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COMPARISON OF SURFACE HARDNESS AND MICROLEAKAGE OF COMPOSITE
RESIN : ARGON LASER VS CONVENTIONAL LIGHT.

SUWANNA KLANGPREMCHIT 4136321 DTGD/M
M.Sc. (GENERAL DENTISTRY)

THESIS ADVISORS : POOMPADA JAOCHAKARASIRI, D.Sc.D., TASSANEE
TENGRUNGSUN, Grad.Dip. in Clin.Sc., PANTA CHAROENLARP, Grad.Dip. in Clin.Sc.

ABSTRACT
Composite resin plays an important role in direct restorative dentistry. Practically, the
composite resin can be cured by using the light at a wavelength of 450-515nm. The purpose of
this study was to compare microhardness and microleakage of composite resin, Filtek™ 7250,
cured by argon laser and a conventional visible light curing unit.

For the microhardness test, 50 composite resin samples were prepared from 5 different
light treatments with 10 samples per group. In group one, the composite resin was treated with
a conventional visible light for 20 seconds (VL20) following the manufacturer’s
recommendation. In group 2, 3, 4 and 5 the composite resin was treated with an argon laser for
20, 15, 10 and 5 seconds, respectively (AL20, AL15, AL10, ALS5). All samples were
immersed in distilled water for 24 hours and then tested for hardness values using Vickers
hardness test. The result showed microhardness values decreased with increasing depth and
shorter exposure time. The hardness value at the surface, 1 and 2mm depth showed no
significant difference between the samples cured by VL20, AL20, AL15 and AL10. At the
4mm depth, none of the light treatment provided the acceptable depth of cure.

For the microleakage test, 60 extracted premolar teeth were randomly divided into 2
groups and 2x4x2mm cavities were prepared at the mid buccal surface of the teeth. In both
groups, Single Bond™ dental adhesive was used as the dentin/enamel adhesive and composite
resin was placed in the prepared cavity. In group one, the composite resin was cured using a
conventional visible light cure for 20 seconds (VL20). In group two, the composite resin was
cured using argon laser for 10 seconds (AL10). The restoration was immediately finished by
aluminum oxide discs and stored in distilled water for 24 hours. All teeth were thermocycled
and then immersed in 2% methylene blue for 24 hours. Microleakage was detected from both
VL and AL samples and there was no significant difference of microleakage between the 2
curing methods.

In conclusion, there was no statistical difference between microhardness and
microleakage of the composite resin cured by either 20 seconds of conventional visible light
cure or 10 seconds of argon laser. This could provide an indication that using an argon laser
for the curing of composite resin is advisable since it is less time consuming.

KEYWORDS : COMPOSITE RESIN / ARGON LASER / HARDNESS /
MICROLEAKAGE
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CHAPTER I
INTRODUCTION

Argon laser has been introduced and used to initiate the polymerization process of
composite resins (1-2). As it emits light over a narrow band of wavelengths between
450 to 515nm and centered at approximately 480nm thus rendering it appropriate for
hardening process of composite resins (2-5).

Kelsey et al. (6-8) found that curing time of the composite resins lased by argon
laser is one-forth of that conventional technique as indicated by comparable physical
properties and degree of polymerization. According to the main characteristic of laser-
coherent, collimated and monochromatic-there is no energy loss, thus, it provides
more depth of cure and less time consuming (2,5).

Cobb et al (9) concluded that argon laser can be an alternative method for
composite resin polymerization. They found that Herculite XRV requires 10 seconds
where as Durafill VS requires 20 seconds of argon laser exposure to achieve
comparable flexural and compressive strength, while 10 seconds was adequate for
acceptable diametrical tensile strength. Vargas et al (10) found that 20 seconds argon
laser curing of 3mm depth of hybrid composite resin and 30 seconds argon laser
curing of 2mm depth microfilled composite resin are acceptable as indicated by knoop
hardness values.

Polymerization shrinkage may have a significant impact on the longevity of
composite resin restoration. It associated with lack of marginal integrity, deflection of
cusps, production of internal stress and postoperative sensitivity (11-13). The forces
generated by polymerization shrinkage provide the opportunity for loss of marginal fit
and the creation of gaps in the restoration that may not be overcome by etching of the
enamel surface, the use of dentinal bonding systems or volumetric expansion due to
water absorption (11). The amount of polymerization shrinkage is related to the filler
loading, amount of monomer, type of monomer and degree of cure (14). The
polymerization shrinkage of typical fine particle and microfine particle composites is

about 1-1.7% and 2—-3% respectively. Values for hybrids are not listed because of the
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wide variation in fillers, but properties are intermediate to fine and microfine
composite (15).

The lower light intensity usually slow down the rate of conversion (16) and
reportedly result in lower post gel shrinkage value (17). The shrinkage is greatest
where the polymerization is happening at the fastest rate. Since the intensity of the
curing light is highest at the surface and decrease as it penetrates deeper into the
composite. Superficial layers will shrink more and faster than deeper layers. It has
therefore been argued that light curing composites shrink toward the light (11).
Followed by an argument that composite resin does not shrink toward the light, but
that the direction is predominantly determined by cavity shape and bond quality (18).

Restoration placement techniques are widely recognized as a major factor in the
modification of shrinkage stress (19). Incremental techniques seem to be the most
popular technique for reducing polymerization shrinkage (20-21). An attempt to
dispute that conviction was proposed by Versluis et al (22). They concluded that
incremental composite restoration filling techniques result in higher polymerization
shrinkage stress than a single bulk filling. The polymerization contraction of each
individual filling increment will cause some deformation of the cavity, forcing the
cavity walls to bend in and downward, decreasing the cavity volume. Thus the total
amount of composite resin filled in a cavity of the incremental techniques turns out to
be lower than the single bulk technique and bring to a higher stress stage. Such
developing shrinkage stresses may lead to a partial or complete rupture of the tooth—
restoration interface.

From the above observations, this thesis is focused on using argon laser as an
alternative method for composite resin polymerization. The objective of this study is
to evaluate the appropriate curing time and microleakage of composite resin cured by
argon laser compare to that of conventional technique. The microhardness technique
will be used to evaluate the degree of cure at different depths as a function of time.
The dye penetration technique will be used to evaluate the microleakage of different

light sources.
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OBJECTIVES OF THE STUDY

1. To compare the curing times of composite resin cured by argon laser and
conventional visible light using microhardness as an indicator.
2. To compare microleakages of composite resin cured by argon laser and

conventional visible light.

STATEMENTS OF HYPOTHESIS

1. There is no statistically significant difference between the curing times
required by visible light versus argon laser to cure composite resin.
2. There is no statistically significant difference between microleakage

occurred to composite resin either cured by visible light or argon laser.

CLINICAL IMPLICATIONS

1. Argon laser can decrease clinical time consuming of composite resin
polymerization.

2. Argon laser can be an alternative method to initiate composite resin
polymerization.

3. The results from this study can be used as basic knowledge for future

studies.
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CHAPTER II
LITERATURE REVIEW

Ever since composite resin has been introduced, it became universally used and
plays a vital role in esthetic dentistry nowadays. Before the advent of composite resin,
silicate cement and unfilled resin were the principle materials for filling compound
because of their attractive and more matching color than the amalgam. However, their
longevity and esthetic qualities were limits. The major problem was lack of adhesion
that led to failure of the restoration, such as marginal staining, post-operative
sensitivity and secondary caries (23). Decayed tooth filled up with silicate is less prone
to further decay, as silicate is capable of releasing fluoride that combats tooth decay
(23). All these shortcomings in property, namely poor color stability, high
polymerization shrinkage, high coefficient of thermal expansion and inferior
mechanical properties, had spurred many leading researchers and material scientists to

work relentlessly hard to develop ideal compounds in the years 1950 to 1960’s.

COMPOSITE RESIN

The quest for a better product finally materialized in 1963 when Dr. Rafael
came up with his brainchild, the so-called renowned composite resin (24). The term
composite refers to a combination of at least two chemically different materials with a
distinct interface that provides properties that could not be obtained with any one of
the components acting alone (25-26). In the early days, vinylsilane-treated silica glass
was incorporated into the unfilled resin provided superior properties of the restoration
(24). Benzoyl peroxide was added to initiate the polymerization while an aromatic
amine acted as an accelerator. The mixed material hardened in three to eight minutes
at 37°C. The volumetric polymerization shrinkage and the coefficient of thermal
expansion were decreased but the compressive strength, the modulus of elasticity and
the resistance to the indentation were increased relative to contemporary unfilled

resins. The reinforced resin had lower solubility and disintegration in water, was less
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affected by desiccation, and had higher tensile strength than silicate cements. The
same resin filled with silica not having vinylsilane surface treatment had inferior
properties after equivalent immersion in water (24).

Currently, composite resins are manufactured in two different forms, chemically
activated resins and light activated resins. The former normally supplied as two pastes
that contain a blend of resin and fillers, one of which contains about 0.5% of a tertiary
amine activator, such as N, N’ dimethyl-p-toluidine or p-tolyl diethanolamine (26).
The tertiary amine reacts with the benzoyl peroxide contribute free radicals to initiate
polymerization (25-26).

Light activated resins manufactured as a single paste, which contains monomers,
comonomers, fillers and an initiator system. The initiator system comprises a mixture
of photoinitiator molecule such as diketone, usually be camphoroquinone, and an
amine activator. Polymerization occurs rapidly when light of the correct wavelength
and intensity induces free radical formation from the initiator system (25-27). One
advantage offered by photoinitiated resins is a prolonged working time that can be
controlled directly by the operator, however, the materials do begin to set slowly after
expose to ambient light (25, 27). Light activation is accomplished with the blue light
of about 460nm which is absorbed usually by comphoroquinone added in amounts
varying from 0.2-1.0%. Most of the light curing units provides the beam of visible
blue light with various wavelengths centered around 450-490nm and 200-300% of
intensity (27).

CLASSIFICATION OF COMPOSITE RESINS

Since the type, concentration, particle size and particle distribution of the filler
used in a composite material are major factor controlling properties, hence, it is useful
to categorize dental composites by the particle size, shape and distribution of fillers.
Conventional type was first forged, followed by microfilled, small particles and hybrid

was the newest category of composite materials (27).
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1. CONVENTIOAL COMPOSITE

The most commonly used filler of these materials is ground quartz. The average
size is from 8-12um, however particles of size 50-100um may also be present. Filler
loading generally is 70-80% by weight. Physical and mechanical properties are
substantially improved but the rough surface due to the selective abrasion of the soft
resin matrix surrounding the hard filler particles is clearly shown. This influences a
high tendency discoloration of the rough texture surface to retain stain (25). The
surface finish was very poor, since the surface having a dull appearance due to the
filler particles protruding from the surface as the resin was preferentially removed

around them (28).

