Shadman N., et al.,
DOI: 10.30476/DENTJODS.2019.44922

J Dent Shiraz Univ Med Sci., June 2019; 20(2): 118-123.

Original Article

Shear Bond Strength of a Multi-Mode Adhesive to Bur-Cut and Er,Cr:YSGG
Lased Dentin in Different Output Powers
Niloofar Shadman 1, Shahram Farzin Ebrahimi 1, Sara Amanpour 2, Siavash Mehdizadeh 3
1

Dept. of Operative Dentistry, Oral and Dental Diseases Research Center, School of Dentistry, Kerman University of Medical Sciences,
Kerman, Iran.
2
Dept. of Oral Pathology, Oral and Dental Diseases Research Center, School of Dentistry, Kerman University of Medical Sciences,
Kerman, Iran.
3
Postgraduate Student, Dept. of Oral and Maxillofacial Surgery, School of Dentistry, Kerman University of Medical Sciences, Kerman,
Iran.

KEY WORDS

ABSTRACT

Adhesive;

Statement of the Problem: Universal or multi-mode adhesives are new adhesive

Bond Strength, Laser;

systems that can be used in both etch-and-rinse (ER) and self-etch (SE) modes. Lesser

Dentin;

technical sensitivity and dual use of these adhesives have made them popular among
dentists. Studies are being conducted to analyze the advantages and disadvantages
these adhesives in different conditions
Purpose: The aim of this study was to compare shear bond strength (SBS) of a multimode adhesive in different etching modes to Er,Cr:YSGG laser ablated and bur-cut
dentin.
Materials and Method: Buccal and lingual surfaces of 30 sound human molars, randomly divided to three groups, were prepared by bur and Er,Cr:YSGG (4 Watt and 5
Watt, 20 Hz, 96% water, 60% air, and 600-µm spot size) to reach a flat surface in
superficial dentin. Each group was randomly divided into 2 subgroups (ER and SE),
and then Scotchbond Universal adhesive was applied. Composite cylinders were attached to the surfaces and cured. Specimens were stored in 37 °C water for 24 hours
and thermocycled (500 cycles) and were tested for SBS and failure modes were determined by stereomicroscope. Data was analyzed using SPSS19 and one- way ANOVA
and Tukey’s post hoc tests and p< 0.05 was considered as significance level.
Results: Bur-cut dentin with ER method had the highest mean SBS value (33.80
MPa). SBS in bur-cut and 4Watt laser in ER mode were significantly higher than SE
mode (p= 0.002 and p= 0.000 respectively). Highest mean SBS value in lased dentin
was achieve in 4 Watt ER mode.
Conclusion: SBS of Scotchbond universal adhesive to dentine is highest in bur-cut
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and ER mode and in 4-Watt lased-dentin is higher than 5-Watt lased-dentin. Moreover,
in 4-Watt lased-dentin, SBS of ER mode is more than SE mode.
Corresponding Author: Mehdizadeh S., Dept. of Oral and Maxillofacial Surgery, School of Dentistry,
Kerman University of Medical Sciences, Kerman, Iran.
Tel: +983432119028
Fax: +983432119021
Email: siavash.mehdizadeh@gmail.com

Cite this article as: Shadman N., Farzin Ebrahimi Sh., Amanpour S., Mehdizadeh S. Shear Bond Strength of a Multi-Mode Adhesive to Bur-Cut and Er,Cr:YSGG Lased Dentin in
Different Output Powers. J Dent Shiraz Univ Med Sci., June 2019; 20(2): 118-123.

Introduction
In 1917, Einstein presented laser theory and in 1960, the

wavelength can remove both hard and soft tissues with-

first working laser device was manufactured [1]. Er:

rotary instruments and less need for local anaesthetics.

YAG and Er,Cr:YSGG lasers are used in dentistry for

Therefore, it has been gaining popularity in treating

hard tissues removal. Er,Cr:YSGG laser with 2.78 µm

anxious patients [1]. Erbium lasers wavelength targets

out the vibration and pulpal thermal stress induced by
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tissue water, causing micro explosions which removes

Marginal integrity and bond strength are the major

hard tissue. This process is called laser ablation. Be-

factors in assessing success of a restoration and both of

cause of micro explosions in laser-ablated surfaces, we

these properties are related to adhesive system perfor-

cannot expect a flat surface, but a rough one. With this

mance and the condition it is used [14].

