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Abstract

Lasers have been available for use in dentistry for several years but they are
still not widely used in general practice due to expensive technology. The
purpose of this research was to study the structure and properties of laser cut
tooth surface and the way in which they react with materials to form an
effectively bonded and sealed interface. The investigation of laser irradiated
dentine showed that the reduction of microhardness by 30-50% compared to
baseline dentine. Dentine debris was seen on the surface under SEM
microscopy. The interface between the tooth surface prepared by the laser and
glass ionomer cement was investigated using confocal microscopy. In addition,

the microleakage of cavity prepared by bur and laser was compared.

The adhesion of glass ionomer cement to Er, Cr:YSGG laser cut dentine was
measured by means of both microtensile and shear bond strength tests. The
mode of failure was assessed by microscopy. The optimal laser parameters
were determined. It was found that the bond strength of glass ionomer cement
to laser prepared dentine was generally not different from that to conventional
cavity preparation. The use of a dentine conditioner had a significant effect on

bond strength.

This work suggests that the optimal parameters for use of the Er,Cr.YSGG laser
to prepare cavities in dentine are a 4W power setting and a working distance of

1 mm.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

The introduction of lasers in dentistry was inspired by Maiman in 1960
[Maimain, 1960; Ceballos et al., 2001]. The ruby laser was the first
system that could ablate dentine and enamel [Stern et al., 1969;Niu et
al., 1998]. However, it failed due to the high temperature generated
during tooth preparation. The subsequent laser systems, Nd: YAG and
CO2 lasers also showed similar effects on tooth structure [Lin et al.,
1999]. The Er.YAG laser was the first laser system used for hard tissue
procedures, including caries removal and cavity preparation, and has
been approved by the Food and Drug Administration (FDA) in 1997
[Palma Dibb et al.,, 2002]. During recent years, the Er,Cr:YSGG laser
system has been introduced as a multi-purpose laser. The manufacturer
claims that this system can minimize the thermal effects on hard tissue

and leave no smear layer after preparation [Staninec et al., 2006].

The main problems associated with using a high-speed handpiece for
tooth preparation are the noise, vibration and its slow process. These
cause the patient discomfort, tooth sensitivity, pain, dental anxiety and

dental fear. Most patients require local anaesthesia to reduce pain or
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tooth sensitivity during conventional bur preparation. Some patients
need tranquilizer drugs (e.g. Valium) or sedation to reduce the anxiety

and dental phobia before tooth preparation.

In contrast, laser drilling can reduce vibration and the whining noise
generated during tooth preparation due to the non-contacting tip of the
laser handpiece. Using lasers instead of rotary drilling is a relatively new

alternative for caries removal and cavity preparation.

Over the last few decades, developments in dental adhesives have
enabled the dentist to use a variety of materials to bond to dental hard
tissue. This has led to improvements in retention and longevity of
restorations, as well as, the development of entirely new approaches to
treatments. The bonding of materials to tooth structure depends on the
specific interactions of adhesive materials at the surface of the prepared
tooth. Since virtually all materials have been designed to bond to bur
prepared teeth it is uncertain whether the same materials will bond as

effectively to laser prepared teeth.

1.2 Basic knowledge of LASER

Based on Eiestein’s theory, the photon of different energy is released
when the electron at excited stage drops down to the ground stage. If
the electron is stimulated to move from the ground stage to excited

stage by the energy source, then a second photon will be generated in
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the same phase with and propagate in the same direction as - the
excitation photon. This is the origin of the term “LASER” which is a short
form or acronym of “Light Amplification by Stimulated Emission of

Radiation” [Gordon, 1959].

Usually, all the photon particles of the laser light have the same
wavelength, when striking a tissue sample the energy may be absorbed,
scattered or reflected. This may cause vaporization of liquid within a
tissue or carbonization of the tissue. By adjustment of parameters such
as the focus point, the pulse mode, frequency, output energy and
irradiation time, the laser beam can cut, vapourise or coagulate animal

tissue [Miller and Truhe, 1993; Corona et al., 2003].

There are three main components of laser unit: a lasing medium (active
medium), energy source and optical resonator [Mercer, 1996; Parker,
2007] as shown in Fig 1.1. The lasing medium can be a solid (e.g. Ruby
laser), a liquid (e.g. Dye laser) or a gas (e.g. Argon laser) [Mercer, 1996].
The different types of laser are always named according to the lasing
medium. For example, the Nd:YAG laser has a solid lasing medium which
is a crystal of Yttrium Aluminum Garnet (YAG), doped with Neodymium
(Nd) [Pick, 1993]. When the doping material is changed from
Neodymium to Erbium (Er) for the YAG laser, this laser is named the
Er:-YAG laser [Cavalcantin et al.,, 2003]. The CO2 laser has a carbon
dioxide gas as the lasing medium [Miller and Truhe, 1993]. In some

cases the same lasing medium can emit laser light with more than one
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wavelength, the name of this type of laser includes the wavelength of
the emission beam together with the lasing medium’s name such as
9.3um CO2 laser, 9.6um CO2 laser, 10.3 pm CO2 laser, 10.6 pm CO2
laser [Moshonov et al., 2005]. The atoms or molecules of the lasing
medium are required to be excited in order to emit photons of laser light.
The energy supply for the laser source may be an electric discharge or a
high-powered Xenon flash lamp [Mercer, 1996]. An optical resonator
composed of mirrors is used to amplify the light so that the emitted laser
light has unique qualities i.e. coherence, collimation and

monochromaticity [Mercer, 1996].

Principal components:

1. Active laser medium

2 Laser pumping energy
3. High reflector

4 Output coupler

5 Laser bean]

Figure 1.1. a) The prototype of He-Ne laser b) Diagram showing the main component
part in laser prototype (retrieved from http//en.wikipedia.org/wiki/laser)

Other parts of a laser unit include the delivery system, cooling system,

and control panel. The delivery system may be a quartz fibre optic, a
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flexible hollow waveguide, or an articulated arm. The cooling system may

be an air or water spray [Parker, 2007].

The primary wavelength of laser radiation for application in dentistry
includes invisible ionizing radiation and visible or invisible thermal

radiation (Figure 1.2.) [Sulieman, 2005].

400 nm 750nm
Invmlzlmmmwmn . Visible lmmmmm

Uttra-Violet
100nm

[

Alexandrte (2x)
377 nm

Figure 1.2. The electromagnetic spectrum of laser beam using in dentistry (modified
from Sulieman, 2005 and Parker, 2007)

Most dental lasers comprise invisible light since the emission beam is in
the infrared portion this is also “non-ionizing radiation”. There are also
two visible lasers used in dentistry. One is the helium-neon (HeNe) laser
used for aiming in conjunction with other invisible lasers. The second is
the argon laser, which has a wavelength emission in the blue-green
range. More detailed information about the popular dental lasers will be

discussed in the following section.
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1.2.1 The main characteristic of laser light

Laser light is monochromatic because the photon emitted from a laser

source has one particular wavelength [Pick, 1993]. This is opposite to
white light which is a combination of all of the different colors in the
visible light spectrum [Sulieman, 2005]. This characteristic associated
with the energy gap; the transition from excited state to the lower state.
The laser is a coherent light source, in which all photons are in both
spatial and temporal coherence. In other words, laser light is a light
made of physically identical light waves all in phase with one another
with identical amplitude [Sulieman, 2005]. Collimated laser light means
there is no divergence of the laser beam that is opposite to the light from
a flashlight. The laser light is parallel to the axis of the beam since it is
emitted from the laser medium [Pick, 1993]. Moreover, the laser beam
is often optically focused to a point, at a certain working distance from

the tissue being irradiated [Mercer, 1996].

The basic unit of laser energy is the “photon”. The relationship of energy

with the frequency can be expressed as:

E = hv (h=Planck’s constant and v = frequency)

Laser light travels through the medium with a constant speed, so the
relationship between laser energy and the wavelength of laser light can

be defined as:

E = hc/A (derived from the equation: c=v/A)
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The relationship between laser energy and wavelength is the inverse
relationship [Parker, 2007]. Therefore a short wavelength laser (ex.
Nd:YAG (A=1.064 um)) has a greater laser energy than a long

wavelength one (ex.CO2 (A=10.6 pum)).

The laser power which is shown on the control panel of laser unit can be
defined as the rate at which energy is generated by the laser. For
example, a power setting of 1 Watt means that 1 Joule of energy is
produced in a second. Therefore, the amount of laser energy delivered
depends on the length of time or “pulse duration” that the laser is left on
a particular power level [Sulieman, 2005]. The laser energy (Joule) per
irradiated area of 1 cm? is called “Fluence” (J/cm?2) [Wheeler et al.,

2003].

The pulse energy is the relationship between output power level and the
pulse duration. For the same output power level, a short pulse must
deliver greater pulse energy than for that in a longer pulse. [Sulieman,

2005].

1.2.2 The basic emission modes of dental lasers

There are two basic modes of laser emissions:

1. Continuous wave: in this basic mode the laser emits continuous and
constant laser energy as long as the device is activated.

2. Free-running pulse or pulse mode: the laser source emits short bursts

of laser photons in the order of a few ten thousands of a second. The
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Nd, Ho, Er and Er, Cr.YSGG lasers are examples of instruments operating

in this mode. [Coluzzi, 2003]

1.2.3 Laser tissue interaction

The interactions of laser on tissue rely on one of the following
interactions: absorption, scattering, transmission, or reflection. The type
of the interaction depended on the wavelength of the laser beam, the
operation mode of the laser, the amount of energy applied, and tissue
characteristic. When the laser light reflects off the surface without
penetration or interaction of the light energy with the tissue defined as
“Reflection”. In case of the laser light is transmitted through the tissue
unchanged, as if transparent to the laser beam known as
“Transmission”. If some laser energy is absorbed into a component of
the tissue, this is known as “Absorption”. Lastly, when the laser light is
scattered within the tissue without producing a noticeable effect on the

tissue, this is known as “Scattering” [Sulieman, 2005].

1.2.4 Effect of LASER on soft and hard tissues

Different types of lasers react differently with tissue [Muller and
Schaldach, 1989]. It is believed that laser energy causes changes in
both the physical and chemical composition of soft and hard tissues.
The difference between the effects on soft and hard tissues depends on

the amount of laser energy and exposure time (Figure 1.2).
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For soft tissue, the desired effect is to cut and coagulate the blood
supply at the operative site. Therefore, low-level power lasers are mainly
used for soft tissue application. In general, the wavelength of the laser
beam used for cutting effectively should be strongly absorbed by that

tissue.

Bioeffects of Lasers
Laserltissue interaction depends on power
density and exposure time
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Figure 1.3. The plot between the power density and exposure time which causes the
reaction between laser and tissue (retrieved from the website
http://www.convergentlaser.com/laser_safety.php?slideno=5)

The photothermal reaction is the primary effect on hard tissue (Fig 1.3).
The thermal energy which is converted from the incident laser light plays
an important role in causing changes to the hard tissue [Parker, 2007].
The appearance of dental tissue has changed after laser irradiation. For

cutting the dental hard tissue, the suitable wavelength of the laser beam
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should be maximally absorbed by hydroxyapatite (HA) [Mercer, 1996].

The absorbance peak of HA and water in the tooth tissue is around 2.9

um (Fig 1.4).
Wavelength (microns pm)
0.1 1.0 10.0
108
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Nd:YAG Er:YAG
= Hb 1.06 294
e Melanin
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Figure 1.4. The plot between the absorption coefficient of various substance and
laser beam using in dentistry (Parker, 2007)

1.2.5 Laser wavelength used in dentistry

A number of investigations have reported various applications of
different laser wavelengths in dentistry. The different laser wavelengths
have been used in dentistry depending to the interaction between laser
light and the biological constituents of dental tissue. In general, the laser

machine is not designed for specific application in dentistry. Considering
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the surgical area, the proper laser wavelength should have an

absorption coefficient closed to the absorption peak of that tissue.

Most of the dental lasers are in the range of non-ionizing wavelength.
Therefore the ability to do ablate tissue relatively low compare to the
ionizing wavelength laser. The visible ionizing spectrum laser such as the
XeCl (308 nm) excimer laser showed the potential for treatment of tooth
hypersensitivity and dentine removal [Stabholz et al., 1993; Dankner et
al., 1997]. The argon laser has been used in dentistry to cure adhesives

used in orthodontic bonding [Hildebrand et al., 2007].

Furthermore, a diode laser (810 nm) is reported to be suitable for
endodontic treatment [Ribeiro et al., 2007]. Moreover, this laser
demonstrated an ability to sterilize the periodontal pocket at low power
settings (200 mW to 1.2 W) [Fontana et al., 2004). Diode lasers (GaAs
904 nm, GaAlAs 780-890 nm, and InGaAIP 630-700 nm) have been
used to treat trauma (bruise tissue). He-Ne (633 nm) laser helps to
stimulate and improve regenerative healing. Silvestri et al. (2004) used

the long pulse diode laser to prevent third molar agenesis.

In recent years, the other visible laser which low absorptive by dental
hard tissue such as a Cu-HyBriD laser (copper laser with Hydrogen
Bromide In Discharge with wavelength of 510 and 578 nm) revealed its

ability to ablate human enamel [Miyakawa et al., 2007].
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The long wavelength with low energy laser like the CO2 laser
demonstrated efficacy in treating peri-implantitis concomitant with soft
tissue resection [Deppe et al., 2007]. In this aspect, the CO2 laser
showed the bactericidal effect to the infectious tissue. Low-level laser
therapy (LLLT) has been presented with the idea of using the laser light

at power levels below that needed to cause tissue change.

1.3 Laser wavelength used for hard tissue application

With the advances in laser dentistry, a wide variety of laser wavelength
was available today for dental practitioners. The dental lasers can be
used into two areas: soft - and hard - tissue applications [Niu et al.,
1998]. The early laser system ruby laser showed the possible used in
dentistry specifically to reduce the subsurface demineralization [Stern et
al.,, 1964]. After that, various kinds of laser lights of different
wavelengths have been developed and applied for both hard and soft
tissue application. Early most of clinicians have used lasers primarily for
soft tissue procedure. They used for gingival contouring, gingival
troughing which is quick and effective alternative to packing retraction
cord with the bloodless gingival sulcus [Wigdor et al, 1995].
Subsequently, the dental lasers have been used mostly for the soft
tissue cutting e.g. excisional or incisional surgery (fibroma removal,
frenectomy), sulcular debridement and homeostasis. The hard tissue
procedures include caries removal, tooth preparation for direct or

indirect restoration (inlay/onlay), dentine and enamel etching,
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endodontics procedures, and bone cutting, shaving contouring or

resection.

The hard tissue application appeared to be caries removal and cavity
preparation. With the expansion of the laser application to remove caries
and to prepare the cavity for restoration, the investigations on the effect
of various laser wavelengths such as CO2, Nd:YAG and Er.YAG has

dramatically increased [Kohara et al., 2002].

The erbium laser systems have been shown to be the suitable candidate
for caries removal, cavity preparation, and root canal debridement [van
As G et al., 2004; Radatti et al., 2006]. Erbium laser emitted the light at
a wavelength in the region of 3 um which has energy interaction with
water at the tissue interface [Botta et al., 2008]. There are now two
primary Erbium laser categories available for hard tissue procedures -
the Er:YAG (2.94 ym) and the ER,CR.YSGG laser (2.78 pm). The good
absorption of the radiation of water is exploited at this wavelength [Apel
et al., 2002). Therefore, these lasers have been indicated for cavity
preparation. However, it was reported about their ability to remove oral
papilloma [Boj et al., 2007] because the erbium laser light is well
absorbed by water inside the tissue. Cutting soft tissue with this laser
also provide the precise incisions, bloodless surgical site and perfect
hemostasis. Besides the Nd:YAG and CO2 laser the Er:YAG laser has aiso

been used for periodontal treatment [Ishikawa et al., 2003).
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For cavity preparation, pulp damage is a major concern for the clinician
when using the laser instead of a high-speed handpiece. The use of the
ruby laser was reported to cause pulp damage by heat production during
the laser irradiation [Adrian et al., 1971; Wigdor et al., 1995]. However,
the Er,Cr:YSGG laser, show a low temperature rise in the pulp chamber
because the water spray emitted together with the laser light helps to
cool down the heat produced by the laser [Rizoiu et al.,1998; Hadley et
al., 2000; Geraldo-Martins et al, 2005]. Earlier investigations
demonstrated that the laser beam caused pulpal damage due to the
energy output and exposure time [Jeffery et al.,, 1990; Keller et al.,
1991; Allen 1993]. The low-grade intensity of the laser beam has been
suggested to reduce the thermal effect to pulp tissue [Serebro et al.,
1987]. Therefore, the laser can be considered for replacing or
supplementation of the dental drill used under the appropriate energy
output and exposure time. However, more thorough investigations on
different aspects of dental lasers are essential before they are accepted
by patients and dental practitioners. The hard tissue procedure that

remains a challenge is crown preparations.

This topic aims to present the potential use of the various wavelength

lasers for hard tissue application.
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1.3.1 CO2z laser (Carbon dioxide laser)

The CO2 laser was one of the earliest gas lasers. This invisible laser with
a wavelength of 10.6 um (10600 nm) was developed by Patel in 1964

and is still used today mainly for soft tissue surgery.

The distinct characteristic of the COz laser is its affinity for wet tissue.
The laser can be absorbed by a wet area but there is limited penetration
depth (only 0.2 to 0.3 mm). There is no scattering or reflection.
Furthermore, tissue pigmentation does not affect the performance of
this laser. Thus, it is well suited for oral mucosa, which is pink in colour.
The CO2 laser has been successful in soft tissue surgery such as
gingivectomy, frenectomy, and the removal of benign and malignant
lesions including excisional and incisional biopsies. Compared to the
other lasers for oral use, the CO2 laser is reported to be the fastest laser
for soft tissue removal [Miller and Truhe, 1993]. The CO2 laser unit with
handpiece is shown in Fig 1.5a. The laser beam is emitted through the

glass tube containing the CO2 gas (Fig 1.5b).
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b) Axial gas flow laser

Laser beam

Mirrors

Laser e Electrical

Figure 1.5. a) COzlaser unit b) The diagram showing the lasing medium (CO2 gas),
energy resource (Electrical discharge) and the optical resonator (two
mirrors) retrieved from
http://win.mofcom.gov.cn/en hoto/318/10412 10.jpg )

The potential application of the CO2 laser for dental hard tissues has
been studied extensively by researchers [Mullejans et al.,, 2002;
Gonzalez et al., 1999]. The use of this laser for mineralized tissue was
first experimented in endodontic situations [Miller and Truhe, 1993].
Later, researchers in France began to use the CO- laser with tooth tissue
[Melcer et al., 1981; Serebro et al., 1987; Pick, 1993]. When the tooth
surface was irradiated with a continuous wave CO; laser, the surface
was burnt and heat was transferred to the pulp chamber [Wigdor et al.,

1995].

Other studies revealed that a pulsed CO2 laser could elevate the
temperature at the tooth surface by up to 1000 °C, which is sufficient to

fuse and melt enamel crystals [Featherstone and Nelson, 1987; Wigdor
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et al., 1995]. The report by McCormack (1995) similarly showed crystal
fusion on CO: irradiated enamel surface at low fluences (5 J/cm? per
pulse). Furthermore, there was no crystal fusion occurring at longer
pulses and constant fluence conditions. Malmstrom et al. (2001)
experimented with CO2 lasers for hard tissue surgery to investigate the
potential detrimental effect on hard tissue and temperature rise in the
pulp chamber (in vitro). The SEM and polarized light observations
showed the deepest crater formation in the highest exposure time and

pulses per second.

Further investigation showed that the CO2 laser could inhibit the caries
lesion up to 85 % which is comparable to a daily application of a sodium
fluoride dentifrice [Hadley et al., 2000). The drawback of the earlier CO2
laser is the beam carrier. The old CO2 laser used an articulated arm with
an internal mirror and a knuckle joint instead of a fibreoptic carrier. The
handpiece was large and the focal distance was considerable. Later,
developments for the CO2 laser include a new flexible fiber that permits
convenient access to any part within the mouth [Miller and Truhe,

1993].

The CO2 laser has been approved by the Food and Drug Administration
(FDA) in the United States for soft tissue application in 1976 [Wigdor et
al., 1995}, as it is beneficial for soft tissue surgery more than hard tissue
cutting. There is a great concern about pulpal injury and chars on the

CO- laser irradiated tooth surface when using inappropriate exposure
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energy output and time. The problem of excessive heat production by

this laser should be addressed.

In conclusion, the CO2 laser is acceptable for soft tissue surgery more
than hard tissue cutting. This laser needs to be developed further for
cavity preparation. However, it can be used in preventative dentistry to

enhance the acid resistance of dental hard tissue [Hossain et al., 1999].

1.3.2 Nd:YAG laser (Neodymium: Yttrium-Aluminum-Garnet laser)

At the same time as the development of the CO, laser, Geusic improved
the Nd:YAG laser in 1964 [Geusic et al., 1964; Pick, 1993]. Meyer
applied this laser for use in dentistry in 1984 [Myers et al., 1985]. This
laser is composed of YAG, which is a crystal of Yttrium Aluminum Garnet,
doped with Neodymium (Nd) [Coluzzi, 2003]. Similar to the CO- laser,
the Nd:YAG laser cannot be seen by the naked eye because the laser
beam is in the infrared range (wavelength of laser light = 1.06 um). The
invisible Nd:YAG beam is indicated by means of a red helium neon laser.
Additionally, the Nd:YAG laser is delivered through a fibre optic carrier
which makes it practical for use within the oral cavity. In general, it
functions in a pulsed mode. Compared to the CO2 laser, this laser can
penetrate through wet tissue more deeply. As a consequence of the
affinity for pigmented tissue, the tooth tissue (white in colour) should be

marked with black dye before using Nd:YAG irradiation [Pick, 1993]. The
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Nd:YAG laser unit can be a combination laser unit of the Nd:YAG and

Er:YAG laser system (Fig 1.6.).

a)

Figure 1.6. (A) The Nd:YAG laser unit (B) Control panel showed two mode system;
Nd:YAG or Er:YAG (retrieved from the website www. Medicaservice.org)

Nd:YAG laser irradiation on enamel surface modified the permselectivity
(A term used to define the preferential permeation of certain ion species
through ion-exchange membrane, www.wikipedia.org) of enamel
membrane and microhardness [Marquez et al., 1993]. Knoop
microhardness increased after Nd:YAG irradiation which indicated the
increase in mineralization or the reorganization of apatite crystal
[Turkmen et al., 2006; Gaspirc and Skaleric, 2001]. The permselectivity
of enamel membrane became more positive because of the loss of
water, carbonate and organic substance, which are responsible for the
permeability [Marquez et al., 1993]. These may enhance the acid

resistance of the enamel surface.
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Nd:YAG irradiation showed the reduction in dentine permeability which is
of benefit to endodontic and preventive dentistry [Lee et al., 2002]. A
similar report from Ciaramicoli (2003) showed that the Nd:YAG laser was
effective in reducing the cervical dentine hypersensitivity by causing

partial or total obliteration of dentinal tubules.

The adhesion of composite resin to Nd:YAG laser dentine is poor
compared to bur preparation [Ariyaratnam et al., 1999]. This is because
of a change in morphology and chemical composition on the dentine
surface after laser irradiation. The surface susceptibility of dentine to
acid after Nd:YAG irradiation may be reduced therefore decreasing the
ability of acid etchant to open dentinal tubules and expose the collagen

network [Re et al.,2004].

In conclusion, the Nd:YAG laser is mainly used for soft tissue surgery
such as frenectomy, vestibuloplasty, gingivectomy, gingivoplasty,
removal of benign tumors and other lesions, periodontal surgery, etc [Re
et al., 2004). The application for hard tissue treatments includes pulpal
analgesia, dentinal densitization, enamel etching, caries removal and

prevention, etc [Wigdor et al., 1995; Re et al., 2004).

1.3.3 Argon Laser

There are two visible wavelengths of the argon laser; one is 488 nm
(blue colour) and the other is 514 nm (blue-green colour). The 488 nm

argon laser is useful for activation of light-cured composite resin. The
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514 nm argon laser is beneficial for blood coagulation in the case of soft
tissue surgery because it interacts well with haemoglobin and melanin
[Coluzzi, 2000, Anderson et al., 2002]. Therefore, the argon laser has
been used both for soft-tissue surgery and for curing light-cured
composite resin. There have been reports that the 488 nm argon laser
takes less time to cure the composite resin and enhances the physical
properties of composite restoration [Fleming and Maillet, 1999; Powell
and Blankenau, 2000]. Hickel et al. (2000) mentioned that the greater
depth of cure and degree of polymerization could be obtained from this
laser. The 514 nm argon laser provided excellent haemostatic [Kelsey et

al., 1991] during surgical operation.

A few studies have focused on its application in hard tissue surgery.
Anderson et al. (2002) studied the effect of argon laser irradiation on
enamel decalcification. They found that the argon laser was effective in
reducing enamel decalcification during orthodontic treatment.
Additionally, the use of the argon laser at low energy density can
enhance the fluoride retention of the enamel surface [Nammour et al.,
2003]. To summarize, the argon laser is used for curing light activated

restorative material and also for caries prevention.

1.3.4 Er:YAG laser (Erbium: Yttrium-Aluminum-Garnet laser)

A crystal of Yttrium Aluminium Garnet (YAG) doped with Erbium (Er)
emits laser light at a wavelength of 2.94 pm which is in the mid-infrared

spectrum. This laser is called the Er:YAG laser and is in the category of
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solid state and pulsed lasers [Burkes et al., 1992]. The Er:YAG laser was
developed by Zharikov et al. in 1975 for caries treatment. The laser
equipment is supplied as a mobile unit with the handpiece and sapphire
tip as shown in Fig 1.7. This laser overcame the shortcomings of the
ruby laser, CO2 laser and Nd:YAG laser by causing less pulp tissue
damage and heat generation. Moreover the carbonization layer and
crack formation was not observed on the dentine surface [Shigetani et

al., 2002].

