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Avaliacdo da resisténcia de unido adesiva a dentina em diferentes tempos e
solucbes de armazenamento

RESUMO

Obijetivo: Avaliar o efeito do armazenamento de dentes bovinos em quatro diferentes solucGes
(&gua destilada, soro fisiologico, cloramina T 0,5% e timol 0,1%), quando congeladas, por
quatro diferentes tempos (uma semana, um, trés e seis meses), na resisténcia de unido adesiva
a dentina. Metodologia: 136 incisivos bovinos foram divididos em 16 grupos experimentais
(n=8), e comparados aquela observada em dentes imediatamente extraidos (grupo controle),
totalizando 17 grupos. Os corpos-de-prova foram confeccionados com adesivo convencional
Adper Single Bond 2 (3M ESPE, St Paul, MN, EUA) e compdsito Opallis Flow (Dentscare
LTDA, Joinville, SC, BRA) apds os diferentes periodos de armazenamento. Apds 7 dias, as
unidades amostrais foram testadas em maquina universal de ensaios (EMIC DL 500, Sdo José
dos Pinhais, PR, BRA); a for¢a de ruptura foi registrada em N e, de acordo com a area da
interface adesiva, convertida em MPa. Resultados: Os grupos armazenados em agua destilada
apresentaram os menores valores em todos os tempos, e a cloramina T 0,5% mostrou-se a
solucdo mais estavel até trés meses. Conclusdo: Pode-se concluir que diferentes solucdes e
tempos de armazenamento interferem na resisténcia da unido adesiva a dentina.

Palavras-chave: Cisalhamento, Timol, Dentina.



Evaluation of bond strength to dentin at different times and storage solutions

ABSTRACT

Purpose: To evaluate the effect of bovine teeth storage in 4 different solutions: distilled water
(DW), saline (S), 0.5% chloramine (C) and 0.1% thymol(T), when frozen for 4 different times:
1 week, 1 month, 3 and 6 months, on bond strength to dentin. Materials and Methods: 136
bovine incisors were divided into 16 experimental groups (n = 8), and compared to the one
observed in immediately extracted teeth that were not stored, the control group (CG), totaling
17 groups. The specimens were made with conventional adhesive Adper Single Bond 2 (3M
ESPE, St Paul, MN, USA) and Opallis Flow composite (Dentscare LTDA, Joinville, SC, BRA)
after different storage periods. After 1 week, the specimens were tested in a universal testing
machine (EMIC DL 500, Sao Jose dos Pinhais, PR, BRA); the rupture force was recorded in N
and, according to the area of the adhesive interface, converted into MPa. Results: The groups
stored in DW had the lowest values at all times, and 0.5% chloramine was the most stable
solution up to 3 months. Conclusion: It can be concluded that different solutions and storage
times interfere on the bond strength to dentin.

Keywords: Shear Strength, Thymol, Dentin.
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Evaluation of bond strength to dentin at different times and storage solutions



1. Introduction

In order to perform laboratory dental studies, researchers constantly use human teeth
for in vitro tests to check the efficacy of different materials or techniques.®® "% 1826 However,
extracted human teeth have been increasingly difficult to obtain due to the preventive
advances of dentistry, such as reduction of missing and decayed teeth.?? %

Thus, bovine teeth may be used as a substitute for human teeth, and they are used
extensively in dental studies such as the investigation of proteolytic enzyme activities in
dentin,32% bond strength,*!® remineralization of carious lesions,®> color changes,® tooth
whitening,?® photopolymerization,* among others.

The use of bovine substrate allows standardizing age, sclerosis, and amount of
abrasion. Studies have shown no significant differences between human and bovine teeth in
terms of bond strength.® In addition, scanning electron microscopy observations showed that
human and bovine dentin substrates are similar, with approximately the same number,
density, and diameter of dentinal tubules, especially in medium-depth dentin.?

Thus, as soon as bovine or other teeth are extracted, the means of storage should
preserve their properties as closely as possible to the in vivo condition.® 3! Several storage
solutions are reported in the literature for this purpose, such as deionized water, distilled
water®, 0.1% thymol,2* 3% 8 26 sjlyer nitrate with ammonia,*® 0.5% chloramine-T," 18 419
among others. However, storage conditions may change the mineral and/or organic content
of teeth®! and the test performed may present negligible results.

An example of using bovine teeth is to test adhesive systems. The adhesion of resin
to dentin occurs through the infiltration and polymerization of hydrophilic resins in the
collagen mesh exposed due to the application of acid, forming a hybrid layer. Since their
introduction, adhesive systems have been subjected to modifications in their formulations
and action mechanisms, aiming to improve bond strength values, especially in dentin.?