property and the lack of smear layer in lased surfaces,

In this laboratory study, we aimed to assess and

better and stronger adhesion properties are expected but

compare SBS of Scotchbond Universal to Er,Cr:YSGG

in studies, we see rather contradictory results [2].

lased dentin with different output powers and bur-cut

Katuami et al. [3] observed microcracks under

dentin in two conditioning modes, ER and SE. The null

hybrid layer in Er:YAG laser irradiated dentin. Moreo-

hypothesis is that mean SBS values do not differ be-

ver, Dela Rosa et al. [4] described areas of dehydration

tween different methods of removing dentin and ER or

and loss of protein with malformed hydroxyapatite crys-

SE modes.

tals in Er:YAG laser irradiated dentin. This layer was 34 µm in thickness [4]. It is suggested that laser ablated
surfaces have fused collagen fibrils and loss of interfi-

Materials and Method
In this in vitro experimental study, 30 sound human

brillar space which prevents diffusion of resin to inter-

extracted third molars were used that were either im-

tubular dentin [2]. Others described various patterns of

pacted or extracted for orthodontic reasons. Teeth were

micro irregularities, which cause lower bond strengths

cleaned of debris and remaining soft tissues, disinfected

[5]. All these superficial changes are related to intensity

in 0.5% sodium hypochlorite for 10 minutes, and stored

of laser radiation [6]. Laser thermomechanical effects

in tap water the whole time.

will affect subsurface layer, leading to loss of integrity

Plastic cylinders (2.5×2.5cm) were used for

and weakening of superficial layer, which is often ex-

mounting teeth in self-cured acrylic resin (Acropars,

plained as the reason for prevalence of cohesive failure

Marlic, Tehran, Iran), 1mm beneath the CEJ line. Buc-

modes in dentin and enamel [4]. For enhancement of

cal and lingual surfaces of each tooth were cut perpen-

bond strength, this altered surface should be either

dicular to the horizontal line to remove enamel using a

changed or removed by chemical or mechanical means

water-cooled air turbine and a diamond bur (long and

[7].

flat-end cylindrical 837L, TeezKavan, Tehran, Iran)
Universal or multi-mode adhesives are new adhe-

attached to a custom surveyor so that the cut surfaces

sive systems that can be used in both etch-and-rinse

were completely flat. After exposing superficial dentin

(ER) and self-etch (SE) modes. Lesser technical sensi-

(3*3 mm dentin surface), samples were randomly divid-

tivity and dual use of these adhesives have made them

ed to three groups including bur-cut (Bur), 4Watt Laser

popular amongst dentist. Studies are being conducted to

(4W), and 5Watt Laser (5W). Bur-cut samples received

analyse them in different conditions [8]. Lately, a new

no further preparation other than using a 600-grit silicon

adhesive from this category has been introduced to mar-

carbide paper to produce a uniform smear layer. 4W

ket under the trade name of Scotchbond Universal (3M,

laser samples were lased with Er,Cr:YSGG laser (Wa-

ESPE, USA). Manufacturers claim that this adhesive

terlase: Biolase, Irvine, CA, USA) with following pa-

has strong and stable bonding properties in both ER and

rameters: 4W output power, water pressure 95% and air

SE modes that result from its special formulation. Re-

pressure 60%. The MZ6 tip with the spot size of 600 µm

cent studies report various results [8-12], but none of

was used; holding it 1-2 mm above dentin surface with

them studied this adhesive in laser-ablated teeth.

a constant sweeping motion until at least 1mm of dentin

Dunn et al. [5] reported lower shear bond

was ablated uniformly. 5W laser samples were prepared

strengths (SBS) in lased dentin and enamel from other

just as above, only differing in output power. Each

adhesives and considered loss of uniformity of hybrid

group was randomly divided to two subgroups of SE

layer as the reason. Lee et al. [13] reported that after

and ER and then Scotchbond Universal adhesive (3M,

acid conditioning, lased dentin surfaces reached bond

ESPE, USA) was applied (Table 1).

strengths equal to bur-cut dentin, but without acid conditioning, lower bond strengths were observed.
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Table 1: Materials used in this study and application techniques of adhesive
Material