Figure 1.7. a) Er:-YAG laser unit b) The laser tip on the handpiece with water spray
cooling system c) the control panel showed the energy and repetition rate

(retrieved from the website www.ondanet.it/forb/azienda_04.html May
2007)

The emitted wavelength of the Er:-YAG laser is close to the major water

absorption band. Therefore, the energy generated from this laser is well
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absorbed by water within the hydroxyapatite in the tooth and this causes
micro-explosion followed by a small portion of tissue being ablated
[Burkes et al., 1992]. This is believed to be the major mechanism for
dental hard tissue removal. Compared to the other laser systems, the
Er:YAG can cut enamel and dentine more effectively [Hibst and Keller,
1989, 1998 ;Ceballos et al., 2002]. In addition, an in vitro study
disclosed that the Er:YAG laser can remove caries without significant
thermal side affects [Miller and Truhe, 1993]. However, the Er:YAG laser
does not affect certain restorative materials such as composite filling

material.

The erbium doped laser especially the Er.YAG laser was widely studied
for the potential of hard tissue cutting [Hibst and Keller, 1989]. Earlier
studies on this laser were focused on the ablation rate and the
morphology of laser irradiated tissue. Laser irradiation by the ErYAG
contributed to meiting and crater production on enamel, which were
observed in ground sections and SEM microscopy [Hoke et al., 1990].
The dentine ablation by this laser was better than enamel ablation. The
surface changes on enamel and dentine varied from a white spot to
charring, fusion, melting, recrystallization, bubble like inclusions,
numerous pores, flaking, cracking to crater formation [Serebro et al.,
1987; Aminzadeh et al., 1999; Corona et al., 2003; Malmstrom et al.,

2001}
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Burkes et al. (1992) investigated the enamel ablation by the Er:YAG
laser in wet or dry conditions. They tried to assess the thermal side
effects during laser preparation using water mist. They found that the
available water in enamel had been vapourized and a small amount of
enamel ablation occurred, no additional water was available for
absorbing energy and no further removal of enamel produced. Not
surprisingly, enamel ablation occurred with difficulty, exposing dentine
that was ablated even more rapidly. This can be explained by the fact
that the water content within dentine is more than the water content in
enamel. They concluded that the application of a fine water mist during
tooth structure ablation by the Er:YAG laser resulted in a lower

temperature rise than using the laser on dry teeth.

The factors affecting the ablation rate when using the Er:.YAG have been
considered. It has been reported that the ablation rate of the Er:-YAG on
enamel and dentine is dependent on various factors such as energy per
pulse, water spray rate, and frequency (Hz). Increase in energy per pulse
results in an increase in ablation rate. Additionally, the ablation rate at
low and high energy increases when using the water spray [Kim et al.,

2003].
1.3.5 ErCr: YSGG laser (Erbium, Chromium: Yttrium-Scandium-Gallium-
Garnet laser)

The Er, Cr: YSGG laser uses an Yttrium Scandium Gallium Garnet (YSGG)

crystal doped with Chromium and Erbium (Cr, Er) to energize the water
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for cutting hard tissue. The emitted wavelength of this laser beam is
2.78 pum [Eversole et al., 1997]. The Er, Cr: YSGG laser delivers the
pulsed beam through the contra-angle of the flexible fibre-optic cable
with a sapphire tip which is bathed in a mixture of air and water vapour

(Figure 1.7b) [Eversole et al., 1997, Hadley et al., 2000].

The Er,Cr:YSGG laser unit is displayed in Fig 1.8a. The term “hydrokinetic
system” is used and refers to the manner in which the water
microdroplets absorb the laser energy and become the cutting tool. This
was believed to be partially responsible for the hard tissue cutting effect
[Lin et al., 1999]. In other words, hydrokinetics is the process in which
the optimized absorption of Er, Cr: YSGG laser energy atomizes water
particles and results in energized microparticles of water capable of

cutting tissue precisely [Goldstein, 1999].
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Figure 1.8. a) Er,Cr.YSGG laser or hydrokinetic laser system and laser tip on the
handpiece with water spray cooling b) the control panel with hydrobeam
illuminated handpiece (retrieved from www.biolase.com).
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A laser-powered hydrokinetic system, in the form of the Er, Cr.YSGG
laser, has emerged as an innovative laser device for muitipurpose. Most
published papers about the Er, Cr:YSGG laser have been based on the
machine from Biolase Technology Inc.[Eversole et al., 1997;Goldstein,

1999; Lin et al., 1999; Hadley et al., 2000].

Biolase Technology claims that the Er, Cr: YSGG laser has lower thermal
effects than the other dental lasers. Eversole et al. (1997) performed
animal tests to determine the pulpal response to cavity preparation by
Er, Cr.YSGG laser. They reported that no histopathologic evidence of
inflammatory cell infiltration occurred in the short-term in teeth prepared
by this laser. Intentional pulp exposure by laser did not induce
inflammatory cell infiltration because of a hyaline barrier that formed at
the laser/tissue interface, which is known as the plasma effect. Hence, it
can be postulated that lasers can be used for direct pulp capping. They
also suggested that controlled clinical trials using this laser for tooth
preparation should be explored to determine whether local anesthetic

would be required in conjunction with use of this laser.

Summary

e The CO: laser is feasible for soft tissue cutting more than hard

tissue cutting.

e Nd:YAG lasers help to seal partial or total the dentinal tube which

is benefit for treatment of dentine hypersensitivity especial
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cervical abrasion lesion. Thus, they are commonly used for
surface treatment and in preventive dentistry to reduce tooth

hypersensitivity.

e Erbium lasers (Er:-YAG and Er,Cr.YSGG laser) show a capacity for
hard tissue cutting because the laser wavelength is close to the
absorption peak of water inside the hard tissue. The water plays

an important role in tissue ablation.

1.4 Adhesion to laser cut tooth: microleakage and bond

strength

Most of infrared lasers have been advocated for hard tissue procedures
such as removal of carious tissue, dentine/enamel surface modification
(laser etching) and cavity preparation for restoration [Neev et al., 1996,
Hossain et al., 2003]. Specifically, the erbium laser has been considered
as a potential to substitute high speed air turbine since its high
absorption coefficient allows for a large energy/volume deposition and
minimal heat diffusion, which improves ablation rates with. minimal
collateral thermal damage [Colucci et al., 2008, Neev et al., 1996, Fried
et al., 1996]. The erbium:yttrium aluminum garnet (Er:-YAG) and erbium
chromium:yttrium scandium gallium garnet (Er,Cr:.YSGG) were two laser
devices approved by the Food and Drug Administration (FDA) for use on
intraoral hard tissue in 1997 and 2002 respectively [Harashima et al.,

2009].



1. Introduction and Literature Review 29

Amalgam restorations were the most affected by using lasers for cavity
preparation. It can be explained by the fact that a cavity cut by the laser
does not provide sharp margins, which are clearly identifiable, and
irregular walls influence the adaptation of arhalgam to the prepared
cavity. In contrast, a cavity prepared by high-speed bur gave well-
defined walls and angles, which meets the requirement for amalgam
restoration. Therefore, most of investigations on microleakage and
adhesion to laser cut tooth have performed in composite resin

restoration.

This section focused on the influence of Erbium laser system on

microleakage and adhesion of restorative dental materials.
1.4.1. Microleakage and Bond strength to Er.YAG laser cut tooth

Over the last decade, the use of the Er:YAG laser for cavity preparation
and caries removal has increased. Several studies investigated the
effect of using this laser to prepare the cavities or modify the tooth for
composite restoration. Microleakage, marginal integrity, microtensile
strength and patient perception were determined when using this laser
[Pelagalli et al., 1997; Stiesch-Scholz and Hannig, 2000; Roebuck et al.,
2000; Ceballos et al, 2001; 2002; Shigetani et al., 2002; Kohara et al.,

2002; De Munck et al., 2002, Corona et al., 2003].

Studies on using the Er.YAG laser to modified dentine surface as same

as acid etching have been reported by Ceballios et al. (2001). Based on
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other studies, the lased dentine is rougher than bur prepared dentine
[Kohara et al., 2002; Armengol et al. 2003]. Therefore, this morphology
may enhance micromechanical retention in the same way as acid
etching. Furthermore, lased dentine offers a rough dentine surface
without demineralization, opened dentinal tubules without the
production of a smear layer and provides sterilization [Ceballos et al.,
2001). For the microleakage evaluation, they concluded that laser
irradiation of enamel was not valid alternative to acid-etching
pretreatment for resin composite adhesion although no differences were
found for microleakage on gingival wall of class V composite resin

restoration.

For the bonding to ER-YAG laser treated dentine, laser irradiation
adversely affects adhesion to dentine and does not constitute an
alternative to acid etching [Ceballos et al., 2002]. The rationale for
poorer adhesion to Er:-YAG laser etching tooth compared to conventional
acid etching procedure might be from the laser modified layer. The TEM
micrograph showed that the superficial part of the laser modified layer
was composed of a scaly surface [Aoki et al., 1998]. Along the basal part
of this layer, remnant denatured collagen fibrils were fuse and poorly
attached to the underlying dentine substrate. Therefore the interfibrillar
spaces were lacking and probably restricted the resin diffusion into the
subsurface of intertubular dentine, resulting in lower shear bond

strength [Ceballos et al., 2002].
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A study on microleakage of class V composite restoration prepared by
the Er:YAG laser was investigated by Niu et al. (1998). This study was
different from studies of Ceballos et al. (2001). As a laser etching, the
working distance of a laser device in Ceballos’s study was maintained at
20 mm apart of the tooth surface. They scored the microleakage from
individual walls of class V cavity while Niu’s study used the average
microleakage score. Considering on occlusal margin of class V
restoration, acid etching treated cavity showed the least dye penetration.
On the gingival wall, statistical analysis did not revealed the differences
in microleakage between acid etching and laser etching. Conversely, the
results from Niu and coworker concluded that the microleakage in class
V cavities prepared by either the Er:YAG laser or air turbine was no

different [Niu et al., 1998].

Shigetani et al. (2002) reported that Cl V cavities prepared by the Er:YAG
revealed higher marginal leakage in enamel than those prepared by bur.
In the dentine, there was no significant differences between cavities
prepared by Er:YAG laser or the air turbine handpiece. However, they
conclude that cavities prepared using the laser system showed a higher
degree of leakage than those prepared by air turbine hand piece
[Shigetani et al.,, 2002]. The crack from laser irradiation on enamel
surface may cause poor adaptation of composite filling especially at the
enamel margin of class V cavities. Similar to Ceballos et al., the reason

for higher degree of leakage in dentine of cavities prepared by Er:-YAG
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laser for this study may be from the degeneration layer of tooth
substance after laser irradiation. By Energy Dispersive Spectroscopy
analysis confirmed that dentine degeneration after laser irradiation

[Takano, 1997].

Most patients feel more comfortable when using Er.YAG laser to do
cavity preparation according to report from Pelagalli et al. (1997).
Moreover, the local anesthesia was not needed. This may be beneficial
to pediatric patients. In primary human teeth, the degree of
microleakage in class V cavities prepared by the Er:YAG laser was less
than those of bur preparation [Kohara et al., 2002]. However, the
operation time required to finish class V preparation by this laser was
three to five times longer than that of the bur treatment. This may be not

convenient for child patient.

Similar to previous investigation by Stiesch-Scholz and Hannig (2000),
the good adaptation on enamel margin of class V cavity in primary teeth
may be from roughening the enamel surface. Therefore, the surface area
was enlarged and increase microretentions for composite restoration. In
primary teeth, the enamel surface after laser irradiation was similar to
the sharply defined etching patterns after conventional acid etching. This
is contrary to the laser etching in permanent teeth which resuiting poor
adaptation and high degree of leakage. The divergent observations after

laser irradiation are probably due to the different micromophological
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structure of enamel in primary teeth compared to permanent teeth

[Silverstone, 1970].

It should be addressed that only one adhesive system and one
composite resin was tested at certain laser parameter. The nature of
composite and adhesive system also shows the effect on microleakage
[Ceballos et al., 2001]. The degree of marginal leakage after filling class
V cavities prepared by Er:-YAG laser with amalgam, packable composite
resin and resin-modified glass ionomer cement higher than those
conventionally prepared by air turbine [Corana et al., 2003]}. The laser
preparation failed to provide the precise and identified margin for
amalgam restoration. For the composite restoration, the quality of the
marginal seal in non-acid-etching Er:YAG prepared class V cavities
depends on the type of resin composite and associated with three-step
adhesive system [Delme et al., 2005]. Glass ionomer cements are more
sensitive to changes in hard tissue composition than composite resin,
which is based on mechanical adhesion [Liberman et al., 1990]. As laser
irradiation produced a disorganized, indiscriminate destruction of
organic and inorganic components, therefore the adhesion of glass

ionomer cement would be compromised [Corona et al., 2003].

Laser parameter also may influence the marginal integrity of dental
restoration to laser irradiated tooth. An increase in pulse energy results
in deeper crater pattern in tooth surface; this affected the adaptation of

the restorative materials to cavity walls [Roeback et al., 2000].
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In conclusion, the microleakage of Er:YAG laser treated surfaces to
composite is highly variable depend on the choice of laser parameter,
inherent characteristics of restorative materials, the type of tested teeth
(Permanent or Primary human teeth or bovine teeth) and the use of laser

(as etching or preparation).

In term of adhesion to Er:YAG treated teeth, as same as microleakage
studies, several investigations were still conflicting [De Moor and Delme,
2006]. In addition, testing method (Tensile or shear bond strength) may

affect the value of bond strength to laser treated tooth.

Dunn et al (2005) reported the shear bond strength of composite resin
(Z250 and Scotchbond Multipurpose, 3M ESPE, USA) to dentine and
enamel etching by laser was significantly lower than that of conventional
rotary preparation and acid etching. This study agreed with previous
studies from Ceballos et al. (2003). The Er.YAG laser irradiation caused
fused collagen fibrils together on the dentine surface resulting in a lack
of interfibrillar space for resin penetration. Therefore the shear bond
strength of composite resin to laser treated tooth surface was inferior.
Also, the evidence from SEM micrograph showed the separation of resin
adhesive and laser ablated dentine surface [Dunn et al.,, 2005]. Laser
ablation produced the fissuring and a blending of the distinctive etch
pattern. This blending effect likely to prevent the penetration of resin
into enamel surface resulting in lower enamel bond strength values

[Dunn et al., 2005).
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On contrary, Celik et al (2006) concluded their study that Er:YAG laser
irradiation did not adversely affect the shear bond strength of Single
Bond 2 and Clearfil Protect Bond to dentine, whereas it increased the
shear bond strength of Clearfil tri-S Bond. The 7t generation of adhesive
system (Clearfil tri-S Bond) achieved bonding to tooth structure by nano
interaction zone. The monomer with nanofilled particle may penetrate
into the restricted space of fused collagen fibril of destructive dentine
layer. Consequently, the shear bond strength of composite to Er:YAG
laser prepared dentine when using this adhesive system is higher than
those of conventional rotary instrument [Celik et al.,2006]. The study
form Bertrand et al (2006) showed the same result as the study of Celik
et al (2006). The Er.YAG laser prepared cavities had improved shear
bond strength of single-component adhesive system. Aithough an Er.YAG
laser might eliminate the need for acid-etching pretreatment, this step
must be maintained for the whole cavity regard of the microleakage

values [Bertrand et al., 2006).

Kameyama et al (2000) surveyed the tensile bond strength of 4-
META/MMA-TBB resin to bovine dentine prepared by Er.YAG laser. They
varied the dentine conditioner applied on the laser treated surface
compared to bur cut dentine. The result revealed that ferric chloride
containing dentine conditioner was not significantly affecting on bond
strength to laser-irradiated dentine. The low bond strength may be from

the increase in acid resistance of peritubular dentine after laser



1. Introduction and Literature Review 36

irradiation resulting in diminishing of acid conditioner effect [Kataumi et

al., 1998].

1.4.2 Microleakage and Bond strength to Er,Cr:YSGG laser cut tooth

Similar to the Er:'YAG laser, researchers investigated the possibility of
using the Er,Cr.YSGG laser instead of using acid etching because the
tooth surface after laser irradiation is irregular, fissured, and clean
without a smear layer. The characteristic of irradiated Er,Cr.YSGG
enamel demonstrated an irregular surface, no smear layer with spherical
structures which resembles that of a bur-cut and etched surface [Lin et

al.,1999]. This is believed to be beneficial for restoration adhesion.

The survey on microleakage of composite fillings in Er,Cr.-YSGG laser
prepared class |l cavities have done by Guknecht et al in 2001. Their
resuits recommended the additional use of etching after Er,Cr:YSGG
laser preparation although the statistical analysis revealed no significant
difference between Er,Cr:YSGG laser prepared cavity with or without
additional acid etching. However, the restorations prepared in the
classical manner with a high speed diamond and conditioned by etching
showed the least dye penetration. The investigation of the microleakage
of class V composite restorations using two different dentine adhesive
system and two different modes of cavity preparation: a high speed hand
piece and an Er,Cr:YSGG laser was studied by Ergucu et al. (2007). Their

resulted showed that self-etch and total etch adhesive systems had
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acceptable microleakage scores when used on ErCr.YSGG laser-
prepared cavities; however, the additional acid etching after Er,Cr.YSGG
laser preparation is recommended. On contrast, Shahabi et al. (2008)
concluded that based on adhesive materials employed for their study
(Total etch and Heliomolar), the higher microleakage occurred with
phosphoric acid etching (37% phosphoric acid) of bur- or lasercut
surfaces, than with the surface created by use of the laser alone without

additional conditioning for class V cavities.

The ErCriYSGG laser gains an interest for the potential use in
orthodontic application in order to substitute of using acid etching before
bonding the bracket to enamel surface. Lin et al. (1999) found that the
bond strength to Er,Cr.YSGG laser etched enamel relatively lower than
that to the bur cut enamel with etching. However, when lased enamel
was etched, it revealed similar bond strengths as the etched bur-cut

enamel.

A study on laser etching of enamel for direct bonding with an Er,Cr.YSGG
hydrokinetic laser system was also performed by Usumez et al. (2002).
They compared the shear bond strength between bonding orthodontic
brackets with lased and acid etched enamel surfaces. Their results
indicated that the enamel surface treated with the Er,Cr.YSGG laser
yielded statistically similar but lower and less predictable bond strengths
than using acid etching with 37% phosphoric acid for 30 seconds.

Nevertheless, it was comparable to the other groups and they reasoned
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that this difference was probably from the hand controlled sweeping
motion of the laser beam during the conditioning treatment; the motion
might cause a weakly standardized etching pattern throughout the
irradiated area. They suggested that etching the enamel surface with the
Er,Cr:YSGG laser was more practical than with other previous types of
lasers because there is no need to mark the enamel surface with ink.
Moreover, the orthodontist can control the area for etching with the laser
due to the static laser beam. Another advantage is that the laser induces

caries resistance [Usumez et al, 2002].

In a subsequent study, Usumez et al. (2003) used the Er,Cr:YSGG to etch
the tooth prepared for porcelain laminate veneers and determined the
bond strength compared to etching with various kinds of etchants. The
result revealed that there is no significant difference in microtensile
bond strength between laser etching and various kinds of acid etching.
They suggested that using laser etching was still currently too expensive

to be cost effective method.

1.5 Glass ionomer cement

1.5.1 General knowledge about glass ionomer cement

Alan Wilson and Brian Kent from the Laboratory of the Government
Chemist, London invented glass-ionomer cement in the 1970s
[Nicholson, 1998]. Originally, it was developed from a combination of

silicate cement and polycarboxylate cement. An attempt of the inventors
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to reduce acidity and keep the sustained fluoride release of silicate
cement resulted in substituting phosphoric acid, which was used as the
liquid in the silicate cement, with polyacrylic acid which is used in the

polycarboxylate cement [McLean and Wilson, 1977].

The main compositions of glass-ionomer cement (GIC) are fluoro-
aluminosilicate glass and polyacrylic acid. The chemical formulation of
the original ion leachable glass is SiO2-AlOs-CaF2-NazAlFe in which the
Al203 /SiO2 ratio is approximately 1:2 [Smith, 1998]. As can be seen
from the chemical formulation, the powder component of glass-ionomer
contains sodium fluoride which acts as a fluoride releasing source. Thus,
the crucial characteristic of glass-ionomer is the sustained fluoride
release which is similar to that of silicate cement [Wilson and Mclean,
1977]. Fluoride release from a restorative material to tooth structure
plays an important role in reducing secondary caries incidence [Hickel et
al, 2000]. Consequently, glass-ionomer appears to have substantial

benefits when used as a restorative material.

Similar to polycarboxylate cement, a polyacrylic acid or polyalkenoic acid
is commonly used as the liquid component of a typical glass-ionomer
[Kugel, 2000]. The Carboxyl group (-COOH) of polyacrylic acid can form
chemical bonding between tooth structure and GIC [McLean and Wilson,
1977]. Glass-ionomer can also be used as a luting agent for crown and

bridge restoration [Mount, 1998]. In order to improve the handling
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properties, 5-10% tartaric acid is added to the liquid component of the

glass-ionomer [Nicholson, 1998].

There have been developments in glass-ionomer resulting in a material
which is different from the original glass-ionomer of Wilson and Kent by
composition modification. For example, the introduction of dicarboxylic
or tricarboxylic acid into the polymer chain can both prevent gelation of
the liquid as well as provide greater reactivity between the powder and
liquid [Smith, 1998]. A few studies attempted to use other types of
glass. Alumino-zinc-silicate glass was developed and used in high-
strength hydrolytically stable glass-ionomer cement by Darling and Hill
(1994). To enhance the mechanical strength of the glass-ionomer,
blending glass particles with metal (e.g. silver) is one way to expand the
application of glass-ionomer as a core build-up material [Nicholson,
1998; Guggenberger et al.,, 1998]. An advanced development of glass
ionomer is resin-modified glass ionomer cement [Mitra, 1991; Smith,
1998]. This development was designed to overcome the problems of the
insufficient mechanical and physical properties of traditional glass-

ionomer cement when used as a posterior restoration.

Resin modified glass ionomer cement (RMGIC) was introduced in 1980s
in order to overcome the shortcomings of the conventional materials
[Chitnis et al., 2006]. There are several methods for blending the resin

component into RMGIC but one common route is through the addition of
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2-hydroxylethyl methacrylate (HEMA) during the manufacture of the acid

component [Czarnecka and Nicholson, 2006a).

The adhesion of RMGIC to the tooth structure was obtained from a
polymerisation reaction and an acid-base reaction. After pre-treatment
with polyalkenoic acid, a thin hybrid layer or absorption layer is formed.
Later, a chemical bond occurs through the ionic bond between the
carboxyl groups of the glass ionomer and the calcium of hydroxyapatite

that still remains around the collagen fibre [van Dijken, 2005].

Glass-ionomer is the product resulting from polyalkenoic acid in an
aqueous solution attacked by an ion-leachable glass [Wilson et al.,
1977]. This is called an “acid-base reaction”. The glass is the base
whilst the polyalkenoic acid is the acid in the system [Mount, 1998]. The
setting mechanism begins with calcium ions preferentially being
released from the complex of aluminosilicate glass when the powder
and liquid are mixed together. Sequentially, aluminium is released
following calcium. The cross-linking of polycarboxylate chains from the
reaction between the carboxyl group of polyacrylic acid and a metal ion

from glass propagates immediately [Mitra, 1991} as shown in Fig 1.9.
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Figure 1.9 Photomicrograph of glass ionomer cement demonstrating the
aluminosilicate glass surrounded by silica gel and dispersed in polymer
chain matrix (retrieved from
http://www.biomaterials.group.shef.ac.uk/biomaterials/gic.php May 2007)
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Nicholson (1998) reported that the two metal salt units formed during
the setting reaction were calcium acrylate and aluminium acrylate, which
can be distinguished between using Fourier-transform infrared
spectroscopy. The chemical bonding between glass-ionomer and tooth
structure arises following the displacement of phosphate ions from the
surface of the tooth with each phosphate ion taking with it a calcium ion

to maintain electrolytic balance [Mount, 1998].

Glass ionomer cement used as restorative filling materials (e.g. Ketac
Molar, Fuji IX, Glass lonomer FX-ll) was also called highly viscous glass
ionomer cement [Irie et al., 2008]. They are commonly used for ART
restoration. They can be filled in both class | and Il cavities. The survival
rate after 24 months was approximately 97.7 % and 69.9 % for class |

and class Il cavity, respectively [Ersin et al., 2008]. The mechanical
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properties of cement and bond strength to dentine and enamel
increased after 24 hour storage. The interfacial gap formation also
decreases when tested specimen was polished and inspected after 24

hour storage [lIrie et al., 2008].

Glass ionomer cement can be used as lining cement for sandwich
technique restorations or composite laminated GIC [Opdam et al., 2006;
van Dijken et al., 1999]. The purpose to use RMGIC as lining materials
before composite placing in cavity is to reduce the polymerization
shrinkage of composite resin. In addition, the longevity of restorations
may increase due to good marginal seal and continuous fluoride release
[Andersson-Wenckert et al., 2004]. Resin-modified glass ionomer
cement (Rely X, Luting) also used for cementation purpose. It showed
the good marginal adaptation of cast gold inlay restoration comparable

to that achieved by zinc phosphate cement [Farreli et al., 2008].

Properties

The mechanical and physical properties of early glass-ionomer cement
were not favourable. It was brittle and poorly aesthetic [Kugel, 2000).
The improved glass-ionomer cement demonstrated higher strength and
good aesthetics. It was found that composite resin provided the greatest
flexural strength, followed by cermet and conventional glass-ionomer

respectively [Bapna et al., 2002]. Therefore, the clinical application of
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conventional glass-ionomer is limited. It cannot provide sufficient

strength for use in high-stress bearing areas [Young, 2002].

