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PACKABLE RESIN COMPOSITES: PHYSICAL, MECHANICAL PROPERTIES
AND THE EFFECT OF DIFFERENT PLACEMENT TECHNIQUES ON
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ABSTRACT

The objectives of this study are to study physical and mechanical properties of
two packable and one hybrid resin composite and to investigate the degree of
microleakage of class II mesio-occluso-distal (MOD) restorations filled with these
three resin composites using two different placement techniques, bulk and increment.

Two packable and one hybrid resin composite, SureFil, P60 and Z100
respectively were used. Five specimens of each material were prepared for evaluation
of water sorption and solubility, filler content, depth of cure, microhardness,
compressive and flexural strength. The dimension of each specimen was according to
the ISO guidelines. The results were analyzed using one-way ANOVA and Duncan
statistical analysis tests. For the microleakage test, sixty non-carious premolars were
used and randomly divided into 6 groups. Standardized MOD cavities were prepared.
Each material was restored either with the bulk or the incremental technique. The
specimens were immersed in 2% methylene blue for 6 hours. Dye penetration was
measured under a light microscope. Median scores of microleakage degree were
analyzed statistically using Mann Whitney U Test (for comparing techniques) and
Kruskal-Wallis Test (for comparing materials).

There was a significant difference among materials for water sorption and
solubility, depth of cure, and filler content but not for compressive and flexural
strength. Microhardness at the 3mm-level of all materials was significantly different
from those at the lmm-level. Microleakage degree for the bulk technique was
significantly different among types of materials but not for the incremental technique.
SureFil restored with the bulk technique had the highest microleakage degree while
7100 and P60 had similar amounts of microleakage. For each material, there was no
significant difference between the two techniques.

In conclusion, the results of physical and mechanical properties tests show that
the packable resin composite was comparable to the hybrid composite. The
incremental technique is recommended for placement of resin composite.

KEY WORDS: PACKABLE RESIN COMPOSITE, PHYSICAL PROPERTIES
MECHANICAL PROPERTIES, MICROLEAKAGE.
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CHAPTER1
INTRODUCTION

A resin composite has been used in dentistry as an esthethic restorative
material since the mid 1960s by Rafael Bowen (1). It was introduced as an anterior
tooth-colored material and replaced silicate cement and unfilled methyl methacrylate
(MMA), which have several disadvantages and poor clinical results. The resin
composite has been defined by Bowen et al as a mixture of two or more materials (2).
The current resin based composites used in dentistry have three major components
(Fig 1):

* organic resin matrix
* inorganic fillers
* coupling agent.
The resin forms the matrix of the composite material, binding the individual filler

particles together through the coupling agent.

I:l Resin Matrix
. Coupling agent
. Filler Particle

Fig 1 Diagram illustrates the structure of a composite restorative material.

One of the advantages of resin composites is their esthetic property. Even

though they lack of adhesion to the tooth, use of adhesive systems with composite
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restoration will provide good adaptability. Additionally, with the adhesive systems,
there is no requirement to prepare a tooth in a box form cavity in contrast to the cavity
preparation for amalgam (3). This technique results in a more conservative cavity
preparation.

Resin composites used in dentistry could be divided in several types. A

classification by size of fillers is shown in Table 1.

Table 1 Table shows the classification of resin composites by size (3).

Category Average Particle Size (um)
Traditional composite 8 -12

Small particle-filled composite 1 -5

Microfilled composite 0.04-04

Hybrid composite 0.6-1.0

The microfilled resin composites used in anterior teeth fulfill the
requirements of color stability, a good and durable surface finish, and greater stability
(3). The hybrid composites, which have more filler level and lager particle size than
those of microfilled, are mostly used in posterior teeth. These composition make
physical and mechanical properties of resin composites improved (4). However, the

major problems are still wear, polymerization shrinkage and technique sensitivity.

Composites for posterior restorations

There is the increasing demand for esthetic dentistry and the conservative
restorative technique. Because of the concern of mercury toxicity, the use of resin
composites as the direct filling material in posterior teeth instead of amalgam has been
increased dramatically. Unfortunately, after 1 or 2 years of clinical use, the composite
restorations showed excessive loss of anatomy, leakage, secondary caries and post-
operative sensitivity (4-5). The important factors affecting the use of resin composites
as posterior restoration materials are wear resistance, polymerization shrinkage,

physical and mechanical properties (6-9). A hybrid composite was developed to
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overcome these problems. However, the shrinkage still is the problem resulting in
microleakage along the interface between the tooth and a material. A consequence of
microleakage at the cavosurface margin is the increasing of secondary caries. In
addition, handling property of the resin composite, in contrast to amalgam, is too
viscous and rather sticky. Therefore, it cannot be sculpted and condensed to build up a
firm contact point (10).