Type

Manufacturer

Scotchbond
Universal

2-step ER or 1-step
SE adhesive

3M, ESPE, USA

Filtek Z-250 XT

Light-cure nano
Hybrid resin composite

3M, ESPE, USA

Ultra Etch

Etching agent

Ultradent, USA

Composition

Application technique
Etch-and-rinse: acid etching (15s), rinsing (15s),
10-MDP, HEMA, Vitreblot-drying, two-coats of adhesive applied (20s) and
bond copolymer, filler,
gently air-drying (5s), light cured for 20s.
ethanol, water, initiators,
Self-Etch: two-coats of adhesive applied (20s) and
silane
gently air-drying (5s), light cured for 20s.
BIS-GMA, UDMA, BISEMA, PEGDMA,
TEGDMA, zirconium,
silica
35% phosphoric acid

diameter of 2mm was placed and fixed by sticky wax on

SBS values and produced significantly higher bond

the bonded surface before composite placement and

strength in ER mode in Bur-cut (p= 0.00) and 4W laser

curing. Light curing for adhesive and composite was 20

(p= 0.00) but was not statistically significant in 5W

and 40 seconds respectively (Optilux 501, Kerr, USA)

laser (p= 0.294). The highest mean SBS value (28.31

at a light irradiance level of 600 mW/cm2. After curing,

MPa) in lased dentin was achieved in 4W ER mode.

composite plastic mold was removed. Then specimens

Failure patterns are shown in table 3. The Bur-ER sub-

were stored in tap water in 37 °C for 24 hours (Incuba-

group showed more non-cohesive failure pattern while

tor 6520, Behdad, Iran) before receiving 500 cycles of

other subgroups showed mainly adhesive failure pat-

thermocycling between 5 and 55 °c (with a 60 s dwell

tern.

time and a 15 s transfer time). The specimens were
loaded to failure at 0.5mm/min using the Testometric

Table 2: Mean shear bond strength (MPa)±SD and p
Value between groups

machine (Testometric M350-10 CT, England) with a
metal rod with a chisel-shaped end adjacent to the flat
ground dentin surface. The SBS values (MPa) were
calculated by dividing peak load at failure at bonded
surface area. One-way ANOVA and Tukey’s post hoc
tests were used with the p< 0.05 considered as the level
of significance. Tested specimens were observed under
a stereomicroscope (SEM) (Olympus, DP12, Germany)
at 16x magnification by two calibrated observers (specialist in operative dentistry) separately for determining
failure modes. Four types of failure modes were considered in this study including adhesive failure, cohesive
failure in dentin, cohesive failure in composite, and finally, mixed failure- partially adhesive and partially
cohesive [15].
Results
The results of mean SBS values for each subgroup are

Groups
Groups comparison
(bond strength ±SD)
Bur-ER
4W-ER
Bur-ER
4W-SE
(33.8±2.65 MPa)
5W-ER
5W-SE
4W-ER
4W-SE
Bur-SE
(26.98±4.74 MPa)
5W-ER
5W-SE
4W-SE
4W-ER
5W-ER
(28.31±1.78 MPa)
5W-SE
5W-ER
4W-SE
(20.37±3.34 MPa)
5W-SE
5W-ER
5W-SE
(21.14± 4.75MPa)
5W-SE
Mentioned
(17.66±3.79MPa)
above

mean SBS value (33.80 MPa). In similar etching
modes, Bur-cut groups showed significantly higher
SBS values than laser ablated groups. In ER mode, 4W
laser showed significantly higher SBS values than 5W
laser, however; it was not statistically significant in SE
mode (p= 0.571). Generally, etching mode affected

0.002
0.018
0.000
0.000
0.000
0.964
0.002
0.010
0.000
0.000
0.001
0.000
0.997
0.571
0.294
Mentioned
Above

Table 3: Failure modes of groups
Adhesive Cohesive failure Cohesive failure
Mix
failure
in Composite
in Dentin

shown in Table 2.
Bur-cut dentin with ER mode had the highest

p Value

Bur-ER
Bur-SE
4W-ER
4W-SE
5W-ER
5W-SE

4
5
4
7
5
7

0
0
1
0
1
0

4
3
2
1
2
1

2
2
3
2
2
2

Discussion
Laser has the ability of removing caries without surface
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fracture and stress caused by rotary instruments [16].

sive and less penetration of it to dentin, a thinner hybrid

Thermal injury to pulp, vibration, and annoying noise

layer will be produced; which might explain why bond

are all disadvantages related to rotary instruments,

strength was lower in 4W subgroup, though the differ-

which are not present in use of laser ablation. Such mat-

ence between 4W and 5W subgroups was not statistical-

ters would help in treatment of anxious patients and

ly significant. Higher mean SBS value of Scotchbond

reducing the dose of anesthesia needed [17].