The other shortcoming of conventional GIC is moisture sensitivity. During
the acid-base reaction, a moist environment is required for the setting
step (precipitation, gelation and dehydration). However, the presence of
excess water contamination during setting may cause dissolution of the
reactant and inhibit the cross-linked matrix formation. Thus, saliva
contamination during glass-ionomer setting is considered as a crucial

clinical problem [Cho et al., 1995].

it is well known that GIC has anticariogenic properties because the ion-
leachable glass particles act as a fluoride-releasing reservoir. Therefore,
fluoride is simuitaneously released after complete setting and
continuously releases fluoride for a long period [Sales et al., 2003]. The
remineralization of affected enamel can be activated by the high initial
fluoride release. Secondary caries of the glass-ionomer filled tooth can
be prevented by long-term fluoride release [Forsten et al, 1998].
Furthermore, GIC can recharge itself when it is exposed to fluoride in the
oral cavity such as by dentifrices containing fluoride and fluoride

mouthrinse [Kugel, 2000].

Biocompatibility is an important property of the glass-ionomer. There
were some reports indicating that resin-based GIC such as Vitrebond

(3M ESPE) is cytotoxic when compared with conventional GICs such as
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Ketac Fil (Dentsply) [Leyhausen et al., 1998; Schmalz et al., 1994]. In
contrast, conventional glass-ionomer demonstrated excellent
cytocompatibility. The monomer residue in resin modified glass-ionomer
may be the factor causing it to become cytotoxic to cells [Leyhausen et

al., 1998].

Glass-ionomer cement comprises COOH groups in the liquid component,
which can form hydrogen bonding. This hydrogen bonding is the first
stage in obtaining adhesion between glass-ionomer and tooth structure.
Glass-ionomer can adhere to enamel, dentine, stainless steel, tin or tin

oxide plated with platinum and gold [McLean and Wilson, 1977].

1.5.2 Studies on adhesion of glass ionomer cement to dentine

The chemical bonding of glass ionomer cement to the tooth structure is
still unclear. lonic bonds and Wan der Val force play an important role for
adhesion of conventional glass ionomer cement to the tooth structure
[Lin et al., 1992]. The polyacrylic acid produces the polyacrylate ions
which then form a strong ionic bond with the calcium ion from the tooth
structure [Lucas et al., 2003]. It was believed that the polyacrylic acid in
the liquid part of glass ionomer set has the ability to decalcify the
dentine surface which is similar to the dentine conditioner action [Zimehl
and Hannig, 2000]. Therefore, it may not be necessary to apply the

dentine conditioner for conventional glass ionomer cement.



1. Introduction and Literature Review 46

It is believed that the conventional GIC bonds to enamel by an ionic
interaction with the mineral phase. However, the exact mechanism of
adhesion was undefined [Glasspoole et al., 2002]. The chemical
bonding of the cement with the tooth structure increases following
displacement of the phosphate ion from the surface of the tooth with
each phosphate ion taking with it a calcium ion to maintain electrolytic
balance. Any contaminants on the surface may interfere with the ion
exchange reaction. Thus, to provide a clean tooth surface, it is
recommended to use a 10% solution of polyacrylic acid for 10 seconds

to remove the smear layer and other contaminants [Mount, 1998].

Several studies have investigated the adhesion of glass ionomer cement
to different tooth preparations. The shear bond strength of glass
ionomer cement to caries-affected dentine was studied by Palma-Dibb et
al. (2003). Their results showed that conventional glass ionomer cement
(Fuji IX and Ketac Molar) provided lower bond strength values than the
resin-modified glass ionomer cement. Later, de Souza-Zaroni et al.
(2006) evaluated the shear bond strength of glass ionomer cement to
bovine dentine using the air-abrasion technique for cavity preparation. It
was found that Ketac Molar has higher bond strength value in bur
prepared cavities whereas Fuji IX has higher bond strength in air-
abraded cavities. The shear bond strength of resin modified glass
ionomer cements to the Er'YAG laser treated tooth structure was studied

by de Souza-Gabriel et al. (2006). They showed that the shear bond
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strength of Fuji Il LC and Vitremer (3M) using conventional bur
preparation has a higher value than those prepared with an Er:YAG laser.
It seem to be that the Er:YAG laser adversely affects the shear bond
strength of RMGIC for both enamel and dentine. However, the bonding
mechanism of GIC to different types of tooth substrate preparations is

still not clear.

The investigation of laser treatment on adhesion of glass ionomer
cement has rarely been studied. The CO2 laser etching showed
compromised effects on the bond strength of conventional glass
ionomer cements (Fuji and Ketac cement) [Melendez, 1992]. The
bonding mechanism between laser etching and glass ionomer cement is

not clearly stated.

1.6 Summary of literature review

o Laser is effective and useful alternative in soft tissue surgery of
oral tissue because it offers the low vibration soft tissue cutting,

excellent coagulation ability, and precise incision.

e For the hard tissue application, the erbium laser especially
Er,Cr:-YSGG laser demonstrated an efficiency capability to prepare

enamel, dentine, caries, cementum, and bone.

¢ The adhesion and microleakage of restorations to laser prepared
tooth surface were controversial due to the difference in a type of

restorative materials (composite resin, adhesive system) and the
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laser parameter (pulse rate, laser energy). In addition, the
difference of tooth substrate (permanent/deciduous human
tooth) and surface treatment (conditioning, etching) showed

different results.

e The bonding mechanism of composite resin to laser cut tooth
surface was achieved via micromechanical retention (resin tag of

composite resin).

e Few studies investigated the adhesion of glass ionomer to
Er,Cr.YSGG laser cut tooth therefore the bonding mechanism still

not clearly stated.



CHAPTER 2
OBJECTIVE AND OUTLINE OF STUDY

2.1 Objective

The first purpose of this in vitro study is to examine the morphological
characteristics and micromechanical properties of the dentine surface,
.after being prepared with a Er,Cr.YSGG laser at different laser power
settings. This work also aims to determine whether dentine morphology
is adversely affected by this parameter. Furthermore, the ablation
efficiency was also evaluated. Moreover, the author determined the
microtensile and shear bond strength of conventional glass ionomer
cement to dentine prepared with Er,Cr:YSGG laser. The influence of
dentine conditioner application after laser preparation was additionally

evaluated.

2.2  Outline of Study
2.2.1 Surface and Interface studies of laser prepared dentine

The Er,Cr.YSGG laser irradiated dentine surface when varying the laser
parameters will be investigated using a microhardness test together with

scanning electron microscopy (SEM). In addition, the SEM micrograph of
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surface treatment (acid conditioning) on Er,Cr.'YSGG laser irradiated

dentine will be presented.

Furthermore, confocal fluorescence microscopy (CLSM) will be used
initially to examine the glass ionomer cement/tooth interfaces of laser
and bur prepared teeth. The images of various parts of Cl V cavity (the

enamel-dentine junction, cavity floor, and line angle) will be recorded.

2.2.2 Adhesion studies

This evaluation will take the form of two separate parts:

Adhesion to laser prepar in

This is assessed by measuring the microtensile and shear bond strength
of conventional glass ionomer cements (GICs) to human dentine
prepared by laser or a bur with a high-speed hand piece. In addition, the

effect of using dentine conditioner will also be determined.

imal la rame i
The optimal laser parameters for adhesion of glass ionomer cement to
laser-irradiated dentine will be determined by measuring the effect of
varying the laser parameters (e.g. the power setting, the irradiation time,
the distance between laser tip and dentine surface) on shear bond

strength of GICs.



CHAPTER 3
SURFACE AND INTERFACE STUDIES
OF LASER PREPARED DENTINE

3.1 Background

The process of dentine removal with the Er,Cr'YSGG laser is different
from that using the conventional high-speed handpiece. The former
induces considerable changes on the surface and physical properties of
dentine and the thermal effects may cause both de/remineralisation
and deproteinization on the dentine surface [Neev et al.,, 1996]. The -
non-homogeneous structure of dentine, which consists of peritubular,
intertubular and tubular dentine, has been shown to contribute to its
mechanical properties. The elastic modulus is also associated with the
mineral content as well as porosity of the structure [Barros et al., 2005].
The micromechanical properties such as microhardness and elasticity of
dentine play important roles in stress distribution when mastication
forces are applied on the filling material of a restored tooth [Jacques et

al., 2005].

Few studies have been carried out with the Er,Cr:-YSGG laser system to

survey the micromechanical properties of the dentine surface [Hossain
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et al.,1999; Hossain et al., 2003], despite the fact that this may have a
profound effect on the abilities of adhesive materials to interact with the
surface. The purpose of this research was firstly to study the
micromechanical properties and microscopic appearance of Er,Cr:YSGG
laser prepared dentine. The second aim was to determine the optimal
power settings of an Er,Cr.YSGG laser for cutting human dentine to
produce a surface which remains suitable as a foundation on which to

build and bond a dental restoration using a glass ionomer cement.

The null hypothesis for this study is the microhardness of dentine
surface after Er,Cr.-YSGG laser would not be difference from the sound

bur prepared dentine.

3.2 Materials and Method

3.2.1 Dentine cutting efficiency of Er,Cr:YSGG laser

The laser used for this study was an Er,Cr:YSGG laser (erbium,
chromium, yttrium, scandium, gallium, garnet) [Biolase™, Waterlase™
Millennium®, San Clemente, California, USA], with a pulse duration of
140 ps (Figure 3.1a). The lasing medium was an Yttrium Scandium
Gallium Garnet crystal doped with Erbium and Chromium. This medium
emits a laser light of wavelength 2.78 um. The repetition rate was 20 Hz
and power output ranges of O to 6 watts were used (Figure 3.1 b). The

setting of air and water at the control panel were set at 65% and 55%,
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respectively. The pulse energy varies from O to 300 mJ. A clear sapphire
tip of 600um diameter (G6) was used (Figure 3.1c). A high-speed
handpiece (Kavo, Super-Torque 625, Germany) with round diamond bur
with diameter of 1. mm (Unodent, BD521, lot 53883, Israel) was used for

conventional tooth preparation.

The teeth used in the study were extracted permanent human molars
and premolars without caries or defects, stored in an aqueous solution
of 0.5 % chloramine T no more than 6 months from time of extraction to
inclusion in this study. All teeth were approved by the local ethical

committee for use in this experiment.

Figure 3.1 (a) The Er,Cr:-YSGG laser unit (b) Control Panel showing power settings, as
well as percent of air and water during the cutting process (¢) The sapphire
tip (1) and zirconia tip (2).

Tooth preparation

One third of the occlusal surface of each of the 20 teeth was trimmed
with a high-speed diamond saw (Micro Slice 2, Metals Research Limited,

Cambridge, England) using water spray to provide a flat dentine surface.
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The surfaces were then cut again to provide 2 mm thick dentine discs.
All discs were embedded in a plastic mould and the exposed surface
finished using 500 grit SiC paper and subsequently with calcined

alumina oxide powder (particle size 3 um).

Ablation efficiency evaluation

The dentine discs were randomly divided into four groups of five teeth
(Groups 1, 2, 3, 4) treated with different laser power settings: 3W (33.9
J/cm2), 3.5W (39.6 J/cm?2), 4W (45.2 J/cm2) and 4.5W (50.9 J/cm?2)
respectively. Each specimen was placed on a movable stand and a laser
handpiece was held with a clamp to fix the distance at 1 mm. The
working distance between the end of laser tip and the dentine surface
was measured by adjustment of removable stand to suit the thickness of
feeler gauge at 1 mm. The repetition line was made free hand by moving
the specimen along the path of the laser beam over 60 sec (Figure 3.2
a). All the ablation lesions were duplicated with synthetic rubber
replicating compound (Figure 3.2b) (Microset, Microset Products, Ltd,
UK) for evaluation using a 3D laser scanning surface profiler [0SP100,

Uniscan Instrument, Inc., UK] (Figures 3.2 ¢ and d).
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Figure 3.2 a) Each dentine disc was exposed to the laser energy b) Impression of
dentine lesion after laser exposure c¢) The impression was then scanned by a
Uniscan profilometer d) The scanned dentine lesion was analysed by
computer software.

3.2.2 Structure and properties of laser prepared dentine

Microhardness measurement

The microhardness of the dentine surface before and after laser
irradiation was measured; the same specimens from the dentine
ablation efficiency study in section 3.2.1 were used for assessment of
the microhardness of the dentine surface (Figure 3.3a). Five pyramidal-
triangular indentations at a load of 200 g and a dwell time of
20 seconds were made on one half of each disc using a Martens
microhardness tester [Zwick/Roell Z2.5, Ulm, Germany] (Figure 3.3b)
before and after laser application (Figure 3.3c). By averaging the

twenty-five indentations for each group, the mean microhardness value



3. Surface and Interface studies of laser prepared dentine 5

and elastic modulus before and after irradiation were automatically
calculated by the computer software (TestXpert, Germany). The baseline
and irradiated dentine microhardness were compared using paired
t-tests. The relationship between the microhardness of treated dentine
and the laser power setting used was investigated by regression

analysis.

Figure 3.3 a) Dentine disc mounted on the plastic mould b) the Zwick/Roell Z2.5
microhardness measurement ¢) the indentation on the dentine disc was
made by a pyramidal needle (Vicker) d) Dentine specimen were mounted on
stub e) The stub were put into the chamber of Stereoscan S240 f) The
stereo scan S240 SEM microscopy.

Microscopic Investigation

Representative specimens from each group were cut transversally
through the dentine disc and immersed in an ultrasonic cleaner for 1
min. Representative specimens from each group were also treated with

two dentine conditioners (Table 3.1) before cutting and immersing in an
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ultrasonic cleaner. For the purposes of comparison, a further specimen

was prepared in the same way but the surface was treated using a

diamond bur on the high-speed handpiece, which was held with a clamp

to fix the distance at 1 mm. The repetition line was made free hand by

moving the specimen along the path of the laser beam over 60 seconds

on the flat dentine. All specimens were then mounted and sputter-

coated for examination with a Stereoscan S240 Scanning Electron

Microscope (Cambridge, UK) as shown in Figures 3.3 d-f.

Table 3.1: Manufacturers and composition of materials used for this study

Material Manufacturer Constituents

Fuji IX GP GC Corp., Japan Fluoroaluminium silicate glass

Capsulated Polyacrylic acid, Polybasic carboxylic acid

Ketac-Molar 3M ESPE, UK Aluminium-calcium-lanthanum-fluorisilicate

Aplicap glass, 5% spray dried ESPE polycarbonic acid
An aqueous solution of polycarbonic acid and

ot tartaric acid

e GC Corp., Japan R
Conditioner o s 10% Polyacrylic acid
Ketac 3M ESPE, UK 10% Polyacrylic acid

Conditioner
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3.2.3 Interface of laser prepared dentine and glass ionomer
cement

Specimen preparation

The teeth used in this study were extracted human molar teeth without
caries or defects (cracking or fissuring), stored in an aqueous solution
containing 0.5 % chloramine T. Buccal V-shaped Class V cavities with
occlusal and gingival margin in enamel and pulpal wall in dentine were
prepared by Er,Cr.YSGG laser or bur and each cavity was restored with
either Fuji IX or Ketac Molar (Table 3.1, Figures 3.4 a-c). The depth from
buccal surface to pulpal wall was approximately 2 mm. To apply the
fluorescent rhodamine B dye, two-thirds of each root was removed and
then the pulp tissue was removed with a K-file (#20-50) to provide
enough access for dye introduction. Each tooth was stood with the crown
down in a chamber and rhodamine B dye syringed into the pulp chamber
and left for 3 hours. Subsequently they were stored at 37°C and 100%

humidity for 24 hours before sectioning,.

All teeth were sectioned longitudinally from the crown to the root into
two halves with a high-speed diamond saw (Micro Slice 2, Metals
Research Limited, Cambridge England) using water spray (Figure 3.4D).
The cut surface was finished using precision lapping and a polishing

machine (PM2A, Logitech, Materials Technologists Engineers) with
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calcined alumina oxide powder particles of size 3 um. The sections were

stored in distilled water at 37°C.

Figure 3.4af illustrating the procedure to investigate the GIC/laser prepared
dentine interface by using Confocal Laser Scanning Microscopy.

Confocal Microscopy

The sections were visualized by a Leica TCS SP2UV confocal laser
scanning microscope (CLSM) (Leica Lasertechnik GmbH, Heidelburg,
Germany) with Leica TCS-NT software (version 2). Images were acquired
through a 5x objective lens with a numerical aperture (NA) of 0.15,
under a 543 nm excitation beam from He/Ne laser and emission
collected at 560-620 nm. Images were obtained by X, Y, Z scanning

(512x512 pixels).
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Montage technique

To investigate the adaptation for the entire cavity by confocal
microscopy, a montage technique was employed. As the area was too
great to be scanned in one time, the entire cavity was scanned with a 5x
lens several times to get the whole image of the cavity.
A number of images were taken with a degree of overlap and later
composed together. Each section of the image was captured in such a
way that visible features identified in the bottom margins of each image
could be used as a guide for the next capture, when overlapped with
those same features in the top margins of the following image. The
captured images were imported into Adobe Photoshop V7.0, cut and
pasted onto a suitable canvas (A4) size as separated layers. These were
carefully aligned at 100% maghnification and adjusted in brightness and
contrast to match each other. Once complete, the final image was

optimized using the levels control.
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Gap measurement

Forty seven CLSM micrographs from six teeth; three teeth from the bur
prepared group and three teeth from the laser prepared group were
obtained. Each scanned image of the cavity outline was printed on A4
paper and the gap width was measured. The maximum gap width was
selected as the representative data for each image. The mean gap width

along the ClI V cavity was recorded.

3.3 Results

3.3.1 Ablation efficiency evaluation

The representative scanned images of the ablation lesion on the dentine
disc obtained from several power settings are illustrated in

Figure 3.5.

The amount of dentine removed by the Er, Cr:-YSGG laser with various
energy fluencies for a given time is shown in Table 3.1.

Table 3.2: The means (SD) of the amount of dentine ablation using different laser
power settings (n=5)

Average Average ablated Average ablated dentine

Test group dentine depth  dentine volume volume per sec
{(mm) (mm3) (mm3/s)
Group1 (3W) 0.15(0.02) 0.62 (0.25) 0.01
Group 2 (3.5W) 0.28 (0.10) 1.82 (1.03) 0.03
Group3 (4 W) 0.33(0.07) 2.00 (0.69) 0.03

Group 4 (4.5 W) 0.42 (0.14) 2.91 (1.06) 0.04
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(a) Power setting : 3 Watts 110
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(b) Power setting : 3.5 Watts

Figure 3.5 Scanned images obtained from laser profilometer showing the dentine
lesion at the different power settings; a) 3 Watts and b) 3.5 Watts
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(c) Power setting : 4 Watts
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(d) Power setting : 4.5 Watts

Figure 3.5 (Continue) Scanned images obtained from laser profilometer showing the
dentine lesion at the different power settings; ¢) 4 Watts and d) 4.5 Watts
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The mean volume of dentine ablated (mm3) was calculated by
multiplying the surface area of the irradiated dentine lesion with the
average ablation depth. The volume of dentine ablated per sec (mm3/s)
was calculated by dividing the volume of dentine ablated over the time
(60 seconds). There was an increase in depth of ablated dentine, and
dentine ablated volume with an increase in laser output power. The
mean ablation efficiency showed a broadly linear correlation with the
power output using linear regression analysis (R2=0.85, p<0.05) as
shown in Figure 3.6

Volume of dentine ablated per second with the
Er,Cr:YSGG laser power settings

o
=)
o

R®=0.8526

o
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Figure 3.6 The linear correlation between the volume of dentine ablated per second
(mm?3/s) as a function of the power settings (Watt).
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3.3.2 Microhardness measurement

Values of dentine microhardness (Vicker's Hardness Number, VHN) and
elastic modulus for the baseline and post-irradiation are shown in
Tables 3.2 and 3.3 as well as in Figure 3.7. Dentine microhardness
decreased significantly after laser irradiation (paired t-test, p<0.05) at all

power settings.

Table 3.3: The means (SD) of Vickers microhardness using different power settings
(n=5)

“Test group “Baseline Laser irradiation
Groupl (3W) 60.85 (8.39) 42.89 (16.39)
Group 2 (3.5W) 66.18 (5.12) 30.27 (11.94)
Group 3 (4 W) 62.39 (4.01) 40.41 (19.52)
Group 4 (4.5W) 64.94 (8.72) 41.27 (9.15)

Table 3.4: The means (SD) of Elastic Modulus (kN/mm?2) of base line and laser
irradiated dentine (n=5).

Test group Baseline Laser irradiation
Group1 (3W) 16.73(2.53) 17.73(6.36)
Group 2 (3.5W) 20.69 (2.85) 18.74 (7.95)
Group 3 (4 W) 17.46 (1.00) 14.65 (3.83)
Group 4 (45W) 18.51 (1.98) 19.92 (6.28)
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Microhardness vs Elastic modulus
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Figure 3.7 The plot between microhardness and elastic modulus before laser
application (A) and after laser irradiation (B);(A) the variation of elastic
modulus and microhardness dentine is in the narrow regime before laser
irradiation (B) After laser irradiation, the variation of elastic modulus and
microhardness of dentine distributed in a broad regime.
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3.3.3 Microscopic Investigation
SEM observation

The SEM appearance of bur-cut dentine showed a relatively flat
topography and the presence of a smear layer (Figures 3.8a and 3.8c).
In contrast, the dentine appearance after laser irradiation indicated a
corrugated or wavy profile (Figure 3.8b), opened dentinal tubules and
the absence of a smear layer (Figure 3.8d and Figure 3.9) at all power

settings.
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Figure 3.8 SEM micrographs of transversally sectioned dentine disc: a) Typical profile of
bur-cut dentine showing a flat surface; b) Typical profile of laser irradiated
dentine at any power setting, showing a corrugated and wavy appearance;
c¢) Appearance of the bur-cut surface at high magnification in the boxed area
in Figure 3.8a, showing track lines formed due to the rotary instrumentation,
and the presence of a smear layer; d) Higher magnification of the boxed
area in Figure 3.8b showing dentinal tubules opening at different planes and
possibly depletion of intertubular dentine after laser application.
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Figure 3.9 SEM micrographs of an irradiated dentine surface with different power
settings: a) 3 Watts, b) 3.5 Watts, ¢c) 4 Watts, and d) 4.5 Watts, showing
opened dentinal tubules and the absence of a smear layer.
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Figure 3.10 SEM micrographs of transversally sectioned dentine using a power setting
at 3 Watts. There was irradiated dentine debris along the interface
(a and b). At high magnification, fibre- like tags linked the debris to the
underlying dentine (c and d).

Further examination of the profile at the lowest power setting (3 Watts)
revealed the presence of dentine debris with tags attaching it to the
underlying lased dentine (Figure 3.10). At 3.5 Watts power setting, there

was dentine debris on the surface without any tags (Figure 3.11).

In addition, it appeared that there was a glassy molten substance on the
dentine (Figure 3.11b). At the 4 Watts power setting, the irradiated

dentine looked more crystalline in nature, without any debris (Figures
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3.12a & b). When the highest power setting, 4.5 Watts is applied, a
molten appearance was noted on the surface (Figures 3.12c & d). The
molten areas were chemically analysed using SEM-EDX (JEOL 5300 -
LV, Japan) with an analysis system (Rontec Edwin Energy Dispersive
Analysis, Japan) (Figure 3.13). This revealed the presence of Ca, P, C

and O peaks coinciding with the molten areas as in the irradiated

dentine where there was no molten mass (Figure 3.14).

Figure 3.11 SEM micrographs of transverse view of irradiated dentine using a power
setting at 3.5 Watts: There were some dentine debris particles (a, ¢) along
the interface. At high magnification, a molten - like substance (b) Area
within the box in Figure 3.11a showing a molten like substance (d) Area
within the box in Figure 3.11c showing a irregular dentine substance.
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Figure 3.12 SEM micrographs of transverse view of the irradiated dentine surface
using a power setting at 4 Watts (a and b): The dentine surface consists of
a crystalline-like substance. At a power setting of 4.5 Watts, there were
some dentine debris particles on the surface (¢ and d). Figure 3.12b is the
area in the box of Figure 3.12a and Figure 3.12 d is the area in the box of
Figure 3.12c¢ at the high magnification.
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45WC Area x 1500 R [T

Figure 3.13 SEM-EDX micrograph of the irradiated dentine surface using the power
setting of 4.5 W with the three different areas marked in red ink; PO1 is an
area of typical dentine, PO2 and PO3 are an area of a molten like
substance on the dentine surface.
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Figure 3.14 SEM-EDX analysis of three different areas coded as in Figure 3.13; showing
the same peak of each element such as Ca, P, O.
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The representative SEM images of laser-irradiated dentine specimens
treated with dentine conditioners (Ketac and Dentine Conditioner) at the

different power settings are shown in Figures 3.15-3.18.

At 3 Watts, there is no presence of dentine debris with the linking fibre
like tags (Dentine Conditioner specimen). However, there are many
molten like dentine patches on the dentine surface (Figure 3.15 a in box
2 and e). The intertubular dentine reduces the degree of roughness, and
shows a less scaly appearance (Figure 3.15¢). The peritubular dentine
appears elevated due to the depletion of intertubular dentine (Figure
3.15c¢). The dentinal orifices were clearly observed (Figures 3.15b and f)
in the Ketac Conditioner specimen. The depletion of intertubular dentine
along the peritubular dentine reveals a liquid like appearance (Figure
3.15d). The dissolved intertubular dentine completely covered the orifice

of some dentinal tubules (Figure 3.15f, white arrow).

