RSU International Research Conference 2021

https://rsucon.rsu.ac.th/proceedings 30 APRIL 2021

Effect of Simulated Pulpal Pressure on Durability of Microtensile Bond Strength
of a Universal Adhesive

Komdao Termkleepbuppa®, Pisol Senawongse and Pipop Saikaew

Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
*Corresponding author, E-mail: komdao.t@gmail.com

Abstract

This study aimed to evaluate the effects of simulated pulpal pressure on the durability of microtensile bond
strength (UTBS) and analyze the micro-morphological structure of the resin-dentin interface of dentin treated with Single
Bond Universal; a universal adhesive.

Dentin discs were prepared from forty extracted human mandibular third molars by cutting above and below
the CEJ 2 mm into the tooth segment model with 1 mm remaining dentin thickness. The bonding and resin composite
placement processes were done under 2 different conditions between a group using a simulated pulpal pressure device
(Simulated pulpal pressure: S) and a group without a simulated pulpal pressure device (Non-simulated pulpal pressure:
N). The bonded specimens were longitudinally sectioned into the sticks with dimensions approximately 1x1 mm?. Two
sticks obtained from the center of each specimen were used for uTBS testing with different conditions: immediate testing
(n=10) and testing after the 10,000-cycles thermocycling process (n=10). The failure mode of the fractured specimens
was observed under a scanning electron microscope (SEM). The remaining slabs were further stained with silver nitrate,
embedded, and polished for resin-dentin interface observation under the SEM. The data were analyzed using the 2-way
ANOVA at the 95% significant level with SPSS software.

The NI group presented the highest uTBS values (30.15+3.08 MPa) follow by the SI group (25.96+3.90 MPa),
NT group (25.25+2.44 MPa), and ST group (22.47+1.75 MPa) (p<0.05). The failure mode of all testing groups was an
adhesive failure, in which the S group showed a fracture pattern at the top of the adhesive layer while the N group was
broken at the bottom of the adhesive layer. The study of the resin-dentin interface revealed that the thickness of the hybrid
layers ranged from 0.94-1.02 um. The deposition of silver nitrate particles in the immediate testing group was presented
both in SI and NI groups. After the thermocycling process, more accumulation of silver nitrate was observed in both ST
and NT groups. In conclusion, the pTBS values and nanoleakage of resin-dentin interface obtained from Single Bond
Universal could be affected by simulated pulpal pressure and 10,000-cycle thermocycling process.
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1. Introduction

The universal adhesive is the most modern innovation of dental adhesive that has been developed
for bonding between dental materials and tooth structure (Rosa, Piva, & Silva, 2015). It is designed to be used
in multimode systems such as etch-and-rinse, self-etching, and selective etching mode. Besides, it is also
designed for both direct and indirect restoration depending on the need of the dentist (Sofan et al., 2017).
However, the compositions of universal adhesives such as acidic monomer, water, ethanol, acetone, and
silane coupling agent conduct these universal adhesives perform more hydrophilicity than other adhesives
(Van Landuyt et al., 2007).

Two limitations of hydrophilic adhesive systems are difficulty in elimination of water from
adhesives and water attraction. Though evaporation is successful, water may be suddenly diffuse back from
the dentin into the adhesive layer (Tay, Pashley, Yiu, Sanares, & Wei, 2003).

Not only the water contained in the adhesive solutions can affect the quality of the bond, but also
dentinal fluid as well (Sauro et al., 2007). The presence of retained solvent and the movement of dentinal
fluids may cause the incompleted penetration of the resin into the collagen fibrils. Water sorption from dentin
may increase the elastic buffering effect of the adhesives that impair the bond strength value (Pashley & Tay,
2001).

The bond strength is amplified as the initial mechanical load to break the cross-sectional area of the
bond. Nonetheless, the bond strength is used for giving the prognosis of clinical performance and longevity
of the restorations of dental restoration (Oilo, 1993).
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2. Objectives

The objectives of this study were to evaluate the effects of simulated pulpal pressure on the durability
of microtensile bond strength (LWTBS) and investigate the micro-morphological structure of the resin-dentin
interfaces of dentin treated with Single Bond Universal. There were two null hypotheses in this study. First,
the uTBS of a universal adhesive bond to dentin was not affected by the simulation of pulpal pressure.
Secondly, the uTBS of a universal adhesive bond to dentin was not affected by the thermocycling as an aging
process.

3. Materials and Methods
3.1 Preparation of specimens

Forty extracted sound human mandibular third molars, kept in 0.1% thymol solution (M Dent,
Bangkok, Thailand) at 4°C, were used within six months after the extraction. The protocol was approved by
the Faculty of Dentistry/Faculty of Pharmacy, Mahidol University Institutional Review Board, Thailand.