Some hybrid resin composites, called packable or condensable resin
composite, are claimed that they can be condensed. These materials are harder and not
sticky to an instrument. They have been improved by changing type of resin monomer,
filler content or type of filler particles (10). These improved materials are claimed to
have better result in physical and mechanical properties. It is also claimed that their
polymerization shrinkage is less than 2% (11-12). The result of less shrinkage
compared to conventional resin composite may attribute to gap reduction along the
gingival margin. Some of these materials have depth of cure about 4 mm (11). As a
result, it could be filled in the cavity in one increment.

The aims of this study were 1) to evaluate the physical and mechanical
properties of two packable resin composites and a universal hybrid resin composite
and 2) to investigate the degree of microleakage of class II mesio-occluso-distal
(MOD) restoration filled with these three resin composites using two different

restorative techniques (bulk and incremental techniques).
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Objectives of the study

1.

To study the physical and mechanical properties; water sorption, water
solubility, filler content, depth of cure, microhardness, compressive
strength and flexural strength, of two packable resin composites and a
hybrid composite used as a control..

To investigate the degree of microleakage of class II mesio-occluso-distal
(MOD) restoration filled with these three hybrid composite using two

different restorative techniques (bulk and incremental techniques).

Hypotheses

1.

The physical and mechanical properties of packable composites are not

different from the hybrid composite used as a control.

. The degree of microleakage of two techniques, incremental versus bulk

technique, is different.
The degree of microleakge of MOD restorations filled with two packable
composites is different from those filled with the hybrid composite used as

a control.
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CHAPTER II
REVIEW OF LITERATURE

Composition of resin composites

The important compositions of resin composites are resin matrix, filler
particles and a coupling agent. The minor are initiator-activator, inhibitor and pigment.

Resin Matrix

The resin part, the chemically active component of the resin composite, are
fluid monomers but can be converted into rigid polymers by the additional
polymerization mechanism initiated by free radical. The most commonly used
monomers are BIS-GMA and urethane dimethacrylate (UEDMA). They are highly
viscous fluid because of their high molecular weight. Therefore, the additional small
amount of filler particles would produce a composite that is too viscous for clinical
use. The diluent monomers, which have low viscosity such as methyl methacrylate
(MMA), ethylene glycol dimethacrylate (EDMA) and triethylene glycol
dimethacrylate (TEGDMA), are added to overcome this problem. As a result, high
level of filler particles and suitable consistency are attained for clinical use (10). In
addition, the dimethacrylate monomer allows extensive cross-link between chains
result in a matrix that is more resistant to degradation by solvent (13). Unfortunately,
the addition of low molecular weight dimethacrylate monomer increases
polymerization shrinkage. This factor limits the amount of dimethacrylate that can be
used in composites (10).

Filler particles

Filler particles are added into a resin matrix to decrease polymerization
shrinkage. The polymerization shrinkage is reduced because less resin is present, in
comparison to unfilled resins (13).

Filler particles are commonly produced by grinding or milling quartz or
glasses to produce particles ranging in size from 0.1 to 100 um. Silica particles of

colloidal size (approximately 0.04 pm), namely microfilled, are obtained by a
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pyrolytic process. Composites are often classified on the basis of the average filler
particle size (3).

Coupling agents

It is important that the filler particle parts should be bonded to the resin
matrix. The bond between these two phases is provided by a coupling agent. This
bonding reduces the stress developed under load distribute throughout the materials. It
can also provide hydrolytic stability by preventing water from penetrating along the
filler-resin interface (3).

The most commonly used coupling agent is organosilanes such as y -
methacryloxy propyltrimethoxy silane. In the hydrolyzed state, the silane contains
silanol groups that can bond with silanols on the filler surfaces by formation of a
siloxane bond (S-O-Si). The methacrylate groups of the organosilane compound form
covalent bonds with the resin when it is polymerized, thus completing the coupling

process.

Classification of the resin composites
The resin composite could be classified by the size of their fillers. There are

traditional, small particle-filled, microfilled and hybrid composites as shown in Tablel

3).