At the 3.5 Watts power setting, a dentine debris plate was also found in
the SEM micrographs from laser cut dentine with Dentine Conditioner
treatment (Figure 3.16a). Clear dentinal orifices were observed (Figures
3.16¢ and d). In general, the intertubular dentine (Ketac Conditioner
specimen) turns from a rough appearance to a smooth appearance. The
scaly peritubular dentine turns from having a sharp edge to a bevelled

one (Figure 3.16d).
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At the 4 watts power setting, open dentinal tubules were generally found
(Figures 3.17 a, b and c). A few dentine debris are found in the
representative specimen in which the Ketac Conditioner was applied

(Figures 3.17 b and d).

At the 4.5 watts power setting, various types of dentine appearance
were observed. In general, the degree of roughness of the dentine
surface was reduced (Figures 3.18 a and b). The dissolved intertubular
dentine flows to cover the dentinal tubules in the Ketac Conditioner
treated specimens (Figure 3.18b). The opening dentinal tubules were
more noticeable with the Dentine Conditioner specimen (Figures 3.18 ¢
and e). The collar-like appearance of the peritubular dentine elevated
from the intertubular dentine surface was aiso found in the Ketac
conditioner specimen (Figure 3.18d). Loss of depleted intertubular

dentine in the crater area is demonstrated in Figure 3.18f.
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Figure 3.15 Representative SEM micrographs of dentine surface irradiated at the
3 watts power setting and followed by Dentine Conditioner and Ketac
Conditioner
a) The irradiated dentine and Dentine Conditioner application revealed the dissolved
dentine debris coating on the surface
b) The irradiated dentine and Ketac Conditioner application exhibit a liquid-like layer
covering dentine surface.
c) The laser cut dentine (area in the box1l of Figure 3.15a) showed dissolved
intertubular dentine and elevation of peritubular dentine around dentinal tubules
d) The laser cut dentine (area in the box1 of Figure 3.15b) demonstrated depletion of
intertubular dentine
e) The laser cut dentine (area in the box2 of Figure 3.15a) and f) The laser cut
dentine (area in the box2 of Figure 3.15b) showing some dentinal tubules were
sealed by dissolved and molten dentine mass.
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Figure 3.16 Representative SEM micrographs of dentine surface irradiated at the
3 watts power setting followed by Dentine Conditioner (a and ¢) and Ketac
Conditioner (b and d).
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Figure 3.17 Representative SEM micrographs of dentine surface irradiated at power
setting of 4 W and followed by Dentine Conditioner (a and ¢) and Ketac
Conditioner (b and d); a) at low magnification, showing an absence of
dentine debris plate b) at high magnification, showing the clear wide
opening dentinal tubule ¢) at low magnification, showing a presence of
plate-like appearance dentine debris d) at high magnification, showing a
dentine debris plate covering the irradiated surface and opening dentinal
tubules.
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Figure 3.18 Representative SEM micrographs of dentine surface irradiated at the 4.5
watts power setting and followed by Dentine Conditioner (a,c,e) and Ketac
Conditioner (b,d,f); a) showing the scaly dentine surface b) showing meit
intertubular dentine covering the dentinal tubules c¢) the elevated
peritubular dentine d) cuff like appearance of peritubular dentine e) An
absence of intertubular dentine f) A presence of the depletion of the
intertubular dentine.
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Figure 3.19 CLSM micrograph of Class V bur prepared cavity a) x5 lens,
b) x40 lens/0.85NA.
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Figure 3.19 CLSM micrograph of Class V laser prepared cavity €) x 5 lens,
d) x40 lens/0.85 NA.
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Confocal microscopy

The CLSM micrographs of laser prepared cavities indicated a surface
that was corrugated, rough and wavy (Figures 3.19 ¢ and d) compared to
bur prepared cavities (Figures 3.19 a and b). In general, the laser

prepared surfaces showed more cracking and fissuring of dentine.

Esana—
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40 um
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Figure 3.20 CLSM montage of Class V cavity filled with Fuji IX prepared by (A) bur
instrumentation and (B) Cr,Er:-YSGG laser

Forty-seven CLSM images from six surfaces were surveyed by the

montage technique to determine average gap width.

After combining each image, the entire class V cavity was displayed as in
Figure 3.20. At the material/dentine interface, lased dentine showed
gap formation at the innermost part of the cavity, while the bur prepared
specimens displayed gap formation closer to the dentine/enamel

junction.The gaps with lased dentine at the inner surfaces were
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continuous and extended over a longer portion of the interface. Gap
formations in the bur prepared cavities occurred mostly at the outer part
of the cavity and were over a shorter distance. The average maximum gap
width between the glass-ionomer and lased dentine was approximately
18.66 (SD:4.38) um and that of bur prepared dentine was approximately

8.83 (SD: 0.03) ym.

3.4 Discussion
3.4.1 Ablation efficiency evaluation

The ablation efficiency can be defined in terms of the amount of dental
tissue removed within a given time [Kim et al., 2005], volume removed
per joule of energy incident on the tissue (mm3/J) [Fried, 2000}, and
volume ablated per sec (mm3/s) [Featherstone and Nelson, 1987]. This
study reported the ablation efficiency of dentine in terms of volume
ablated per sec (mm3/s). It is in agreement with the work by Rizoiu et a/

(1994). They showed a linear correlation between the volume ablated

per sec and the average power of a 2.8 um erbium doped laser.

The Er,Cr.YSGG laser and the Er:YAG laser both use water mediated
ablation [Fried, 2000). Water plays an important role for dentine
ablation. Meister et al (2006) found that in dehydrated moist dentine,
the quantity of ablated volume was significantly iower compared to

dentine containing water for the Er.YAG laser, while the Er,Cr:YSGG laser
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showed superficial melting and a deep carbonisation zone when used
without a water spray. Exogenous water has a greater affect than

endogenous water on the dentine ablation of the Er,Cr.YSGG laser.

There was no significant relationship between increasing laser output
and reduction of dentine hardness (R2=0.00, p>0.05). The stiffness of
irradiated dentine was not significantly different from the baseline

(paired t-test, p>0.05).

3.4.2 Structure and properties of laser prepared dentine

Dentine can be classified as a composite material comprising a collagen
matrix (20% by weight) dispersed in an inorganic component (70% by
weight) [Mahoney et al., 2000; Anker et al., 2003]. Hydroxyapatite is the
main mineral content of the inorganic component, and variants (such as
fluoroapatite) provide strength and hardness for the dentine. Elasticity
and stiffness are obtained from the organic collagen matrix and water
content (10 % by weight). SEM micrographs of the irradiated dentine in
this study showed depletion of intertubular dentine (Figure 3.6d) similar
to the dentine surface after preparation by the Er:YAG laser and treated
with glutaraldehyde [Kameyama et al.,2001]. The peritubular dentine
still remained, indicating more resistance to laser energy. This can be
explained by the fact that the peritubular dentine has a high mineral

content and lacks collagen as an organic matrix while intertubular
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dentine has a high content of the collagen matrix (92 % by weight)
[Kameyama et al., 2001]. The collagen matrix is rich in water content
and laser energy is likely to be absorbed by the dentinal fluid within each
tubule and the intertubular dentine more than the peritubular dentine.
This study confirms the findings of previous studies that the laser-
irradiated dentine was deprived of a smear layer and the orifices of
dentinal tubules were opened [Hibst and Keller, 1989; Hossain et al.,

2003].

The microhardness of laser-irradiated dentine decreased after laser
irradiation by the order of 30-50%. However, the elastic modulus after
laser irradiation was not significantly changed (Table 3.3). Iin contrast,
investigations by Hossain et al. (1999) showed that the Knoop hardness
of the cavity prepared by a Er,Cr.-YSGG laser was not significantly
different from bur preparation. Due to the fusion of the enamel surface
after CO2 and Nd:YAG laser irradiation, the Knoop hardness increased
[Marquez et al.,1993]. Other studies revealed that higher energy laser
irradiation actually decreased the microhardness of dental hard tissue
significantly due to the increase in temperature [Kuramoto et al., 2001).
A previous report mentioned that all the lasers that produce some
thermal effect could induce alteration in physical and chemical
composition [Lee et al., 2003]. It was found that when heating dental

hard tissue to a temperature of over 400°C, the mineral decomposes to
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form a new mineral phase which enhances the resistance to acid
dissolution [Featherstone and Nelson, 1987; Fried, 2000]. Plotting
microhardness against elastic modulus after laser application is likely to
broaden distribution on both axes. It is similar to the trend lines between
microhardness and the elastic modulus of sound dentine and carious
dentine [Angker et al., 2005]. This indicated that there is potentially a
progressive deterioration of hardness and elastic modulus of dentine
after laser irradiation. There is a correlation between the mechanical
properties and mineral content in tooth tissue [Senawongse et al.,
20086]. The chemical and therma! analysis of laser-irradiated dentine

should be studied further.

SEM-EDX (Figures 3.13 and 3.14 a, b, ¢) confirmed that the glassy
molten substance on the surface at higher power settings was
composed of the same elements as hydroxyapatite. This phenomenon
indicates that some components of dentine may exhibit thermoplastic
properties, turning to a liquid on heating and immediately returning to a
solid state on cooling with a water spray. Irrespective of the laser system
used, the meilted and fesolidified dentine was a frequent finding when
certain energy densities were exceeded [Kreisler et al., 2003).The
Er,Cr:YSGG laser radiation is highly absorbed not only by the
hydroxyapatite of dentine but also by the protefn and lipid in collagen

fibres [Fried et al.,, 1996]. This kind of a pulsed laser causes a rapid
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heating and evaporation of the collagen matrix in dentine, firstly, due to
the low ablation threshold compared to hydroxyapatite and secondly,
due to the gradients of high pressure resulting from evaporation in the

ejection of hydroxyapatite [Altshuler et al., 2001].

This is in accordance with previous studies that reported molten and
crystailine like structures on irradiated dentine [Serebro et al.,, 1987,

Malmstrom et al., 2001; Aminzadeh et al., 1999].

As widely described in the literature, the morphological of dentine after
Er,Cr.YSGG laser irradiation showed a molten lava-like appearance with
many micropores [Hossain et al, 1999]. The laser can melt and seal the
dentinal tubule [Re et al., 2004]. In present study, the fiber like tag was
observed on the irradiated dentine surface. This may be attributed to
change in temperature and pressure which is below the melting
temperature of dentine composites duet to the low fluence at power

setting of 3 Watt.

An understanding of the mechanical and physical properties of prepared
dentine after different clinical procedures may help to ascertain the
optimal conditions to enhance the adhesion of dental restorations. This
study is an initial investigation aimed at presenting the mechanical

properties of laser treated dentine when using different laser
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parameters. Further studies will focus on the bonding of dental materials

to laser irradiated dentine.

3.4.3 Interface of laser prepared dentine and glass ionomer cement

Previous studies have attempted to evaluate cavity adaptation using a
dye method for microleakage measurement. Niu et al. (1998) revealed
that there was no significant difference in microleakage between the
cavities prepared by laser and those prepared by the conventional
method. In this study, confocal microscopy provided topographical
micrographs of wedge-shaped Cl V cavities prepared by Er,Cr.YSGG laser
and a rotary cutting instrument. It was noted that the cavities prepared
by this laser showed gap formation in the inner surface of the cavity.
Lased enamel provided good adaptation in comparison to lased dentine.
These results correlate with an earlier study by Roebuck et al. (2000).
They found that dentine leakage was significantly greater than that seen
at the enamel margins for all test groups with conventionally prepared or
lased cavities. Similarly, the study by Hanig and Stiesch-Scholz (2000)
stated that laser treatment did not improve the marginal adaptation of
Class Il compomer and composite resin restorations placed in primary
teeth with proximal margins located in dentine. In the present study,
cavities prepared with the Er,Cr:YSGG laser provide good cavity
adaptation with glass-ionomer at the enamel interface. However, the

GIC/lased dentine interface showed poorer adaptation compared to
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dentine prepared by the diamond bur. The investigation of GIC/tooth
interface by confocal microscopy has shown that there was no presence

of the hybrid-like layer at the interface.

The direction of dentinal tubules at the cervical area is different from
those at the occlusal area. Therefore, the depletion of intertubular
dentine in the laser prepared cavity was in a diagonal direction (at the
bottom of the Cl V cavity). These appear to be undercut and which glass

cannot penetrate into to accomplish good adaptation.

In this experiment, the laser produces long steep holes that the cement
cannot fill so the gap width increases. Also, the standard deviation of
gap width was in the wide range because of the uneven length of long

steep holes on the laser irradiated dentine surface.

3.5 Summary

e Based on this study, the depth of the dentine lesion caused by
laser irradiation depends on the power setting at a given amount
of water and air output. The appearance of laser irradiated
dentine at different power settings showed unique

characteristics.

e The null hypothesis is rejected. The microhardness of laser

irradiated dentine surface reduces by around 30-50% compared
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to sound dentine. It did not depend on an increase in power

setting.

e The investigation along a Class V cavity prepared by an
Er,Cr'YSGG laser demonstrates good adaptation with glass
ionomer cement at the enamel surface. However, the glass
ionomer cement/laser dentine interface shows poor adaptation

compared to dentine prepared by diamond bur.



CHAPTER 4
ADHESION TO LASER PREPARED DENTINE

4.1 Background

Alternative methods of tooth cutting and preparation are now available
using laser technology. It is almost a decade since the erbium laser was
accepted for tooth cutting in 1997 [Harashima et al., 2005). Many
investigations reported its ability to cut enamel and dentine effectively
[Harashima, et al., 2005; Wigdor et al.,, 1995; Hadley et al., 2000;
Featherstone and Nelson, 1987; Hoke et al., 1990; Hibst and Keller,
1989]. Interestingly, the laser irradiated dentine surface was found to be
very rough, with irregularities and craters resembling the surface
obtained by acid etching [Usumez et al., 2003; Usumez and Aykent,
2003; Silberman et al., 1994]. Hence, these irregularities may
encourage the adhesion between restorative materials and the tooth
substrate. Therefore, lasers for tooth driling may be beneficial to

enhance the adhesion of restorative material.

The good adhesion between restorative materials and the tooth surface
leads to longevity of the restoration. Many dental adhesive filling
materials, both salt-based and resin-based, have been developed to

interact with the bur-prepared tooth substrate and there is a need to



4. Adhesion to laser prepared dentine 95

confirm that such materials will interact in a similar way with laser-
prepared tissue. Glass ionomer cement has the ability to bond
chemically to the tooth substrate without using an intermediary adhesive

system unlike composite resin materials [Hotz et al., 1977].

Using rotary cutting instruments, a debris zone, called the “smear layer”,
develops on the dentine surface [Eick et al.,, 1997; Eick et al.,, 1970;
Barros et al., 2005]. This layer obliterates the dentinal tubules resulting
in low adhesion efficiency of tooth and restoration. To enhance adhesion
to tooth, it is recommended that an acidic conditioner applied on the
tooth surface helps to remove the smear layer before tooth restoration
[Jacuques et al., 2005; Burrow et al., 2002]. However, using the laser to
cut the tooth may promote the bonding of restorative material as the
laser-cut dentine provides a clean surface with opened dentinal tubules

suitable for chemical and mechanical bonding [Lin et al., 1999].

In general, a common method employed to evaluate the adhesion of a
material to a dentine or enamel surface is to determine the tensile or
shear stress applied to the bonded specimen. The microtensile test uses
a very small surface area, which is believed to have fewer defects
occurring at the material/tooth interface. Therefore, this can minimize
the variation among samples and provide an accurate method of

evaluating the adhesive strength [Burrow et al., 2002].
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Numerous studies have been conducted to assess the bond strength of
composite resin and adhesive to laser-prepared dentine and enamel [De
Munck et al., 2002]. However, there is a lack of studies dealing with

glass ionomer in cavities prepared by the Er,Cr:YSGG laser.

This study aims to measure the bond strength of glass ionomer cement
with laser irradiated dentine. The null hypothesis was that there was no
difference in the bonding to non-lased and lased lased dentine, and that
the dentine conditioner does not influence the adhesion of glass

ionomer cement to this substrate.

4.2 Microtensile bond strength measurement
4.2.1 Materials and Method

Two conventional glass ionomer cements (GICs) were used Fuji IX (GC
Co., Japan) and Ketac Molar (3M ESPE, Germany). The conditioners used
were Dentine Conditioner with Fuji IX and Ketac Conditioner with Ketac

Molar supplied by the respective companies (Figure 4.1).
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Figure 4.1 Conventional GICs and Dentine conditioner used for this study; a) Ketac
Molar (Maxicap, 3M ESPE, UK) b) Fuji IX (GC corp., Japan) c) Ketac
Conditioner (3M ESPE, UK) d) Dentine conditioner (GC corp., Japan)

The teeth used in this study were extracted human molars and
premolars without caries or defects, stored in an aqueous solution of
0.5% chloramine T no more than 6 months from time of extraction to

inclusion in this study.

The laser system and a high speed handpiece used for this study were
the same as described in Chapter 3. The repetition rate was 20 Hz and
power output was set at 5.5 Watts. The setting of air and water at the
control panel were set at 65% and 55% respectively. The pulse energy

varies from 0 to 300 mJ. A clear sapphire tip of 600 um was used.

Specimen preparation

One third of the occlusal surfaces were removed with a high-speed
diamond saw (Micro Slice 2, Metals Research Limited, Cambridge
England) using water spray, and subsequently ground with 600 grit sand
paper (P-800) to provide flat dentine. The cut surface was finished using

precision lapping and a polishing machine (PM2A, Logitech, Materials
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Technologists Engineers) with calcined alumina oxide powder of 3 um
particle size. A laser handpiece was secured to a clamp to insure that
the tooth surfaces were prepared in a standard pattern. The mounted
tooth specimen was placed on the removable stand at the working of 1
mm. The dentine surface was irradiated by Er,Cr.-YSGG laser by moving
the specimen along the part of laser beam and repeating at the same
direction throughout the surface. A high speed handpiece was fixed to
support as same as laser handpiece. The simple pattern of bur
preparation was made by moving specimen up and down over the
dentine area. Eight of the trimmed teeth were prepared by laser and the
other eight teeth prepared by bur. In half of the laser and bur prepared
groups, the relevant dentine conditioner was applied to the dentine
surface according to the manufacturer's instructions (application
time = 20 seconds, water rinse and dry with air spray). Fuji IX and Ketac
Molar capsules were mixed with a triturator (Silamat, Vivadent, Chann,
Liechtenstein) and a Tofflemire matrix holder was used to build up the
glass-ionomer restoration. The experimental specimens were divided

into eight groups.

The experimental groups were defined as following:

Group 1: Bur preparation and Fuiji IX restoration

Group 2: Bur preparation and Ketac Molar restoration

Group 3: Bur preparation, Dentine Conditioner application and Fuji IX

restoration
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Group 4: Bur preparation, Ketac Conditioner application and Ketac
Molar restoration

Group 5: Laser preparation and Fuji IX restoration

Group 6: Laser preparation and Ketac Molar restoration

Group 7: Laser preparation, Dentine Conditioner application and Fuji IX
restoration

Group 8: Laser preparation, Ketac Conditioner application and Ketac

Molar restoration

After 24 hours storage in deionised water at a constant temperature of
37°C, each tooth was sectioned perpendicular to the adhesive interface
two times with a high-speed diamond saw with water spray to produce
typical microtensile bar shaped specimens (approximately: 1 x 1 mm?= of

adhesive surface). There were 20 specimens in each group.

Microtensile bond strength measurement

The dimensions of the specimens were measured using a digital vernier
callipers (Digimatic, Mitutoyo, Japan). The specimens were mounted in a
SSP (Single speed pump or SSP Dillon, Compact Gauges 200N, a
division of Weigh-Tronix Inc, Fairmont MN, USA) using a cyanoacrylate
glue (Zapit, Dental Ventures of America, Corona, CA, USA) and tensile
forces were applied at a crosshead speed of 1mm mint until failure
occurred (Figure 4.2). The microtensile bond strength was calculated in

MPa, the unit is derived from dividing the tensile force (N) at the time of
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fracture by the individually measured bond area (mm?2).
The mean bond strengths were evaluated by one-way ANOVA and

Tukey's comparison, a p value<0.05 was considered to be significant.

Figure 4.2 Sample preparation for microtensile bond strength test: (1) The occlusal
one third of human molars were cut until dentine was exposed; (2) The
ground and polished dentine was prepared either by the laser or bur with
or without the reverent dentine conditioner; (3) Core build up by using
matrix holder; (4) Glass ionomer core build up (5) The restored tooth was
embedded in plaster of paris and cut by high speed diamond saw (6) After
24 h, the tooth was mount with plaster of Paris and cut into the stick-
shape specimens with dimension 1x1 mm?2; (7) the specimen was
attached to the testing device with Zapit glue; (8) the tensile force was
applied at a cross head speed of 1mm/min.
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SEM analysis of dentine surface

Scanning electron microscopy was used to examine the dentine surface
with different preparations in the microtensile bonding study. Four
dentine discs were prepared with each of the following surface
treatments: (1) bur preparation (2) bur preparation following by Dentine
Conditioner (3) Laser preparation (4) Laser preparation following by

Dentine Conditioner.

Fracture analysis

After the bond strength tests, all specimens were assessed for the mode
of failure using a light microscope (Meiji Techno. Co. Ltd., Saitama,
Japan) at a maghnification of x22.5. The individual failure modes were
noted. Representative specimens from each group were further
examined using the Stereoscan S240 Scanning Electron Microscope

(Cambridge, UK).
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4.2.2 Results

Microtensile bond strength

The results of the microtensile bond strength test are shown in
Table 4.1. The mean microtensile bond strength of GIC with bur
preparation of dentine ranges from 3.92 - 5.52 MPa. For laser prepared
dentine, the mean microtensile bond strength is in the range of

5.61 - 8.62 MPa.

Table 4.1: Microtensile bond strength (MPa); mean values with the same superscript
letter were not significantly different (p>0.05).

Fuji IX Ketac Molar

Conditioner Bur Laser Bur Laser

No conditioner | 4.56 (2.19)° 5.99(1.70)* | 3.92(1.98)2 5.61(1.55) ®

Dentin 5.52(1.68) 2 8.62 (3.86)®
Conditioner

Ketac - - 5.52 (1.52) @ 8.01(3.26)°
Conditioner

Statistical analysis using ANOVA showed that there was no significant
difference in microtensile bond strength of GIC between laser-prepared
dentine and bur-prepared dentine. However, laser-prepared dentine
treated with a dentine conditioner provided significantly higher
microtensile bond strengths than bur-prepared dentine with or without
using the dentine conditioner (p<0.05). Comparing the different GICs,
there was no significant difference between using Ketac Molar and
Fuji IX without dentine conditioner for filling the prepared tooth by either

bur or laser (Figure 4.3).
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Microtensile bond strength of Conventional Glass
lonomer Cement (Fuji IX and Ketac Molar)

15

B Fuji
O Ketac

Bur Bur/conditioner Laser Laser/conditioner

Dentine Treatment

Figure 4.3 The mean values of microtensile bond strength of Fuji IX and Ketac Molar
with different dentine treatments

It is showed that the combination of tooth preparation method and
surface conditioner did significantly affect the microtensile bond
strength. Therefore, the microtensile bond strength of GIC increased

when using the laser preparation and the dentine conditioner.

SEM analysis of dentine surface

Dentine surfaces prepared with various preparations are shown in Figure
4.4. The bur preparation produced the smear layer covering the dentine
surface (Figures 4.4 a). The laser prepared dentine was rough and with
no smear layer (Figure 4.4 c). After applying the dentine conditioner to
the laser cut dentine, the dentinal tubules were clearly seen and opened
widely (Figure 4.4 d) as comparing to bur cut dentine with conditioner

(Figure 4.4 b).



4. Adhesion to laser prepared dentine 104

Figure 4.4 a) Bur prepared dentine, b) Bur and dentine conditioner prepared dentine
c) Laser prepared dentine d) Laser and conditioner prepared dentine

Fracture analysis

Examination of the fractured specimens under the light microscope
revealed different patterns of failure: adhesive, cohesive and a mixed
type of failure (Table 4.2, Figures 4.5, 4.6 and 4.7). In bur-prepared
dentine without dentine conditioner, the failure mode for all specimens
was adhesive failure. In laser-prepared dentine, the mode of failure was

cohesive only or a mixed failure.
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Table 4.2: Different failure modes of the specimens expressed as a percentage of the
total. The actual number of specimens for each mode of failure is in parentheses.

Test group Adhesive Cohesive Mixed failure
failure failure

Group 1 100 (20)

Group 2 100 (20)

Group 3 25 (5) 40 (8) 35(7)
Group 4 95 (19) 5(1)
Group 5 80 (16) 20 (4)
Group 6 80 (16) 20 (4)
Group 7 75 (15) 25 (5)
Group 8 90 (18) 10 (2)

The percentage failure of fractured specimens after microtensile

bond strength test
] e . i @ Mixed
’ ; : m Cohesive
' B m Adhesive

-

% failure of fracture specimen

A A A
v, Vo "%o% %o% " C W
S, 7 Ty 0

Glass ionomer cement and dentine treatment

Figure 4.5 Mode of failure noted as percentage failure from microtensile bond strength
test of conventional glass ionomer cement to different prepared dentine
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Figure 4.6 Representative SEM micrograph of a fractured specimen of glass ionomer
(GIC) on dentine surface (D) prepared by a bur:
(A) A typical fractured specimen exhibiting adhesive failure.
(B) The glass ionomer side of the fractured specimen.
(C) The dentine side of a specimen with mixed failure, with some glass
ionomer on the surface.
(D) Higher maghnification of the area outlined in (C), showing glass ionomer
fillers (Gl filler).