A dentin disc with a remaining dentin thickness of approximately 1.0 mm was prepared by 2 parallel
cutting using a slow-speed diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA) under a water coolant.
The first cut was 2 mm above the cementoenamel junction (CEJ) and the second was 2 mm below the CEJ
and parallel to the first cut as shown in Figure 1. All pulpal tissues were removed by surgical tweezer without
destroying the pre-dentin surface on the pulp chamber wall. The pulp chamber was purified by 2.5% sodium
hypochlorite solution (M Dent, Bangkok, Thailand) for 30 s then neutralized chemical reaction of sodium
hypochlorite by soaking in distilled water for 30 min (Hosaka et al., 2007). The forty dentin discs without
enamel remaining on the occlusal surface were obtained. To create a standard smear layer, each disc was
further wet-polished with a 600-grit silicon carbide paper (Buehler, Buehler Ltd., Lake Bluff, IL, USA) for
60 s. Then, the polished specimens were rinsed with distilled water for 5 s before the bonding process (do
Amaral et al., 2009; Ferrari, Goracci, Sadek, Eduardo, & Cardoso, 2002).

Dentin disc
y _/I

Human third molar Cut with Isomet1000

Figure 1. Specimen preparation with a slow-speed diamond saw

3.2 Experimental design

The polished specimens were randomly divided into 2 major groups depending on the situation of
simulated pulpal pressure:

3.2.1 Group S: bonding process was done under the simulated pulpal pressure device, n=20

3.2.2 Group N: bonding process was done without the simulated pulpal pressure device, n=20

Then, the bonded specimens in each group were further divided into two subgroups subjected to
either the microtensile testing with an immediate testing group () that were tested after 24 h storage in water
or the testing after thermocycling group (T) that were tested after artificial aging by thermocycling for 10,000
cycles.
The chemical compositions of the dental adhesive are shown in Table 1.
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Table 1 Chemical compositions, pH, and manufacturer’s instruction of the adhesive used in this study

Adhesives Chemical composition pH Application
Single Bond Universal ~ 10-MDP, Dimethacrylate resins, 2.7 1. Apply and rub adhesive for 20 s on
(3M ESPE, StPaul, HEMA, Vitrebond™ Copolymer, dentin
MN, USA) Filler, Ethanol, Water, 2. Gently airdry for5s
Photoinitiators, Silane 3. Light cure for 10 s

3.3 Bonding strategies

A specimen in the S group was fixed to a custom-made pulpal chamber then connected for simulating
pulpal pressure with an infusion pump (ISMATEC®, Wertheim, Germany) that contained distilled water as
shown in Figure 2 (Arsathong K., 2020). The hydraulic pressure was set up to 20 cm H,0, and the flow rate
was controlled at 0.36 uL/min to simulate the intrapulpal pressure and pulpal blood flow rate, consequently
(Ciucchi, Bouillaguet, Holz, & Pashley, 1995). While the specimen in the N group was bonded independently
without simulated intrapulpal pressure. Single Bond Universal (3M ESPE, St.Paul, MN, USA) was applied
onto every specimen following the manufacturer’s instruction then cured using LED light-curing unit (LED
Bluephase; Ivoclar Vivadent, Schaan, Liechtenstein) with the power intensity of approximately 1,200
mW/cm? at a distance of 2 mm from the bonding surface, contacting to the upper acrylic plate of artificial
pulp chamber. The distance of the light-curing tip was designed in order to imitate the clinical situation.

Water container

( )

o

- Artificial pulp chamber
E | we ¥ oy

=]

~

- 2

-—~|.-ii i
-—rTe | _.r . i F'!.il
% I Needle tip

0.36 micrel/min
Infusion pump

Figure 2 Schematic of hydraulic conductance model using in this study

3.4 Resin composite built-up

After light curing, the resin composite Filtek Z350XT (3M ESPE Dental Products Division, St.Paul,
MN, USA) was placed onto the bonded surface. Two 2-mm-thick layers of resin composite were placed and
cured using the LED light-curing unit (LED Bluephase; Ivoclar Vivadent, Schaan, Liechtenstein) for 40 s.