Composites for posterior restorations

A resin composite is the material used in Class I and Class II restorations
instead of amalgam because of their esthetics and the concern of mercury toxicity. In
contrast with amalgam, the placement technique is far more time consuming and
difficult to build an acceptable contour and contact point. The other disadvantages for
using resin composites as posterior restoration are wear resistance, polymerization
shrinkage, lower physical and mechanical properties (6-9, 14).

Wear occurred when the material is removed by the interfacial forces, which
are generated as two surfaces rub together. Wear rate of posterior composite is varied
from 10 to 20 um annually. When wear occurs, the occlusal walls of the restoration
tend to increasingly shelter the composite. Therefore, the wear rate decreases with

time, generally leveling off to an insignificant rate after three to five years with most
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current composite systems (15-16). Wear resistance has been improved by the
incorporation of fine filler particles to reduce the incidence of fillers exfoliation during
abrasion and attrition (8,17-18).

Condon and Ferracane (1996) found that the lowest wear was recorded for
amalgam, surprisingly it was not significantly different from wear of microfilled and
small particle-filled hybrid composites. The greatest wear was found with composites
containing large filler particles (8).

Condon and Ferracane (1997) reported wear of composite with varied curing
time, filler level and filler treatment. The curing time was 9, 12, 25, 40 second and 40
second with heat cure. Little difference on degree of cure was observed in their study.
The result of varied curing time on wear was found the significant difference between
a group of composite used heat cure and the rest of the series. They found that wear
increased when percent of the treated fillers with silane coupling agent (y —
methacryloxy propyltrimethoxy) was decreased. They also found that wear resistance
was affected by volume fraction of fillers and dramatically decreased when
composites contained fillers less than 48% by volume (19).

For clinical evaluation, several reports indicated that the average annual wear
of numerous posterior resin composite was comparable to amalgam (16-20). Mair
(1998) studied the long-term clinical performance of three posterior composites and
two amalgams. Depth of wear was measured by calculating volume loss of restoration.
After ten years, surface degradation and wear were found in both composites and
amalgam groups but only one of the restorations required replacement because of
excessive wear (16).

Dickinson et al. (1993) used USPHS criteria to evaluate 3- year clinical use of
a posterior composite, Herculite XR®. By the end of the third years, restorations
exhibited 79% Alfa (clinical ideal) of clinical wear and 82.9% Alfa of marginal
integrity (20).

Jorgensen et al. (1979) proposed “protection hypothesis” to explain the
caused of decreasing wear rate over time of posterior resin composite in contact free
areas. Macroscopic protection from wear is provided by cavity walls. Microscopic
protection against resin matrix wear is provided by filler particles that are closed

together (21). An inter-particle spacing less than 0.1 pm was postulated to afford resin
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matrix wear by neighbor filler particles (19-20). This could explain the low wear rate
of microfilled and hybrid composites (20-22).

Stanley et al. (1994) studied clinical performance of posterior resin
composite, PrismaAPH”, using USPHS criteria. After 3 years, all of restorations were
clinically accepted. Wear was rated as Alfa value (clinical acceptance), with only 12%
decreased (22).

Polymerization shrinkage of light-cured composites is still the major problem.
The dimensional stability of resin composite is compromised by the polymerization
reaction of the matrix phase. The conversion of the monomer molecules into a
polymer network is accompanied with a closer packing of the molecules, which leads
to bulk contraction (23). The volume reduction is the cause of curing contraction or
polymerization shrinkage that creates mechanical stress in the resin composite and the
restored teeth (24). Shrinkage stress may influence clinical problems such as marginal
gap between composite materials and the dentin and enamel (25-27), postoperative
sensitivity, tooth fracture and deformation of the cusps (28).

Gap formation from the polymerization shrinkage is also the cause of
microleakage of resin composite restoration (6). It was demonstrated that some
bacteria presented beneath resin composite (29-30) and infection through this gap was
the cause of pulpal inflammation (31). The ways to improve this gap and microleakage
problem are reduction of polymerization shrinkage and using effective bonding agents.
The use of bonding agent providing good bond strength has reduced the gap because
they overcome the force during polymerization of resin composite (27, 32).

Derhami et al. (1995) used dye penetration to study microleakage in class II
resin composite restorations using two dentin bonding agents (Super D-liner and
Clearfil Liner Bond System). All treatments showed incomplete bonding ability at
cervical margin of resin composite restorations (33).