Universal for bur-cut dentin than lased dentin in SE

In similar modes of application of Scotchbond

mode might be due to the mentioned superficial thermal

Universal, SBS mean values in bur-cut dentin were sig-

effects induced by laser as Scotchbond Universal has

nificantly higher than both 4W and 5W laser ablated

mild acidic monomers (pH=2.6) and acts less efficient

groups. In Esteves-Oliviera et al. study [18], SBS values

in removing mineral content. [23] Sun et al. [6] studied

in both laser-ablated enamel and dentin were lower than

different output powers of Er,Cr:YSGG laser from 1 to

bur-cut surfaces. They concluded that thermal effects of

6 Watt on sclerotic dentin with the rest of the settings

Er,Cr:YSGG laser causes changes in hydroxyapatite,

unchanged (20 Hz, 65% Air, 55% Water). They ob-

leading to more resistance of the surfaces to acid, the

served that surface roughness increased with higher

issue, which does not happen in bur-cut dentine [18].

outputs but decreased in 5W and 6W. Furthermore,

On the other hand, denatured matrix proteins prevent

mean open tubular area increased from 1W to 6W but

proper permeation of adhesive in collagen matrix caus-

the difference between 4W, 5W, and 6W groups was

ing lower bond strengths [4]. In a review of the litera-

not statistically significant. As a result, 4W group pro-

ture by Lopes et al., [19] it was mentioned a reduction

duced highest mean microSBS value. They considered

in bond strength in laser irradiated dentin compared

surface cracks, observed by SEM, responsible for these

with conventional methods. Lee et al. [13] reported bet-

lower bond strengths [6] Likewise, these findings can be

ter tensile bond strengths in laser-ablated dentin after

relevant in explaining our

acid etching of the surface, equal to bur-cut dentin. In

Er,Cr:YSGG lased tooth surfaces under SEM, Lee et al.

SEM images, acid etched lased dentin was almost simi-

[13] reported that in output powers higher than 3.5W

lar to acid etched bur-cut dentin, but without acid condi-

microcracks have appeared, air spray at 80% produced

tioning, lased dentin showed an uneven scaly surface.

the roughest surface and finally, maximum water output

The reduced bond strengths of lased dentin without acid

produced the least carbonized surface. In the present

etch is due to improper formation of hybrid layer, as

study, device settings were adopted regarding the previ-

collagen matrix is not fully exposed or permeable for

ous studies [6, 13] and considering manufacturer’s rec-

resin penetration. [13] Shahabi et al. [20] reported simi-

ommendations. Maximum water pressure was selected

lar tensile bond strengths in lased and bur-cut dentin

as in pressures under 90%, carbonization and charring

after acid conditioning.

of dentin surface was observed, and dry bur-cut dentin

In this study, in ER mode of 4W subgroup, the

results.

In studying

odor was smelled in pilot study.

mean SBS value was significantly higher than 5W subg-

In the present study, in bur-cut and 4W lased den-

roup. Few studies have assessed different settings of Er,

tin, Scotchbond Universal mean SBS value was higher

Cr:YSGG laser on tooth surface and resulting bond

in ER mode than SE mode. Various bond strength of

strengths [19-21]. Most studies have employed manu-

Scotchbond Universal has been reported in ER and SE

facturer’s recommended settings (4W, 20 Hz, 65% Air,

mode in different studies [8, 10, 12]. Munoz et al. [10]

55% Water) [18-20, 22].

reported no statistically significant difference in micro-

It is asserted that greater power outputs of device

tensile bond strength of different etching modes and in

produces more surface heat, causing melting in hydrox-

Takamizawa et al. study, [12] SBS was reported signifi-

yapatite, which subsequently leads to more acid re-

cantly higher in SE mode. Wagner et al. [8] reported no

sistance [4]. Consequently, more microcracks are ob-

statistically significant difference in microtensile bond

served in SEM evaluations [5], which might be the rea-

strength between the two modes. They observed that

son for lower mean SBS value in 5W than 4W sub-

although the length of resin tags and hybrid layer thick-

groups. In SE mode, because of lower acidity of adhe-

ness differed between ER and SE modes (both ER>SE),
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the bond strength did not differ significantly. In addi-

failure mode in low SBS value subgroups, such as 5W-

tion, in Ayar et al. study [24], similar bond strength was

ER and 5W-SE, was adhesive failure.

concluded between two methods. Competitive property
of MDP monomer and Vitrebond copolymer for bonding to hydroxyapatite calcium has been used as an ex-
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