All bonded specimens were kept in 37-C distilled water for 24 h (Shafiei, Kiomarsi, & Alavi, 2011).
After that, all specimens were longitudinally sectioned with a slow-speed diamond blade under a water
coolant (Isomet, Buehler Ltd, Lake Bluff, IL, USA) in mesiodistal and buccolingual directions to obtain slab-
shaped specimens (Armstrong et al., 2017) as shown in Figure 3. The diameter of each bonded interface of
each specimen was gauged with a digital caliper (Mitutoyo, Tokyo, Japan) to a size of approximately 1.0x1.0
mm?. The 2 central trimmed specimens of each tooth were subjected to the pTBS test, and the mean of uTBS
was calculated to represent the representative bond strength of that tooth. The remaining slabs of specimens
were further subjected for the observation of the resin-dentin interface under a scanning electron microscope
(SEM).
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3.5 Aging strategy

Ten specimens (20 sticks) from each group were subjected to the pTBS test after a 24-hour-kept in
water. The remaining 10 specimens (other 20 sticks) from each group were subjected to thermocycling
(TC400, King Mongkut’s Institute of Technology, Ladkrabang, Bangkok, Thailand) for 10,000 cycles in
water between 5 and 55°C with a dwell time of 20 s in each water bath and a transfer time of 5 s (Armstrong
et al., 2017; Nikaido et al., 2002). This method was applied to simulate the physical degradation process by
the aging of the resin-dentin interface.

588®

Figure 3 Reveal the cutting direction of the specimen into sticks

3.6 Microtensile bond strength test

For evaluation of uTBS, both non-aging and aging specimens were attached to the uTBS testing jig
with cyanoacrylate glue (Model Repair Il Blue, Dentsply, SANKIN, Tokyo, Japan) as shown in Figure 4
(Armstrong et al., 2017; Nikaido et al., 2002). Then, the pTBS test was performed with a universal testing
machine (LIoydTM Testing Machine, Model LR 10K, Lloyd Instruments, Fareham Hanth, UK) with a 1kN
load-cell at a 1.0 mm/min crosshead speed (Chen et al., 2015; Nikaido et al., 2002). The data were calculated

and shown in MPa (N/mm?2).
)
L/,

A

¢

Figure 4 Exhibit experimental specimen attached to the microtensile bond strength jig with cyanoacrylate glue

3.7 Failure mode observation

Each fractured specimen after pTBS testing was identified the failure mode under a light
stereomicroscope (Nikon SMZ1000, Nikon; Kanagawa, Japan) at 40x magnification and a scanning electron
microscope (JSM-6110 LV, JEOL, Tokyo, Japan) at 70x magnification. The failure modes were classified
into 5 types (Flury, Peutzfeldt, & Lussi, 2014); (1) adhesive failure at the dentin-adhesive interface, (2)
adhesive failure at the adhesive-resin composite (both type (1) and (2) present 80-100% of the failures
occurred at the resin-dentin bond interface), (3) cohesive failure in the dentin (80-100% of the failures
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occurred in the underlying dentine), (4) cohesive failure in the resin composite (80-100% of the failures
occurred in the overlying composite), and (5) mixed failure (mixed with adhesive failure between the resin
and dentin, and cohesive failure in resin and/or dentin) (Senawongse, Srihanon, Muangmingsuk, &
Harnirattisai, 2010; Vongphan, Senawongse, Somsiri, & Harnirattisai, 2005).

3.8 Observation of micromorphology of the resin-dentin interface under SEM

Resin-dentin slabs from each group were investigated the resin-dentin interface under the SEM
(JSM-5410 LV, JEOL, Tokyo, Japan) at 15kV and 20 mm work distance. Each slab was prepared by
immersing in 50% silver nitrate solution (pH 7) for 24 h at 37-C. Then, it was subsequently soaked in a photo-
developing solution for 8 h under fluorescent light to convert the tracer into metallic silver. Each tracer-
infused specimen was soaked in fixer solution for 2 min. After that, the slab was soaked in 10% buffered
formalin for 24 h, rinsed with distilled water, and embedded in the epoxy resin. The specimens were polished
with 600-, 800-, 1000-, 1500-, 2000-, 3000-, 4,000-, and 5,000-grit SiC papers and 3, 1, and 0.25 p of
diamond paste, subsequently. Consequently, half of the polished specimens were attached to the specimen
mount by specific glue. The polished specimens were treated with the argon-ion beam (Cross Section
PolisherTM IB-19500CP, JEOL Ltd., Tokyo, Japan) under the condition of 6kV for 12 min.

All specimens were then coated with palladium (K500X Sputter coater, SPI Supplies, West Chester,
PA, USA) and observed under the SEM (Niyomsujarit, Senawongse, & Harnirattisai, 2019; Saikaew,
Matsumoto, Chowdhury, Carvalho, & Sano, 2018). The investigating was performed using a secondary
electron mode (Chen et al., 2015).