2. MICROFILLED COMPOSITE

An effort to overcome the problem of surface roughness associated with
conventional composite resin was utilization of colloidal silica particles as inorganic
filler. The individual particles are 0.02-0.04pm in size (25, 28). The concept of the
microfilled composite was one of reinforcing the resin by means of the filler yet
achieving a smooth surface similar to that obtained with the unfilled acrylic direct
resin (25).

The colloidal silica filer could not be added in large amount directly to the
resin matrix. The large surface area that must be wetted by the matrix resin could
thicken the materials and result in hard manipulation. The more common method for
increasing the filler loading is to make new filler from a pre-polymerized composite
resin that is highly loaded with colloidal silica particles. The pre-polymerized resin is
then pulverized into splinter-like particles of about the same size as the inorganic
fillers in traditional composites. The final inorganic content may be only about 50% by
weight, but when the pre-polymerized filler particles are included, the filler content is
closer to 80% by weight or nearly 70% by volume (25-27).

Microfilled composite provides the smooth finished surface desired for esthetic
restoration. Even if some of the very small silica particles are dislodged, the eye can
not detect the surface irregularity (25). It can be polished to a very smooth surface

finish, and provides a very large surface area of filler in contact with the resin (28).
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3. SMALL PARTICLE COMPOSITE

The average filler size that characterizes these materials is in the 1-5um ranges,
but the distribution usually is fairly broad. This type of composite contains inorganic
filler 80% by weight or 70% by volume (25).

The surface finish is smoother than the conventional type but this is at the
expense of lower filler loading, which may have an adverse effect on the wear

resistance (28).

4. HYBRID COMPOSITE

The materials were developed in an effort to obtain even better surface
smoothness than that provide by the small particle composites but to maintain the
properties of the latter. Most modern hybrid fillers consist of colloidal silica and the
ground particles of glasses containing heavy metal that may be bimodal or trimodal
blend of fine or microfine filler in which the smaller particles fit into the space
between the large particles. The total filler content being approximately 75-80% by
weight or 70% by volume. The glass has an average particle size of about 0.6-1.0um
Colloidal silica represents 10-20% by weight of the total filler content (25).

All the filler particles are subjected to a special pretreatment prior to blending
with the resin. This involves laying down a surface coating of a coupling agent on the
particles to enhance bonding between the filler and resin matrix. The coupling agent
most commonly used is y-methacryloxypropyl trimethoxysilane (26). These are
bifunctional molecules that at one end the ethoxyl or methoxyl groups react with
highly absorbed water or hydroxyl groups (-OH) on the particle surface, leaving
unsaturated groups to react with the Bis-GMA matrix during setting. Hence, it is able
to provide strong attachment of the organic and inorganic phase and produce strong

water-resistance composite (29).
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POLYMERIZATION REACTION OF COMPOSITE RESIN

The degree of polymerization in cross-linked polymeric matrix systems plays a
potentially significant role in determining the ultimate physical and mechanical
properties of the material (30). For monomer molecules to react with one another and
form chemical bonds, they must get closer together than they are in the uncured paste.
The result is that the overall volume of the composite lessens as it polymerizes; in the
other words, the composite shrinks. In addition, shrinkage is greatest where the
polymerization is happening at the fastest rate. For self-curing composite, the reaction
happens fastest in the center because it is insulated and builds up heat, which
accelerates the chemical reaction. The reaction for the light-cured material is similar,
except that it starts and proceeds fastest in the region closest to the activator.
Therefore, shrinkage is direct towards the light. (23)

Polymerization of the resin matrix produces a gelation in which the restorative
material is transformed from a viscous-plastic into a rigid-elastic phase. The gel point
is defined as the moment at which the material can no longer provide viscous flow to
keep up with the curing contraction. Therefore, the results of shrinkage determinations
are depend on the flow ability of the material in the experimental set-up. Shrinkage
determinations where the displacement transducer requires activation by way of force
can only monitor the “post-gel” part of the curing contraction, when the material is
sufficiently strong to exert force (31).

There are a number of devices for determining the volumetric contraction,
most of which are based on measurements in a mercury dilatometer (32-34) or water
dilatometer. (35, 36) Dilatometry is laborious and time consuming and is also subject
to data scattering when used for low-viscosity resins. In other studies density change
determination have been carried out (14, 36), whereby also the total amount of
volumetric shrinkage were establish.

The curing contraction is usually determined linearly. Jorgensen et al (37) and
Munksgaard et al (38) measured the wall-to-wall polymerization contraction of a
restoration using a light microscope. Feilzer et al (39) determined the linear curing
contraction from the start of the setting reaction, using a so-called linometer device. In
this set-up linear contraction is determined by means of a contactless displacement

transducer. Provided that measures are taken to guarantee free shrinkage of the
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sample, this is a simple and straightforward method of determining the total (pre-gel
plus post-gel) shrinkage.

For the early chemical activated composites, the average volumetric
polymerization shrinkage is about 2.7% (24). The conventional composite shrinkage is
reduced to approximately 2% (40). Small particle composites shrink only 1-1.7%
compared with the microfilled composite of 2-3% (27-28).

There are some factor influences the polymerization shrinkage. The type of
composite resin chemical-cured versus light-cured, polymerization shrinkage force
developed more rapidly in the light-cured composite resin than the chemical-cured
composite resin (21, 41). It can be assumed that, during the mixing of chemical-cured
base and catalyst, significant porosity is incorporated. Such porosity may contribute to
increased flow during polymerization due to air inhibition and growth of pores with a
resulting increased in unbound surface area (41-42), which permits more resin flow
during polymerization, thereby decreasing the contraction-induced stress (43-44).
While such admixed porosity decreases the magnitude of shrinkage stress, it may
decrease the physical properties and increase the opacity of the restorative material
(42). The presence of oxygen-inhibited areas within the bonding resin may interfere
with the quality of the bond reducing the cure and lowering the bond strength (45-46).

Light-cured resin composites undergo an immediate and rapid polymerization
reaction that permits less resin flow than chemically cured resin composites, because
they do not exist in a gel stage in a very long. Theoretically, the lower the capacity to
flow, the greater will be the contraction stress, which can be decisive for the success of
a bonding procedure (43).

The rapid linear contraction rate of light-cured composite resin is highest
during the first 30-40 seconds of the polymerization reaction and decreased as the 60-
second interval was approached (41, 47). This resulted in 83% of the polymerization
shrinkage in the first 60 seconds (48). Composite resins with higher filler content
showed the highest microleakage scores when compared with other composites using
the same dentin bonding system (49). The amount of filler and Young’s modulus was
more important than the bonding system for marginal integrity (50-51).

The use of larger monomer and co-monomer molecules effectively reduces the

concentration of reactive groups in a given volume of material. The setting contraction
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depends on the number of addition reactions that take place during polymerization
(26). The type of resin used may influence shrinkage (26, 28). Bis-GMA has a
relatively low setting contraction but this is increased proportionately according to the
amount of diluent monomer (e.g. TEGMA) used. High molecular weight
urethanedimethacrylate monomers which are often fluid enough to be used without
diluents may give a lower value of contraction (26).

Polymerization shrinkage force may increase with increased light intensity
(41). The more intense the light source used for polymerization, the shorter will be the
maximum initial polymerization time. Additionally, a more intense light source may
produce a greater rate and magnitude of polymerization shrinkage stress (52). Reduced
rate of polymerization may allow for increased flow of the material, decreasing the
polymerization shrinkage stress in a restoration (53), which may be more favorable for
marginal integrity (54). The use of higher light intensities may cause more rapid
development of polymerization contraction forces. Such rapidly developing shrinkage
stresses may build more quickly than the simultaneously forming dentin bond strength,
leading to a partial or complete rupture of the tooth-restoration interface (21, 55-57). A
lower intensity light may be beneficial in clinical handling of composite restorations
so as to reduce the extent and rate of cross-linking which are related to the rate and
extent of polymerization shrinkage. Slower shrinkage may be beneficial to the stability
of interfacial bonds between tooth and resin composite (41).

Although polymerization shrinkage is the cause, shrinkage stress may be seen
as the mechanism, which is responsible for quite a few of problems with adhesive
restorations, encountered in clinical dentistry. The shrinkage creates polymerization
stresses as high as 130kg/cm” that strain the bond between the tooth and the restoration
(27-28). It can cause separation from the cavities walls or cohesive fractures in one of
the structures. Shrinkage stress occurs when the contraction is obstructed and the
material is rigid enough to resist the sufficient plastic flow to compensate for the
original volume. Notwithstanding the strength of the materials involved, shrinkage
will take place, for the simple reason that it is physically unavoidable. Unless the
surrounding structures to which the shrinkage material is bonded, supply enough
elastic compliance, something will fracture, in order to compensate for the reduced

volume and so create open spaces. The magnitude of the contraction stress is
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dependent not only on the compliance of the surrounding structures, notably the visco-
elastic properties. At a given shrinkage value, the most rigid material will cause the
highest stress (38, 58). This stress also causes stress cracking and enamel fracture over
the tensile resistance of enamel (27-28). Another potential problem is that the
shrinkage will cause the cusps of the tooth to be pulled inwards so that they become
highly stressed. This thought to be responsible for some cases of post-operative pain
(26, 28). This usually results in a gap around the cavity margins, resulting in
microleakage and its possible sequelae: pulpal irritation, thermal sensitivity, and
recurrent caries (59). Microleakage, leading to secondary caries, has been reported as
the predominant reason for replacement of composite resin restoration (60-61).

Stress relief can be obtained in various ways. One approach is to develop the
dentin bonding agents that are able to develop immediate bond strengths that are
greater than those developed by polymerization contraction and are equal to those
obtained to acid-etched enamel. Under such conditions, the dentin bond strength could
withstand the stresses of polymerization shrinkage and all margins and bonds would
remain intact (62). The stress generated by polymerization contraction has been
reported to be about 13-17MPa (21, 43), which is higher than many dentin bond
strengths. Even though current adhesive resins may generate high bond strength to
dentin up to 20-30MPa, this is usually obtained after 24 hours of bonding onto flat
dentin surfaces where the configuration (C-factor) is low. If the same resins could be
tested immediately after bonding in a 3-dimension cavity configuration, the bond
strengths would probably be much lower (62).