4. Adhesion to laser prepared dentine 107

Figure 4.7 Representative SEM micrograph of fractured specimen of glass ionomer
cement (GIC) on dentine (D) prepared by Er,Cr:YSGG laser:
(A) With conditioner, showing cohesive failure within the GIC only.
(B) Without conditioner in a specimen with a mixed type of failure.
(C) Higher magnification of a fracture specimen from partially cohesive
failure specimen showing remnants of the GIC on the dentine surface in
parts and adhesive failure in other areas.
(D) The GIC side of the same fractured specimen as in Figure 4.7(C), with
areas displaying fragments of dentine (D).
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4.2.3 Discussion

The purpose of using a dentine conditioner is to remove the smear layer
and increase the wettability of the tooth substrate [Glasspoole et al.,
2002]. The polyacrylic acid provides the carboxyl group for hydrogen
bonding and which is later displaced by the stronger interaction of polar
and ionic attraction from the GIC setting reaction [Glasspole et al., 2002;
Hewlett et al., 1991]. A previous study found that.the treatment of cut
dentine with 25% polyacrylic acid (Ketac Conditioner) reduced the
affinity of the smear layer for the dentine, leaving behind a poorly-
attached layer of smear debris, rather than removing it [Hewlett et al.,
1991]). Tanumiharja et al. (2000) reported that the use of surface
conditioners produced no difference in the bond strength of Fuji IX GP
for bur preparation which is in agreement with the results presented

here.

In the present study, for the laser-prepared dentine, conditioner
application increased the microtensile bond strength in both Fuji IX and
Ketac Molar groups. This is probably because laser irradiated dentine
has no smear layer and the dentinal tubules were unplugged with
dentine debris. Also, the way in which lasers remove the tooth tissue is
based on thermomechanical interaction [Meister et al.,, 2006). The
thermal effect from a laser causes changes in the water content of
collagen fibrils [Bachmann et al., 2005]. The thermal stability of collagen

was suggested to be a consequence for the dentine surface alteration
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[Toledano et al., 2005]). This may increase the dentine surface
wettability which is compatible with conventional GICs, resulting in
higher bond strength. The water loss in collagen fibrils after laser
irradiation may reduce the hydrophilicity of the dentine substrate which
is suitable for water sensitive material such as GICs. The matrix of GICs
can penetrate well on low hydrophilic lasercut dentine. The mean
microtensile bond strength of GIC to conditioned bur-cut dentine was not
significantly different to laser-cut dentine. It can be explained by the fact
that bur-cut dentine exhibited clean and visible dentinal tubules after
applying dentine conditioner, which was almost similar to the laser-cut
dentine [Hossain et al., 2003; Hossain et al., 1999; Ariyaratnam et al.,

1999].

It was found that all specimens in bur-prepared dentine failed adhesively
and this indicated that the GIC interface was an area of weakness.
Cohesive and mixed failures were observed in bur-prepared dentine
after the application of dentine conditioner and the bond strength was
improved although not significantly different from unconditioned
specimens. From SEM imaging on the dentine side of the fractured
specimens in mixed failures, there was some GIC residue attached on
the dentine surface (Figures 4.7C and 4.7D). From previous work, there
was an interdiffusion zone of Fuji IX and conditioned dentine substrate
without any tag formation into the dentinal tubules

[Ferrari et al., 1997].
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In the laser group, the fracture analysis showed that both cohesive and
mixed failures occurred within the materials (Figure 4.4). It is likely that
porosity within the cement becomes an unpredicted factor. It probably
causes a stress concentration for the fracture to occur from this point
[Yip et al., 2001]. This implies a tight bond between laser-treated

dentine and GIC.

In this study, the number of pre-testing failure was not recorded. All pre-
testing failure occurring during specimens’ preparation as stick shape
with the diamond saw did not included in bond testing. In order to draw
the valid result, the pre-testing failure was recommend to be recorded.
The microtensile bond strength of glass ionomer cement was relatively
low. All of the data in this study relates to short duration storage of
sample. It would be considered to extend the storage period before

testing until complete setting of glass ionomer cement.

4.3 Shear bond strength

4.3.1 Materials and Method

Specimen preparation

40 occlusal cut teeth were embedded in cylindrical resin moulds
(3 cm high; 3 cm diameter) and the end of each resin mould ground with
P800 SiC paper, with water irrigation until a complete section of the

occlusal dentine was exposed (Figure 4.8 (1)). In each tooth, three
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different depths of dentine were used. The superficial dentine depth was
prepared just into the dentine after the initial grinding. The middle
dentine depth was exposed by a further 0.5 mm grinding, and the deep
dentine depth was exposed by a further 0.5 mm grinding. A laser
handpiece was secured to a clamp to insure that the tooth surfaces
were prepared in a standard pattern. The mounted tooth specimen was
placed on the removable stand at the working of 1 mm. The dentine
surface was irradiated by Er,Cr:-YSGG laser by moving the specimen
along the part of laser beam and repeating at the same direction
throughout the surface. A high speed handpiece was fixed to a support
as same as laser handpiece. The simple pattern of bur preparation was

made by moving specimen up and down over the dentine area.

Specimens were made by filling the shorter part of a gelatine capsule
(Natural Transparent Hard Gelatine Capsules size 5 [lot N0.C207821A],
Hertfordshire SG4 9BT, UK) with GIC and the capsule placed carefully on
the prepared surface using finger pressure (Figure 4.8 (4)). Any excess
GIC was removed carefully. The experimental specimens were divided
into the same 8 groups as used in the microtensile testing. After 24
hours storage, the material was left to set in distilled water at a
temperature of 37°C and 100% relative humidity, test specimens were

removed from the oven and cooled down to the room temperature.
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Figure 4.8 Shear bond strength measurement: (1) The occlusal one third was trimmed
and (2) mounted on a clear acrylic mould. (3) The exposed dentine was
prepared by either laser or bur (4) the glass ionomer cement in gelatine
capsule was placed on the specimen (5) then the specimen was placed in a
holder and (6) the shear force was applied at a cross head speed of 1
mm/min.

Shear bond strength testing

Each specimen was placed on the specimen holder of the universal
testing machine (Instron 5567 series IX; Instron Corporation, London,
UK). Compressive force was applied at a cross head speed of 1 mm/min
until specimen failure occurred (Figure 4.8 (5-6)). The mean bond
strengths were evaluated by one-way ANOVA and Tukey's comparison, a

p value<0.05 was considered to be significant.

SEM analysis of dentine surface

Scanning electron microscopy was used to examine the dentine surface
with different preparations in the shear bonding study. Six dentine discs

were prepared with each of the following surface treatments:
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(1) Bur preparation

(2) Bur preparation with Ketac Conditioner

(3) Bur preparation with Dentine Conditioner

(4) Laser preparation

(5) Laser preparation with Ketac Conditioner

(6) Laser preparation with Dentine Conditioner.

Fracture analysis

After the bond strength tests, all specimens were assessed for the mode
of failure using the light microscope (Meiji Techno. Co. Ltd., Saitama,
Japan) at a maghnification of x22.5. The individual failure modes were
noted. Representative specimens from each group were further
examined using the Stereoscan S240 Scanning Electron Microscope

(Cambridge, UK).

4.3.2 Resuits

Shear bond strength measurement

The results of the shear bond strength test are shown in Table 4.3,
Figures 4.9 and 4.10. The combined mean shear bond strength of GIC

with bur preparation of dentine ranged from 7.7- 11.8 MPa. For laser
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prepared dentine, the mean shear bond strength was in the range of

9.5 - 11.3 MPa.
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Table 4.3 Mean (SD) and combined mean (SD) shear bond strength (MPa) of 8
experimental groups at different dentine depths (S = Superficial dentine, M=Middle
depth of dentine and D = Deep dentine)

Group Dentine level Shear bond strength (MPa)
Mean (SD) Combined Mean (SD)

1 S 9.67 (4.44) 9.17 (3.46)
M 8.50 (2.53)
D 9.35 (0.86)

2 s 12.94 (2.92) 11.78 (5.49)
M 10.22 (4.22)
D 12.17 (8.62)

3 s 16.78(5.16) 9.54 (6.24)
M 4.16 (1.47)
D 7.67 (1.32)

4 S 13.99(1.71) 11.28 (4.19)
M 7.37 (1.31)
D 12.43(5.18)

5 S 6.73 (1.52) 7.71(2.48)
M 9.00 (3.45)
D 7.40 (1.96)

4 s 5.44 (1.39) 9.25 (4.00)
M 12.28 (4.20)
D 10.04 (2.45)

6 S 6.81(1.88) 9.65 (4.55)
M 13.00 (5.85)
D 9.15(3.90)

8 s 6.94 (1.41) 10.01(3.46)
M 11.11(4.56)
D 11.98(1.97)
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Figure 4.9 The mean values of shear bond strength of Fuji IX at different dentine
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Figure 4.10 The mean values of shear bond strength of Ketac Molar at different
dentine depths
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Statistical analysis using ANOVA showed that there was no significant
difference in combined shear bond strength of GIC between laser-
prepared dentine and bur-prepared dentine. In comparison of the
different GICs, there was no significant difference between using Ketac
Molar and Fuji IX without the dentine conditioner for filling the tooth

prepared by both methods.

The statistical analysis of mean shear bond strength among the depths
of dentine showed that there was a significant difference in mean shear
bond strength in laser prepared dentine both with and without
conditioning for Fuji IX. In Ketac Molar restoration, there was significant
difference in both laser and bur prepared dentine in the conditioned

group.

SEM analysis of dentine surface

The ErCr:YSGG laser cut dentine surface showed a rough and flaky
appearance compared to the normal bur cut dentine (Figure 4.11a and
d). Furthermore, it revealed the depletion of intertubular dentine and
cuffing of peritubular dentine. After Dentine Conditioner or Ketac
Conditioner application, the degree of roughness decreased. The
dentinal tubule widens (Figure 4.11e and f). The opening dentinal tubule
of bur prepared dentine after Ketac Conditioner application (Figure
4.11b) was seen clearer than when using Dentine Conditioner (Figure

4.11c).
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Figure 4.11 SEM micrograph of dentine (a) bur preparation (b) bur preparation and
Dentine conditioner application (c) bur preparation and Ketac conditioner
application (d) laser preparation (5.5 W, 95%air, 80% water) (e) laser
preparation and Dentine conditioner application (f) laser preparation and
Ketac conditioner application.
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Failure Analysis

The modes of failure for the specimens of each group are presented in
Table 4.4 and Figure 4.12. For each group, the majority of failures were
mixed failures (Figure 4.13). There was no cohesive failure within the
restorative materials or within dentine alone. The mixed failure occurred
in laser prepared dentine more than in bur prepared dentine but was not
significantly different for both Fuji IX and Ketac Molar. At the superficial
dentine depth, laser prepared dentine with or without dentine
conditioner in Fuji IX showed only a mixed failure mode (0% in adhesive
failure mode). At the middle level, it showed more adhesive failure both
in bur and laser prepared dentine. At the deep dentine depth, the laser
prepared dentine with dentine conditioner in Ketac Molar showed a

mixed failure mode. No additional pre-testing failure was produced

during the specimen preparation for shear bond strength testing.

Figure 4.12 Light microscopy showing two types of failure a) Adhesive failure and b)
Mixed failure



4. Adhesion to laser prepared dentine

120

Table 4.4 Different failure modes of the specimens expressed as a percentage of the
total. The actual number of specimens for each mode of failure is in parentheses.

Group Preparation Conditioner  Adhesive failure  Mixed failure
Fuji IX
1 Bur None 33% (5) 67% (10)
2 Bur Conditioner 54% (8) 46% (7)
3 Laser None 40% (6) 60% (9)
4 Laser Conditioner 33% (5) 67% (10)
Ketac Molar
5 Bur None 40% (6) 60% (9)
6 Bur Conditioner 54% (8) 46% (7)
7 Laser None 40% (6) 60% (9)
8 Laser Conditioner 13% (2) 87% (13)
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SEM analysis of fractured specimen

SEM micrographs of laser prepared dentine, with dentine conditioner
(Figure 4.14) showed the mixed mode of failure with partially attached
GIC on the laser irradiated dentine. SEM micrographs of laser cut
dentine, Figures 4.15 a, c and e, and with dentine conditioner, Figures
4.15 b, d and f, showed adhesive failure. The high magnification of the
fractured specimen on the dentine side revealed penetration of GICs

into the dentinal tubules (Figure 4.15d).

S0 zm

Figure 4.14 Representative SEM micrographs of fractured specimens from the dentine
side (from the laser prepared group) a) A typical fractured specimen
exhibiting partially cohesive failure b) The glass ionomer cement fragment
on the dentine side in the box area (Figure 4.14a) ¢) The laser cut dentine
with glass ionomer plugs in the dentinal tubules (arrowed). d) The
conditioned laser cut dentine showing both a bulky mass of glass ionomer
cement attachment and plugs into dentinal tubules.



4. Adhesion to laser prepared dentine 123
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Figure 4.15 Representative scanning electron microscopy (SEM) micrographs of
fractured specimens of glass ionomer cement on dentine prepared by Er,Cr:YSGG laser.
a) A typical fractured specimen from the laser cut dentine group exhibiting adhesive
failure. b) A typical fractured specimen from the laser cut dentine followed by dentine
conditioner exhibiting adhesive failure. ¢) The laser cut dentin showing melting of
intertubular dentine and opening of dentinal tubule. d) The laser cut dentine following
dentine conditioner application revealing the glass ionomer on the surface. Some GIC
fragments plug into the tubules. e) At high magnification, showing the intertubular
dentine covering by the dentine debris. f) At high magnification, showing the open
dentinal tubules after applying the dentine conditioner. There are some dentinal
tubules that are still covered with molten intertubular dentine.
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SEM micrographs of bur prepared dentine, with and without dentine
conditioner (Figure 4.16) showed the adhesive failure and adhesive

failure with GIC fragments on the surface.

GIC
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Figure 4.16 Representative scanning electron microscopy (SEM) micrographs of
fractured specimens of glass ionomer cement (GIC) on dentin (D) prepared
by bur. a) At low magpnification, a typical fractured specimen from the bur
cut dentin group exhibiting adhesive failure. b) At low magnification, a
typical fractured specimen from the bur cut dentine followed by a dentine
conditioner exhibiting mixed failure. c) At high magnification, the bur cut
dentine showed there was GIC filler attached on the dentine surface and
the dentinal tubules were not clear. d) At high magnification, the bur cut
dentine following dentine conditioner application revealed some glass
ionomer penetrating into the opened dentinal tubules.
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4.3.3 Discussion

Data on the bond strength of a GIC to laser cut dentine is rare especially
the bond strength of conventional GICs [De Moor et al., 2006]. It is hard
to determine the bond strength of GICs as these are brittie materials and
have low bond strengths in sound dentine [Czarnecka et al., 2007]. The
mean shear bond strength from this study was measured from different
depths of dentine. In the bur preparation, there was no significant
difference in shear bond strength at different dentine depths. Ceballos
et al. (2002) reported that shear bond strength of composite resin to the
Er:YAG laser preparation was not influenced by dentine depth. They
found that the bond strength to deep dentine was higher than that in
superficial dentine but this was not significant. The present study is
comparable to this study in that the dentine depth did not show any
effect on shear bond strength. The dentine conditioner and interaction
between laser cut dentine and dentine conditioner showed an effect on
the shear bond strength of GIC but not significantly. Mixed failure
occurred more in conditioned laser cut dentine. This was evidenced by
the SEM micrographs which revealed the bulky or plate like appearance
of GIC attaching on the laser cut dentine with conditioner (Figures 4.14 b
and d). Moreover, a tag-like appearance was observed at high
magnification on conditioned laser cut dentine (Figures 4.14 d and 4.15
d). This may be explained by the fact that the dentine conditioner helps

to widen the dentinal tubules on laser cut dentine. The dentinal orifices
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are then accessible for GIC cement penetration. The effect of the
conditioner was not apparent for all parts of dentine and hence the
shear bond strength increased but not significantly. There were some
parts which the dentine conditioner failed to clear the dentine orifices
because the molten intertubular dentine completely covered the orifices.
The molten intertubular dentine was not uniform on the dentine surface.

This may be due to the pulsed nature of the energy of the laser machine.

The studies of bond strengths of restorative materials to laser cut
dentine are still controversial. This is because the morphological
appearance of laser cut dentine is different from conventional bur cut
dentine and hence the adhesion to laser cut dentine would be different.
The thermo-mechanical process alters both the chemical structure and
the morphological structure of dentine when laser energy is applied to
the dentine surface [Rosa et al., 2004]. Re et al. (2004) reported that
the shear bond strength of different adhesive systems to Nd:YAG cut
dentine was significantly lower than the bur cut dentine. The cut dentinal
tubules with this laser could be sealed rather than left open. Therefore,
this helps to prevent microorganism invasion into tubules which leads to
a possible reduction in postoperative sensitivity [Whitterst et al., 1995].
The Nd:YAG laser is suitable for the treatment of tooth hypersensitivity
more than cavity preparation [Mercer, 1996]. The Nd:YAG laser cut

dentine shows less susceptibility to an acid solution due to the change in
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its Ca:P ratio and chemical structure . This may reduce the efficiency of
acid etching in bonding procedures for adhesive-dependent restorative

materials like composite resin [Re et al., 2004]

In contrast, numerous researchers have reported a rough, smear layer
free dentine, and opening dentinal tubules of the Erbium laser cut
dentine which could help to promote the retention of restorative
materials. The use of the laser for an effect similar to acid etching was
thus introduced. Previous reports encourage the use of the erbium laser
to enhance the bond strength of restorations in the same way as acid
treatment. The advantages are the enlargement of the adhesive area
due to the scaly and flaky structure after laser irradiation [Keller and
Hibst, 1989; Visuri et al., 1996b]. The report from Usumez et al. (2003)
indicates that dentine surface conditioning with the Er,Cr.YSGG laser
yields statistically similar microtensile bond strengths to acid etching. In
contrast, Ceballo et al (2002) showed that etching dentine with the low
level power of the Er:YAG laser adversely affected adhesion to dentine

and did not constitute an alternative to acid etching.

Many investigations have been focused on the bonding of composite
materials and adhesive systems to laser cut dentine [Dunn et al., 2005;
Celik et al., 2006]. Laser irradiation may produce an unfavourable
dentine appearance. The laser melted intertubular dentine and sealed

the dentinal tubules. Therefore, the bond strength to laser cut dentine
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was relatively low compared to conventional bur cut dentine. On the
other hand, laser irradiation produces a smear layer-free surface with
wide orifices of dentinal tubules. The bond strength to laser cut dentine
is improved. It is possible that the energy per pulse may not be constant
during laser irradiation. The variability of dentine tissue is possibly

another cause of the different appearance upon laser application.

Comparison between shear bond strength testing and microtensile bond
strength testing, the shear bond strength was higher than microtensile
bond strength for all experimental group except group 8. Although, it
appeared that the microtensile test was better able to differentiate
between experimental groups but number of the pre-testing failure
sample is higher than the shear bond strength testing. Therefore in the
next experiment, the shear bond test was selected because there was

no any pre-testing failure during the specimen preparation.

44 Summary

The use of a dentine conditioner showed an effect on laser irradiated
dentine and helped to promote the bond strength of glass ionomer to

laser prepared dentine, thereby rejecting the null hypothesis.



CHAPTER 5
OPTIMAL LASER PARAMETERS
FOR ADHESION OF GLASS IONOMER CEMENT

5.1 Background

Laser preparation produces a dentine surface which has different
characteristics from those prepared with the conventional bur
instruments. The rough surface, clean and open dentinal tubules is the
dominant characteristic when using laser preparation (Er.YAG and
Er,Cr:YSGG laser). The peritubular dentine protruding from the
surrounding intertubular dentine was observed at the microscopic level
[Aranha et al., 2007]. The peritubular dentine is less susceptible to laser
energies; this is possibly due to the high mineral content and low water
content. These dentine characteristics may be favourable for good
bonding of dental restorative materials. However, many studies still
report the contrary regarding bonding to laser prepared dentine. Most of
the in vitro investigations showed that laser preparation had the neutral
or adverse effect to bond strength of restorative materials [Lin et al.,
1999; Ceballos et al., 2002; Donadio-Moura et al., 2005). The adverse
effects on dentine adhesion with a laser are possibly due to the fact that

the laser cannot selectively remove hydroxyapatite crystallites without
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affecting the collagen fibre network [Sheth et al., 2004]. The unwanted
side effect of laser irradiation would be necrosis, carbonisation, leaving
some residual zones of debris and microcracks on the dentine tissue
[Koort and Frentzen, 1992]. In addition, the side effect of pulsed
infrared laser types was mainly influenced by the physical and chemical
properties of the dental tissues, not only by the selected laser
parameters. Dentine tissue property variation depends on many factors
such as region (the distance from pulp tissue, the alignment of dentinal
tubule), aging, etc [Pereira et al., 2000]. Laser energy alters the physical
chemical and mechanical properties of dentine tissue. [de Carvalho et
al., 2007]. Tonami et al. (2005) showed the effects of Laser irradiation
on tensile bond strength of bovine dentine. They found that tensile bond

strength of bovine dentine decreases after laser irradiation.

To bond to laser prepared dentine, the restorative materials used should
be chosen depending on the laser energies applied to the tooth surface
[Roebuck et al., 2000]. Ribeiro et al. (2005) investigated the different
laser energy densities of the Nd:YAG laser (1.4 Watts;120 mJ/pulses,
1.2 Watts; 140 mJ/pulses and 1.6 Watts; 160 mJ/pulses) on the
marginal leakage in class V cavities (composite resin). They found no
significant difference in marginal leakage score between the three
different laser energies applied to the dentine surface. However, the

marginal leakage decreases after laser conditioning when compared to a
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controlled group. The low score of marginal leakage was observed when
using high laser energy densities (140 mJ and 160 mlJ). Similarly,
Roebuck et al. (2000) showed that three different laser energy
(200,240,300 mJ) of the Er.YAG laser did not adversely influence
microleakage of class V compomer restoration. They suggested that the
optimum laser energy which was the best to seal enamel and dentine
margin when using Compoglass was 240 mJ. This is the laser parameter
which best enhances the marginal seal or bond strength of individual

restorative material.

Due to differences in dentine appearance and micromechanical
properties after laser irradiation at various power settings, it was
important to assess the optimal laser parameters required to maximize

the adhesion of glass ionomer cement to the dentine surface.

This chapter aims to identify the optimal laser power parameters for
good adhesion of glass ionomer cement to Er,Cr.YSGG laser prepared
dentine based on the shear bond strength test and SEM investigation of
the fractured specimens after testing the shear bond strength. The null
hypothesis tested was the working distance, the power setting and the
laser application time did not influence the mean shear bond strength

between glass ionomer cement and laser irradiated dentine.
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5.2 Shear bond strength measurement

5.2.1 Materials and method
Specimen preparation

In this section, the same materials and shear bond strength testing
methods as were described in the previous chapter are applied. Two
hundred teeth were used and the specimens were prepared in the same
way. The laser power setting, distance between the laser tip and the
dentine surface and the exposure time was varied in order to optimise
the laser parameters, to achieve the highest shear bond strength

between conventional glass ionomer cement and dentine.

Power-Setting

Eighty specimens were randomly divided into four groups of twenty teeth
according to the different laser power settings: 3 Watts (33.9 J/cm?), 3.5
Watts (39.6 J/cm2), 4 Watts (45.2 J/cm?2) and 4.5 Watts (50.9 J/cm?)
respectively. Each specimen was placed on a movable stand and the
laser hand piece was held with a clamp to fix its distance at imm. The
repetition line was made freehand, by moving the specimen along the

path of the laser beam over a period of 60 seconds.
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Specimen preparation
n=80
Laser irradistion with different power settings

= RN e

Shear bond strength testing at the superficlal dentine depth

Figure 5.1 Schematic showing the experimental group when varying power settings of
laser

Sixty specimens were randomly divided into three groups of twenty teeth
according to the different distances between the laser tip and the
dentine surface: 1, 1.5, and 2 mm respectively. Each specimen was
placed on a movable stand and the laser handpiece was held with a
clamp. A feeler gauge was used to measure the working distance. The
repetition line was made freehand by moving the specimen along the
path of the laser beam over a 60 second period. The power setting was

fixed at 4 Watts.
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The exposure Time

Sixty specimens were randomly divided into three groups of twenty teeth
according to different laser application times: 30, 60, and 90 seconds
respectively. Each specimen was placed on a movable stand and a laser
handpiece was held with a clamp at a fixed distance of 1 mm. The
repetition line was made freehand by moving the specimen along the
path of the laser beam over a 60 second period. The power setting was

fixed at 4 Watts.

After 24 hours storage in distilled water with a constant temperature of
37°C and 100% relative humidity, test specimens were removed from

the incubator and cooled down to room temperature.

Shear bond strength measurement

The method was the same as described in chapter 4.

Failure investigation

The method was the same as described in chapter 4.

Statistical Analysis

The mean values and standard deviations were analysed using three-
way analysis of variance (ANOVA) and Tukey's Test (p<0.05). The
materials the laser parameters (power setting, distance, and application
time), the dentine conditioner and the depth of dentine were the three

factors for each material (Ketac Molar and Fuji IX). In addition, the
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interaction of laser parameters was evaluated using General Linear

Model analysis (p<0.05).

5.2.2 Results
Shear bond strength measurement

Power setting

The effect of power settings on shear bond strength of Ketac molar and
Fuji IX are shown in Tables 5.1 and 5.2, respectively (Figure 5.2). The
mean shear bond strength of Ketac Molar when varying the power
settings ranged from 4.67-6.59 MPa. The maximum combined shear
bond strength was obtained from the specimens prepared using the
power setting of 3.5 Watts and after the dentine was conditioned with
Ketac Conditioner. The minimum combined shear bond strength was
obtained from the specimens prepared using the power setting of 3
Watts without conditioner application. Three ways ANOVA (three factors;
power setting, conditioner and dentine level) showed that varying the
power setting, conditioner and dentine level produced no significant
effect on shear bond strength for Ketac Molar (p>0.05) (Table 5.3).
However, the shear bond strength to conditioned laser prepared dentine
was higher than that for the unconditioned group except at a power

setting of 4 Watts.
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Table 5.1 Mean shear bond strengths of Ketac Molar as function of Power setting
obtained from superficial (S), middle (M) and deep (D) dentine. Standard deviation is
given in parentheses.

