evaluate differences between
restorative materials were performed at 300um from the margin of the restored
cavities. The choice of the distance was based in previous studies that evaluate
the extent of the cariostatic effect on root dentine provided by fluoride-

30

containing materials ** and the fluoride penetration from conventional glass-

3" It was demonstrated that dentin

ionomer cements into dentine.
microhardness values adjacent to Ketac fil were higher than the Z250 (control
group) up to distance of 300um for cariogenic challenges *° and the

incorporation of fluoride into dentine occurs at 300um around restoration. 31
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The results of the current study showed that glass-ionomer cement was
able to interfere with root dentine erosion progression, without completely
preventing its development. The continual presence of a low concentration of
fluoride appears to inhibit demineralization and enhance remineralization on
eroded surface, as occurs for cariogenic challenges. 3% 3% 33

Even tough all volunteers have used fluoride-containing dentifrice during
the experimental phase, the protective effect for root dentine erosion was
shown only for specimens restored with glass ionomer cement. A possible
explanation for this is the fact that the restored dentine was inserted in the
mouth of the volunteers four days after the restorative procedures. Several
studies revealed that the major fluoride release usually occurs within the first
seven days. * % Thus, the fluoride effects might be amplified by the
experimental conditions *° since the erosive challenges were realized within this
period. Thus, it is doubtful that glass-ionomer cements can have a significant
erosive preventive effect over a longer period, because the amount of fluoride
ions released from these materials decreases with the aging of the material. %6

Previous studies evaluated the cariostatic effect of aging restorations and
they demonstrated that freshly mixed glass ionomers significantly prevented
enamel softening % however, the protective effect against demineralization
disappeared with time. 2637 |n other way, the disappearing fluoride effect could
be reestablished by subsequent fluoride application. 37

Daily exposition of filing materials to fluoridated dentifrices has
demonstrated a high rechargibility for glass-ionomers, while the replenishment
of resin based materials seems to be negligibly small. ** Fluoride-releasing

materials may act as a fluoride reservoir and may increase the fluoride level in
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saliva, biofilm and dental hard tissues. 2’ Probably, the glass ionomer cement
would be capable to incorporate the fluoride from dentifrice and to maintain it for
a long time in the oral cavity, favoring the remineralizing effect of the saliva and
intervening which the acid challenges.

The saliva has been considered the most important biological factor
influencing dental erosion due to its ability to act, directly on the erosive agent
itself by diluting, clearing, neutralizing and buffering acids, play a role in forming
a protective membrane, and to reduce the demineralization rate and enhance
remineralization to eroded enamel and dentine. *® However, saliva collected in
vitro may undergo a number of changes which reduce its protective effect
against acid degradation of tooth tissue, what highlights the important role of in
situ models, particularly when dentine is tested. 3 Additionally, the temperature
influences dentine erosion, *° and all these factors were the main reasons for
the use of an in situ study.

Similar study designs have been previously employed to evaluate the
effect of fluoride on tooth erosion. For convenience, bovine dentine has been
widely used in dental research as a substitute for human teeth. 28 Morphological
differences exist between substrates, which results in higher rates of
demineralization for bovine teeth, although the differences are only quantitative
and not qualitative. *I An enhancement in the lesion formation rate was also
expected because polished surfaces were used, and they are more susceptible
to acid challenges than natural surface. “2 However, polished surfaces are
recommended to produce well-defined indentations in the surface

microhardness test. *



Capitulo 18

The experimental protocol employed was based on previous intraoral

investigations, 23 44 45 46. 47

with slight modifications. The volunteers intakes
were performed four times daily, since four or more nutritional acid intakes per
day are associated with higher risk of development and progression of erosion.
48, 49

Calcium, phosphate, pH value and to a lesser extent fluoride content of a
drink are important factors explaining erosive attacks. Sprite Diet (pH 2.84 with
COy; citric acid, 18.4 g/100 ml; fluoride) was chosen as the demineralization
solution because of its proven erosive capacity. *® *° Although samples had
been extraorally demineralized, to avoid mineral loss from the volunteer’s teeth,
the detrimental influence of Sprite Diet was clearly demonstrated by the
significantly lower SMH observed for the eroded groups.

Despite the statistical differences between periods, as shown in the t-
test, the microhardness values adjacent to glass-ionomer cement were higher
than that observed around composite resin restoration. Thus, the difference in
periods may be ascribed to the volunteers hygiene habits and — or volunteers
motivation, ?* but it did not affect the results of the current study.

Although both clinical and experimental observations show that individual
wear mechanisms rarely act alone but interact with each other, 51 the abrasion
by toothbrush was not performed on dentine restored slabs, since the response
variable could be harmed and the possible effect of fluoride-containing
restorative materials could be masked, as occurs in a previous study. %2 Future
researches, with another variable response, could highlight the combined effect

of erosion and abrasion on root dentine erosion formed in situ.
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It is important to note that, in vivo, the pattern of the effect of fluoride-
containing restorative materials on root dentine erosion is the result of a
complex reaction among different chemicals, being dependent on many factors
that could not be replicated in a in situ/ex-vivo study. Thus, supplementary
research is required to investigate the influence of fluoride uptake of restorative
materials, as well as the effect of the aging process of restorative material on
root dentine erosion, close to clinical conditions.
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Table 1. Means of microhardness values (KHN) and standard deviations of eroded and uneroded root

dentine according to restorative material employed

Uneroded Eroded

Ketac fil 52,7 (3.9)Aa  50.5(7.6) Ab

Z250 53,0 (4.7)Aa _ 40.7 (4.3) Bb

Capital letters - comparison within columns
Lower case - comparison within lines
Same letter indicates statistical similarity

Lead-in Phase 1 Wash-out Phase 2
3 days 4 days 3 days 4 days
Dentine
restored with Volunteers Volunteers
Ketac fil 1-7 8-14
>
Dentine
restored with Volunteers Volunteers
2250 8-14 1-7
_— >

Figure 1. Experimental design
(Adapted from Hara et al., 2006)
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