The second approach involves the design of the restoration, in other words, the
ability of the restoration to contract freely to the adhesive interface. The less the
restoration is bonded to opposing walls, the less obstruction there is for the shrinkage
(63). Feilzer et al. (64) define C-factor as the ratio of the bonded to the unbounded
surfaces of the restoration. Maximum polymerization shrinkage force was inversely
related to C-factor (67). Furthermore, increasing C-factor values increased the rate of
shrinkage stress development. In restorations with C<1 are the only ones likely to
survive polymerization contraction stress. When C>1, the results are unpredictable

under clinical situation (64).
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The third approach to stress reduction is the application of the liners, which
acts as a shock absorber, to cover the bonded dentin surface (65-66). If the walls of a
cavity with an unfavorable configuration factor are provided with an elastic layer, the
bulk contraction of the restoration can withdraw some freedom of movement from the
adhesive sides. Moreover, the lining might contribute to a more equal distribution of
the stresses over the adhesive interface (65). The choice of lining is still left to the
practitioners. Several layers of low-viscosity bonding or one layer of a high-viscosity
liner bond is recommended as a liner under composite resin (67).

The forth approach is to insert composite resin in increments to reduce the
volume of the resin that is shrinking during polymerization (62). The total amount of
volumetric contraction that occurs depends upon the bulk of material used hence on
cavity size and clinical technique. Layering techniques, particularly applicable to use
with light-activated materials, can be used to limit the damaging effects of shrinkage
(26). A three-sited light-cure technique has been proposed to efficiently reduce the
contraction stresses during class II resin composite fillings (68). From this method the
interproximal and cervical cure-though matrices are available and might be used as a
tool to direct and counteract polymerization shrinkage. Bertolotti (69) proposed to fill
a chemically cured composite resin in the approximal box of the cavity and followed
by a light-cured composite resin on the occlusal portion. The rationale is that the
chemically cured composite resin would shrink towards the cavity walls and acts as a
stress breaker for the overlying light cured composite resin. Whist the light cured
composite resin permits the clinician complete control of the working time and surface
characteristics.

In addition, it has been claimed that the slight expansion, due to absorption of
water, which gradually occurs in some materials over a period of several weeks

following placement can help to partially off-set the effects of shrinkage (26).
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DEPTH OF CURE

In early 1970s photoinitiator, commonly used was benzoin methyl ether (26),
was added as an ingredient of the single paste light activated composites which were
hardened by exposure to the light from hand-held ultraviolet (UV) lamp (23). At
certain selected wavelengths within the UV range, the molecule is able to absorb
radiation and undergo heterolytic decomposition to form free radicals that initiate
polymerization (26). For this type of composite resins, the maximum depth of cure
was limited to a little more than 2 millimeters because of the limited penetration into
the resin as well as through the tooth structure (25). Hence, it was put in jeopardy in
deep cavity especially in posterior teeth (23, 28). The use of UV-activated materials
has diminished greatly since the possible dangers of long term exposure to ultraviolet
radiation (26).

Subsequently visible light-activating systems were developed, with a greatly
improve ability to polymerize thicker increments (25). A good light source and good
technique obtained the depth of cure of 3-4mm (28).

There are numerous factors that affect the depth of cure such as type of
composite resin, quality of light source and method used. The darker shade of
composite exposed to proper light, the less penetration into the resin always is the
result. This is because of the properties of the light that could be refracted, scattered
and absorbed. It is not enough simply to have a high light output, but it must also be of
correct wavelengths. The tip of the light guide should be placed as close as possible to
the surface of the restoration, as the curing efficiency drops dramatically when the tip
is moved away from the surface. Curing of excessively long time is, however, not a
means of getting greater depths of cure. The depth of cure for a particular composite
used in conjunction with a particular light source reaches a limit, which can not be
exceeded. Thus, curing time of more than the recommendation tends to be
unnecessary. Any lack of cure provides a poor foundation for the restoration and may
lead to fracture. This is due to a lack of support or secondary caries at the cervical
margins, caused by wash-out of the uncured restoration materials (28).

However, the depth of cure is limited for both ultraviolet and visible light

activated systems.
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PROPERTIES OF COMPOSITE RESIN

1. PHYSICAL PROPERTIES
1.1 Visual Opacity

The opacity of the early composite resin was between 35-55% (24) that was
determined by using opacity standards against a variegated black and white
background according to Specification No. 9 (29). This value fell in the same range of
silicate cements and considered acceptable for direct filling materials. The average
value for human dentin and enamel is 70 and 39% respectively (40).

There is a number of factors that influences the visual opacity such as the
transmittance of the ingredients, the porosity, the refractive index of the various
components and the particle sizes of the reinforcement, the lower transmittance, the
more opacity. Opacity produced by light scattering that related to the differences in
refractive indexes of components and is at the same time a function of the particle size

(40).

1.2 Radiopacity

Early composites were characterized radiolucent, and a clinical evaluation was
conducted either by direct observation or by transillumination. The typical fillers, such
as quartz, lithium aluminum glasses, and silica, are not radiopaque. Therefore they
must be blended with other high atomic number fillers to produce a radiopaque
composite such as barium, strontium and zirgonium to produce a radiopaque
composite. The exhibited radiopacity is noticably less than that of the metallic
restorative. The opacity of composites should exceed the radiopacity of enamel that is

equivalent to 4mm thickness of aluminum (27).

1.3 Coefficient of Thermal Expansion
The coefficient of thermal expansion of the early composites is lower than
unfilled acrylics. The values of 20-32x10/C is reasonable close to the value of 8.3%
10 and 11.4%10°/C for dentin and enamel, respectively (23, 27, 70). Between the
temperature of 30 and 40°C the value turns up to 2.2x10°%/C (24). The proportions and

expansivity of its reinforcing fillers appreciably influence the thermal expansivity of
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composite. Bimodal sizes reinforce particle composite show considerably less
coefficient of thermal expansion than broaded continuous size (40).

The thermal properties of composite materials depend primarily on the
inorganic filler content because of a low coefficient of thermal expansion so that the
higher the inorganic filler loading, the lower the coefficient of thermal expansion will
be (23, 28). The difference between the coefficient of thermal expansion of composites
and teeth, combined with the gap from polymerization shrinkage, allows for the
percolation of oral fluids (26).

The conventional composite published that the high filler to resin ratio reduces
the coefficient of thermal expansion to 30%10°%/C. However, this still is approximately
three times that of tooth structure (25). The higher values for microfilled composites
are related mostly to greater amount of resin present. The hybrid composite exhibits
slightly greater thermal dimensional changes than the fine composites, but the
difference is small and should not be clinically significant (27). The larger amount of
resin compared to filler results in greater water sorption, higher coefficient of thermal

expansion, decrease elastic modulus (25).

1.4 Water Sorption

For early composite, the value was about 0.3-0.7mg/mm?. (70). The water
sorption depends mainly on type and polymer fraction (27-28, 70). Coupling agent
also influences the amount of water sorption since it competes to react with Hydroxyl
group (-OH) of the filler more than the water adsorbed. Hygroscopic expansion, due to
the water sorption, can counteract polymerization shrinkage. The hygroscopic
expansion takes place within 15 minutes after polymerization occurs, and reaches the
equilibrium stage in 7 days (27,70). However, a sample of Smm thickness requires
more than 3 years to reach equilibrium. Thus water sorption cannot compensate the
polymerization shrinkage (28). Excessive water sorption has a detrimental effect on

the color stability and the wear resistance (23, 28).



Suwanna Klangpremchit Literature Review /16

1.5 Water Solubility
The early composite provided the value of 0.01-0.06mg/mm” (70). The
solubility appears in high rate during the first 30 days of storage and become more
slowly during the second 30 days (27). The higher water solubility reflects inadequate
polymerization (27, 70).

2. MECHANICAL PROPERTIES
2.1 Compressive Strength

The mechanical properties of composite materials depend upon the filler
content, the type of filler, the efficiency of the filler-resin coupling process and the
degree of porosity in the set material.

A correctly cured, light-activated, conventional composite may, typically, have
a compressive strength value of 260MPa, where as an equivalent chemically activated
material, containing 3% porosity, is likely to have a compressive strength of 210MPa.
Non-porous products have a higher fatigue limit and longer fatigue life than porous
ones. This may have some bearing on the durability of materials in certain applications
(26). Both compressive strength and fatigue limit are reduced by about 30% when the
coupling agent is not used (24, 26).

As the average particle size of the treated silica powders decreases, the
compressive strength increased (40). Values of compressive strength for microfilled
materials are often similar to or even higher than those for conventional composites,
but the lower yield stress value is probably more significant for those products since it

represents the point of irretrievable break down of the material (26)

2.1 Diametral Tensile Strength
The tensile strengths of the microfine composites (25-30MPa) are only about
half those of fine composite (35-60MPa), but this may be related to the diametral
method of testing (27). Composites generally have tensile strength similar to that of
amalgam, although they have lower compressive and flexural strength (23).
The tensile strengths of composites are dependent upon the quality of surface
finish because of the highly susceptible to the presence of the internal flows or small

cracks in their surfaces, which are impossible to eliminate (28).
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Although the traditional anterior composite has a similar diametral tensile
strength to that current posterior composite, clinical experience has shown that
traditional composites do not perform well in the posterior situation. The diametral
tensile strength gives no direct indication as to the particular use of a composite or its
potential clinical performance. On the other hand, it reveals a useful indicator of the
resistance to the fracture (28). Heavily filled, conventional composites undergo brittle
fracture. As the filler content is reduced a transition to a more ductile failure is
observed (26). Microfilled composites, which generally have a filler content of 50%
by weight or less, normally exhibit a yield point at a stress considerably lower than
that of fracture (26). The higher values of the diametral tensile strength reflect the
higher volume fraction of the high strength, brittle, inorganic dispersed phase and the

transfer of stress given by the more ductile polymer matrix (27).

3. GENARAL PROPERTIES
3.1 Roughness

The surface layer is initially richer in resin than the bulk of the material and
few filler particles are exposed at the surface. Any process of abrasion, however, has a
tendency to cause surface roughing, as the relatively soft resin matrix is worn
preferentially leaving the filler particle protruding from the surface. This is a particular
problem with the conventional and hybrid materials that contain relatively smooth
surface following abrasion, due to the fact that the hard inorganic particles are very
small. Another factor that contributes towards surface roughness is the exposure of
porosity voids at the surface by abrasion. This is observed for all types of chemically
activated composites.