Group  Conditioner Dentine Shear bond strength (Ml'i'a)

used level Mean (SD) Combined Mean (SD)

3w

3.5wW

4w

4.5W

no

yes

no

yes

no

yes

no

yes

O 00202222020

5.31(2.87)
4.85 (2.34)
3.86 (1.79)
6.96 (2.29)
7.59 (2.47)
3.42 (0.60)
4,70 (2.34)
4.84 (1.66)
6.94 (2.82)
5.13(2.11)
9.96 (1.14)
4.66 (2.05)
5.42 (4.35)
6.99 (0.84)
5.49 (2.33)
5.51 (2.36)
8.03 (4.16)
3.83(1.17)
5.89 (1.63)
6.28 (3.23)
5.10 (0.92)
5.26 (2.97)
6.64 (6.35)
6.24 (3.61)

4.67 (2.29)

6.00 (2.64)

5.50 (2.40)

6.59 (3.00)

5.97 (2.78)

5.79 (3.19)

5.76 (2.06)

6.05 (4.26)
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Table 5.2 Mean shear bond strengths of Fuji IX as function of Power setting obtained

from superficial (S), middie (M) and deep (D) dentine. Standard deviation is given in

parentheses.

Group  Conditioner

Dentine
level

Shear bond strength (MPa)

Mean (SD)

Combined Mean (SD)

3w

3.5W

4w

4.5W

no

yes

no

yes

no

yes

no

yes

O o2V VOXTNVOTNOTVWOEO®

1.66 (0.42)
4.33(1.93)
2.56 (0.82)
5.78 (3.21)
4.32(2.94)
5.83 (1.46)
3.16 (0.83)
3.91(2.80)
2.00 (1.57)
5.24 (4.00)
4.05 (2.08)
4.60 (2.87)
2.88 (1.68)
4.15 (2.07)
4.29 (1.21)
5.63 (3.20)
5.22 (2.82)
4.77 (1.62)
4.84(3.61)
3.01(1.47)
1.59 (0.45)
7.13 (3.66)
5.01 (2.60)
5.76 (1.67)

2.88(1.63)

5.31 (2.56)

3.03 (1.95)

4.63 (2.90)

3.78 (1.70)

5.21(2.47)

3.15(2.56)

5.97 (2.72)
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(a) SBS of Ketac Molar as a function of laser power settings and
different dentine depths
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(b) SBS of Fuji IX as a functions of power settings and different

dentine depths
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Figure 5.2 Shear bond strength (SBS) of Ketac Molar (A) and Fuji IX (B) as a function of
power settings/ dentine treatment at different dentine depths.
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The combined shear bond strength of Fuji IX when varying the power
setting ranged from 2.88-5.97 MPa. The maximum combined shear
bond strength was recorded at a power setting of 4.5 Watts after
conditioning with dentine conditioner while the minimum was recorded
for the group prepared using the 3 Watts power setting and no dentine
conditioner treatment. Three ways ANOVA (three factors; power setting,
conditioner and dentine level) showed that varying the power setting,
conditioner and dentine level produced no significant effect on shear

bond strength for Fuji IX (p>0.05) (Table 5.4).

Table 5.3 Statistical analysis of shear bond strength of Ketac Molar (p-value) when
varying laser power settings.

~ Test group Shear bond strength (MPa)
Control Conditioner P-value
Group 1 (3W) 4,67 (2.29) 6.00 (2.64) 0.154
Group 2 (3.5W) 5.50 (2.40) 6.59 (3.00) 0.280
Group 3 (4W) 5.97 (2.78) 5.79 (3.19) 0.873
Group 4 (4.5W) 5.76 (2.06) 6.05 (4.26) 0.815

Table 5.4 Statistical analysis of shear bond strength of Fuji IX (p-value) when varying
laser power settings.

Test group Shear bond strength (MPa)
Control Conditioner Pvalue
Group 1 (3W) 2.88(1.63) 5.31 (2.56) 0.004
Group 2 (3.5W) 3.03(1.95) 4.63 (2.90) 0.086
Group 3 (4W) 3.78(1.70) 5.21 (2.47) 0.075

Group 4 (4.5W) 3.15 (2.56) 5.97 (2.72) 0.007
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Four ways General linear model (four factors; materials, power setting,
conditioner and dentine level) revealed that the type of restorative
material, dentine conditioner and the dentine level significantly affects

the shear bond strength to laser prepared dentine (Figure 5.3).

GenelﬂLheaModetSheabmdstreruh(CﬁvusmMmH(CZ),Pmﬂ
JC3), conditioner (C4), and depth of dentine (C5)

Factorn..Iype Levels Values

cz fixed & 2

C3 fixed 4.4 2, 3, 4
C4 fixed Snds 2

Cs fixed 3 A 2, 3

Analysis of Variance for Cl, using Adjusted SS for Tests

Source DF Seg SS  Ad] SS Adi MS F 3
c2 1 143.995 143.995..143.995 21.2¢ [0.000

3 10.627  10.627  3.542 0.52.10,667
c4 1  110.248  110.248..110.248 16.26 |0.000
cs 2 52.133 52,133  26.067 3.85.10.023

Errer  232..3372.707 1372,707  €.779
Total  233..3823.734

S = 2.60363 R-Sg = 16.78% R-Sgladi) = 14.26%
Figure 5.3 General Linear Model analysis showed the effect of power settings to shear

bond strength with the interaction between materials (Fuji IX and Ketac Molar), surface
treatment (conditioning), and dentine depth (superficial, middle, and deep).
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The distance between laser tip and dentine surface

The effect of distance between the laser tip and dentine surface on the
shear bond strength of Ketac Molar and Fuji IX is shown in Tables 5.5

and 5.6, respectively (Figure 5.4).

Table 5.5 Mean shear bond strengths of Ketac Molar as function of the distance
between the laser tip and the dentine surface obtained from superficial (S), middie (M)
and deep (D) dentine. Standard deviation is given in parentheses.

Group _ Conditioner  Dentine level Shear bond strength (MPa)

Mean (SD) ~Combined Mean (SD)

1mm no 5.42 (4.35) 5.97 (2.78)
6.99 (0.84)
5.49 (2.33)
5.51 (2.36) 5.79 (3.19)
8.03 (4.16)
3.83(1.17)
2.61 (1.69) 4.30(2.31)
5.83 (2.12)
4.45 (2.17)
5.44 (2.95) 5.14 (3.58)
2.94 (1.73)
7.22(4.87)
3.87 (2.65) 4.45 (2.26)
5.20 (1.86)
4.26 (2.47)
4.99 (3.63) 3.58 (2.93)
1.72 (0.47)

4.01(3.11)

yes

1.5mm no

yes

2mm no

yes

O Vo222 oo NoOoO2o®

The combined shear bond strength for Ketac Molar when varying the
distance between the laser tip and the dentine surface ranged from
3.58-5.97 MPa. The maximum combined shear bond strength was
obtained from specimens prepared at a distance of 1 mm and without
Ketac Conditioner treatment while the minimum strength Was gained

from at a distance of 2 mm with Ketac Conditioner treatment.
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The combined shear bond strength of Fuji IX when varying the working
distance ranged from 2.90-5.21 MPa. The maximum combined shear
bond strength was obtained from specimens prepared at a distance of 1
mm with Dentine Conditioner treatment while the minimum strength was

measured at a distance of 2 mm without Dentine Conditioner treatment.

Table 5.6 Mean shear bond strengths of Fuji IX as function of the distance between the
laser tip and the dentine surface obtained from superficial (S), middie (M) and deep (D)
dentine. Standard deviation is given in parentheses.

Group  Conditioner _ Dentine Shear bond strength (MPa)

level Mean (SD) Combined Mean (SD)

2.88 (1.68) 3.78 (1.70)
4.15 (2.07)
4.29 (1.21)
5.63 (3.20) 5.21 (2.47)
5.22 (2.82)
4.77 (1.62)
3.81(1.36) 4.12 (3.55)
6.10 (5.45)
2.44 (1.71)
5.94 (1.74) 4.73(2.49)
4.28(3.12)
3.94 (2.44)
3.56 (2.39) 2.90 (1.85)
2.15 (0.87)
2.99 (2.05)
3.25(1.69) 3.70(1.92)
3.00 (1.59)
4.84(2.22)

1mm no

conditioner

1.5mm no

conditioner

2 mm no

conditioner

OZL 0o VOO Z2T VO NVNOZVWOX®L
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Four ways - General linear model analysis (four factors; materials,
distance, conditioner and dentine level) showed that the effect of the
distance between laser tip and dentine surface on shear bond strength
(p<0.05) was significant (Figure 5.5). In addition, the material type also
shows an effect on shear bond strength (p<0.05) (Figure 5.6). However,
no significant affect on shear bond strength of Ketac Molar or Fuji IX
(Three way ANOVA, p>0.05) is observed with or without dentine

conditioner or for different dentine levels as shown in Table 5.7 and 5.8.

Table 5.7 Statistical analysis of shear bond strength of Ketac Molar (p-value) when
varying the distance between laser tip and dentine surface.

Test group Shear bond strength (MPa)
Control Conditioner P-value
Group 1 (1 mm) 337—(5?'78) 5.79 (3.19) 0.873
Group 2 (1.5 mm) 4.30 (2.31) 5.14 (3.58) 0.450
Group 3 (2 mm) 4.45 (2.26) 3.58 (2.93) 0.372

Table 5.8 Statistical analysis of shear bond strength of Fuji IX (p-value) when varying
the distance between laser tip and dentine surface.

Test group Shear bond strength (M1P§)
Control Conditioner P-value
Group 1 (1 mm) 3.78 (1.70) 5.21 (2.47) 0.075
Group 2 (1.5 mm) 4.12 (3.55) 4.73 (2.49) 0.594

Group 3 (2 mm) 2.90 (1.85) 3.70 (1.92) 0.2565




5. Optimal laser parameters for adhesion of Glass ionomer cement 144

(a) SBS of Ketac Molar as function of the distance and different
dentine depths
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(b) SBS of Fuji IX as function between distance and different

dentine depths
i @ Superficial
12 T o Middle

MPa

different dentine treatment

Figure 5.4 Shear bond strength (SBS) of Ketac Molar a) and Fuji IX b) as function of the

distance between laser tip and dentine surface/dentine treatment at
different dentine depths.
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General Linear Model: Shear bond strength (C1) versus Material (C2),
The distance between laser 5) and dentine surface (C3), conditioner (C4),
Different dentine depth (C5)

mm Levels Values

fixed St 2
C3 fixed St 2, 3
C4 fixed Sls 2
cs fixed .3 3, 3

Analysis of Variance for C1l, using Adjusted SS for Tests

Scurce DF Seq SS ad] SS...Ad] MS F P
cz 1 28. 28.688..28.688 4.08 | 0.045
CS 2 71 286 BR800 643 S5.07 | 0,007
C4 1 .672 W 8.8672. 123 | 0.268
Cs 2 2 484 1.242..0.18 | 0.838

Error  173..1216.334 &m 7.035
Total  178..332%.34%

S = 2.65229 R-Sq = 8.37% R-Sgladij) = 5.19%

Figure 5.5 General Linear Model analysis showed the effect of the distance between
laser tip and dentine surface to shear bond strength with the interaction between
materials (Fuji IX and Ketac Molar), surface treatment (conditioning), and dentine
depth (superficial, middle, and deep).

The exposure time

The combined mean shear bond strength of Ketac Molar and Fuiji IX for
different exposure times is shown in Tables 5.9 and 5.10 respectively

(Figure 5.6).

The combined shear bond strength of Ketac Molar when varying the
laser exposure time ranges from 3.35-5.97 MPa. The maximum
combined shear bond strength was determined from the specimens

using an exposure time of 60 seconds without Ketac Conditioner
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pretreatment while the minimum value was obtained from specimens

using an exposure time of 30 seconds without Ketac Conditioner.

Table 5.9 Mean shear bond strengths of Ketac Molar as function of laser exposure
time obtained from superficial (S), middie (M) and deep (D) dentine. Standard deviation
is given in parentheses.

Group Conditioner Dentine level Shear bond strength (VPa)
Mean (SD) Combined Mean (SD)

30s no ] 2.45(2.12) 3.35(2.27)
M 3.69(2.78)
D 3.91(2.05)

yes S 5.28 (3.32) 4.73(2.99)
M 491 (4.28)
D 3.97 (0.89)

60s no S 5.42 (4.35) 5.97 (2.78)
M 6.99 (0.84)
D 5.49 (2.33)

yes S 5.51(2.36) 5.79 (3.19)
M 8.03 (4.16)
D 3.83(1.17)

90s no S 5.15 (3.42) 4.34 (2.39)
M 4,16 (2.59)
D 3.69 (0.36)

yes S 4.83 (2.55) 4,93 (2.94)
M 3.10(1.63)
D 6.84 (3.52)
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The combined shear bond strength of Fuji IX when varying the laser
exposure time ranges from 3.71 - 5.61 MPa. The maximum combined
shear bond strength was obtained from the specimen using a laser
exposure time of 90 seconds without Dentine Conditioner while the
minimum was obtained from the group using an exposure time of 30

seconds with Dentine Conditioner application.

Table 5.10 Mean shear bond strengths of Fuji IX as function of laser exposure time
obtained from superficial (8), middle (M) and deep (D) dentine. Standard deviation is
given in parentheses.

Group  Conditioner Dentine Shear bond strength (MPa)

level Mean (SD) ____ Combined Mean (SD)

30s no 4.42(1.72) 3.89 (1.66)
3.74 (1.94)
3.49 (1.51)
4.68 (1.53) 3.71(1.45)
2.72(1.23)
3.71(1.00)
2.88 (1.68) 3.78(1.70)
4.15 (2.07)
4.29 (1.21)
5.63 (3.20) 5.21(2.47)
5.22 (2.82)
4.77 (1.62)
6.28 (4.50) 5.61(3.28)
5.81 (1.90)
4.72 (3.48)
5.45 (2.19) 4.93(1.83)
4.74 (2.43)

4.57 (0.64)

yes

60s no

yes

90s no

yes
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(a) SBS of Ketac Molar as function between exposure time
and different dentine depths
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(b) SBS of Fuji IX as function between exposure time and
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Figure 5.6 Shear bond strength (SBS) of Ketac Molar (a) and Fuji IX (b) as function of

the distance between laser tip and dentine surface/dentine treatment at
different dentine depth.
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There was no significant difference in shear bond strength between
conditioned and unconditioned Ketac Molar laser prepared dentine at

any given exposure time (Three way ANOVA, p > 0.05)(Table 5.11).

Table 5.11 Statistical analysis of shear bond strength of Ketac Molar (p-value) when
varying the exposure time.

Test group Shear bond strength (MPa)
Control Conditioner P-value
Group 1 (305) 3.35 (2.27) 4.73(2.99) 0.168
Group 2 (60 s) 5.97 (2.78) 5.79 (3.19) 0.873
Group 3 (90 s) 4.34 (2.39) 4.93 (2.94) 0.550

For Fuji IX, there was also no significant difference in shear bond
strength between conditioned and unconditioned laser prepared dentine
at any given exposure time (Three way ANOVA, p>0.05) (Table 5.12). The
shear bond strength tends to increase with increasing exposure time but

was not significantly different.

Table 5.12 Statistical analysis of shear bond strength of Fuji IX (p-value) when varying
the exposure time.

Test group Shear bond strength (MPa)
Control Conditioner P-value
Group 1 (305s) 3.35(2.27) 4.73(2.99) 0.755
Group 2 (60 s) 3.78 (1.70) 5.21(2.47) 0.075%

Group 3 (90s) 4.34 (2.39) 4.93 (2.94) 0.487
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Statistical analysis using four way General linear model analysis (four
factors; materials, exposure time, conditioner and dentine level)
revealed that the only significant correlation is between exposure time
and shear bond strength for the two glass ionomer cements (p<0.05).
The other factors show no significant affect on the shear bond strength

(p>0.05), see figure 5.7.

Ga\erdlheaMaid:Sheabmdsra\gh(Cl)vasnsMaaﬂ(Cl)M
time gg},m(a),mmm (C5)

Facror. . Iype Levels Values

c2 fixed &ocds 2
C3 fixed Sl 2, 3
c4 fixed &k 2
Cs fixed Soksr &y 3

Rnalysis of Variance for Cl, using Adjusted SS for Tests

Scurce DF Seg SS adi S$S..A41 Ms F P
c2 1 4.848 4.949  4.849..0.78 | 0.378

o, 2 54.653 54.653..27.327 4.32 L0.015
c4 1 6.943 6:943 6.949..1.10 [ 0.296
cs 2 5.354 5354 2.677...0.42 | 0.656
Error  173..4083.332 1023,432 6.330

Total 173 .31€7.037

S = 2.51600 R-Sq = 6.16% R-Sgladj) = 2.91%

Figure 5.7 General Linear Model analysis showed the effect of laser parameter to shear
bond strength with the interaction between materials (Fuji IX and Ketac Molar), surface
treatment (conditioning), and dentine depth (superficial, middle, and deep).
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Fracture analysis

Examination of the fractured specimens under the light microscope
revealed two different patterns of failure: adhesive and mixed failure.
The modes of failure for Ketac Molar and Fuji IX are presented in Tables
5.13 and 5.14. The majority of fractured specimens both from Ketac
Molar and Fuji IX exhibited adhesive failure. At a working distance of
1 mm, Ketac Molar showed approximately 60% of mixed failure. The
fracture mode of Ketac Molar with an application time of 60 sec
revealed a 60% mixed failure. The power setting did not show any effect
on the fracture mode that correlates to the shear bond strength.
Furthermore, the dentine conditioner and dentine depth show no effect
on the mode of failure. For Fuji IX specimens, the fracture modes were
uncorrelated to the laser parameters, dentine conditioner, and dentine

depth.
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Table 5.13 Different failure modes of fractured specimens (Ketac Molar) expressed as
a percentage of the total. The number of specimens for each mode of failure is in
parentheses.

Parameter Failure Pattern
No conditioner Conditioner
Adhesive Mixed failure Adhesive Mixed failure
failure failure

Power setting

3w 80% (12) 20% (3) 73% (11) 27% (4)

3.5wW 73% (11) 27% (4) 60% (9) 40% (6)

AW 40% (6) 60% (9) 80% (12) 20% (3)

4.5W 40% (6) 60% (9) 87% (13) 13%(2)
Distance

1mm 40% (6) 60% (9) 80% (12) 20% (3)

1.5 mm 80% (12) 20% (3) 100% (15) 0% (0)

2mm 93% (14) 7% (1) 100% (15) 0% (0)

Application time

30s 93% (14) 7% (1) 93% (14) 7% (1)

60s 40% (6) 60% (9) 80% (12) 20% (3)

90s 93% (14) 7% (1) 93% (14) 7% (1)

Table 5.14 Different failure modes of fractured specimens (Fuji IX) expressed as a
percentage of the total. The number of specimens for each mode of failure is in
parentheses.

Parameter Failure Pattern
No conditioner Conditioner
Adhesive Mixed failure Adhesive Mixed failure
failure failure

Power setting

3w 100% (15) 0% (0) 100% (15) 0% (0)

3.5wW 87% (13) 13%(2) 87% (13) 13% (2)

AW 80% (12) 20% (3) 80% (12) 20% (3)

4.5W 87% (13) 13% (2) 80% (12) 20% (3)
Distance

1imm 80% (12) 20% (3) 80% (12) 20% (3)

1.5 mm 100% (15) 0% (0) 100% (15) 0% (0)

2 mm 100% (15) 0% (0) 100% (15) 0% (0)

Application time
30s 100% (15) 0% (0) 100% (15) 0% (0)
60s 80% (12) 20% (3) 80% (12) 20% (3)

90s 80% (12) 20% (3) 93% (14) 7% (1)
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SEM microscopy

Small fragments of glass ionomer cement were observed on the
unconditioned dentine at any power setting (Figure 5.8 a-d).
In conditioned laser prepared dentine, tags of glass ionomer cement are
seen penetrating into the dentinal tubules (Figure 5.9 a-d). Notably, it
was seen that the molten irradiated dentine surface at a power setting
of 4.5 Watts was elongated. The debonded area of laser prepared
dentine when using a power setting of 4.5 Watts has two different
characteristics (Figure 5.10 a-d). It shows the smooth intertubular
dentine surrounding the peritubular dentine (Figure 5.10a and ¢) or a
scaly, rough, cuff-like appearance of intertubular dentine around the

peritubular dentine (Figure 5.10 b and d).
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Figure 5.8 Representative SEM micrographs of a fractured specimens of glass ionomer
cement (GIC) on dentine (D) prepared by Er,Cr:YSGG laser. All these
micrographs are from adhesive failure group.

a) At a power setting of 3 Watts, the fractured dentine surface exhibited some
small fragment of GIC attached on the surface.

b) At a power setting of 3.5 Watts, the fractured dentine surface showed some
fragment of GIC and some cement plugs into the dentinal tubules.

c) At the power setting of 4Watts, the laser cut dentine showed bulky fragments
of GIC attached on dentine surface. The dentine surface appeared distorted
due to the shear force.

d) At a power setting of 4.5Watts, the fractured dentine surface revealed molten
dentine mass mixed with fragments of GIC and filler attached on the surface.
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Figure 5.9 Representative SEM mlcrographs of a fractured specimens of glass ionomer

a)

b)

d)

cement (GIC) on dentine (D) prepared by Er,Cr:-YSGG laser following dentine
conditioner on the dentine side. All these micrograph are from adhesive
failure group.
At a power setting of 3Watts, the fractured dentine surface exhibited some
small inclusions of GIC attached on the surface and molten appearance of
dentine surface was observed.
At a power setting of 3.5Watts, the fractured dentine surface showed GIC
cement plugged into the dentinal tubules.
At a the power setting of 4 Watts, the laser cut dentine showed the edge of
peritubular dentine and some GIC fragment plugged into the dentinal tubules
At a power setting of 4.5 Watts, the fractured dentine surface revealed a
molten dentine mass mixed with fragments of GIC and filler attached on the
surface.
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Figure 5.10Representative SEM micrographs of fractured specimens of GIC on dentine
(D) prepared by ErCrYSGG laser following dentine conditioner on the
dentine side. All these micrographs are from the adhesive failure group and
the power setting of 4.5 Watts.

a) Dentine appearance of fracture specimen, showing the small fragments of GIC
attached on the surface

b) At power setting of 4.5 Watts, the fractured specimen exhibited a collar-like
appearance of the laser-irradiated dentine (depletion of intertubular dentine).

c) At high magnification, the molten intertubular dentine coated the surface and
reduced the size of dentinal orifices.

d) At higher maghnification, the fractured dentine surface revealed the depletion
of intertubular dentine and molten mass of peritubular dentine.
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5.2.3 Discussion

Adhesion of glass ionomer cement to sound dentine or conventional bur
preparation is weak compared to composite resin. Shear bond strength
of glass ionomer cement to dentine was reported from 1-3 MPa, and
rarely exceed 5 MPa [Czarnecka et al., 2007]. In the present study, the
shear bond strength of conventional glass ionomer cement to laser
prepared dentine was in the range of 3-7 MPa. In this respect, it seems
to be that laser preparation improves the adhesion of the glass ionomer
cement to the dentine surface. The adhesion mechanism of
conventional glass ionomer is based on mechanical theories, adsorption
theories and diffusion theories. The hydrogen ions from the glass
ionomer cement and phosphate ions from hydroxyapatite crystals play
an important role for glass ionomer bonding. The inherent wetness of
the dentine interface may affect the bond strength [Watson et al., 1998].
Some literatures have reported the reduction of the collagen component
and recrystallization of hydroxyapatite on the dentine surface after
Er:YAG laser irradiation [Carmerlingo et al., 2004; Armengol et al.,2002].
Therefore, the interaction between glass ionomer and laser prepared

dentine would be different from the conventional preparation.

Of critical concern, the shear bond strength value which measured from
this study was approximately half the value found in the previous

chapter. This is because of the different laser parameter. Previous



5. Optimal laser parameters for adhesion of Glass ionomer cement 158

chapter have used the power setting 5 Watt in order to get high dentine
ablation efficiency. This laser output was over the acceptable limits for

dentine cutting.

In the present study, the combined shear bond strength of Ketac Molar
was low when using a power setting of 3 Watts (33.9 J/cm?2). From the
previous chapter, a dentine debris layer was seen on the surface under
SEM observations at this power setting. This is comparable to the report
from Ishizaka et al. (2002). They found a thin layer after ErYAG
irradiation using the laser energy densities ranged from 20.8 J/cm? to
36.5 J/cm2. In chapter 3, the microhardness after laser irradiation
decreased therefore this thin layer may be the organic part of the
dentine (protein in collagen fibril) covering the dentine surface. The heat
production which cannot be eliminated by the cooling system may cause
the protein denature (in collagen fibril) [Kayano et al., 1991]. This is not
favourable for adhesion to lased dentine. It is speculated that the
intermechanical locking is not achieved and hence does not promote

bond strength at this power setting.