The nanoleakage by silver staining at resin-dentin interfaces was observed in the specimens
preparing without argon-ion beam etching. For the evaluation of the thickness of the hybrid layer, the
specimens with argon-ion beam etching were used for investigation.

3.9 Statistical analysis

3.9.1 Microtensile bond strength

The means and standard deviations of the uTBS were calculated. There were 2 factors involving in
the WTBS; the situation of simulated pulpal pressure and the aging strategies. All data were organized and
analyzed the distribution and homogeneity of variance using the Kolmogorov-Smirnov test and Levene’s test
respectively. All data showed a normal distribution and homogeneity of variance, and two-WAY ANOVA
and multiple comparisons with Duncan were used for further analysis.

3.9.2 Failure mode
The data of failure modes were statistically analyzed using the nonparametric Kruskal-Wallis test.

3.9.3 Resin-dentin interfaces

Descriptive analysis was used for the interpretation of the SEM images of the resin-dentin interface.

All analyses were performed using the SPSS program. A statistical significance was considered to
be p<0.05.

4. Results and Discussion
4.1 Microtensile bond strength test

The uTBS values and standard deviations of all experimental groups are demonstrated in Table 2.
The normal distribution and equality of variances of all data were analyzed with the Kolmogorov-Smirnov
test and Levene’s test, respectively. Two-way ANOVA and Duncan were used at a 95% statistically
significant level.
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Table 2 Exhibits the mean uTBS value + standard deviations. Groups with the same superscripts are not statistically
significant (p>0.05).

Microtensile bond strength (MPa)

Immediate testing (1) After 10,000-cycle thermocycling (T)
Simulated pulpal pressure (S) 25.96 + 3.90° 22.49 £1.75P
Non-simulated pulpal pressure (N) 30.15 + 3.08¢ 25.25 +2.442

According to Table 2, the simulated pulpal pressure device affected the uTBS values of both non-
aging and aging groups. For the immediate testing group, the mean uTBS value of the NI group (30.15+3.08
MPa) was significantly higher than the SI group (25.96 + 3.90 MPa) (p=0.023). While the mean uTBS value
after 10,000-cycle thermocycling of the NT group (25.25 + 2.44 MPa) was significantly higher than the ST
group (22.49 £1.75 MPa) (p=0.009).

The mean UTBS value was also affected by the 10,000-cycle thermocycling process. For the
simulated pulpal pressure group, the mean immediate uTBS (25.96+3.90 MPa) was significantly higher than
the aging group (22.49+1.75 MPa) (p=0.023). In accordance with the group without simulated pulpal
pressure, the immediate uTBS (30.15+£3.08 MPa) was significantly higher than the aging group (25.25+2.44
MPa) (p=0.001).

4.2 Failure mode observation

All tested specimens in the Sl and ST group demonstrated 100% adhesive failure at the adhesive-
resin composite interface (Figure 5). The dentin side of specimens was completely covered with adhesive,
and the dentinal tubules could not be detected. All those specimens in the NI and NT group expressed 100%
adhesive failure at the dentin-adhesive interface (Figure 6). The dentin side of specimens was not covered
with adhesive, and the dentinal tubules were filled with resin tags. Therefore, there was no significant
difference in the mode of failure among each experimental group, not only in the simulated pulpal pressure
group but also in the non-simulated pulpal pressure group (p=1.00). However, the group with the different
pulpal pressure situation demonstrated a statistically significant difference in the mode of failure (p<0.001).

Figure 5 The representative specimens of the haracteristic f adhesive failure a the adhesive-resin composite interface
under SEM; 70x resin composite side (A), 500x resin composite side (B), 70x dentin side (C), and 500x dentin side (D).
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Figure 6 The representative specimens of the characteristic of adhesive failure at the dentin-adhesive interface (under
SEM; 70x resin composite side (A), 500x resin composite side (B), 70x dentin side (C), and 500x dentin side (D).

4.3 Observation of micromorphology of the resin-dentin interface under SEM

The SEM images of the resin-dentin interfaces for all experimental conditions are shown in Figures
7 and 8. The thickness of the hybrid layer obtained from each experimental group was measured by the ImageJ
program, which showed that the SI had the thickness of the hybrid layer approximately 1.0 um (Figure 7A)
with plenty of silver nitrate deposition along the bottom of the resin-dentin interface (Figure 7B). The ST had
0.95 pum thickness of the hybrid layer (Figure 7C) with more silver nitrate deposition at the bottom of the
hybrid layer than the SI (Figure 7D). Moreover, the water-tree pattern of nanoleakage could be detected at
the interface of the Sl (asterisk in Figure 7C).