The in vitro methodology most commonly used for determining the efficacy of
adhesive systems is microtensile or micro-shear bond strength tests. However, the variability
of results has suggested the hypothesis of deficiency in standardizing the technique,
complicating the correct interpretation and the comparison with other studies. Among the
variables that may influence the results are storage of teeth before or after the inclusion of
specimens, time and type of surface acid etching, loading cell velocity in the test machine,

among others.°



The micro-shear test has been recommended to analyze small areas of adhesive
interface, because the step involving the slicing of samples in the shape of toothpicks or
hourglasses is not necessary as in microtensile tests. In addition, the method allows obtaining
several specimens from a sample of enamel, dentin, or other substrate, because the bonding
surfaces are very small (approximately 0.4 mm?) and they are versatile and useful to assess
the bond strength between mineralized tissues and polymeric restorative materials. The
preparation of specimens may be standardized, as this is an important factor in the
performance of bond durability studies for both conventional and self-etch adhesive
systems.*?

Therefore, this study aimed to assess the effect of bovine teeth storage in four
different solutions (DW, S, C, and T) when frozen at four different times (one week and one,
three, and six months) on the bond strength to dentin when compared to that observed in

immediately extracted teeth (CG).
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2. Materials and Methods

Experimental Design

This study had a 2x2 factorial design, with the following factors studied: 1- Storage
solution in four levels: distilled water (DW), saline solution (S), 0.5% chloramine-T (C), and
0.1% thymol (T); and 2- Storage time in four levels: one week and one, three, and six months
(Table 1). The response variable is the strength of the adhesive bond by means of a micro-
shear mechanical test expressed in MPa.

Selection and preparation of teeth

A total of 136 freshly extracted bovine incisors were used. The teeth were sectioned
at the crown-root junction with a flexible double-sided diamond disc (ref. 7016. KG
Sorensen, Barueri, SP, Brazil) under refrigeration, discarding the roots. The teeth were
divided into one control group and 16 experimental groups stored in a freezer (-4 °C) for one
week and one, three, and six months in the following solutions: DW, S, C, and T (Table 1).

After the storage time of the experimental groups, aided by #600 silicon carbide
sandpapers (Carborundum, Vinhedo, SP, BRA) assembled in a water-cooled, horizontal, and
rotating electrical polishing machine (Model API-4, Arotec, Cotia, SP, Brazil), the buccal
surface of enamel was worn until exposing an area of approximately 16 mm?2 of dentin.

Specimen preparations

The teeth were fixed with an epoxy resin (Henkel LTDA, Itapevi, SP, Brazil) in P\VC
tubes filled with chemically activated acrylic resin, maintaining the dentine surface parallel
to the PVC device with a parallelometer. After 37% phosphoric acid etching for 15 seconds
(Dentscare LTDA, Joinville, SC, Brazil), washing for 30 seconds, and controlling dentin
humidity, two layers of adhesive system (Adper Singlebond, 3M ESPE, St. Paul, USA) were
applied and photopolymerized for 10 seconds. Then, four transparent cylindrical matrices
(Labor Import catheter, Jaipur, India) with their internal volume (0.7 mm) filled with Opallis
Flow composite (Dentscare LTDA, Joinville, SC, Brazil) were placed in the healthy dentin
of each sample unit (median region of the tooth) on a perforated adhesive tape with four
holes of the same diameter as the transparent matrices. The matrices were photopolymerized
for 40 seconds (Valo, Ultradent, Indaiatuba, SP, Brazil) with wavelength of 395-480 nm and
power of 3200 mW/cmz2. Then, they were removed with #12 scalpel blades to expose the
small composite cylinders (0.7 mm of diameter by 1.0 mm of height) attached to the dentin
surface, and stored in 37°C distilled water for seven days. Table 2 describes the details of

materials used in the preparation of specimens.
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Micro-shear test (USBS)

After seven days of resin maturation, the micro-shear test was performed in a
universal testing machine (EMIC DL 500, Sao Jose dos Pinhais, PR, Brazil). The shear load
was applied at the base of the cylinders with a steel wire (0.1 mm of diameter) at speed of
0.5 mm/min until bond rupture. The mean of the four readings, in N (rupture force), was
taken for each sample unit.

Control group

In the control group, the teeth were not stored and specimens were prepared
immediately after the extraction of teeth, so that storage would not interfere with the results
of this group. The micro-shear mechanical test was performed after seven days of specimen
preparations, as the experimental groups.