Surface roughness may be caused by abrasive force exerted on materials.
Alternatively, roughening may occur during contouring and polishing. The surface
cured against the matrix strip should be left intact if possible but removal of excess
materials but followed by polishing is often necessary. The average roughness value of
materials polished by one of three commonly used methods is shown in table 1.

All of the polishing procedures produce a significant increase in roughness

compared to the matrix surface. The roughness values of the conventional and hybrid
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materials are greater than that of microfilled material. Silicone rubber point yield the

greatest roughness value.

Table I Roughness average (um) values of composite materials following polishing.

Conventional | Microfilled Hybrid
Surface treatment ' _ '
composite composite | composite
None (matrix surface) 0.04 0.02 0.03
Aluminium oxide impregnated
0.15 0.10 0.20
finishing disc
White stone 0.30 0.20 0.30
Silicone rubber point 1.10 0.45 1.00

A rough surface can be restored to a smooth surface by using a glazing agent.
This consists of resin, which are identical to composites except that they do not
contain filler particles. The coated smooth surface is about 100um thick. However, the

material is very soft and is soon abraded, revealing the composite surface again (26).

3.2 Wear

Cyclic masticatory loading also offer a potential for fatigue wear in which
surface failure occurs following the development of a small surface or subsurface
cracks over a period of time and grow parallel to it before veering towards the surface
or coalescing with other cracks (26, 28).

The process of wear, whether occurring by a fatigue or abrasive mechanism,
may accelerated by chemical factors. Certain solvents occurring naturally in some
drinks and foodstuffs may soften the resin component of the composite (26). Other
chemical agents, particularly acids, may cause degradation of the filler component and
this process is probably accompanied either hydrolytic breakdown of the resin or the
breakdown of the resin-filler interface (28). Following storage of some composite
materials in erosive media, it is often possible to detect metallic ions from the
composite filler in the storage liquid. These chemical processes may significantly

affect the perceived rate of wear (26). As the chemical degradation influences the wear
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rate of the restoration, this is called corrosive wear, and betided in contact arcas and
non-contact areas either, and, when the combination with stressing conditions, can
lead to stress corrosion cracking. This process involves the slow growth of a crack,
which will eventually become sufficiently large to cause catastrophic fracture (28).

Composite containing quartz as the inorganic phase were more resistant to
wear than those containing glasses. The fine composites were more resistant to wear
than the microfine composite (27). The resistance to wear is cut in half when no silane
treatment is used with the inorganic phase (24, 27, 70).

In an attempt to improve the wear resistance of composites, a variety of
concepts have been exploited. Attempts have been made to increase the degree of
polymerization in the resin matrix and the theory to improve physical property under
functional forces influenced by moisture penetration. Some manufacturers have shown
some improvement in posterior use by changing the filler to a strontium containing
glass. It has been documented clinically that the presence of subsurface and internal
voids leads to accelerated wear patterns. This is now not the problem of a single-paste
photoinitiated systems (27).

A new approach, and potentially the most promising, is to select quartz filler
particles with a size distribution skewed to smaller sizes and with a large portion 1pum
or less. With this finer particle with a size distribution, the filler can remain in its
compacted state after being wetted with polymer without expanding the volume.
Particle to particle distance is decreased, and the volume fraction of the filler is

increased. Initial clinical trials have shown improved wear characteristics (27).

3.3 Hardness

Hardness is defined as the resistance to penetration of a solid (71) or to
indentation (72-73). There are many surface hardness tests. With only a few
exceptions they are based upon the ability of the surface of a material to resist
penetration by a point under a specified load. One of the exceptions is the Bierbaum,
which is a scratch test. The tests most frequently used in determining the hardness of
dental materials are the Brinell, Rockwell, Vickers, and Knoop. The material being
measured often determines the selection of the test. Certain tests are more applicable

to one type of material than to another.
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3.3.1 Brinell Hardness Test

The Brinell test is one of the oldest tests employed for determining the ductile
materials such as metals. In Brinell test a hardened steel ball is pressed into the
polished surface of a material under s specified load. The load is divided by the area of
the indentation. Thus, the smaller the indentation, the larger is the hardness number,
and the harder is the material. The quotient is referred to as the Brinell Hardness
Number, usually abbreviated as BHN (71-73).

The instrument generally employed for testing dental materials is usually
referred to as the “baby Brinell”. The diameter of the ball is comparatively small-
1.6mm (1/16 inch). The standard load used in combination with this ball is 12.61kg
(27.7 pounds). However, it is not suitable for determining the hardness of brittle
materials or those that exhibit elastic recovery. The steel ball tends to fracture brittle
materials; thus, the indentation is not well defined. Resilient materials tend to recover
upon removal of the steel ball, and the indentation is thereby inaccurate. Thus it is not
suitable for measuring the hardness of the tooth structure and cements which are

neither brittle materials nor the dental plastics that exhibit elastic recovery (72).

3.3.2 Rockwell Hardness Test

Rockwell hardness test was developed as a rapid test method for hardness
determinations. A ball or metal cone indenter is normally employed, and the depth of
the indentation is measured by means of a sensitive dial micrometer. The Rockwell
hardness number (RHN), therefore, is an indication of the resistance to penetration as
recorded by the micrometer. The Rockwell method employs indenter balls or cones of
several different load applications, with each combination described as a special
Rockwell scale. The Rockwell method is not used so extensively as other methods in

testing restorative materials (73).

3.3.2 Knoop Hardness Test
The Knoop hardness test was developed in 1939 at the national Bureau of
standards to fulfil the needs of a microindentation test method (73). In principle, the
load is applied to a carefully prepared diamond-indenting tool, the angle of the

longitudinal faces of the rhombus shaped diamond indenting point is 172° 30°,
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whereas that of the transverse faces is 130° (72). When the indentation is made, the
Knoop Hardness Number (KHN) is computed on the basis of the length of the
indentation (71-73). The cutting action occurs along the major axis of the impression,
and a spreading or indenting takes place along the minor axis. The stresses are
therefore distributed in such a manner that only the dimensions of the minor axis are
subjects to change by relaxation (71-73). The KHN is the ratio of the load applied to
the area of the indentation. The units for KHN are kg/mm®. The Knoop method is so
designed that varying loads may be applied to the indenting instrument, this give the
advantage that materials with a great range of hardness can be tested simply by
varying the test load applied. It is possible to employ this method of testing to examine
materials that vary in hardness from one area to another. Chief disadvantages are the
need for a highly polished and flat test sample and the time required completing the
test operation, which is considerably greater than that required for some other, less

precisely controlled methods (73).

3.3.4 Vickers Hardness Test

Vickers hardness test is also called the diamond pyramid hardness test. The
diamond indenting-tool is prepared in the shape of a square-based pyramid. The angle
between the faces of the pyramid is 136° (72-73). Loads may be varied from 1-120
kg, depending on the relative hardness of the material being tested (73). The indenter
produces a square indentation. The Vickers hardness number (VHN) is calculated by
dividing the load applied by the surface of the indentation produced, the units for
VHN are kg/mm® (71-73). The lengths of the diagonals of the indentation are
measured and averaged. Using this value the VHN is obtained from a table (72). For
current microhardness tester the VHN is already computed after both diagonal lengths
is measured. The Vickers test is employed in the American Dental Association
specification for dental casting gold (73). The test is suitable for determining the
hardness of quite brittle materials such as tooth structure but suffers from those that
exhibit elastic recovery (71-72).

Hardness testing is the most common technique used for measuring degree of
polymerization for composite. This indirect method has been shown to be well

correlated with the actual degree of conversion determined from FTIR spectroscopy
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(74). Adequate polymerization is a crucial factor in obtaining optimal physical
properties and clinical performance of composite resin restorative materials (75-76).
Light-activated resins rely on sufficient intensity of light to achieve adequate
polymerization (39). As light passes through composite, it is absorbed and scattered
attenuating the intensity and reducing the effectiveness of the light for resin
polymerization as the depth increases (78). Interest in the argon laser began to grow
with the discovery that its light, which is in the blue green spectrum (450-500nm),

could possibly replace halogen sources as a composite resin-curing agent.

LASER IN DENTISTRY

Laser is an acronym for “light amplification by stimulated emission of
radiation” (1). Basically, a laser beam is generated when an external power source
stimulates a chamber of a laser medium-solid, liquid or gas. The resulting spontaneous
emission of photons resonates between the mirrored ends of the laser chamber. These
bouncing photons further excite other atoms in the laser medium. Momentum builds
until a highly concentrated beam of light passes through the partially transmittive
mirror at one end of the chamber (1).

Laser light electromagnetic energy that is monochromatic (all photon particles
have the same wavelength), coherent (all photons exist in the same phase) and
collimated (the beam remains intact and does not scatter) (1-2). Lasers are named
according to the laser medium employed. Different lasers can produce varied effects
on the same tissue. Likewise, a particular type of laser can produce a variety effects
depending on the type of tissue upon which is used. This tissue specificity dictates
suitable applications for each laser (1). Dental lasers were FDA-approved for soft
tissue used only, with the exception that the argon laser is approved for the composite

resin curing (3).
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ARGON LASER IN DENTISTRY

Argon lasers are those lasers emitted from the argon ion and emit a visible
beam in the blue-green spectrum (1,3). As with the electromagnetic characteristic
exception, argon lasers produce two primary wavelengths 488 and 514.5nm (1-4). The
argon laser beam uses a fiber-optic delivery system (1,3). Argon lasers have an affinity
for dark pigmented tissue and also a high affinity for hemoglobin, making them
excellent coagulators (1-3). Argon lasers are not readily absorbed by water and may be
well suited for selective destruction of blood clots and hemangiomas with minimal
damage to adjacent tissue (1). They are not absorbed well by hard tissue, and no

particular care is needed to protect the teeth during laser surgery (2).

ARGON LASER IN OPERATIVE DENTISTRY

Argon lasers also have the ability to cure composite resins, a feature shared by
none of the other lasers. The green wavelength around 510nm is mainly for soft-tissue
procedures and coagulation, while the blue wavelength of 488nm is used mainly for
composite curing (3).

Argon lasers have shown to cure composite resins quite impressively. Studies
at the University of Utah and Creighton University showed that argon laser light cures
composite material faster, while also enhancing the physical properties of resin
restorative materials (1).