The maximum shear bond strength of Ketac Molar is obtained when
using a power setting of 3.5 Watts (40 J/cm?2) with dentine conditioner.
This demonstrates that the combination of treatments between
increasing laser energies and the effect of Ketac Conditioner is

successful in removing the debris layer on the irradiated dentine
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surface. The results from previous chapter showed that the microtensile
bond strength of the glass ionomer cement (Fuji IX and Ketac Molar) to
the laser prepared dentine was improved when using the Dentine
conditioner or Ketac conditioner. The shear bond strength increases in
the conditioned group in comparison to the unconditioned group at every
power setting except at 4 Watts. The possible reason for this may be the
excessive demineralisation reaction of the dentine conditioner to the
dentine surface irradiated at a power setting of 4 Watts. From previous
chapter, the SEM micrograph of the laser irradiated dentine surface at a
power setting of 4 Watts has the recrystallized like substance without
dentine debris on the surface. Therefore, the excessive demineralisation
from dentine conditioner application may destroy the recrystallization of
hydroxyapatite which is in fungi form appearance and helps to contribute
to the micromechanical retention or possible chemical adhesion of glass
ionomer cement to the dentine surface [Cooper et al., 1988; Melendez
et al.,, 1992]. This demonstrates that the dentine conditioner helps to
remove the debris layer that is seen in irradiated dentine at 3, 3.5 and
4.5 Watts and is comparable to the SEM images in Chapter 3, where it
was found that dentine debris occurs in every power setting except 4
Watts. Moreover, it is in agreement with the previous study by de
Carvalho et al. (2005). As evidenced by their SEM micrographs, the
irradiated dentine surface showed occluded dentinal tubule and intact

smear layer when irradiating at low energy densities (18.1 and 17.1 J/
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cm?). This is possibly due to the temperature for evaporation not being
fully realised and only partial ablation occurs [Keller and Hibst, 1990].
The Ketac Conditioner shows an adverse affect on shear bond strength
of Ketac Molar when using the laser output of 4 Watts. This was
comparable with study from Melendez et al. (1992). They concluded that
shear bond strength of Ketac Cement (Ketac Fil) was adversely affected
by laser etching. On the contrary, the Fuji material (Fuji Il) has improved
shear bond strength after laser etching. The different brand of glass
ionomer cement, the delivery system and the inherent properties of
materials could be related to the adverse affects when using the laser
for tooth preparation [Melendez et al., 1992]. The report from Czarnecka
et al. (2007) provides supportive information in terms of the delivery
system. The shear bond strength of Fuji IX caps and Ketac molar Aplicap

is higher than that with hand mixed type.

For Fuji IX, the Dentine Conditioner seems to be successful in removing
the dentine debris layer at a power setting of 4.5 Watts because the
shear bond strength achieved is at its maximum. The lowest shear bond
strength is obtained for a power setting of 3 Watts with unconditioned
dentine and then increases significantly when dentine conditioner is
applied. This indicates that the dentine debris layer reduces the ability to
bond between Fuji IX and irradiated dentine and the dentine conditioner

improves the surface characteristics to promote higher bond strength.
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At all power settings, the conditioned dentine surface has higher bond
strength than for the unconditioned groups. There was a significant
difference in shear bond strength between the conditioned and
unconditioned groups particularly in the 3 and 4.5 Watt groups (Three
ways ANOVA, p <0.05). These data demonstrates that the shear bond
strength of Fuji IX to laser irradiated dentine improves by using Dentine
Conditioner. It is possible that the dentine debris layer is completely

removed by the conditioner.

The optimal power for good adhesion of glass ionomer cement to laser
prepared dentine is achieved when no dentine debris layer is produced.
Therefore, the optimal setting from these results should be 4 Watts.
However, the ability to remove the dentine at a power setting of 4Watts
is lower than that at the power setting of 4.5 Watts. Therefore, it is
possible to use the power setting of 4.5 Watts followed by use of the

dentine conditioner.

The results indicate that the optimal working distance for this laser is
1 mm when working on the dentine surface of a molar tooth (mean
surface area = 3.14 mm?2) as this is the distance at which the maximum
shear bond strength for both Ketac Molar and Fuji IX was achieved. The
lowest shear bond strength was obtained at a working distance of 2 mm,

it is conjectured that this is due to the decrease in the energy density at
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this distance. Therefore the dentine surface may not be different from
ground dentine. It was observed that when the distance between the
laser tip and the dentine surface is less than 1 mm or too close to the
tooth surface, there was sparkling (infrared indicator light) occurring on
the tooth surface. The dentine was burnt and also the end of the laser
tip was damaged. The Er,Cr:-YSGG laser only operates in a non-contact
mode. The position of the handpiece of the laser should be placed
perpendicular to the tooth surface. The Er.YAG laser has two operating
modes; contact and non-contact type. Previous studies have reported
that the beam incidence angle has a strong influence on the amount of
dentine substance removal when using the Er:'YAG laser. The studies
showed that the optimal angle of incidence is perpendicular to the tooth

[de Carvatho et al., 2005].

The shear bond strength of Ketac molar is highest when using the
medium range of application time (60 sec). The longer exposure time
(such as 90 sec) or an insufficient exposure time (e.g. 30 sec) is not
seen to be beneficial for adhesion of Ketac Molar on the laser prepared
dentine. On the other hand, the adhesion of Fuji IX to laser prepared
dentine was improved when using a longer application time such as 90
sec. An application time of 30 sec is inadequate to provide a favourable

dentine surface for Fuji IX restoration.
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The SEM investigation of fractured specimens showed the glass ionomer
cement tag penetration into clear opened dentinal tubules. The small
inclusion of glass ionomer cement also was seen. This is matched with
the SEM micrograph from Yip et al. (2001). They reported that the
agglomerates particle composed of a granular cluster on the dentine
side of the fracture specimen after microtensile testing of Fuji IX to
sound dentine. These agglomerates were remnants of GIC
corresponding with their TEM micrographs. The particle of glass is
trapped within the fine granular hydrogel during the setting reaction of
the GIC. The remnant GIC shows that there was mechanical retention
between glass ionomer and laser prepared dentine. Also, it appears that
the glass-ionomer cement bonding characteristic to laser prepared

dentine was no different to that obtained in bonding to sound dentine.

Adhesive or Cohesive failure has been used as the indicator of
mechanical retention between restorative resin material and the dentine
surface. In the other words, it is implied that high bond strength shows
more cohesive failure than low bond strength [Burrow et al., 2002}. In
this study, the conditioned dentine did not showed more mixed failure
which implies that mechanical interlocking did not play an important role

in the adhesion between glass ionomer and laser prepared dentine.

5.3 Summary
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From the studies in this chapter, the following conclusions can be drawn:

The power setting has no significant effect on the shear bond
strength of GIC. However, the distance between the laser tip and

dentine surface did affect the shear bond strength of the GIC.

The optimal power setting of the Er,Cr:YSGG laser for dentine
preparation and conventional glass ionomer restoration without
dentine pre-treatment is 4 Watts. The advisable distance
between laser tip and dentine surface is 1 mm. Time required to
completely irradiate the dentine surface for a molar tooth is

approximately one minute.

The in-vitro testing is limited. In vivo, bond strengths may be
affected by the ooze of dentinal fiuid from the dentine tubules.
Therefore, the interaction between GIC and different laser

parameters requires further investigation in vivo.



CHAPTER 6
Conclusion

6.1 Conclusion

Based on the results of all investigations, the following conclusion can

be made:

The ablation efficiency of the laser is still not as well accepted as

bur preparation.

The microhardness of dentine after Er,Cr.'YSGG irradiation is

decreased.

Cavities prepared with the Er,Cr:-YSGG laser provide the good

cavity adaptation with glass ionomer cement at enamel surface.

The glass ionomer/lased dentine interface showed poorer

adaptation compared to dentine prepared by dental bur.

The bond strength to laser prepared dentine could be enhanced

with dentine conditioner application.
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6.2

The Er,Cr.'YSGG laser irradiation at 4 W output power in
associated with 55% air, 65% water and the working distance of
1 mm (perpendicular to tooth surface) would be the optimal

parameter to prepare dentine for glass ionomer restoration.

The burnt scars and carbonized dentine would be appeared with

the higher power settings.

Further work

The standard variation of microhardness of laser prepared
dentine is in a wide range. Further work is recommended to
measure nanohardness of laser prepared dentine in order to get

to the actual hardness.

The hardness of dentine surface after laser irradiation is lower
than the normal dentine. The softening effect is likely to be only
superficial. Further work is needed to determine the extent of any

softening.

The Er,Cr:-YSGG laser is not a device used only dentine. It would
be recommended to survey the effect of Er,Cr:YSGG laser on
enamel surface and the interaction of glass ionomer cement with

this prepared enamel surface.
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There is still much to be investigated on the effect of Er,Cr:YSGG
laser on tooth surface, especially the microstructure of the
adhesive interface and alterations in substrate compounds,

under different laser parameter.

Further in vivo researches on the interaction of glass ionomer
cement to lasing tooth structure are mandatory to determine
whether glass ionomer cement is proper materiais for lased
cavity and access the longevity of restoration under real oral

conditions.

Most restorative materials aim to formulate for adhesion to
conventional tooth preparation. In the future, it is suggested that
a new class of restorative material is designed specifically for use

with laser prepared teeth.
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Brief Report

Effect of Surface Conditioning on Adhesion of Glass
Ionomer Cement to Er,Cr: YSGG-Laser—Irradiated
Human Dentin

PIYANART EKWORAPOJ, D.D.S., M.Sc., SHARANBIR K. SIDHU, B.D.S., Ph.D.,
and JOHN F. McCABE, Ph.D., D.Sc.

ABSTRACT

Objective: This study aimed to show the effect of dentin conditioner on the bond strength of glass ionomer
cement to Er,Cr:YSGG-laser-irradiated dentin compared to conventional bur-prepared dentin. Background
Data: Glass ionomer cement bonds to tooth structure via direct chemical bonding without using any adhesive
system. To improve the adhesion of this material, pretreating the dentin surface with a conditioner is recom-
mended. Recently, lasers for tooth drilling have been used for cavity preparation, especially the Er,Cr:YSGG
laser. However, there is a lack of research on the bond strength of glass ionomer cement to conditioned
Er,Cr:YSGG-laser-irradiated dentin. Methods: Extracted human teeth were divided into eight experiemental
groups and prepared by using either Er,Cr:YSGG laser or a conventional bur. In half of these two groups, the
relevant conditioner was applied on the dentin before building up with glass-ionomer cement. After 24 h, all
teeth were sectioned, and the microtensile bond strength was determined. The mode of failure was observed,
and the fractured surfaces were examined by scanning electron microscopy (SEM). Results: The use of condi-
tioner was found to significantly affect bond strength for laser-prepared samples (analysis of variance
[ANOVAL, p < 0.05). Failure analysis showed no adhesive failures in the laser-prepared teeth, and this suggests
an effective bond between glass ionomer cement and Er,Cr:YSGG-laser-cut dentin. Conclusion: To obtain the
maximum retention of a glass ionomer restoration to Er,Cr:YSGG-laser-irradiated dentin, the results of this
study confirm that pretreatment of the laser-prepared dentin with dentin conditioner is advantageous.

INTRODUCTION filling material. After cavity preparation, filling materials play
a major role for successful tooth restoration. Additionally,
LTERNATIVE METHODS of tooth cutting and preparation good adhesion between filling materials and the tooth surface
Ausing laser technology are now available. It is now a leads to longevity of the restoration. Many dental adhesive fill-
decade since the erbium laser was first accepted for tooth ing materials—both salt-based and resin-basecd—have been
drilling in 1997.! Many investigations have reported its ability =~ developed to interact with bur-prepared tooth substrate, and
to cut enamel and dentin effectively.!-S Interestingly, laser- there is a need to confirm that such materials will interact in a
irradiated dentin surface was very rough, with irregularities similar way with laser-prepared tissue. Glass ionomer cement
and craters resembling the surface obtained by acid etching.”  is the material of choice for laser-cut dentin based on the fact
Hence, these irregularities may encourage adhesion between  that it has the ability to bond chemically to the tooth substrate
filling materials and the tooth substrate. Therefore, lasers for  without using an intermediary adhesive system unlike the com-
tooth drilling may be beneficial in enhancing the adhesion of  posite resin materials.'

School of Dental Sciences, University of Newcastle, Newcastle upon Tyne, United Kingdom.
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When using rotary cutting instruments, a debris zone, called
the “smear layer,” develops on the dentin surface.!'-!> This
covering layer obliterates the dentinal tubules, resulting in low
adhesion efficiency of tooth and restoration. To enhance adhe-
sion to tooth, it is recommended that an acidic conditioner be
applied on the tooth surface to remove the smear layer before
tooth restoration.!*'> However, using the laser to cut the tooth
may help to promote the bonding of filling material as the
laser-cut dentin provides a clean surface with opened dentinal
tubules suitable for chemical and mechanical bonding.'6

A common method to evaluate adhesion to a dentin or
enamel surface is to determine the tensile or shear stress ap-
plied to a bonded specimen. The microtensile test uses a very
small surface area and thus measures fewer defects occurring
at the material/tooth interface. This test minimizes the varia-
tion among samples and provides an accurate method of evalu-
ating adhesive strength.'?

Numerous studies have been conducted to assess the bond
strength of composite resin and adhesive to laser-prepared
dentin and enamel.!”:'® However, there is a lack of studies deal-
ing with glass ionomer in cavities prepared by Er,Cr:YSGG
laser. This study aimed to measure the bond strength of glass
ionomer cement with laser-irradiated dentin. The research hy-
pothesis was that the laser-prepared cavities would improve
the bond strength of glass ionomer cement to dentin.

METHODS

Two conventional glass ionomer cements (GICs) were used:
Fuji IX (GC Co., Tokyo, Japan) and Ketac Molar (3M ESPE,
Seefeld, Germany). The conditioners used were Dentin Condi-
tioner with Fuji IX and Ketac Conditioner with Ketac Molar
(supplied by the respective companies). The laser used for this
study was a hydrokinetic laser (Waterlase laser), specifically a
Cr,Er:YSGG laser (Biolase Inc., San Clemente, CA), with a
pulse duration of 140 psec. The lasing medium is Yttrium-
Scandium-Gallium-Garnet crystal doped with Chromium and
Erbium, This medium emitted a laser beam with a wavelength
of 2.78 um. The repetition rate was 20 Hz, and power output
was 0-6 watts. Pulse energy varied from 0 to 300 mJ/pulse.
The laser tip was a G-type with a long shank (6 mm). A
high-speed handpiece (Kavo, Super-Torque 625, Biberach,
Germany) and round diamond bur (Unodent, BD521, lot
53883, Israel) were used for conventional tooth preparation.

The 16 teeth used in this study were sound extracted human
molar teeth without caries or any defects (i.e., cracking or fis-
suring), previously stored in an aqueous solution containing
0.5% chloramine, according to institutional protocols.

Specimen preparation

The occlusal surfaces of the teeth were trimmed with a high-
speed diamond saw (Micro Slice 2, Metals Research Limited,
Cambridge, UK) using water spray to remove one third of the
crown, and subsequently ground with 600-grit sandpaper (P-
800) to provide flat dentin. The cut surfaces were finished
using precision lapping and a polishing machine (PM2A, Log-
itech, Materials Technologists Engineers, Alexandria, Scot-
land) with calcined alumina oxide powder of particle size
3 pm. Eight of the trimmed teeth were prepared by laser and
the other eight teeth were prepared by bur. In half of each of
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the laser-prepared, and bur-prepared groups, the relevant
dentin conditioner was applied to the dentin surface according
to the manufacturer’s instructions. A Tofflemire matrix holder
was used to build up the glass ionomer restoration. Fuji IX and
Ketac Molar capsules were then mixed with a triturator (Sila-
mat, Vivadent, Chann, Liechtenstein) and placed on the respec-
tive dentin surfaces to a height of approximately 5 mm.

The experimental groups (two teeth each) were hence
defined as follows:

Group 1:
Group 2:
Group 3:

Bur preparation and Fuji IX

Bur preparation and Ketac Molar

Bur preparation, Dentin Conditioner application,
and Fuji IX

Bur preparation, Ketac Conditioner application, and
Ketac Molar

Laser preparation and Fuji IX

Laser preparation and Ketac Molar

Laser preparation, Dentin Conditioner application,
and Fuji IX

Laser preparation, Ketac Conditioner application,
and Ketac Molar

After 24-h storage in deionized water at 37°C, each tooth was
sectioned perpendicularly to the adhesive interface with a high-
speed diamond saw with water spray to produce the typical
microtensile bar-shaped specimens (approximately 1 X 1 mm?
of adhesive surface). There were 20 specimens in each group.

Group 4:

Group 5:
Group 6:
Group 7:

Group 8:

Microtensile bond strength test

The dimensions of the specimens were measured by using
digital Vernier Callipers (Digimatic, Mitutoyo, Tokyo, Japan).
The specimens were then mounted in an SSP apparatus (single
speed pump; SSP Dillon, Compact Gauges 200N, division of
Weigh-Tronix Inc., Fairmont, MN) by using cyanoacrylate glue
(Zapit, Dental Ventures of America Inc., Corona, CA), and ten-
sile forces were applied at a crosshead speed of 1 mm min™!
until failure occurred. The microtensile bond strength was cal-
culated in MPa derived from dividing the tensile force (N) at
the time of fracture by the individually measured bond area
(mm?).

Statistical analysis

The mean bond strengths were evaluated by one-way analysis
of variance (ANOVA) and Tukey's comparison, and a p value
< 0.05 was considered to be significant.

Fracture analysis by light microscopy and
scanning electron microscopy

After the bond strength tests, all specimens were assessed for
mode of failure by using a light microscope (Meiji Techno. Co.
Ltd., Saitama, Japan) at a magnification of X22.5. The individ-
ual failure modes were noted. Representative specimens from
each group were further examined by using scanning electron
microscopy (SEM) via a Stereoscan S40 (Cambridge, UK).
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TABLE 1. MICROTENSILE BOND STRENGTH (MPA)

Fuji IX Ketac Molar
Conditioner Bur Laser Bur Laser
No conditioner 4.56 (2.19)* 5.99 (1.70)* 3.92(1.98)* 5.61 (1.55)*
Dentin conditioner 5.52(1.68)* 8.62 (3.86)" == —
Ketac conditioner — — 5.52 (1.52)® 8.01 (3.26)®

Mean values with the same superscript letter were not significantly different (p > 0.05).

RESULTS

Microtensile bond strength

The results of the microtensile bond strength test are shown
in Table 1. The mean microtensile bond strength of glass
ionomer cement (GIC) with bur preparation of dentin was
3.92-5.52 MPa. For laser-prepared dentin, the mean microtensile
bond strength was in the range of 5.61-8.62 MPa. Statistical
analysis using ANOVA showed that there was no significant
difference in microtensile bond strength of GIC between laser-
prepared dentin and bur-prepared dentin. However, laser-
prepared dentin treated with dentin conditioner provided
significantly higher microtensile bond strengths than bur-
prepared dentin with or without dentin conditioner (p < 0.05).
Comparing the different GICs, there was no significant differ-
ence between using Ketac Molar and Fuji IX without dentin
conditioner for filling a tooth prepared by either bur or laser
(Fig. 1). The results showed that the combination of tooth
preparation method and surface conditioner did not signifi-
cantly affect the microtensile bond strength. The microtensile
bond strength of GIC increased when using laser preparation
and dentin conditioner.

Fracture analysis

Examination of the fractured specimens under the light
microscope revealed different patterns of failure: adhesive,

cohesive, and a mixed type of failure (Table 2, and Figs. 2
and 3). In bur-prepared dentin without dentin conditioner, the
failure mode for all specimens was adhesive failure. In laser-
prepared dentin, the mode of failure was cohesive only or a
mixed failure.

DISCUSSION

The purpose of using a dentin conditioner is to remove the
smear layer and increase the wettability of the tooth substrate.'?
Dentin Conditioner supplied with Fuji IX is composed of aque-
ous polyacrylic acid with aluminium chloride. It is believed that
aluminium chloride acts as a wetting promoter, while poly-
acrylic acid provides the carboxyl group for hydrogen bonding,
which is later displaced by the stronger interaction of polar and
ionic attraction from the GIC setting reaction.'*? A previous
study found that the treatment of cut dentin with 25% poly-
acrylic acid (Ketac Conditioner) reduced the affinity of the
smear layer for the dentin, leaving behind a poorly attached
layer of smear debris, rather than removing it.” Tanumiharja
et al.2! reported that the use of surface conditioners produced no
difference in bond strength of Fuji IX GP for bur preparation,
which is in agreement with the results presented here.

In our study, for the laser-prepared dentin, conditioner appli-
cation increased the microtensile bond strength in both Fuji IX

Microtensile bond strength
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_[MKetac Molar|
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FIG. 1. The mean values of microtensile bond strength of Fuji IX and Ketac Molar with different dentin treatments.



TABLE 2. DIFFERENT FAILURE MODES OF THE SPECIMENS
EXPRESSED AS A PERCENTAGE OF THE TOTAL

Adhesive Cohesive Mixed
Test group failure failure failure
Group | 100 (20)
Group 2 100 (20)
Group 3 25(5) 40 (8) 35(7)
Group 4 95 (19) 5(1)
Group 5 80 (16) 20 (4)
Group 6 80 (16) 20 (4)
Group 7 75 (15) 25(5)
Group 8 90 (18) 10 (2)

The number of specimens for each mode of failure is in parentheses.

and Ketac Molar groups. This is probably because laser-irradi-
ated dentin has no smear layer, and the dentinal tubules were
unplugged with dentin debris. The other factor is thermome-
chanical interaction—that is, the way that lasers remove tooth
tissue.?? The thermal effect from a laser causes changes in the
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water content of collagen fibrils.? It is suggested that the ther-
mal stability of collagen is a consequence of dentin surface
alteration.?* This may increase the dentin surface wettability,
which is compatible with conventional GICs. This results in
higher bond strength. The water loss in collagen fibrils after
laser irradiation may reduce the hydrophilicity of the dentin
substrate, which is suitable for hydrophobic polymeric materi-
als such as the GICs. The matrix of GICs can penetrate well on
low hydrophilic laser-cut dentin.

The mean microtensile bond strength of GIC to conditioned
bur-cut dentin was not significantly different from that of laser-
cut dentin. This can be explained by the fact that the bur-cut
dentin exhibited clean and visible dentinal tubules after applying
dentin conditioner, which were almost similar to the laser-cut
dentin. %’

All specimens in bur-prepared dentin failed adhesively, and
so the interface between GIC was an area of weakness. Cohe-
sive and mixed failures were observed in bur-prepared dentin
after dentin conditioner application and the bond strength was
improved, although not significantly different from uncondi-
tioned specimens. From SEM imaging on the dentin side of the
fractured specimens in mixed failures, there was some GIC
residue attached on the dentin surface (Fig. 2C,D).

Previous work showed that there was an interdiffusion zone
of Fuji IX and conditioned dentin substrate without any tag for-

FIG. 2. Representative scanning electron microscopy (SEM) micrograph of fractured specimen of glass ionomer (GI) on dentin
surface (D) prepared by a bur. (A) A typical fractured specimen exhibiting adhesive failure. (B) The glass ionomer side of the
fractured specimen. (C) The dentin side of a specimen with mixed failure, with some glass ionomer on the surface. (D) Higher
magnification of the area outlined in C, showing glass ionomer fillers.
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FIG. 3. Representative scanning electron microscopy (SEM) micrograph of fractured specimen of glass ionomer cement (GIC)
on dentin (D) prepared by Er,Cr:YSGG laser. (A) With conditioner, showing cohesive failure within the GIC only. (B) Without
conditioner in a specimen with a mixed type of failure. (C) Higher magnification of the area outlined in B, showing remnants of
the GIC on the dentin surface in parts and adhesive failure in other areas. (D) The GIC side of the same fractured specimen, with

areas displaying fragments of dentin (D).

mation into the dentinal tubules.?® In the laser group, the fracture
analsis showed that both cohesive and mixed failures occurred
within the materials (Fig. 3). It is likely that porosity within the
cement is an unpredicted factor. It probably causes a stress con-
centration, which allows the fracture to occur from this point.?
This implies a tight bond between laser-treated dentin and GIC.

CONCLUSION

It may be concluded that laser preparation alone did not
improve the bond strength between GIC and dentin. However,
laser-irradiated dentin in combination with the application of a
conditioner may improve the bond strength of glass ionomer
restoration.
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Abstract The aim of this work was to determine the
optimal power setting of an Er,Cr:YSGG laser for cutting
human dentine to produce a surface that remains suitable as
a foundation on which to build and bond a dental
restoration. The cutting efficiency and resulting microhard-
ness of the dentine were evaluated for various laser power
settings, and representative samples were examined by
SEM. The microhardness of the dentine was significantly
reduced by 30-50% (p<0.05, paired ¢ test) after laser
irradiation, irrespective of the power setting used. The mean
ablation efficiency increased in proportion to the power
setting of the laser. Although the laser power setting did not
affect the extent of reduction in microhardness, it did affect
the microstructure of human dentine.

Keywords Er,Cr:YSGQG laser - Microhardness -
Laser irradiated dentine - Laser ablation
Dentine morphology

Introduction
There is currently an increased interest in the use of Er,Cr:

YSGG lasers for hard tissue removal in dentistry, but many
practitioners remain to be convinced of the advantages of
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the laser-cutting instrument. This instrument allows a nearly
pain-free cutting without the need for a local anaesthetic [1]
and, therefore, has the potential to be a major innovation in
dentistry.

The ruby laser was the first laser system that could ablate
the dentine and enamel [2, 3]. Subsequent improvements
such as the Er:YAG and CO, lasers have also shown an
ability to ablate dental hard tissue [1]. A recent tooth-
cutting tool is the Er,Cr:YSGG laser. This laser is a kind of
erbium laser (2.69-2.94 pum) similar to Er:YAG (2.94), Er:
YLF (2.81), Er:YAP (2.73), and CTE:YAG (2.69), and
emits light in the mid-infrared region at 2.79 pum [4]. The
mechanism of dentine removal by this laser is called a
“thermomechanical process” in which the emission laser
light is absorbed by the water within the hydroxyapatite of
a dental hard tissue [5, 6]. The water is then heated and
evaporated, resulting in a high pressure of steam that causes
a microexplosion of tooth tissue below the melting point of
tooth tissue (approximately 1,200°C) [7]. Tooth surface
ablation may vary from a white spot to charring, fusion,
roughening, melting, recrystallization, bubble-like inclu-
sions, numerous pores, flaking, and cracking to crater
formation [8-11]. The irregularities and crater-shaped
appearance of ablated dentine is comparable to the dentine
surface after acid etching. This may promote the micro-
mechanical interlocking between dental restorative materi-
als and tooth surface.

