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bond strength of resin bonded restorations
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PURPOSE. This study aimed to investigate whether dentin surface preparation with diamond rotary instruments
of different grit sizes affects the shear bond strength of resin-bonded restorations. MATERIALS AND METHODS.
The buccal enamel of 60 maxillary central incisors was removed with a low speed diamond saw and wet ground
with silicon carbide papers. The polished surfaces of the teeth were prepared with four groups of rotary diamond
burs with super-coarse (SC), coarse (C), medium (M), and fine (F) grit sizes. Following surface preparation, 60
restorations were casted with nickel-chromium alloy and bonded with Panavia cement. To assess the shear bond
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strength, the samples were mounted on a universal testing machine and an axial load was applied along the
cement-restoration interface at the crosshead speed of 0.5 mm/min. The acquired data was analyzed with one
way ANOVA and Tukey post hoc test (a=.05). RESULTS. The mean + SD shear bond strengths (in MPa) of the
study groups were 17.75 + 1.41 for SC, 13.82 + 1.13 for C, 10.40 + 1.45 for M, and 7.13 + 1.18 for F. Statistical
analysis revealed the significant difference among the study groups such that the value for group SC was
significantly higher than that for group F (P<.001). CONCLUSION. Dentin surface roughness created by
diamond burs of different grit sizes considerably influences the shear bond strength of resin bonded restorations.
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INTRODUCTION

Since the introduction of resin bonded restorations by
Rochette, these prostheses have been notably enhanced and
changed. Despite successful clinical treatments, debonding
of these restorations is regarded as the main problem of
this treatment."* In early resin-bonded prostheses, the weak
bond of cement to metal was the main cause of debonding.
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This deficiency was improved through several techniques,
such as electrolytic or chemical etching of the casting sur-
face, incorporation of macromechanical retention, applying
silicoater, and air abrasion with aluminum oxide particles.
The current resin cements are chemically active and capable
of creating strong bond with base metal alloys.> Although
adhesion to metal has been enhanced, the retention rate of
resin bonded restorations is not satisfactory yet. Debonding
still occurs commonly at the cement-dentin interface.'”
Several studies have evaluated the effects of biomechanical
properties and preparation design on the success of resin-
bonded prostheses. They have consequently emphasized the
resistance and retention forms as the determining factors of
better clinical retention of resin-bonded restorations.*
Therefore, the design of these prostheses has changed from
minimum or no preparation to extensive preparations with
additional features such as boxes and grooves or occlusal
rest seats. Unfortunately, extensive preparations increase the
potential loss of enamel, which is highly crucial for bonding
and adversely affects the retention.®”*!
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Increasing the adhesive-tooth contact surface through
managing the surface roughness is a technique to improve
the retention. However, there are limited studies evaluating
the effect of roughness created by different rotary instru-
ments on the success of full coverage restorations. Ayad e/
al. studied the surface roughness produced by diamond,
tungsten carbide, and tungsten carbide finishing burs and
found that diamond burs increased the surface area by a
larger degree when compared with carbide burs." In anoth-
er study, Ayad ef a/. detected that crosscut carbide burs
raised the retention of full coverage restoration cemented
with zinc polycarboxylate by 46-55%. The study suggested
considering retentive measures in preparation design when
smooth surface is preferred. Roughening the preparation
surface with rotary instruments increases the cement-tooth
interlocking mechanism and improves the retention; conse-
quently, the need for extra retentive measures declines.'

Due to the inconclusive literature about the effect of
dentin roughness on the retention of crowns and also the
lack of similar studies on resin-bonded restorations, it
seems essential to determine the influence of dentin rough-
ening by diamond rotary instruments on the retention of
these restorations. Therefore, the present study aims to
compare the effects of diamond rotary burs with different
grit sizes on retention of resin-bonded restorations. The
null hypothesis of this study is that different grit sizes of
diamond rotary instruments do not affect the shear bond
strength of resin-bonded restorations.

MATERIALS AND METHODS

In this experimental study, 60 maxillary central incisors of
the same size were collected and stored in 1% chloramine-
T solution (Solarbio Bioscience & Technology Co., Ltd.,
Shanghai, China) at 4°C for one month after extraction.
The teeth were intact and extracted because of periodontal
diseases.

By using a dental surveyor, each tooth was embedded in
a polymeric tube filled with auto-polymerizing acrylic resin
(Unifast II, GC Corp., Tokyo, Japan) and was aligned paral-
lel with the tube wall. The teeth were prepared for resin
bonded restoration by cutting the incisal enamel. Then the
proximal and buccal enamel surfaces of the teeth were cut
with a low speed diamond saw (Diamant, Gmbh, D&Z,
Berlin, Germany) and the buccal dentin was prepared as a
rectangle (4 X 4 mm). A caliper with an accuracy of 0.1
mm (Mitutoya, Tokyo, Japan) was used to measure and con-
trol the dimensions of all specimens. Once the samples
were ready, their buccal dentin was ground with wet silicon
catbide paper (Shanghai Hangli Co., Ltd., Shanghai, China).
Different grit sizes of silicon carbide papers were used in a
sequence of 420, 600, 1000, and 1200 for 20 seconds.