Blankenau et al. (8) suggested that, for hybrid composite resin, the laser-
polymerized samples demonstrated tensile strength values that exceeded their visible
light cured counterparts, however, this difference diminished during the latter time
intervals that were studied. In the other hand, for microfilled composite resin, the laser
polymerization produce the highest early tensile strength values followed by a period
where the visible light cure values were superior. The benefit of the improvement of
early strength values, perhaps the restorations formed from these materials will be

better able to withstand the vigor of restoration finishing. Since these procedures are
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undertaken shortly after restorative material polymerization, high strength values
could be clinically advantageous.

Cobb et al (9) stated that the argon laser was a viable light for the polymerization
of resin composite restorative materials. Hybrid resin composite required 10-second
argon laser polymerization while microfilled resin composite required 20 seconds to
reach comparable physical properties, compressive strength, flexural strength and
diametral tensile strength, achieve from those cured by 40-second conventional visible
light.

The study of Kelsey et al (6) revealed that the increasing in diametral tensile
strength of composite resin. Both microfilled and small particle resins, could infer that
laser polymerized restoration should be better able to resist lateral forces generated
during function in the oral cavity. However, the greater transverse flexural strength
and compressive strength, although not statistically significant, led to the alternation of
polymerization method that required polymerization time only one forth of
conventional technique.

Powell and Blankenau (79) compared the blue line lasers (primarily 476 and 488
nm) with the multiline lasers (primarily 476, 488 and 514nm) on the diametral tensile
strength of polymerized composite resin. The study revealed no significant differences
between diametral tensile strengths of composite resins polymerized with blue line or
multiline argon laser.

Powell and Blankenau (80) conducted a study to evaluate the effects of the argon
laser on dentin shear bond strengths compared to a traditional curing light. The argon
laser provided bond strengths that were 21-24% greater than those of the conventional
curing light system with 50% less curing time. Moreover the results demonstrated that
laser cured dentin bonding systems had less separation of bonding material to tooth
structure (adhesive failure) as compare to the visible light curing system.

Shantala and Munshi (81) conducted a study to compare the shear bond strength
of composite resin to enamel surface after achieving the polymerization of composite
resin by a conventional visible-light and argon laser curing system in permanent and
primary teeth. The study demonstrated higher shear bond strength with laser
polymerization exposed for 10 seconds compares to conventional visible light exposed

for 40 seconds polymerization. The increased bond strength was statistically
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significant in primary teeth, whereas, in permanent teeth it was insignificant. The
different etching times showed no statistically significant difference in bond strengths.

Adequate polymerization of resin composite is crucial for achieving optimal
clinical performance of resin restorative material (75-76). The poorly polymerized
resin can lead to undesirable consequences such as gap formation, marginal leakage,
recurrent caries, adverse pulpal effects, and ultimate failure of the restoration (8, 75 ,
82-83). Bottom hardness greatly influences the long-term prognosis of the restoration
(77).

Swartz, Phillips and Rhodes (84) suggested that the relative degree or quality of
polymerization could be obtained by measuring either the quantity of unreacted double
bonds in polymerized composite resins or the hardness of the polymerized composite.

The study of Bankenau et al. (7) reveals that a significantly greater degree of
microfilled resin polymerization was achievable following argon laser activation
compared to conventional visible light techniques. Small particle composite materials
were polymerized as well as, or perhaps slightly better with the argon laser, however,
these differences did not prove to be statistically significant. These results were
obtained with an argon laser exposure time that was only one-forth that of the
conventional visible light means.

The most common method of measuring the degree of polymerization within a
particular composite resin has been to test the hardness of the composite at different
depths or thickness (85-86).

De Wald and Ferracane (74) compared four methods of evaluating depth of cure
and found that the optical and scraping techniques correlated well but tended to over
estimate depth of cure. Measurement of the dependence of degree of conversion of
depth, although requiring relatively complex instrumentation, was the most sensitive
indicator of depth of cure. Hardness tests correlated well with the degree of conversion
test.

In study by Masutani et al (87) surface hardness of resin cured with an argon
laser was compared at equivalent energy densities, but with varying power output and
exposure times. Greater surface hardness was achieved using a lower power output

(300W/m?) for 40 seconds as compared to 600W/m” for 20 seconds.
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Severin and Maquin (88) reported greater surface hardness using an argon laser
at a minimum of 100mW compared to a conventional light at equivalent exposure
times.

Pucket and Bennett (89) compared both surface and bottom hardness of
composite resin polymerized by an argon laser for 10 seconds versus a conventional
light for 30 seconds. Although surface hardness was not significantly different for
either light source, bottom hardness at 3mm depth was significantly greater when
polymerized by the argon laser versus the conventional light.

Vargas et al. (10) compared polymerization of composite resin, as indicated by
microhardness, at increasing depths using an argon laser versus a conventional light.
Conventional light at 40 seconds produced comparable polymerization to the argon
laser at 30 seconds for the microfill and at 20 seconds for hybrid composite resins.
This represents a 30-50% saving time required to polymerize resin restorative
materials to a depth of 2mm.

Hinoura et al. (90) compared bond strengths of composite resins to tooth
structure cured with either argon laser or conventional light. The study revealed the
relationship of the exposure times and distances of the light source to the composite
surface that influence the bond strengths. The bond strengths of bonding agent cured
with the laser did not decrease with increasing distance whereas there was a significant
decrease in halogen bond strengths at distances greater than 0.5mm. When the laser
intensity was adjusted to give the same energy, composite resins cured with high-
intensity for a shorter time showed higher bond strengths than those cured with lower
intensity for a longer time.

Tar and Nicholls (91) investigated the amount of linear shrinkage, using a
calibrated light-microscope, that occurred when a light-cured composite resin was
cured with a visible light source or an argon laser. The study revealed that laser and
visible light curing elicited the same shrinkage percentage for composite resins used in
the study.

Puppala et al. (92) had studied the extent of marginal leakage in class V
composite resin cured by conventional visible light and argon laser to assess the
efficacy of 2% methylene blue dye and radioactive phosphorous (P*?) isotope. The

study showed that there was statistical higher degree of marginal leakage in
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restorations cured by argon laser as compared to visible light by dye method whereas
it was not of statistical significance by isotope method. Irrespective of the type of
curing and method of observation, primary teeth showed higher degree of marginal
leakage. Additionally cervical margin of all the restorations in both primary and
permanent teeth showed higher degree of marginal leakage to that of incisal margin by
both curing systems and methods used. The dye method was observed to be superior

to isotope method towards assessing the extent of marginal leakage.
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CHAPTER III
MATERIALS AND METHODS

This study consisted of two laboratory tests done on hybrid composite resin,
Single Bond" dental adhesive and Filtek” Z250 Universal Restorative System shade
A3.5 (3M Dental products, St. Paul, MN, USA.) (Fig.1). These tests were carried out
to determine microhardness and microleakage of composite resin cured by argon laser
(Laser Med™, Salt Lake City, Utah, 1-800-903-cure) and conventional visible light
(3M Curing Light XL 3000, 3M Dental Product, USA.) (Fig. 2, 3 respectively).

Fig. 1 Single Bond™ dental adhesive and Filtek =~ Z250.
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Fig. 2 Argon laser curing unit.

Fig. 3 Conventional visible light curing unit.
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Part I Microhardness test
This part was conducted in vitro study to compare hardness of composite resin
between two polymerization methods, argon laser and conventional visible light

source. The method of testing was divided into 5 steps as follows:

1. Mold preparation.

The teflon mold was consist of two pieces of horseshoe shape with inner
rim of 2.5mm in arm’s length, 3mm in width and 7mm in thickness and a 3x7mm
teflon plate (Fig. 4). Both horseshoe pieces and plate was designed to join together
with two screws. Prior to fastening the screws, each fragment was brushed with
detergent solution and cottonbuds, thoroughly washed in running tab water for 30
seconds and dried with air dryer until no droplet is seen. After fastening the screws,

there were two cavities with the size of 3 X 2.5 X 7mm cavities (Fig. 5).

Fig. 4 Fragments of teflon mold for microhardness specimen preparation.
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Fig. 5 Teflon mold after the screws were fastened.

2. Polvmerization procedure.

Forty samples was prepared and divided into 4 groups, each group was cured

with different light source and curing time as follows;

Group 1 Filtek™ 7250 with 40 seconds conventional visible light curing.

(Control group)

Filtek™Z250 was plugged into the teflon mold with a plastic instrument upto the
cavosurface margin. Mylar strips was placed to cover the composite resin’s entire
surface. Then a glass slide was placed on the mylar strip, light pressure was applied to
splash the excessive composite resin (Fig.6). The mylar strip was left and the
composite resin was cured with a conventional visible light curing unit for 20seconds.
All the cutting end surface of the light guide must be placed perpendicular to the mylar

strip and all the composite resin’s area must be covered (Fig.7).
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Fig.6 Placement of composite resin and glass slide on the mylar strip.

Fig.7 Placement of the visible light guide in polymerization procedure.
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Group 2 Filtek™ 7250 with 20 seconds argon laser curing.

In group 2, the Filtek™ Z250 was placed similar to that in group 1 except argon

laser curing unit was used to initiate polymerization of composite resin for 20 seconds

(Fig 8).

Fig. 8 Placement of the laser optic light in polymerization procedure.

Group 3 Filtek™ 7250 with 15 seconds argon laser curing.

The process performed in group 3 was similar to that in group 2 except the curing

time which was reduced to 15 seconds.

Group 4 Filtek™ 7250 with 10 seconds argon laser curing.

The process performed in group 4 was similar to that in group 2 except the curing

time which was reduced to 10 seconds.

Group 5 Filtek™ 7250 with 5 seconds argon laser curing.

The process performed in group 5 was similar to that in group 2 but the curing

time was 5 seconds.
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After each sample was cured, each specimen was removed from the mold and

stored with 37°C distilled water in lightproof container for 24 hours.

3. Specimen preparation.

After 24 hour distilled water immersion, each specimen was mounted in a
mounting ring with self-cured acrylic resin to facilitate testing. The mounting rings
were made from a PVC tube that has 2.5mm in diameter and 1cm thick. The 3x7mm
testing surface was kept parallel to the upper surface of the mounting ring by sticking
a 0.017"x 0.025" rectangular stainless steel wire with sticky wax at the testing surface.
The wire was used to fix the plane and the position of the specimen in place until the

acrylic was set (Fig.9).

Fig.9 Mounted specimen while acrylic resin being set.