The process of dentine removal by the laser is different
from the conventional high-speed handpiece; the former
induces considerable changes in the surface morphology
and physical properties of the dentine. On the other hand,
the thermal effect may cause both de/remineralization and
deproteinization on the dentine surface [12]. The non-
homogeneous structure of the dentine that consists of
peritubular, intertubular, and tubular dentine has been
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shown to contribute to its hardness. The elastic modulus is
also associated with the mineral content as well as the
porosity of the structure [13]. The micromechanical
properties, such as the microhardness and elasticity of the
dentine, play important roles in stress distribution when the
mastication forces are applied on the filling material of a
restored tooth {14].

Few studies have been carried out with this laser system
to survey the micromechanical properties of the dentine
surface [12, 15] despite the fact that this may have a
profound effect on the abilities of adhesive materials to
interact with the surface. The purpose of this research was
to study the micromechanical properties and microscopic
appearance of the Er,Cr:Y SGG-laser-prepared dentine.

Materials and methods

The laser used for this study was a Cr,Er:YSGG laser
(Biolase™, Waterlase™, Millennium®, San Clemente, CA,
USA) with a pulse duration of 140 us. The lasing medium
was an yttrium scandium gallium garnet crystal exchanged
with erbium and chromium. This medium emits a laser light
of 2.78 um. The repetition rate was 20 Hz and a power
output range of 0 to 6 W. The pulse energy varies from 0 to
300 mJ. A G6 clear sapphire tip of 600-um diameter was
used. The teeth used in the study were extracted human
molars and premolars without caries or defects, stored in an
aqueous solution of 0.5% chloramine T.

Tooth preparation

One third of the occlusal surfaces of 20 teeth were trimmed
with a high-speed diamond saw (Micro Slice 2, Metals
Research, Cambridge, England) using water spray to
provide a flat dentine surface. The surfaces were then cut
again to provide 2-mm-thick dentine disks. All disks were
embedded in a plastic mould and the exposed surface
finished using 500 grit SiC paper and, later, with calcined
alumina oxide powder (particle size 3 um).

Ablation efficiency evaluation

The dentine disks were randomly divided into four groups
of five teeth (groups 1, 2, 3, 4) treated with different laser
power settings: 3 W (33.9 J/em?), 3.5 W (39.6 Jem?), 4 W
(45.2 Jicm?), and 4.5 W (50.9 Jicm?), respectively. Each
specimen was placed on a movable stand, and a laser
handpiece was held with a clamp to fix the distance at
1 mm. The repetition line was made free-hand by moving
the specimen along the path of the laser beam in more than
60 s. All the ablation lesions were duplicated with a
synthetic rubber replicating compound (Microset, Microset

) springer

Table 1 The means (SD) of the amount of dentine ablation using
different laser power settings (#=5)

Test group Average Average ablated  Average ablated
dentine dentine volume  dentine volume
depth (mm)  (mm’) per sec (mm’/s)
Group 1 (3W) 0.15 (0.02) 0.62 (0.25) 0.0]
Group 2 3.5W)  0.28 (0.10) 1.82 (1.03) 0.03
Group 3 (4W) 0.33 (0.07) 2.00 (0.69) 0.03
Group 4 (4.5W) 042 (0.14)  2.91 (1.06) 0.04

Products, UK) for evaluation using a 3D-laser scanning
surface profiler (OSP100, Uniscan Instrument, UK).

Microhardness measurement

Five pyramidal-triangular indentations at a load of 200 g
and a dwell time of 20 s were made on one half of each disk
using a Martens microhardness tester (Zwick/Roell Z2.5,
Ulm, Germany) before and after the laser application. By
averaging the 25 indentations for each group, the mean
microhardness value and elastic modulus before and after
irradiation were automatically calculated by the computer
software (TestXpert, Germany). The baseline and irradiated
dentine hardness were compared using paired ¢ tests. The
relationship between the microhardness of the treated
dentine and the laser power setting used was investigated
by regression analysis.

Microscopic investigation
Representative specimens from each group were cut trans-
versally through the dentine disks and immersed in an

ultrasonic cleaner for 1 min. For the purposes of compar-
ison, a further specimen was prepared in the same way but

Volume of dentine ablated per second with the

ErCr:YSGG laser power
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Table 2 The means (SD) of Vicker’s micro-hardness using different
power settings (n=5)

Test group Baseline Laser irradiation
Group 1 (3W) 60.85 (8.39) 42.89 (16.39)
Group 2 (3.5W) 66.18 (5.12) 30.27 (11.94)
Group 3 (4W) 62.39 (4.01) 40.41 (19.52)
Group 4 (4.5W) 64.94 (8.72) 41.27 (9.15)

surface treated using a diamond bur on the flat dentine. All
specimens were mounted and sputter-coated for examina-
tion with a Stereoscan S240 scanning electron microscope
(Cambridge, UK).

Results
Ablation depth evaluation

At the pulse duration of 140 ps and a pulse repetition rate
of 20 Hz, the amount of dentine removed by Er,Cr:YSGG
laser with various energy fluence for a given time is shown
in Table 1. The mean dentine-ablated volume (mm®) was
calculated by multiplying the surface area of the irradiated
dentine lesion with the ablation depth. The dentine-ablated
volume per sec (mm?/s) was calculated by dividing the
dentine-ablated volume with a given time (60 s). There was
an increase in the depth of ablated dentine and in the
dentine-ablated volume with an increase in laser output
power. The ablation efficiency showed a significant linear
correlation with the power output using linear regression
analysis (R*=0.61, p<0.05) as shown in Fig. 1.

Microhardness measurement

The values of dentine hardness (Vicker’s hardness number)
and elastic modulus for the baseline and post-irradiation are
shown in Tables 2 and 3, as well as in Figs. 2 and 3. The
dentine hardness decreased significantly after laser irradia-
tion (paired ¢ test, p<0.05). There was no significant
relationship between the increasing laser output and the
reduction of dentine hardness (R2=0.00, p>0.05). The

Table 3 The means (SD) of the elastic modulus (kN/mm?) of the
baseline and laser-irradiated dentine (n=5)

Test group Baseline Laser irradiation
Group 1 (3W) 16.73 (2.53) 17.73 (6.36)
Group 2 (3.5W) 20.69 (2.85) 18.74 (7.95)
Group 3 (4W) 17.46 (1.00) 14.65 (3.83)
Group 4 (4.5W) 18.51 (1.98) 19.92 (6.28)

Hardness vs Elastic modulus

Hardness (VHN)

Fig. 2 The plot between hardness and elastic modulus before laser
application

stiffness of the irradiated dentine was not significantly
different from the baseline (paired ¢ test, p>0.05).

Microscopic investigation

The SEM appearance of bur-cut dentine showed a relatively
flat topography and a smear layer (Fig. 4a and c). In
contrast, the dentine appearance after the laser irradiation
indicated a corrugated or wavy profile (Fig. 4b), opened
dentinal tubules, and the absence of a smear layer (Figs. 4d
and 5) at all power settings. Further examination of the
profile at a low power setting (3 W) revealed the presence
of dentine debris with tags attaching it to the underlying
lased dentine (Fig. 6). At 3.5 W, there was a dentine debris
on the surface without any tags (Fig. 7). In addition, it
appeared that there was a glassy molten substance on the
dentine (Fig. 7b). At 4 W, the irradiated dentine looked
more crystalline in nature without any debris (Fig. 8a and
b). When the highest setting (4.5 W) was used, a molten
appearance was often noted on the surface (Fig. 8¢ and d).

Hardness and Elastic Modulus
50
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Hardness (VHN)

Fig. 3 The plot between hardness and elastic modulus after laser
application
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Fig. 4 SEM micrographs of
transversally sectioned dentine
disks: a typical profile of bur-cut
dentine showing a flat surface;
b typical profile of laser irradi-
ated dentine at any power set-
ting, showing a corrugated and
wavy appearance; ¢ appearance
of the bur-cut surface at high
magnification in the boxed area
in Fig. la, showing track lines
formed due to the rotary instru-
mentation, and presence of

a smear layer; d higher magni-
fication of boxed area in

b showing dentinal tubules
opening at different planes and
possibly the depletion of inter-
tubular dentine after laser
application

]

The molten areas were chemically analysed using SEM-
EDX (EDX, energy-dispersive x-ray; JEOL 5300-LV,
Japan) with an analysis system (Rontec Edwin energy
dispersive analysis, Japan). This revealed the presence of
Ca, P, C, and O peaks coinciding with the molten areas as
in the irradiated dentine where there was no molten mass.

Discussion

Dentine can be classified as a composite material compris-
ing of a collagen matrix (20% by weight) dispersed in an
inorganic component (70% by weight) [16, 17]. Hydroxy-
apatite is the main mineral content of the inorganic
component, and variants (such as fluoroapatite) provide
the strength and hardness for the dentine. Its elasticity and
stiffness are obtained from the organic collagen matrix and
water content (10% by weight). The SEM micrographs of
the irradiated dentine in this study showed the depletion of
the intertubular dentine (Fig. 4d), similar to the dentine
surface after the preparation by Er:YAG laser and treatment
with glutaraldehyde [18]. The peritubular dentine still
remained, indicating more resistance to laser energy. This
can be explained by the fact that the peritubular dentine has

@ Springer
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surface
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a high mineral content and lacks collagen as an organic
matrix. Contrary to the intertubular dentine, it makes up
92% of the collagen matrix [19-21]. The collagen matrix is
rich in water content, and laser energy is likely to be
absorbed more than the peritubular dentine by the dentinal
fluid within each tubule and the intertubular dentine. This
study confirms the findings of previous studies that the
laser-irradiated dentine was deprived of a smear layer, and
the orifices of dentinal tubules were opened [11, 12].
SEM-EDX confirmed that the glassy molten substance
on the surface at higher power settings was composed of
the same elements as hydroxyapatite. This phenomenon
indicates that some components of dentine may exhibit
thermoplastic properties, whereby they turn liquid on
heating and immediately return to a solid state on cooling
with a water spray. This is because Er,Cr:YSGG radiation is
highly absorbed not only by the hydroxyapatite of dentine
but also by the protein and lipid in collagen fibre [22]. This
is in accordance with previous studies that reported molten
and crystalline like structures on irradiated dentine [7-9].
The microhardness of laser-irradiated dentine decreased
after the laser irradiation in the order of 30-50%. However,
the elastic modulus after laser irradiation was not signifi-
cantly changed (Table 3). In contrast, investigations by
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Fig. 5 SEM micrographs of
irradiated dentine surface with
different power settings: a 3 W,
b35W,¢c4W,andd 45 W,
showing opened dentinal tubules
and the absence of a smear layer

Fig. 6 SEM micrographs of the
transversally sectioned dentine

disk of the irradiated dentine
surface using a power setting of
3 W. There was a dentine debris
along the interface (a and b). At
high magnification, fibre-like
tags linked the debris to the
underlying dentine ¢ and d
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Fig. 7 SEM micrographs of
transverse view of irradiated
dentine using a power setting
of 3.5 W: There were some
dentine debris particles (a, ¢)
along the interface. At high
magnification, a molten-like
substance (b) and malformation
dentine substance (d) is seen

Fig. 8 SEM micrographs of a
transverse view of the irradiated
dentine surface using a power
setting of 4 W (a and b): The
dentine surface consisted of a
crystalline-like substance. At a
power setting of 4.5 W, there
were some dentine debris par-
ticles on the surface (¢ and d)

@ Springer




Lasers Med Sci

Hossain et al. [23] showed that the Knoop hardness of the
cavity prepared by the Er,Cr:YSGG laser was not signifi-
cantly different from bur preparation. Due to the fusion of
the dental hard tissues after CO, and Nd:YAG laser
irradiation, the Knoop hardness increased [24, 25]. Other
studies revealed that higher energy laser irradiation actually
decreased the microhardness of dental hard tissue signifi-
cantly due to the increase in temperature [26]. A previous
report mentioned that all the lasers that produce some
thermal effect could induce an alteration in physical and
chemical composition [27]. It was found that when heating
dental hard tissue to a temperature of more than 400°C, the
mineral decomposes to form a new mineral phase that
enhances the resistance to acid dissolution [4, 28]. Plotting
the hardness against the elastic modulus after the laser
application is likely to broaden the distribution both axes. It
is similar to the trend line between the hardness and the
elastic modulus of sound dentine and carious dentine [13].
This indicated that there is potentially a progressive
deterioration of the hardness and the elastic modulus of
the dentine after the laser irradiation. There is a correlation
between the mechanical properties and the mineral content
in tooth tissue [19]. The chemical analysis and thermal
analysis of the laser-irradiated dentine should be studied
further.

The ablation efficiency can be defined in terms of the
amount of dental tissue within the given time [6], the
volume removed per joule of energy incident on the tissue
(mm?®/J) [4], and the volume ablated per second (mm®/s)
[28]. This study reported the ablation efficiency of dentine
in terms of the volume ablated per second (mm?/s). It is in
agreed with the work by Rizoiu and DeShazer [29]. They
showed a linear correlation between the volume ablated
per second and the average power of a 2.8-um erbium
laser.

Both the Er,Cr:YSGG laser or the Er:YAG laser uses the
water-mediated ablation [4]. The water plays an important
role for dentine ablation. Meister et al. [5] found that, in
dehydrated moist dentine, the quantity of ablate volume
was significantly lower compared to the dentine containing
water for the Er:YAG laser, whereas the Er,Cr:YSGG laser
showed superficial melting and a deep carbonization zone
when used without water spray. The exogenous water has a
greater affect more than endogenous water on the dentine
ablation of Er,Cr:YSGG laser.

An understanding of the mechanical and physical
properties of prepared dentine after different clinical
procedures may help to find the optimized conditions to
enhance the adhesion of dental restoration. This study is an
initial part aimed to present the mechanical properties of
laser-treated dentine when using a different parameter of
laser. Further studies will focus on the bonding of dental
materials on irradiated dentine.
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Optimal laser energy for adhesion of glass ionomer cement
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Abstract

Introduction: Besides laser characteristic (wavelength specificity, energy density and
pulse repetition rate), the parameter used for laser irradiation influence the chemical and
morphology alternations of tooth tissue resulting different wettability and adaptability to
restorative dental materials. The purpose of this study is to assess the optimal laser
energy of Er,Cr:YSGG laser required to achieve the maximum bond strength of glass
ionomer cement to dentin.

Materials and Methods: Eighty extracted human molar teeth with an exposed flat
occlusal dentine surface were prepared by different laser power settings (3,3.5,4,4.5 W)
of Er, Cr: YSGG laser [Biolase Inc., San Clemente, USA]. The power settings were
varying with fixed repetition rate of 20 Hz and pulse duration of 140 pus. The working
distance and irradiation time were 1 mm and 60 sec respectively. The teeth in each of
these four different power setting groups were further subdivided into two equal groups
for restoration with one of two glass ionomer cements: Fuji IX (GC) or Ketac Molar (3M
ESPE). Half of the specimens restored with each material were treated with the relevant
dentin conditioner. (Dentin Conditioner, GC; Ketac Conditioner, 3M ESPE) prior to
bonding using gelatin capsules filled with the materials and perpendicular to the dentin
surface. Shear bond strength was tested after 24 h storage in distilled water by Instron
5567 [Instron Corp, UK] at cross head speed of 1 mm min™ until failure occurred.
Subsequently, mode of failure was observed and the fracture surfaces were examined by
using SEM [Stereoscan 240, Cambridge, UK].

Results: Shear bond strength (MPa)(standard deviations in parentheses (n=15); mean
values with the same superscript were not significantly different (p>.05)

Power settings Shear bond strength (MPa)
Ketac Molar Fuji IX
No Conditioner No Conditioner
Conditioner Conditioner
3w 4.67 (2.29) 6.00 (2.64) 2.88 (1.63) 5.31 (2.56)
3.5wW 5.50 (2.40) 6.59 (3.00) 3.03 (1.95) 4.63 (2.90)
4W 5.97(2.78) 5.79 (3.19) 3.78 (1.70) 5.21(2.47)
4.5W 5.76 (2.66) 6.05 (4.26) 3.15 (2.56) 5.97 (2.72)

From three ways ANOVA analysis showed that the power setting did not affected shear
bond strength of glass ionomer cement (p>0.05). Four ways General Linear Model
analysis revealed that glass ionomer, dentin treatment and dentin depth has influence on
shear bond strength (p<0.05). Most of test specimens showed adhesive failure more than
mixed failure. SEM observations showed the fragment of the cement plugged into
dentinal tubule and cement’s filler attached on the fracture specimens from 4 W and 4.5
W groups.

Discussion and Conclusion: There was an increase in shear bond strength of glass
ionomer cement to non-conditioned dentin when increasing the power setting but not
significantly different then decreasing at power setting of 4.5W. This possibly concluded



that the maximum shear bond strength of glass ionomer cement (both Ketac Molar and
Fuji IX) to untreated dentin surface was obtained when using power setting at 4W. For
conditioned dentin group, the maximum shear bond strength (MSBS) of Ketac Molar was
obtained at low power setting (3.5W) while MSBS of Fuji IX was obtained at highest
power setting (4.5 W). Thus, more consideration is needed with regard to selection the
laser parameter for different clinical situation, in order to ensure optimum adhesion of
restorative dental materials to tooth prepared by laser.

Disclosure: All researchers (Dr. P.Ekworapoj, Dr. S.K.Sidhu and Prof. J.F. McCabe) have no relationships
with any dental laser manufacturer. There are no conflicts of interest with any of these devices used in the

study



Microtensile bond strength of different types of Glass

ionomer cements to Er,Cr:YSGG laser prepared dentin

*Ekworapoj P, Sidhu SK, McCabe JF

Newcastle University, Newcastle upon Tyne, United Kingdom
Introduction:

The introduction of dental laser for cavity preparation has been existed for many
years since 1960s. The Er,Cr:YSGG has used for cavity preparation as alternative
method instead of using high speed hand piece. Many investigations focused on bond
strength of composite and adhesive system to dentine prepared by these lasers system.
There are a few reports about bond strength of glass ionomer cement to laser prepared

dentin. The purpose of this study is to determine microtensile bond strength of three

different glass ionomer cement to Er.Cr:YSGG laser prepared dentin.
Materials and Methods:

Two conventional type II Restorative glass ionomers were use: Fuji IX (GC Co.,
Japan and Ketac Molar (3M ESPE, Germany) as well as two conventional Type I
Luting glass ionomers: Fuji I and Ketac Cem and a resin modified glass ionomer
cement (Photac Fil).

The occlusal third of fifteen extracted human premolars was removed and the cut
surfaces were prepared with Er,Cr:YSGG laser (Waterlase ™). The experimental
specimens were divided into five groups according to the various kinds of glass
ionomers and built up with glass ionomers.

After 24 hours storage in deionised water, all teeth were sectioned to produce
specimens of the “slab” configuration for microtensile testing; there were 20
specimens per group. Microtensile bond strength was measured by Instron 5567
(Instron Corporation, UK) with crosshead speed of Imm min”.The mean bond
strength were evaluated by one-way ANOVA and Tukey’s comparison. The mode of
failure was observed and the fractured surfaces were examined by using SEM

Results: The mean microtensile bond strength (MPa)(standard deviation in parentheses) of various
types of glass ionomer cement (n=20); mean value with the same superscript were not significant
different (p>0.05).

Glass lonomer cements Mean microtensile bond strength (MPa}SD)
Fuji | 1.36(0.98)2
Ketac Cem 1.06(0.87)2
Fuiji IX 1.84 (1.53)ab
Ketac Molar 3.12(1.62)°
Photac Fil 6.15(3.38)¢

Microtensile bond strength of Photac Fil to laser prepared dentin was significantly
different from Fuji IX and Ketac Molar. Most of the fractured specimens from Photac
Fil revealed the highest percentage of cohesive and mixed failures.

Discussion:

Tensile bond strength of conventional glass ionomer cement to laser prepared
dentin ranged from 1-3 MPa which was not different from that to conventional
prepared dentin [1]. Similarly to conventional prepared dentin, tensile bond strength
of RMGIC to laser prepared dentine was higher than that of conventional glass
ionomer.

Conclusions:

Resin modified glass ionomer cement has a greater microtensile bond strength to

laser prepared dentine than conventional glass ionomer cement.

References:

[1] Czarnecka B, Deregowska-Nosowicz P, Nicholson JW. Shear bond strengths of
glass ionomer cements to sounds and to prepared carious dentine. J Mater Sci:Mater
Med 2007;18:845-849.



Microtensile bond strength of glass ionomer cement with laser prepared

dentine
P.Ekworapoj, S.K. Sidhu, J.F. McCabe

Objectives: This study compared microtensile bond strength of glass-ionomer to dentine

prepared with Er,Cr:YSGG laser or bur.

Methods: Eight experimental groups were prepared from sixteen extracted human molar
teeth with an exposed flat occlusal surface by using either Er, Cr: YSGG laser [Biolase
Inc., San Clemente, USA] or bur cutting. In half of the bur and laser prepared groups, the
relevant conditioner was applied on the dentine surface before building up with glass-
ionomer cement [Fuji IX (GC, Japan) or Ketac Molar (3M ESPE, UK)]. After 24 hours
storage in deionised water, all teeth were sectioned to produce specimens of the “slab”
configuration for microtensile testing; there were 20 specimens per group. Microtensile
bond strength was measured by a Dillon Quantrol™ microtensile machine [Weight
Tronix Inc., Fairmont, MN, USA]. The mode of failure was observed and the fractured

surfaces were examined by using SEM.

Results: Microtensile bond strength (MPa)(standard deviations in parentheses (n=20);

mean values with the same superscript were not significantly different (p>.05)

Conditioner Fuji IX Ketac Molar
Bur Laser Bur Laser

No conditioner | 4.56 (2.19)° | 5.99(1.70)* | 3.92(1.98)® | 5.61(1.55)°

Dentine conditioner | 5.52(1.68)* | 8.62(3.86)° - -
Ketac conditioner - - 552(1.52)* | 8.01(3.26)°

The use of conditioner was found to significantly affect bond strength for laser prepared
samples (p< .05, ANOVA) but not bur prepared samples. There was no significant
difference between the microtensile bond strengths of the two materials. All specimens
prepared with a bur but no conditioner showed adhesive failure while the other groups

showed either cobesive or adhesive failures.

Conclusions: Laser preparation alone would not improve the bond strength between

glass-ionomer cement and dentine.



Er,Cr:YSGG laser-dentine interaction: micromechanical and

microscopic characterization

P.Ekworapoj, S.K. Sidhu, J.F.McCabe
School of Dental Science, Framlington Place, Newcastle Upon Tyne

Objectives: This study determined the micro-mechanical properties and microstructure

of dentine irradiated with a Er,Cr:YSGG laser.

Methods: Twenty extracted human premolar teeth with an exposed flat occlusal surface
were cut transversally to prepare twenty dentine disks with 2 mm thickness. After
mounting on a plastic support, all specimens were wet polished by using 500 grit SiC
paper. They were divided into four experimental groups according to the power setting of
Er,Cr:YSGG laser applied to the dentine surface; namely 3W, 3.5W, 4W and 4.5W. The
focus length between the laser tip and dentine surface was 1 mm and the exposure time
was 1 min. The depth of dentine removed by laser application was investigated by using a
3D laser scanning surface profiler. The microhardness values were measured by using a
Martens microhardness tester before and after laser irradiation. Representative specimens

were examined microscopically by SEM.

Results: The mean ablation depth (SD) of each experimental group was 0.15 (0.02),
0.28(0.10), 0.33(0.07) and 0.42(0.14) respectively. The mean value of irradiated dentine
hardness (SD) was 42.89(16.39), 30.27(11.94), 40.41(19.52), 41.27(9.15) and which was
significantly lower than the baseline dentine hardness which ranged from 60.85(8.39) to
66.18 (5.12). Linear regression analysis showed a significant relationship between
increasing power setting of the laser and the ablation depth of the irradiated dentine (R* =
0.61, p< 0.05). There was no relationship between power setting and hardness. The
dentine hardness decreased significantly when treated with Er,Cr:YSGG laser (Pair t-test,
p<.05). SEM examinations revealed the differences in dentinal tubule morphology with

different power settings.

Conclusions: Increasing the power setting resulted in increasing ablation depth. Laser
irradiation may cause a reduction in the hardness of the dentine and changes of dentine

structure.
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Fear of the dentist’s drill is one factor which makes a visit to the dentist something to
be approached with anxiety for many patients. The fear may be associated with an
anticipation of pain or sensitivity or may be associated with the noise and vibration of
the procedure. For some patients it is the fear of the local anaesthetic which causes
their anxiety. Nowadays an alternative method of tooth cutting and preparation is
available using powerful laser technology. One laser system employs a jet of laser
energised water which has sufficient energy to cut dental hard tissue without
overheating the adjacent tissues. The instrument allows pain-free cutting without the
need for a local anaesthetic and therefore has the potential to be a major innovation

for dentistry.

The Waterlase (Biolase Inc) is currently not widely used in general dental practice for
various reasons. Firstly, the equipment is relatively expensive and many practitioners
are likely to wait until prices fall as the technology becomes more widely accepted.
Secondly, many practitioners remain to be convinced of the advantages of the laser
cutting instruments. One area of concern is the nature of the surface of the dental hard
tissues after laser cutting. Many dental adhesive systems, both salt based and resin
based have been developed to interact with bur-cut dentine and enamel and there is a
need to confirm that such materials will interact in a similar way with laser-cut tissues.
The purpose of this research was to study the structure and properties of laser cut
tooth surfaces and the way in which they interact with materials to form an effectively

bonded and sealed interface.
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