After standardization of the dentin roughness, samples
were randomly classified into four groups and polished sut-
face of each group was prepared by using diamond rotary
burs (NTI-Kahla GmbH; Kahla, Germany) of different
grit sizes. Diamond rotaty instruments used to prepare den-

Table 1. Diamond rotary instruments used to prepare the
samples

Color code Description Grit size (um) ISO
Black Super coarse 181 544
Green Coarse 151 534

Without ring Medium 107 - 126 524
Red Fine 40 514

tin surfaces are listed in Table 1.

Based on the grit size of the diamond bur used, each
group was named as SC (supet-coarse with surface rough-
ness of 181 pm), C (coarse: 151 pm), M (medium: 107-126
um), and F (fine: 40 um). The samples in group SC were
prepared merely by very coarse diamond bur with surface
roughness of 181 microns and a high-speed air turbine.
The samples in group C were prepared with super-coarse
grit size diamond bur followed by a coarse grit bur (151
um). The surfaces of samples in group M were prepared
with super-coarse, coarse, and a medium grit size (107-126
um) diamond burs sequentially. Group F was prepared with
the same method of the previous group (M) and then treat-
ed with a fine bur (40 pm)."

Having prepared the dentin surface, a custom acrylic
resin tray (Unifast II: GC Crop., Tokyo, Japan) was con-
structed for each sample, and the final impression was
made with polyether impression material (Impregum; 3M
ESPE AG, Secefeld, Germany). Employing lost-wax casting
technique, 60 metal castings (4 X 4 mm, 1 mm thick) were
made of nickel-chromium alloy (Verabond I1I: AalbaDent,
Cordelia, CA, USA). After finishing and polishing of the
castings, their internal surfaces were air-abraded with 50 um
aluminum oxide particles for 10 seconds. According to the
manufacturer’s instruction, ED primer liquids A and B were
mixed equally, applied on dentin surface, and air dried gen-
tly. Then, equal amounts of Panavia cement pastes (Panavia
F2; Kurary, Osaka, Japan) were mixed for 20 seconds and
applied on the surface of the casting and bonded to the
prepared dentin surfaces. Each sample was loaded in the
universal testing machine (Hounsfield; Model H5-KS,
Surray, UK) for 5 minutes with a load of 10 N. Cement
excess was removed and, after 5 minutes, samples were
cured for 40 seconds by light curing unit (Astralis 7; Ivoclar
Vivadent AG, Lichtenstein, Germany). All samples were
thermocycled in 5°C to 55°C water baths for a total of
1000 cycles with dwell and transfer times of 15 seconds.

In order to determine the shear bond strength, samples
were mounted on the universal testing machine and an axial
load was applied with a chisel-shaped rod at a crosshead
speed of 0.5 mm/min along the casting-cement interface
until failure occurred. The maximum load that caused
debonding was recorded in MPa for each sample.
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Under a stereomicroscope (Nikon; Tokyo, Japan) at 40
X magnification, the types of failure were evaluated and
classified into three categories as the following: (i) adhesive
failure with the cement remnant on the prepared dentin
surfaces, (i) adhesive failure with the cement remnant on
the casting surface, and (iif) mixed failure with cement rem-
nants on both prepared dentin and casting surfaces.

SPSS software (IBM SPSS version 17, Chicago, 1L,
USA) was used for data analysis. One-way ANOVA was
performed to determine the effect of dentin roughness on
shear bond strength, and Tukey’s post-hoc test was used to
compare the differences among the study groups. The level
of statistical significance was set at 5%.

RESULTS

The mean * SD shear bond strength (in MPa) of the
groups are summarized in Table 2. The shear bond strength
of the samples prepared with super coarse grit diamond
burs (group SC) was significantly higher than that with fine
grit rotary instruments (group F) (P < .001).

Table 3 illustrates the failure mode distribution.
Regardless of the surface treatment, the most frequent fail-
ure type was adhesive failure with the resin cement rem-
nants remained on the castings. Mixed failure mode was
detected in all groups; however, it was most seen in group

SC (33%) followed by group C (20%).

DISCUSSION

The results of the present study showed that the bond
strength of Panavia cement to dentin surfaces treated with
super coarse grit diamond bur was higher than that with the
fine grit diamond bur, and the difference was statistically
significant. Thus, the null hypothesis of the study that den-
tin roughness would not affect the retention of the resin-
bonded restorations was rejected. Although there is no sim-
ilar previous study about the bond strength of resin-bond-
ed restorations, the result of this study supports several
reported studies that have emphasized the important effect
of dentin roughness on crown retention.