After acrylic setting, the entire surface was polished until the surface was smooth
by METASERV 2000 (Buehler Ltd., Lake Bluff, Illinois, U.S.A.) (Fig. 10). The
polishing procedures was begun by using NAZA" waterproof abrasive cloth P.36 No.3
and followed by silicon carbide grinding paper (Buehler - Met® II, Buehler Ltd.) Grit
240, 320, 400 and 600 respectively. Then each specimen was polished with polishing
cloth (Microcloth®, Buehler Ltd.) (Fig. 11). Each step of polishing was performed for
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10 minutes. Dust and oily matters adhering to surface was cleaned by detergent
solution and cotton fabric under running tab water for 1 minute, then dried with dry

cotton fabric.

Fig. 10 METASERYV 2000™ Surface polishing device.

Fig. 11 Polishing performance in specimen preparation.
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4. Hardness test.
For the hardness values, Microhardness Tester (Mitutoyo MVK — G III, Akashi

Corporation, Japan) (Fig. 12) was used. Each specimen was placed on a specimen
adjusting tube. The turret was turned until the objective lens was located on the front
and the notch of the turret was adjusted exactly to the spring position. The eyepiece
was focused on the specimen surface and the area that would be indented was
positioned at the center of the visual field. The turret indenter shaft was turned on the
front. The test load was set at 300g and the load duration was 15 seconds. The
hardness value was obtained by measuring the length and width of an indentation from
a Vickers diamond indenter (Fig. 13) and the measured values was converted to the
Vickers hardness number. The hardness value is the number of kilograms required to

give an indentation of 1 squaremilimeter, the unit of the value is kg/mm®.

Fig. 12 Vickers microhardness tester.
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Fig. 13 Indentation from a Vickers diamond indenter

5. Statistical analysis.

5.1 Independent variables-different curing time and light source.
5.1.1 Filtek™ Z250 with 20 seconds visible light curing.
5.1.2 Filtek™ Z250 with 20 seconds argon laser curing.
5.1.3 Filtek™ Z250 with 10 seconds argon laser curing.
5.1.4 Filtek™ Z250 with 5 seconds argon laser curing.
5.2 Dependent variable
5.2.1 Hardness value in kg/mmz.

The result was analyzed by SPSS for MS Window Release 6. Mean values and
standard deviations of the hardness value were computed. Statistical comparison of the
different groups of each depth and curing time was made by One Way Analysis of
Variance. Least Significant Difference was employed in the statistical comparison. A

value of P < 0.05 indicated that the test was different.
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Part Il Microleakage test.

This part was performed in vitro on eighty extracted human teeth to compare
microleakage, as indicated by degree of dye penetration of Filtek™ Z250 that was
cured by argon laser and that of conventional visible light. The method of testing was

divided into 6 steps as follows:

1. Tooth collection.

Sixty human premolar teeth extracted within six months for orthodontic purpose
was used in this study. The teeth were collected from the oral surgery department,
Faculty of Dentistry, Mahidol University and some private dental offices in Bangkok.
All teeth was macroscopically free of carious lesion, restoration, enamel crack, enamel
hypoplasia or any other abnormalities on buccal surface anatomy. All teeth were
stored in distilled water.

The necrotic tissue and debris was removed with a wax spatula and a tissue
forceps, then thoroughly washed under running tab water and brushed with a detergent
solution. The buccal surface of the teeth was polished with a rubber cup and fluoride
free pasted pumice for 5 seconds, then rinsed with tab water for 10 seconds and dried

with an oil free air syringe for 5 seconds.

2. Specimen preparation.

Sixty teeth were divided into two groups for two different light curing
procedures, conventional light curing and argon laser curing.

Each tooth was processed in cavity preparation. Each cavity was prepared at the
midbuccal aspect of each tooth. Outline of the cavity was set by a matrix band
(Contact Matrix™, Danville Materials, California, U.S.A.) which was pierced in

2X4mm rectangular with round line angle shape (Fig.14).
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Fig.14 Pierced matrix band with the outline of cavity preparation.

Prior to the preparation, the matrix band was placed on two imaginary lines to
control the position where the preparation was. The vertical axis of the matrix band
must be placed on the imaginary line between the tip of the cusp and the root apex.
The horizontal axis of the band must be placed on the imaginary line along the height
of contour of each tooth. Then, the outline of the cavity was drawn on the tooth

(Fig.15).

Fig.15 Placement of the matrix band to the tooth.
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In order to control the depth of the cavities, a cylindrical diamond bur with
Imm in diameter and 2mm long was used (Fig. 16). After the cavity preparation, all

the cavities were cleaned with water spray for 5 seconds.

Fig.16 Marked cylindrical diamond bur.

3. Cavity lining, filling and polishing

All teeth were randomly divided into two groups. Each group was cured by
different light source. The cavities were etched for 15 seconds and blot dried. 3M
Single Bond' " dental adhesive was applied to all thoroughly wet tooth surfaces, gently
air dried for 5 seconds and light cured for 10 seconds. Second coat of Single Bond
dental adhesive was applied, and air-dried for 5 seconds and light cured for 10

seconds.

Group 1 conventional visible light curing

As a controlled group, the cavities was bulk filled with Filtek™ Z250 by a
plastic instrument upto the cavosurface. The excessive resin was removed. The
composite resin was cured with the conventional visible light curing unit for 20
seconds. All the cutting end surface of the light guide must be placed perpendicular to

the entire surface of composite resin (Fig.17).
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Fig.17 Application of the light guide to the surface of composite resin.

Group 2 Argon laser curing.

For the second group, the same procedure was followed as in group 1 except the

composite resin was cured with argon laser for 10 seconds (Fig.18).

Fig.18 Application of the optic fiber to the surface of composite resin.
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All restorations were immediately dry finished with sequential alumimun oxide

discs (Sof-LexTM, 3M Dental products, St. Paul, MN, USA.), 20 seconds for each grit.

4. Thermocycling procedure and immersion of samples in tracer solution .

All the teeth were thermocycled 500 times by thermocycling device (Fig. 19). A
cycle consisted of 20 seconds dwelling time in two water baths at 5+2°C and 55+2°C.

The transfer time from one bath to the other was 5 seconds.

Fig. 19 Thermocycling device.

Prior to immersion, the teeth were coated with nail varnish except the area of the
occlusal half of the restoration with Imm margin (Fig.20). The sample then was
immersed in 2% methylene blue for 24 hours (Fig.21).

Following the immersion, each tooth was rinsed with tab water until the water was
cleared. Then it was cut in mediodistal half by long shank diamond disc to divide the

restoration into two halves equally under tab water.
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Fig.20 Tooth coated with nail varnish.

Fig.21 Specimens immersion in 2% methylene blue.

5. Measurement of microleakage.

Each specimen was evaluated for microleakage by using 30X light microscope
(Measurescope MM-II, Nikon, Japan). The tooth was fixed on the glass slide with
periphery wax. Following score was used to obtain the data (Fig. 22-26).
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0 = no evidence of dye penetration.

Il

penetration less than or up to half of occlusal wall.

o
Il

penetration more than half of occlusal wall but not

involving the pulpal wall.

3 = penetration involving occlusal wall and less than half of

the pulpal wall.

Fig. 22 Leakage score for microleakage determination.

Fig. 23 Restoration showed leakage score = 0.
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Fig. 24 Restoration showed leakage score = 1.

Fig. 25 Restoration showed leakage score = 2.
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Fig. 26 Restoration showed leakage score = 3.

There were two specimens of each sample when the level of dye penetration on
both sides of specimens showed different microleakage scores, for statistical point, if
the difference of microleakage score was observed between 2 sections, higher score
should be used. In the meantime, if no difference was observed, any score could be

obtained. For this study, higher score was selected in every sample.

7. Statistic analysis.

7.1 Independent variables.
7.1.1 Filtek™ Z250 with conventional visible light curing.
7.1.2 Filtek™ Z250 with argon laser curing.
7.2 Dependent variables.
7.2.1 Leakage score.
The result was analyzed by SPSS for MS Window Release 6. Statistical test for
dependent of the different groups was Mann-Whitney U test. A value of P < 0.05
indicated that the test was different.
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CHAPTER 1V
RESULTS

Part I Microhardness test
Mean hardness numbers of all tested groups at each depth are shown in table 2.
The group of argon laser lased for 20 seconds has shown the highest mean hardness

number at all tested depth.

Table 2 Vicker Hardness Number (kg/mm?®) at various depths of composite resins

cured by two different light sources and various curing times.

Depth
0 1 2 3 4 5 6 7
Curing time

101.02 95.09 9333 89.23 81.60 67.08

VL20 4 -
(2.99) (1.86) (2.80) (4.15) (2.68) (5.16)

AL0 102.78 97.48 94.13 91.27 85.48 80.53 67.64
(2.91) (2.66) (2.94) (3.04) (2.78) (2.97) (5.62)

ALLS 101.55 97.22 93.84 88.12 84.92 75.45 57.92
(3.99) (1.97) (1.86) (2.87) (2.81) (4.27) (4.60)

ALLO 100.17 94.94 91.02 85.37 80.41 70.12
(4.20) (1.98) (2.87) (2.60) (3.03) (4.35)
99.42 95.30 88.15 82.65 71.22

ALS - - -
(3.38) (1.97) (4.74) (3.71) (5.77)

- shows that the composite resin was too soft to determine hardness.




Table 3 Vicker Hardness Number (kg/mm?), (SD) and statistic results according to depth.

0 1 2 3 4 5 6
Light sour

101.02 2 95.09°¢ 93.334¢ 89.23 1 81.607¢ 67.08°

VL20 i
(2.99) (1.86) (2.80) (4.15) (2.68) (5.16)

120 102.78 2 97.48° 94.139 91.27°F 85.48" 80.53™ 67.64°
(2.91) (2.66) (2.94) (3.04) (2.78) (2.97) (5.62)

LIS 101.55° 97.22° 93.844 88.125¢ 84.921 75.45" 57.929
(3.99) (1.97) (1.86) (2.87) (2.81) (4.27) (4.60)
100.17% 94.94° 91.029¢ 85.37¢%" 80.41% 70.12°

AL10 i
(4.20) (1.98) (2.87) (2.60) (3.03) (4.35)
99.42% 95.30° 88.15°¢ 82.64" 71.22"

ALS - .
(3.38) (1.97) (4.74) (3.71) (5.77)

- shows that the composite resin was too soft to determine hardness.