Statistical analysis

The results of the experimental groups were converted into MPa and compared
statistically to each other using ANOVA and Tukey's test at 5% significance level, and each

experimental group was compared with the control group using the t-test (5%).
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3. Results

Regarding the different solutions, distilled water (DW) resulted in the lowest values
at all times when compared to all the other solutions. The value of the group stored in saline
solution (S) for one month was below the other storage times compared among the groups
stored in the same solution. In the groups stored in 0.5% chloramine-T (C), the value of the
six-month storage was slightly below the others. The group stored in 0.1% thymol (T) for
one month presented higher values than all the other groups (Table 3).

When compared to the control group (CG), the groups stored in DW for one week,
one month, and six months presented statistical differences, showing lower values. Group T
stored for one month presented higher values of bond strength to dentin than the CG. The

other groups did not present significant statistical differences with the CG (Table 4).
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4. Discussion

The storage of teeth for use in studies is a controversial issue and there is no
consensus on the most appropriate treatment method for this purpose.t* The results of the
present study showed that both solution and time of teeth storage change the bond strength
to dentin. These results reflect the structural change that dentin may suffer when stored in
certain solutions at different times, for instance, a significant reduction in the levels of dentin
minerals such as calcium, phosphorus, sodium, and potassium.?’

In this study, regarding storage solutions, 0.5% chloramine-T resulted in the best
results up to three months of storage. Although chloramine-T solution is an analogue to
sodium hypochlorite, it does not affect collagen and apparently causes little changes in dental
structures even at different concentrations, showing no significant influence on dentin up to
three months.?

Thymol, in turn, is a solution commonly applied at various concentrations (0.02% to
0.1%) and times (24 hours to 6 months) in adhesion studies, because it presents antibacterial
properties and consequently helps disinfecting teeth. However, there is controversy in the
literature regarding the effect of this solution on the bond strength and structure of teeth,
considering it presents mild acidity and may affect the dental content in long-term storage.?
This may explain the effect of such solution in this study, which presented oscillations and
instability of results at the storage times used, with higher bond strength values at one month,
followed by six months, three months, and one week.

In disagreement with the results found, using 0.1% thymol for assessing bond
strength for 24 hours, 15 days, one month, and six months with a self-etch adhesive of two
steps showed no significant differences between the groups for the adhesive bond to dentin.®
This difference may be caused by the type of adhesive system used in the dentin substrate,
considering the present study used the conventional adhesive system of two steps, which has
a greater decalcification potential of the dental substrate than self-etch adhesives, and the
storage temperature and composite were different from the present study.

The 0.1% thymol and 0.5% chloramine-T solutions were also assessed for adhesive
bond to dentin for three months using the same adhesive system of the present study and
both solutions showed no decrease in adhesive bond to dentin, corroborating the results
found in this study in the assessment for the same time.

Differences are found in the literature for saline solutions as a means of tooth

storage?®, considering these solutions would not be the most suitable for storing teeth,
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because they may change the dentin structure and its permeability, likewise aqueous
solutions such as distilled water.* Saline solution is an isotonic solution, which may cause
an equilibrium of ions between the solution and the dentin substrate. This may explain the
stability of such solution in the present study for the bond strength of teeth stored for up to
six months, even though showing a slight decrease in the values presented for one month.
Storage in distilled water resulted in the lowest values at all times when compared to all
other solutions. This may occur due to the loss of mineral salts of the dentin substrate by
osmosis, considering the solution is virtually free of these salts.

Regarding storage time, when dentin microhardness was assessed, it was not
significantly affected at two months of storage, but it decreased statistically over 12 months,
consequently affecting dentin adhesion, and thymol was one of the solutions that least
affected dentin microhardness during this period.! Although the present study did not assess
microhardness, this shows that storage time is an important factor to be considered, because
it may produce different results in the same study, promoting ionic modifications between
solution and dentin, in both intratubular collagen and glycoproteins. It may also cause
changes in dentin permeability by intratubular ionic precipitation, affecting directly the
results of bond strength and marginal infiltration.!” The results of the present study also show
the importance of standardizing storage time. Teeth stored in the same solution but at
different times may present changes in the tests of bond strength to dentin. In this study, the
three-month period was the only time in which none of the solutions presented statistically
significant differences with the control group, indicating an appropriate period for storing
teeth for dentin adhesion tests.

Regardless of the variation of results between the solutions and times, the result
expected for a solution is to maintain most of the in vivo characteristics of the dental
substrate. Therefore, the most suitable storage solutions and times to test the bond strength
to dentine of bovine teeth at frozen temperatures are those without statistically significant
difference with the group of teeth immediately extracted and not stored (control). Regarding
the experimental groups, according to the present study, the only groups that presented
statistical difference in relation to the control were distilled water at one week, one month,
and six months and the group stored in 0.1% thymol for one month. Therefore, these
solutions are not indicated for storing teeth for the adhesive bond test to dentine.