Rodriguess et al. (1999) showed that there was no significant difference of
microleakage between the use of resin composite and resin-modified glass ionomer
(34).

Wibowo and Stockton (2001) studied microleakage of class II composite
restorations using Z100, Wave, F2000, SureFil, and Z100 and Vitrebond sandwish



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Operative Dentistry) / 9

with Single Bond. There was no significant difference of microleakage for all groups
(39).

Gap could also be reduced by using a light-reflecting wedge. It was broadly
agreed that light-cured resin composites shrink toward the direction of the light source
forming a gap at cementum- dentin composite surface (36). In contrast, Versluis et al.
(1998) showed that shrinkage direction of light-curing composites was not oriented
toward the light but to a well-bond surface. For the self-curing composite, its
shrinkage did not direct toward the center of mass but also to a well-bond surface of
tooth structure (37). Marginal adaptability should be improved by curing procedure,
cavity shape and bond quality (38-39).

Douvitsas (1991) investigated the effect of cavity design on gap formation in
class II resin composite restoration. There was a significant difference between gap
formation of rectangular and spherical cavity designs and the spherical type was
superior (38). Another technique to minimize gap formation is to allow flow of resin
composite during setting at low light intensity followed by final cured at high light
intensity (39).

The shrinkage of resin composites creates gap formation at resin-tooth
interface and incremental placement technique is recommended to overcome this
problem. However, it was found that incremental placement method demonstrated no
significant difference in adaptation improvement compared to one-bulk technique
irradiating from occlusal direction (40-41). Coli and Branstrom (1993) also found that
bulk application created gap formation comparable to those of two-stage horizontal
application technique (42).

Cuspal movement following placement of composite restoration is also a
result of polymerization shrinkage (43-45). Meridith and Setchell (1997) measured
cuspal strain and displacement of composite restored teeth. They concluded that
strains measured during composite placement varied with thickness of remaining tooth
structure. The narrower cusps exhibited higher levels of strain than the wider cusps
(44).

Suliman et al (1993) studied cusp movement in premolar restored with resin
composite. That movement was the result from the polymerization shrinkage. They

found that the intercuspal distance decreased significantly in all teeth with composite
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restorations during the first 60 minutes. Most of the changes occurred in the first 5
minutes. Teeth with large cavity had greater cuspal deflection than those with small
cavity (28, 45). Another technique used to reduce shrinkage from 3-3.5% to 2% or less
is by increasing filler content in order to decrease resin matrix and using PCDMA
instead of traditional Bis-GMA. The advantage of this PCDMA molecule is that many
double-bonded carbons are being converted to single bonds. Since the length of the
carbon backbone of the single-bonded carbon groups in somewhat longer or greater in
dimension than double-bonded carbon atoms, there is greater compensation for
polymerization shrinkage. Interestingly, the PCDMA resin is more flexible than Bis-
GMA (46).

Even though resin composite has been improved its properties such as wear
resistance and strength, it still has differences from amalgam, which is a material
routinely used in posterior teeth for many years. The major difference is that amalgam
is condensable or packable, while composite is not. These include difficulty in
establishing appropriate proximal contour and contact shape and finalized occlusal
anatomy before light curing. Posterior resin composite should be improved until they
could possess condensable or packable characteristics. Jorgensen and Hisamitsu
(1984) studied how to prevent contraction gaps in class Il composite restorations using
condensable composite. The material was made by mixing the visible light curing
monomer with powder of either the silanized glass GLK filler or prepolymerized filler.
They found the improvement of gingival margin adaptation by using condensable
composite and concluded that the film thickness of monomer between particles was
reduced by condensation force resulting in decrease of polymerization shrinkage (47).

Leinfelder (1996,1999) reported that the packability of posterior composite
could be improved using several methods, such as increasing the filler content.
However, an addition of fillers greater than normally used in composite resulted in
excessive porosity. The second technique was employing filler particles with
extremely roughened surface (Fig 2). Under packing forces, the relatively rugged
surfaces of the filler particles prevent them from sliding over on another unless
excessive force was used during condensation. To incorporate crushed glass fibers

combination with small diameter and irregular shaped ceramic fillers and using
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silanized microfine silica could make composite reach the desired handing properties

(46).

Fig 2 Illustration some of filler particle types (Leinfelder1999).