For the groups without simulating the pulpal pressure process, the thickness of the hybrid layer of
the NI was approximately 0.98 um (Figure 8A) with some silver nitrate deposition at the resin-dentin interface
(Figure 8C). The NT had a 1.00 pm thickness of the hybrid layer (Figure 8B) with more silver nitrate
deposition along the bottom of the hybrid layer than the NI (Figure 8D).

Ty N
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AL | HL=1.0:0.02pm

AL HL

t

Figure 7. Resin-dentin interface of Single Bond Universal with simulated pulpal pressure.
(A, C: immediate testing, B, D: 10,000-cycle thermocycling group. RC: resin composite, AL: adhesive layer,
HL: hybrid layer, D: dentin, Ag: silver nitrate deposition, asterisk: water-tree phenomenon).
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Figure 8. Resin-dentin interface of Single Bond Universal without simulated pulpal pressure.
(A, C: immediate testing, B, D: 10,000-cycle thermocycling group. RC: resin composite, AL: adhesive layer,
HL: hybrid layer, D: dentin, Ag: silver nitrate deposition).

4.4 Discussion

At present, a universal adhesive is the latest generation of dental adhesive that is invented to reduce
clinical steps and can also be used with both direct and indirect restorations (Cardoso et al., 2011). Single
Bond Universal is defined as a universal adhesive with HEMA, which is considered to be a hydrophilic
component. Existing of HEMA causes water retention in the adhesive layer as it reduces water evaporation
in the solvent and also creates the water channel for pulling water from the dentin into the adhesive layer,
which is prone to be degraded by hydrolysis (Wang & Spencer, 2005; Ye, Wang, & Spencer, 2009).

The result of the immediate uTBS values obtained from simulated pulpal pressure groups might be
relatively lower than both non-simulated pulpal pressure groups and previous studies (Ahmed et al., 2019;
Chen et al., 2015; Munoz et al., 2014) which might be due to the hydraulic pressure device. This machine is
used for imitating the clinical situation of physiologically intrapulpal pressure simulation that pushes the
dentinal fluids throughout the hybrid and adhesive layers, resulting in hydrolysis and plasticization,
endangering the long-term durability of resin—dentin interfaces (Perdigao, 2010). This might result in an
increased amount of silver deposited within the resin-dentin interfaces in the groups of simulated pulpal
pressure. Besides, the water-tree pattern of nanoleakage related to the permeability of the adhesive was
observed only in the groups of simulated pulpal pressure. The negative effect of the simulated pulpal pressure
on the resin-dentin interface did not only affect the bond strength but also the failure mode pattern. The
simulated pulpal pressure might result in a change in the pattern of failure from adhesive failure at the
adhesive-dentin composite interface of non-simulated groups to adhesive failure at the adhesive-resin
interface of simulated groups.

Also, the aging process with 10,000-cycle thermocycling under the condition of 5 and 55°C with a
dwell time of 20 s in each water bath and a transfer time of 5 s was used in this study. This condition might
imitate in vivo physical aging of restorative materials by cyclic exposure to hot and cold temperatures in a
water bath that corresponds to 1-year physical aging in the oral cavity (El-Araby & Talic, 2007; Ernst,
Canbek, Euler, & Willershausen, 2004). The stress that occurred at the resin-dentin interface associates with
different thermal contraction/expansion coefficients between the restorative materials and tooth structure
(Cenci et al., 2008). It accelerates the hydrolysis of demineralized collagen and extracts poorly polymerized
resin oligomers by hot water, which endangered the microtensile bond strength (Ernst et al., 2004). In the
same direction with this study, both ST and NT groups demonstrated statistically significant lower uTBS than
the SI and NI, which were immediate testing groups (p<0.05). Thus, an increase in silver deposition within
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the resin-dentin interfaces in the groups with thermocycling was observed. This confirmed the deleterious
effect of thermal aging on the degradation of the resin-dentin interfaces.
Therefore, all null hypotheses in this study were rejected. There was a significance in microtensile bond
strengths that were affected by the bonding process under simulated pulpal pressure and aging process (p<0.01).
Furthermore, another interesting topic that may be recommended for further study regarding the
universal adhesive is the remaining solvent after the evaporating process of dentin bonding, which may be
affected by the evaporating time, leading to compromised mechanical properties of the resin-dentin interfaces.

5. Conclusion

In conclusion, the uTBS value and nanoleakage of the resin-dentin interface could be affected by
simulated pulpal pressure and 10,000 cycle thermocycling process. To avoid endangering the bond strength,
besides controlling the environmental moisture, clinicians should pay attention to controlling the intrinsic
moisture of the dentin surfaces.
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