Another factor that may influence the bond strength to dentin and the results of the

studies is the regional variation of the dentin substrate. Some in vitro studies compared the
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strength values obtained at different sites of the tooth and confirmed such influence.?! In the
superficial dentin, the number of tubules is smaller than in deep dentin, and the penetration
in the intertubular dentin depends on the degree of porosity that occurs in the collagen matrix
due to acid etching. However, in deep dentin, the dentinal tubules are abundant and the
intratubular permeability of the resin will be responsible for retention and sealing, affected
by the difficulty in forming tags due to the presence of dentinal fluid and intratubular
pressure. The orientation and density of the dentinal tubules may affect bond strength, which
tends to be weaker when the number of tubules per area increases, and adhesives with prior
acid etching are apparently more susceptible to regional differences than self-etch
adhesives.?® In this study, the specimens were produced in medium-depth dentin so that
substrate depth would not interfere with the results and because of the great similarity
between bovine and human teeth in this region.®

The rupture velocity of the load cell may also affect bond strength according to the
study by Lindemuth and Hagge.?® The authors used load cell velocities of 0.1, 0.5, 1, 5.0,
and 10 mm/min and the results showed no statistically significant difference when bonding
on enamel. However, the bond strength varied when bonding on dentin, presenting the
lowest values for 0.1 and 10 mm/min and the highest values for 0.5, 1.0, and 5.0 mm/min.

Regarding storage temperature, when microleakage was assessed in deciduous teeth
after storage, the numerical values suggested that the samples of the group at frozen
temperatures allowed smaller marginal microleakage than the dry groups, which were stored
dry for 30 days, hydrated, and stored in saline solution. This may be attributed to the fact
that adhesives also react with the organic part of the dentin and perhaps this organic part
may be preserved in better conditions through freezing.'® Other studies also report better
strength values when using freezing for tooth storage, indicating this temperature for dentin
adhesion tests, especially when the location sites are in medium or deep dentin layers.?°

Finally, one limitation of this study is that the period assessed was up to six months,
and further studies should be performed over longer times with the same solutions, showing

their effects on dentin substrate for longer periods.
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5. Conclusion

According to the results obtained, it may be concluded that different storage solutions
and times interfere with bond strength to dentin. Nonetheless, the groups stored in distilled
water presented the lowest values and the groups in 0.5% chloramine-T presented the most

stable values up to three months.
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6. Tables
Table 1: Distribution of control and experimental groups (n = 8).

Storage solution Storage time Storage temperature
CG - -
DW
S 1 week, 1 month, 3 -4°C
months, 6 months
C
T

Table 2: Composition of the materials used.

Material Manufacturer Composition Classification

37% phosphoric acid,
Condac Dentscare LTDA,

o thickener, colorant and acid conditioner
37% Joinville, SC, BRA

deionized water

BisGMA, HEMA,
dimethacrylates, ethanol,

water, polyacrylic and

Adper o two-step
_ 3M ESPE, St Paul, polyalkanoic acid _
Single ) conventional
MN, EUA methacrylate functional )
Bond adhesive system

copolymer, spherical silica
particles with a diameter of

5 nanometers

35% by weight of
Opallis Dentscare LTDA,  multifunctional methacrylate photopolymerizable
Flow Joinville, SC, BRA ester, 65% by weight of composite

inorganic particles

Source: Manufacturer information
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Table 3 - Mean (SD) of bond strength to bovine dentin, as a function of time and storage

solution.
Solution 1 week 1 month 3 months 6 months
DW | 6.58(2.83)Bb 5.43(1.62)Cb 11.48(3.30)Ba 9.38(2.32)Ba
S| 15.39(2.32)Aa  12.20(3.99)Bb  14.56(3.50)Aa 14.51(2.50)Aa
C | 12.05(1.98)Aa  15.26(4.49)Ba  15.22(3.46)Aa 12.98(2.87)Aba
T | 11.34(4.34)Ac  19.93(2.79)Aa  12.38(4.01)Bbc 14.93(2.52)Ab

CG: 14.08(3.83)

Capital letters represent the values of the columns (times); lowercase represents the values

of the rows (solutions).

Table 4 - Statistical comparison between control group and experimental groups.

Solution 1 week 1 month 3 months 6 months
DW 0,001* 0,001* 0,603 0,010*
S 0,570 0,352 0,800 0,794
C 0,204 0,582 0,544 0,528
T 0,201 0,004* 0,231 0,608

*'n' value statistically different from the control group.
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