Currently, there are many resin composites in the market claimed that they
could be condensed into the cavity. Some are able to be used use by one bulk
technique. They are called packable or condensable composite, for example, SureFil,
P60, Solitaire and Alert. Packability of resin composites is a favorable development
with respect to the proper restoration of approximal contact. However, it does not
ensure that the restoration can function adequately in oral environment, so physical
and mechanical properties should provide some determination of using these materials
as posterior composite restorations.

Mechanical and physical properties of packable resin composite were also
studied. Kelsey et al (2000) evaluated properties of three packable resin composites,
Alert, SureFil and Solitaire, and compared them to two conventional hybrids, Prodigy
and Z100. They found that all materials had statistically similar diametral tensile
strength. Alert had the highest mean fracture toughness and elastic modulus but had a
low mean transverse-strength value. SureFil exhibited good mean physical property

value compared to both the conventional and packable materials. Solitaire had low
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fracture toughness, transverse strength and elastic modulus values, which could cause
concern regarding use in posterior restorations. The properties of packable resin
composites, Alert and SureFil, were superior to those of Solitaire and comparable to
those of the hybrid materials (48).

Cobb et al (2000) also studied the properties of packable resin composites,
Alert, SureFil and Solitaire compared to a conventional hybrid composite, TPH, and a
microfilled composite, Heliomolar. The results demonstrated that the conventional
hybrid composite had significantly greater diametral tensile strength and flexural
strength than the others. SureFil had the highest compressive strength. TPH and Alert
had significantly greater depth of cure than all other, followed in decreasing order by

SureFil, Solitaire and Heliomolar (49).
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CHAPTER III
MATERIALS AND METHODS

Materials

The materials and apparatus used in this study consist of

1. Resin composites (Table 2)

Table 2 Resin composites used in this study and their compositions.

Materials ~ Shade Batch Filler Resin type Manufacturers

number  particle size

(nm)

7100 A2 19980730 0.6 BIS-GMA,  3M Dental Products,
TEGDMA gt pyal, MN, USA

P 60 A2 19990621 0.01-3.5 BIS-GMA,  3M Dental Products,
TEGDMA gt pyal, MN, USA

UDMA,
BIS-EMA
SureFil A2 980513 0.8 UDMA  Caulk/Dentsply ,

Milford, DE, USA

2. Bonding agent: ScotchBond Multi Purpose (SBMP) (3M Dental Products,
St.Pual, MN, USA), Batch number - 19991115.
3. Stainless steel mould for flexural strength test specimens of 25 £ 2 mm x 2

+ 0.l mmx2+0.1 mm.
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10.
11.
12
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.

Blass mould for the preparation of specimen discs for water sorption and
solubility test. The dimension is 15 + 0.1 mm in diameter and 1.0 £ 0.1 mm
thickness.

Split metal moulds for the preparation of cylindrical specimens to evaluate
compressive strength. The dimension is 4.0 £ 0.1 mm in diameter and 6.0
0.1 mm high.

Split metal moulds for the preparation of cylindrical specimens to test
depth of cure and microhardness. The dimension is 4.0 £ 0.1 mm in
diameter and 7.0 £ 0.1 mm high.

Plastic ring mould for the preparation of embedding specimens to test
microhardness.

Light curing unit (Spectrum, Dentsply, Milford, DE, USA)

Universal testing machine (Model 4502, Instron Universal Testing

Machine Co., High Wycombe, UK)

Measuring light microscope (Measurescope MM-11, Nikon, Japan)
Centrifuge (ModelJ2-21 Centrifuge,Beckman, USA.)

Hardness testing machine (MVK-G3, Mitutoyo, Tokyo, Japan)
Clamps

Glass slides

White filter paper

Transparent film

Plastic spatula

Micrometer, accurate to 0.01 mm (Digimatic Solar, Mititoyo, Tokyo,
Japan)

Drying oven (DS44, Yamato Scientific Co., Ltd. Japan)
Desiccators

Analytical balance (Mettler AE 163, Mettler-Toledo Gmbh, Swiss)
Plastic tweezers

High speed diamond bur (pear shape)

Abrasive set (Enhance® Dentsply , USA)

Methylene blue 2%

Nail vanish
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27.
28.
29.
30.
31.
32.

33.
34.
B

36.

37.

Methods

Beaker

Racks for glass slides

Test tubes

Acetone

Acrylic resin

Abrasive paper 400, 500, 600, 1000 grit (Buehler Ltd., Lake Buff, IL,
USA)

Epoxy resin

Alumina paste 0.3 um grit (Buehler Ltd., Lake Buff, IL, USA)

Cutting machine (Accutom50, Struers, Copenhagen, Denmark.)
Thermocycling machine (TC600, MKMIT (Ladkrabang), Bangkok,
Thailand)

Grinder/polisher (Metaserv2000, Buehler Ltd., Lake Buff, IL, USA.).