Mean (SD) superscribed with the same letter, a-q, are not statistically significant different from each other at the same depth.
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Table 4 Vicker Hardness Number (kg/mm?), (SD) and statistic results according to light sources and curing times,

Light source
VL 20 AL 20 AL 15 AL 10 ALS
Depth (mm.)
0 101.02 (2.99)° 102.78 (2.91)° 101.55 (3.99)* 100.17 (4.20)" 99.42 (3.38)"
1 95.09 (1.86)° 97.48 (2.66)" 97.22 (1.97) 94.94 (1.98) P4 95.30 (1.97)"
2 93.33 (2.80)"° 94.13 (2.94) "¢ 93.84 (1.86)" 91.02 (2.87)° 88.15 (4.74)"
3 89.23 (4.15)° 91.27 (3.04) ¢ o N 85.37 (2.60)" 82.64 (3.71)"
4 81.60 (2.68)° 85.48 (2.78)" 84.92 2.81)™ 80.41 (3.03)" 71.22 (5.77)"
5 67.08 (5.16) ¢ 80.53 (2.97)" 75.45 (4.27)" 70.12 (4.35)° -
6 - 67.64 (5.62)! 57.92 (4.60)° - -

- shows that the composite resin was too soft to determine hardness.

Mean (SD) superscribed with the same letter, a-v, are not statistically significant different from each other within the same light source.
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One — Sample Kolmogorov — Smirnov Test was set to analyze the distribution
of the data and revealed that the distribution of all groups were normal.

The statistic analysis, as shown in table 3 and 4, reveals the significant
difference mean hardness value according to depth and light sources respectively.

Skeeters et al and Johnston et al (93-94) suggested that depth of cure be
defined as the level at which the hardness value is equivalent to at least 90% of the
hardness at the surface of the composite. In the present study, the mean hardness
number at the surface of the visible light cured samples was 101.02 thus the acceptable
depth of cure in this study should correspond to the region where the hardness was at
least, 90.92, which was set as the critical hardness number for this study.

The surface of each sample registers the highest mean hardness value and no
significant difference between them.

At the Imm depth, the mean hardness number of the samples cured by 5
seconds argon laser shows no significant difference with that cured by 20 seconds
visible light curing unit. Moreover, the mean hardness numbers of both groups were
still higher than the critical hardness number.

At the 2mm depth, there was no significant difference in hardness between the
samples cured by 10 seconds argon laser and 20 seconds visible light. The mean
hardness number of the former was also not significant difference from the critical
hardness. Furthermore, the mean hardness value at the 1 and 2mm depth also show no
significant difference except the group of 5 seconds argon laser cure samples show
less mean hardness and lower than the critical hardness number.

At the 3mm depth, only the mean hardness number of the samples cured by 20
seconds argon laser exceed the critical hardness number.

At the 4mm depth, none of the mean hardness values reach the critical number.
Noticeably, the mean hardness number of the samples cured by 10 seconds argon laser
still shows no significant different with that of 20 seconds visible light cured. The

same output was also given from the data at the Smm depth.
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Part Il Microleakage test
The number of the samples cured by 2 different light sources were collected in

table 5.

Table 5 Distribution of microleakage scores

ategory of Microleakage
_ S s 0 1 % 3 n
Light source
20 seconds visible light 15 6 7 Y 30
10 seconds argon laser 12 12 4 2 30

Both treatments, 20 seconds visible light curing and 10 seconds argon lasing,
can not totally prevent marginal leakage. The samples cured by 20 seconds visible
light reveal 15 samples that have no dye penetration and the number reduced to one
half at the occlusal wall for both 1% and 2™ scores.

The samples cured by 10 seconds argon laser reveal the decreasing number
while the depth increased, almost half of the samples have no dye penetration and the
other half registered the 1% score at occlusal wall. Obviously, the number of the
samples cured by 10 seconds argon laser derived at the 1* score was double the
amount of that of 20 seconds visible light curing. Then the amounts of the samples at
2" score drops to 4 whilst the visible light shows the steady amount.

The nonparametric statistic, Mann-Whitney U test was set to determine the
significant different leakage score between the samples cured by 20 seconds
conventional visible light and 10 seconds argon laser. There was no significant

difference in leakage scores between two different light sources (Table 6).
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Table 6 The comparison of microleakage of the samples cure by two different light

source.

LEAKAGE
Mann-Whitney U 438.000
V., -.190
Asymp. Sig. (2-tailed) .850
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CHAPTER V
DISCUSSION

Examination of the physical properties of a restorative dental material is
essential since it predicts how that materials will endure in the oral environment (48,
77). The presence of unreacted molecules, or poorly polymerized resin, at the base of
a light cured composite restoration has several undesirable features and has been
reported from several studies (75, 82-83, 95-96). This underpolymerization happened
in spite of curing time under manufacture's recommendation using visible-light curing
unit. Inadequate power output, long curing times, narrow light tips and the degradation
of the components make the visible-light curing unit difficult to adequately cure
composite resin, especially in deeper areas. As such, it is essential to determine the
best method of curing that provides minimum clinical time with the best physical
properties of the composite resin. It has been reported that argon-curing of resin
material has been shown to enhance the physical properties and the degree of
polymerization of the resin while reducing the polymerization time by 75% (10).
Therefore we were interested in using this curing method to investigate if it could
reduce the time of exposure with acceptable physical properties of the composite resin
compared to visible light cure technique. Two variations were used to investigate two
properties of the composite resin, one being the depth of cure of the composite resin
after the exposure of the 2 curing systems. The other variation was the microleakage
of the composite resin determined by dye penetration.

The factors that influence the depth of cure for the visible light activated
composite resin include filler composition and resin chemistry, its shade and
translucency, the intensity of the light source, and the length of curing time.
Investigators have used various testing methods in exploring these variables. There are
4 tests commonly used in determining the depth of cure of the material (74). These are
optical, scraping, microhardness tests and degree of conversion. The most sensitive
indicator for depth of cure was a measurement of the dependence of degree of

conversion but this method required relatively complex instrument. Although the ISO
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(97) recommends scraping method, this method tends to exaggerate the depth of cure
of the material notwithstanding its well correlation with the degree of conversion (74).

Depth of cure of light activated dental composite has often been evaluated
indirectly by measurement of microhardness of the material at specific depth (93-94,
98-101). There were various tests for microhardness. Knoop microhardness test is the
most sensitive and widely used for restorative material. However, major disadvantages
of this method are the need for a highly polished and flat test sample and the time
required to complete the test operation, which is considerably greater than that
required for some other methods. In our study, Vickers hardness test was used for
microhardness test since only one loading force is required and there is no acquisition
of wide range detection of microhardness. Besides, the advantage of this test was its
less sensitive on surface condition and need less surface preparation (73).

Since the polymerization of light activated composite resins decreased with the
increasing depth from the exposed surface, it is important to achieve adequate
polymerization at all depths of the resin restorative material. Theoretically,
polymerization of composite resin at varying depths was considered adequate if the
hardness value was at least critical hardness value (27, 93-94). Polymerization of
composite resin at various depths is considered adequate if the hardness value is at
least 80% of the surface hardness value (27). However, in this study, the critical
hardness value was set at 90% of the surface hardness following the recommendation
of Skeeters (93) and Johnston (94). This value was derived from the corresponding
regression parameter that indicated the ratio of post-irradiation hardening of the
bottom surface to the top surface. They also revealed the stable hardness value after 24
hours of polymerization, as such in this study, all the sample was stored in distilled
water for 24 hours prior microhardness test. The critical hardness value in present
study was 90.92 kg/mm® (90% of 101.02, see Chapter IV; Results) derived from the
2mm depth of cure of composite resin cured by 20 seconds visible light which is
according to the manufacturer’s instruction.

The results of this study showed 20-second visible light cured (VL20) at 2mm
depth reached the critical hardness number corresponding to the recommendation of
the manufacturer. However in argon laser curing, 20-second (AL20) cured reached

3mm depth, deeper than that of VL20. Furthermore when the exposure time was
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reduced to 15 and 10 seconds, the depth of cure at 2mm depth in both groups was still
reaching the critical hardness number. This implied that at the same depth of cure at
2mm, the composite resin cured by argon laser could save half of the curing time
compared to visible light cured and similar finding was observed in Vargas et al. (10).

The other property of composite resin determined in this study is microleakage.
The polymerization of the light-cured composite resin is always accompanied by
shrinkage, due to the formation of short-range covalent bonds between the monomer
units. This usually results in a gap around the cavity margins, resulting in
microleakage. There were many techniques for assessment of microleakage. Dye
penetration was chosen for this study because it provides simplicity process, relatively
low cost, and the specimens could be prepared in large quantity at the same time.
Methylene blue was used in this study because its diameter was greater than the
internal diameter of dentinal tubules. As a result, it would be less penetration into the
dentinal tubules, hence, could be easily distinguished from actual microleakage
observed between the cavity and restoration (92).

Although the cavity design in this study was class I preparation but it could be
considered as class V preparation due to its location at mid-buccal area. The reason
that we used this location was because all the cavities could be prepared uniformly and
repeatable. In contrast to class V preparation, the class I preparation on the occlusal
area may have attrition leading to unequal ratio between enamel and dentin. The
discrepancy of this ratio of enamel and dentin at the axial wall may lead to internal
variation between the two walls in the same sample and among different samples. The
advantage of our cavity design was that we can divide the cavity into 2 halves with
minimal discrepancy between the two walls examined.

When configuration factor (C-factor) was taken in to concern, our cavity
preparation possessed the highest configuration (C=5) but having less extend of
microleakage than previous study with less value of C-factor in their cavity design
(92). These may be resulted from less variation in our cavity design.

In the present study, microleakage was detected from both curing treatments.
In conventional visible light considerations, our results were similar to the study of St.
Georges (103) and Manhart (104), using Filtek™ Z250 and Filtek Z100 respectively.

Although the specimens in our study and these studies were prepared in the same
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depth (2mm) but it appeared that microleakage could not be prevented regardless of
the type of composite resin used. This suggested that even if Filtek'™ Z250 was
claimed to be more stress relaxation than Filtek'™ Z100 due to the modification of
monomer (adding Bis-EMA), it still could not prevent the microleakage.

For argon laser considerations, microleakage was observed contradictory to
Puppala (92). The most severe leakage detected in our study affected only the axio-
pulpal line angle region and never cross the midline of the cavity to the other side.
While the extent in Puppala study revealed more penetration and cross the cavity
midline. Moreover, when compared to the visible light cure, no significant difference
in microleakage between the two light sources was observed in our study whereas in
the Puppala study, using visible light cure caused less microleakage than argon laser.
This might be due to the different materials used in this study and in Puppala study,

k™ 7250 and it was claimed to have less

with its higher filler content in Filte
shrinkage than Filtek™ Z100.