Ayad et al'' demonstrated that dentin surface treatment
affects the adhesive bond strength through changing the
surface structure. In a similar study, Ayad e a/. showed that
higher dentin roughness increased the retention of the
crowns cemented with zinc phosphate cements while the
smooth surfaces of teeth created by finishing burs provided
less retention. The study also reported that, regardless of
the type of instrumentation, Panavia exhibited more reten-
tive strength than zinc phosphate cement. Ayad concluded
that the retention of casting restorations depended on both
the type of cement and the bur used in dentin surface fin-
ishing.”? Likewise, the study by Mowery e a/. revealed that
the rough surface of prepared dentin provided a higher
bond strength, which might be attributed to the increased
total surface area involved in the bond."

Table 2. Mean shear bond strength values (in MPa) and standard deviations calculated for different surface instrumentation

of the groups

Study group N Mean + SD Minimum Maximum
Super Coarse (SC) 15 17.75 + (1.41)2 15.41 20.73
Coarse (C) 15 13.82 = (1.13)P 11.08 15.61
Moderate (M) 15 10.40 + (1.45)° 6.31 12.83
Fine (F) 15 7.13 £ (1.18)¢ 4.68 8.53
Total 60

Values followed by distinct lowercase letters represent statistical differences between groups.

Table 3. Failure mode distributions of study groups after debonding

Mixed (Cement remnants on

Study group N Cement remnants on dentin dentin and casting) Cement remnants on casting
Super Coarse (SC) 15 2 (13.3%) 5 (33.3%) 8 (563.3%)
Coarse (C) 15 1(6.6%) 3 (20%) 11 (73.3%)
Moderate (M) 15 0 (0%) 2 (13.3%) 3 (86.6%)
Fine (F) 15 0 (0%) 1(6.6%) 14 (93.3%)
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Intimate contact of two opposing surfaces is necessary
to establish a stable bond between dentin and the resin
cement. The degree to which the adhesive moistens the
dentin surface depends on the cement viscosity, contact
angle between the two surfaces, topography of dentin sur-
face, and the grit size of the cutting instrument.”* When
the dentin is cut, a smear layer of different thickness and
density is formed on it, whose morphology and characteris-
tics depend on the grit size of burs or abrasive instruments.
Accordingly, the greater the grit size of the abrasive rotary
instrument, the thicker the smear layer.'"”?'?* Debris and
smear layer reduce the surface energy, which may lead to
poor adhesion; for that reason, some investigations have
recommended removing the smear layer to improve the
bond strength.”%

To interpret the results of this study, it should be consid-
ered that the condition of the dentin surface after prepara-
tion (including the roughness and smear layer characteristics)
has antagonistic effects on bonding of resin cements.**?
Increasing the roughness of dentin surface provides a larg-
er surface area for physical interaction with resin cement,
resulting in stronger chemical bond with the dentin. On the
other hand, thicker smear layer formed by diamond burs
may prevent proper interaction between high-viscosity resin
cement and the underlying dentin.'®!*?*#3! The negative
effect of smear layer thickness on the bond strength was not
observed in the present study. The ED primer in Panavia
cement kit had the ability to etch through the smear layer
and leave the underlying dentin partially demineralized,
increasing dentin permeability to the functional monomer
of resin cement.”” Moreover, bonding to the prepared
surface of dentin might also have been influenced by other
factots.

It seems that the pressure imposed on indirect restora-
tions during cementation plays an important role in resin
bonding and determines the efficacy of reaction between
adhesive cement and dentin surface covered with smear lay-
er. Some studies agree that the seating pressure applied on
luting agents during cementation of indirect restoration
improves their adaptation and bond strength to dentin.'®**
According to De Munck ez al., viscosity of the material decreas-
es under continuous shear rate.”® Besides, higher seating
pressure reduces the number of pores left on the bond
interface or inside the adhesive cement. Furthermore, inti-
mate contact between the adhesive cement and the undetly-
ing dentin improves the physical interaction between the
surfaces through affecting the factors involved in bond
strength, including Van der Waals force, hydrogen bridges,
and charge-transfers.!®*

In addition to the positive effect of the seating pressure
on the bond strength, Chieffi ¢ a/. and other researchers
have evaluated the effect of applying a constant pressure
during the cement setting and concluded that it prevented
water absorption and globule formation; therefore, a better
adhesive surface would be achieved.?** As a result, decreas-
ing infiltration of water from the underlying dentin into the
primer-cement system might lead to better coupling of the

resin to dentin and improve bond strength. Thus, selecting
the appropriate cement in combination with pressure appli-
cation duration affected the bond strength significantly.”®

With respect to the findings of this study, dentin sur-
face roughness has the potential to improve the bond
strength of resin bonded restoration. However, long-term
in vitro and in vivo studies should be conducted to support
clinical cases. Additionally, new miscellaneous adhesive
cements with high variety must be evaluated of their specific
performance.

CONCLUSION

According to findings of the current study, preparing tooth
surface by using coarse diamond burs enhances the bond
strength of resin-bonded restorations.
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