Part I Evaluation of physical, mechanical properties and filler content

of resin composites.

Water sorption and solubility

Five specimens of each resin composite were prepared by the following

procedures.

A piece of transparent film was placed onto one of the metal plates and the

mould used for water sorption or solubility test (Fig 3) was placed on the top of the

film.
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Fig 3 The mould for water sorption and solubility test.

A resin composite was then filled into the mould carefully and a second piece
of the film was placed onto the material. The second metal plate was then placed onto
resin composite to remove the excess material. The metal plate was replaced by a glass
slide. The tip of a light curing unit was placed against the glass slide. The first section
of the specimen was cured for 40 seconds. Then, the light tip was moved to irradiate
other sections of the specimen by overlapping the previous section. To perform the

overlapping irradiation efficiently, a template was done on transparent film (Fig 4).

Fig 4 Diagram of overlapping irradiation zones for water sorption and solubility test.

Each exposure time was 40 seconds. After complete curing, the mould was
turned over and the bottom side of the specimen was cured in the same manner as

previously described. After the commencement of irradiation, the mould was
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transferred to an oven maintained at 37 °C for 15 minutes. The specimen was then
carefully removed from the mould using plastic tweezers to avoid surface
contamination. The periphery flash of the specimen was removed by abrading against
1000 grit abrasive paper and the specimen was rotated until periphery was smooth.
Debris was blown away with the compressed air jet. The diameter of the finished

specimen should not be less than 14.8 mm (Fig 5).

Fig 5 Specimen of water sorption and solubility test.

The specimens were transferred to one of the two desiccators maintained at
37 + 1°C. After 22 hours, they were removed and stored in the second desiccator
maintained at 23 + 1°C for 2 hours. After that the weight of the specimen was
determined. This cycle was repeated until a constant weight, m | (in mg) was obtained.

After final drying, diameter of each specimen was measured twice at the right
angle to each other and the mean diameter was calculated (Fig 6). The specimen
thickness was measured at the center and four points on the circumference (Fig 7). The
mean thickness was then calculated. The volume, V (in mm?), of the specimen was

calculated from the mean diameter and thickness.
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Fig 6 Diagram shows 2 directions to measure the diameter of the specimen using for

water sorption and solubility test.

Fig 7 Diagram of the location for thickness measurement, one at the center and four at

circumferential points.

The specimens were immersed vertically in water at 37 £ 1 °C for 7 day. The
minimum distance between the specimens were 3 mm. The volume of water in the

container for immersion of the specimens should be at least 10 ml per specimen, in

total of 500 ml (Fig 8).
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Fig 8 Specimens were immersed in water container.

After 7 days, the specimens were washed with water, blot away the water
until they were free from visible moisture, waved in the air for 15 seconds, and
weighed 1 min after removal from the water. This weight was recorded as m ».

To get the specimen dry, the specimens were again transferred to one of
the two desiccators maintained at 37 £ 1°C. After 22 hours, they were removed and
stored in the second desiccator maintained at 23 + 1°C for 2 hours. After that the
weight of the specimen was determined. This cycle was repeated until the weight was
constant and recorded as m ;.

The value for water sorption, Wy, was calculated using the following

equation (50).

W, = water sorption
m, = weight of specimen, in micrograms, after immersion in water for
7  days
m 3 = weight of dry specimen, in micrograms
V = volume of specimen, in cubic millimeters
The value for water solubility, W g, was calculated using the following

equation (50).
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W = water solubility
m | = weight of specimen, in micrograms, prior to immersion in water
m 3 = weight of dry specimen, in micrograms
V = volume of specimen, in cubic millimeters
Depth of cure
Five specimens of each material were prepared. The metal cylindrical mould,
4 mm in diameter and 7 mm in height was placed on a strip of transparent film
covering the filter paper. The test material was filled in the mould and a second film
was put on top. The mould and strip of film was pressed between the two glass slides
to displace the excess material. The glass slide was removed and then, the light tip of a
light-curing unit was placed against the film. The material was cured for 40 seconds.
Immediately after completion of irradiation, the specimen was removed from the
mould and the uncured material on the bottom was removed with a plastic spatula until
the composite was hard. The height of the cylinder of cured material was measured
with a micrometer. This value was then divided by 2 (51).
Microhardness
Five cylindrical specimens of each material were prepared as described in
depth of cure testing by using a mould, is 4 mm in diameter and 5 mm high. The
specimen was longitudinally cut into two halves with a slow speed diamond disk (Fig

9) and one of them was embedded in epoxy resin, which was in plastic mould (Fig 10).