Since it is claimed that argon laser could enhance the degree of polymerization
with reduced exposure time but generally, the increase of polymerization could also
cause more polymerization shrinkage. We have found that the degree of
polymerization and microleakage of AL 10 were comparable to that of VL20. Hence,
we can concluded that argon laser can be used as an alternative effective method of
curing composite resin with less time consuming and acceptable microhardness and
minimal microleakage compared to visible-light cure.

Although argon laser revealed the enhancing of degree of polymerization with
exposure time reduction, the increasing polymerization could also cause more
polymerization shrinkage. Therefore it is essential for further study to investigate at
which point the use of argon laser could give maximum polymerization with minimal
microleakage. Furthermore, development of a better delivery system of argon laser

unit to polymerize composite resin within the oral cavity would make the clinical

utilization of argon laser technology be real and futuristic.
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CHAPTER VI
CONCLUSIONS

This present study revealed that argon laser had potentially advantageous
method of initiating the polymerization of composite resin since it provided a
comparable result to conventional visible light in microleakage study and more
favorable depth of cure in microhardness study. These studies could be concluded as
follows;

1. Argon laser lased for 20 seconds showed the highest depth of cure for

tested composite resin.

2. At 2 mm depth, common recommended depth of cure for composite resin,
argon laser had significantly less curing time than conventional visible
light.

3. Microleakage of composite resin cured by argon laser had no significant
difference compared to that of visible light.

In summary, since the microhardness detected in the samples cured by argon

laser with 10 second-exposure time was not significantly different from that of 20
seconds cured by conventional visible light, the microleakage found in our study from
the two light sources, with less exposure time from argon laser, was also not
significantly different. Therefore, the use of argon laser in clinical practice should be
beneficial since it reduces the time of exposure consequently, minimizes clinical
working time. Moreover, argon laser would be an alternative curing device in cavity
having its depth more than 2mm with inaccessible tip of visible light curing unit to the

superficial surface.
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Table 7 Hardness value of both sides of each specimen cured by 20 seconds

conventional visible light

DEPTH 0 1 ) 3 4 5 6 7

A 117.66 106.83 91.33 90.20 74.07 55.00 - -

1 B 116.00 121.33 103.33 90.66 84.86 60.10 - -

A 101.40 97.55 90.40 85.15 77.70 56.75 - -

’ B 107.85 102.20 96.65 95.80 82.80 64.30 - -

A 100.45 99.75 94.25 88.55 84.00 69.05 - -

i B 103.00 105.50 108.85 85.15 83.50 68.75 - -

A 101.00 96.45 92.85 86.30 85.05 76.20 - -

j B 94.70 98.60 93.20 94.95 78.25 66.4 - -

A 102.00 97.85 93.00 94.95 87.40 70.45 - -

E \ B 100.50 94.10 98.70 91.30 78.75 68.75 - -
% A 108.00 91.65 86.55 89.60 79.30 61.65 - -
ale B 101.00 94.05 90.20 85.30 79.70 66.55 - -
A 96.05 97.75 94.90 95.55 84.80 84.85 - -

! B 97.55 96.35 94.75 86.60 83.50 66.45 - -

A 105.50 92.45 108.70 95.20 87.60 65.50 - -

' B 104.20 94.40 85.65 95.40 84.00 57.40 - -

A 96.75 93.00 92.90 80.60 74.50 66.10 - -

’ B 100.60 92.50 91.95 83.90 81.75 63.65 - -

A 100.50 93.70 89.55 81.65 74.55 60.90 - -

v B 103.00 97.40 92.25 90.55 83.05 60.55 - -

- shows that the composite resin was too soft to determine hardness.
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Table 8 Hardness value of both sides of each specimen cured by 20 seconds argon laser

DEPTH 0 1 2 3 4 5 6 7

A 114.00 111.50 104.00 113.50 90.65 95.25 81.90 -

1 B 128.50 118.50 118.50 93.35 84.10 77.05 52.90 -

A 92.70 95.05 89.20 76.95 82.55 62.90 47.95 -

’ B 103.45 107.15 91.70 91.05 76.40 64.00 89.65 -

A 85.45 85.95 92.95 91.20 88.10 75.20 68.65 -

j B 98.35 112.00 105.00 93.10 84.75 72.70 37.80 -

A 100.05 94.20 100.55 89.50 82.65 78.20 65.80 -

i B 97.05 97.50 96.65 96.75 91.25 81.90 68.55 -

A 102.00 98.40 92.70 92.30 78.20 76.00 62.30 -

E { B 103.00 95.80 88.80 08 85.00 74.55 52.80 -
% A 99.18 94.10 87.65 88.40 83.50 79.75 59.05 -
A ° B 98.90 97.10 95.20 93.30 84.00 82.95 71.40 -
A 106.00 103.00 97493 93.00 87.30 80.50 76.30 -

! B 111.50 104.00 101.65 99.15 94.30 85.55 76.110 -

A 100.50 94.15 94.95 88.70 84.50 84.60 69.05 -

' B 106.50 96.35 95.25 97.10 83.20 82.35 77.05 -

A 103.50 98.35 93.85 85.70 89.25 80.25 67.35 -

’ B 105.50 97.40 94.45 88.20 85.75 84.55 69.60 -

A 101.00 94.10 93.30 89.30 85.30 82.00 70.10 -

" B 101.70 96.70 94.40 91.85 84.50 77.60 62.85 -

- shows that the composite resin was too soft to determine hardness.
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Table 9 Hardness value of both sides of each specimen cured by 15 seconds argon laser

DEPTH 0 1 2 3 4 5 6 7

A 111.10 100.25 98.25 92.20 77.40 65.10 46.15 -

1 B 105.00 116.00 114.00 100.55 86.60 72.50 56.85 -

A 97.80 99.65 94.10 88.10 78.10 73.80 50.25 -

’ B 104.00 96.30 92.35 83.15 77.45 60.65 69.90 -

A 96.40 93.20 90.20 90.40 90.05 75.90 64.50 -

j B 96.00 100.50 98.05 88.40 84.30 74.75 59.60 -

A 93.50 84.80 92.30 81.50 81.80 79.55 52.00 -

i B 94.80 103.00 9225 86.20 84.60 75.35 62.20 -

A 99.70 94.50 93.10 84.75 81.70 72.40 49.90 -

E { B 97.65 94.65 90.35 83.10 79.85 71.80 49.30 -
% A 100.05 100.20 99.50 90.60 84.15 81.35 60.65 -
A ° B 97.7 98.55 95.55 91.80 93.15 75.10 600.10 -
A 105.50 95.65 92455 93.60 87.35 82.40 78.00 -

! B 107.00 96.45 95.65 84.75 85.45 74.40 47.85 -

A 107.00 98.70 93.95 89.55 87.10 75.75 60.00 -

' B 104.50 98.20 95.70 89.70 86.70 81.55 67.40 -

A 102.50 98.85 94.10 91.95 85.60 73.05 66.95 -

’ B 101.00 | 96.445 94.85 89.55 84.25 67.85 50.95 -

A 101.95 97.55 91.80 85.25 82.80 69.75 49.65 -

" B 105.50 96.60 92.95 89.00 80.35 74.40 61.55 -

- shows that the composite resin was too soft to determine hardness.
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Table 10 Hardness value of both sides of each specimen cured by 10 seconds argon

laser
DEPTH 0 1 2 3 4 5 6 7
A 114.00 112.50 100.30 90.65 77.80 41.95 - -
1 B 117.50 101.00 98.75 89.60 85.85 59.45 - -
A 104.50 97.35 97.80 94.00 90.45 48.90 - -
’ B 117.00 107.50 108.00 93.25 88.85 64.55 - -
A 93.70 92.70 91.30 82.30 72.15 59.80 - -
i B 99.40 99.35 99.70 87.75 79.30 59.40 - -
A 98.20 99.45 90.35 84.25 80.80 67.75 - -
) B 94.05 87.75 90.85 83.50 77.10 63.30 - -
A 99.85 94.95 87.90 82.10 74.55 66.90 - -
E \ B 95.60 95.40 91.65 86.45 80.50 70.95 - -
% A 115.000 | 108.50 102.30 82.35 73.05 51.20 - -
7 ° B 127.00 131.00 124.50 99.85 77.65 47.35 - -
A 97.25 91.70 93.30 90.10 80.40 77.000 - -
! B 92.30 95.25 97.45 91.20 88.20 73.60 - -
A 106.50 96.90 90.40 85.05 83.00 78.70 - -
' B 102.00 96.30 94.45 82.05 81.40 70.45 - -
A 96.80 92.40 85.70 83.45 79.85 65.35 - -
’ B 97.10 92.80 88.55 82.75 78.15 62.00 - -
A 101.00 95.35 86.30 83.75 74.40 68.85 - -
v B 104.50 95.5 88.30 86.25 79.35 67.90 - -

- shows that the composite resin was too soft to determine hardness.
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Table 11 Hardness value of both sides of each specimen cured by 5 seconds argon laser

DEPTH 0 1 2 3 4 5 6 7

A 125.00 114.50 92.55 80.30 64.10 - - -

1 B 96.55 85.90 76.40 59.50 37.10 - - -

A 108.00 97.90 55.40 86.25 73.15 - - -

’ B 95.05 100.05 101.40 84.50 47.65 - - -

A 98.90 94.85 100.75 71.60 53.55 - - -

j B 105.00 97.20 84.10 70.40 55.90 - - -

A 84.10 93.90 85.15 73.30 60.80 - L -

i B 94.65 90.80 88.70 77.65 68.75 - - -

A 103.50 99.2 89.75 90.80 76.25 - 1 -

E { B 93.30 87.00 78.95 80.20 67.60 - - -

% A 97.05 96.05 90.10 90.45 75.50 - - -
v | 6

B 94.90 95.40 90.25 84.70 71.80 - - -

A 92.30 89.50 81.10 77.70 90 - - -

! B 93.90 94.10 78.50 74.60 75.25 - - -

A 104.00 100.50 97.30 83.05 65.45 - - -

' B 97.95 94.95 90.50 82.10 84.65 - - -

A 103.00 92.70 83.45 79.75 60.50 - - -

’ B 102.00 97.10 90.85 80.05 63.80 - - -

A 97.80 96.80 82.35 78.75 71.35 - - -

" B 102.50 96.60 89.55 81.85 55.95 - - -

- shows that the composite resin was too soft to determine hardness.
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