M- F

l

Fig 9 Diagram demonstrating the longitudinal cutting of specimen and embedded in

epoxy resin mould.
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Fig 10 Five specimens were embedded in an epoxy resin mould.

The top surface of each specimen was ground with a series of silicon carbide
paper (400, 500 and 600 grit) to produce a smooth surface. These specimens were
stored in distilled water a 37 °C for 24 hr. Hardness measurement was carried out
using Vickers indenter with 500 gm load for 20 seconds (Fig 12). Indentations were
made at 1, 2, 3 and 4 mm from the light-cured edge (Fig 11). At each level, three
indentations are taken in the middle and 0.2 mm on both sides. The mean hardness

was calculated for each level.

Top of specimen

m—t000
- 1000
%W —000
+ — 000

mm Bottom of specimen

Fig 11 Diagram shows the indentation points for microhardness testing.
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Fig 12 Vicker hardness testing machine.

Filler content by weight

The material, 0.5 g (W;) was put into a test tube. The acetone, 0.2 ml, was
added into the tube to dissolve the resin matrix. The mixture was stirred and
centrifuged for 30 minutes at 3,000 round per minute (rpm) (Fig 13). Supernatant was
carefully discarded. The separation procedure was repeated a second time. The
obtained filler powder was dried at 37 °C for 12 hr and weighed (W,). The filler
content was calculated from the below equation. This procedure was repeated five

times for each paste.
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—

e Acetone 2 ml

()

Centrifuged 3,000 rpm, 30min

Fig 13 Centrifuge machine and diagram showing stirring material.

% filler content = W, x 100
W
W | = weight of material before resin was dissolved.
W , = weight of dry material after resin was dissolved.
Compressive strength
Five specimens of each material were prepared. The metal cylindrical mould,
4 mm in diameter and 6 mm in height (Fig 14), was placed on a strip of transparent

film position on the filter paper.
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Fig 14 Metal mould for compressive strength test.

The mould was slightly overfilled with the test material and a second
transparent film was placed on top. The material was pressed between 2 metal plates
(Fig 15). Then the top metal plate was replaced with a glass slide and a tip of light
curing unit was positioned against the film. The material was cured for 40 seconds.

The irradiation was repeated on another side of the specimen (Fig 16).

Fig 15 Material was pressed between 2 metal plates.
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Light- curing tip

A

—  Resin composite

« mould

Plastic strip

Glass slide

Fig 16 Diagram of position of glass slide, plastic strip and metal mould.

The assembly was placed in a water bath maintained at 37 + 1 °C for 15
minutes. Then, the specimen was carefully removed from the mould and was carefully
trimmed away any flash. All specimens were stored in distilled water at 37°+ 1 °C for
24 hours before testing.

The specimen was transferred to the platen of the Universal Testing Machine
(Fig 17) and a load was applied to the specimen at crosshead speed of 1.0 = 0.25 mm.

per minute until fracture occurred (Fig 18).

Fig 17 Universal Testing Machine.
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Fig 18 Specimen for compressive strength test was under loadingcell on Universal

Testing Machine.

The compressive strength (C) was calculated in Megapascal (MPa), from the
following equation (51).
Coi= =
f(d12)?
Where
F = maximum force in newtons exerted on the specimen
d = diameter of specimen in millimeters
Flexural strength
Five specimens of each material were prepared. The metal plate was covered
with filter paper, and transparent film was place on them. The mould of flexural
strength test was positioned upon them. (Fig 19, 20). The material was placed in the
mould and covered with the second piece of film and the second metal plate. Then the
material was pressed by clamp (Fig 21). The top metal plate was replaced with a glass
slide and the light tip of light curing unit was put down at the center of the specimen,

against the glass plate. The material was cured for 40 seconds.
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[ ] Metal nlate
White filter naner
Transnarent film

Metal monld

Fig 20 Diagram of position of metal plate, white filter paper, transparent film and

metal mould.

Fig 21 Material was pressed by clamp.
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The light tip was moved to the section next to the center overlapping the
previous section by half the diameter of the light tip and irradiate for 40 second. The
light tip was moved to the both sides of the center and was irradiated in the same

manner until the entire length of the specimen was cured (Fig 22).

VY
S

"

Fig 22 Diagram of overlapping irradiation zones for flexural strength test.

The irradiation procedure was repeated on the other side of the specimen. The
assembly was placed in the water bath maintained at 37 £ 1 °C for 15 min., then the
specimen was removed from the mould and was carefully trim away any flash. They
were stored in distilled water at 37 £ 1 °C until testing.

The dimensions of the specimen were measured in mm. It was transferred to
the Universal Testing Machine to test flexural strength. A load was applied to the
specimen at crosshead speed of 1.0 £ 0.25 mm. per minute. The load exerted on the
specimen at the point of fracture was recorded (Fig 23, 24).

The flexural strength (o) in megapascals (MPa) was calculated, from the

following equation (50).

Where
F = the maximum load in newtons, exert on the specimen;
L = the distance, in millimeters, between the supports;
B = the width, in millimeters, of the specimen measured immediately
prior to testing
H = the height, in millimeters, of the specimen measured immediately

prior to testing
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Fig 24 Specimen for flexural strength test was under loading cell on the Universal

Testing Machine.

Part II Evaluation of the effect of the different placement techniques

on microleakage

Sixty non-carious premolars with bucco-lingual width approximately 10 mm
were used. The teeth were collected in distilled water and kept in refrigerator at 4° C
over a period of 1 month before the experiment was conducted. The teeth were

debrided with periodontal curettes, polished with slurry of pumice. Then, the teeth
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were randomly divided in six groups. Two different restorative techniques, bulk and
incremental techniques, and three different resin composites, Z100, P60 and SureFil,

used in this part of the study were shown in Table 3.

Table 3 Materials and placement techniques.

Groups Materials Placement techniques
1 7100 Bulk

2 P60 Bulk

3 SureFil Bulk

4 7100 Increment

5 P60 Increment

6 SureFil Increment

Cavity preparation

The roots of the teeth were embedded in acrylic resin to 2.5 mm from
cemento-enamel junction. A Mesio-occluso-distal (MOD) cavity was prepared with a
fissure bur in a high speed handpiece with water coolant system. The dimensions of

cavity were showed in Table 4 and Fig 25.

Table 4 The dimension of the cavity.

Specification Dimension (mm)
Occlusal width 3.50
Pulpal depth 2.00
Proximal width 3.50

Axial depth 1.50
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Fig 25 Schematic of cavity dimension.

The bur was replaced after five specimen preparations. The prepared cavity
was standardized using micrometer and periodontal probe. All teeth were kept in
distilled water at 4°C during all procedures before restoration was performed.

Restorative procedures

The prepared teeth were taken out of the refrigerator 4°C and left at room
temperature for one hour before the restorative procedures were initiated. The
adhesive bonding agent, ScotchBond Multi Purpose, and resin composites, Z100, P60
and SureFil, shade A2 were used to restore the cavities as the manufacturer’ s
instructions.

For the bulk technique, the cavities were filled in one increment of resin
composite under metal matrix band. A plastic instrument was used to adapt the
composite into the cavity. The composite was cured for 120 seconds by applying the
curing light via the occlusal side of the cavity.

For the incremental technique, the cavities were filled in three incremental

oblique layers (Fig 26) using plastic instruments and metal matrix band similar to that
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used in the bulk technique. The composite was cured for 40 second each layer by
applying the curing light via the occlusal side of the cavity. Total curing time was 120

seconds.

Fig 26 Schematic of three incremental oblique layers of the incremental technique.

After removal of the matrix band, all restorations were finished and polished
using abrasive set (Enhance®, Dentsply). Then the specimens were kept in distilled
water at 37 °C for 24 hours before testing.

Microleakage

After 24-hr storage time, the restored teeth were placed into separated mesh
bag and thermocycled all together for 500 cycles in water between 5 +£2 °C and 55 £2
°C in water baths with a 20-second dwell time and a 5 — second transfer time. After
thermocycling, the teeth were blot dried with sponge. All external tooth surfaces of
each tooth were coated with two layers of nail varnish, leaving a 1.5 mm-wide margin
around the restoration free of varnish. The teeth were placed in a 2% methylene blue
solution for 6 hours at room temperature (Fig 27). After that they were rinsed under
running water. The teeth were sectioned in a mesio-distal direction through the center
of each restoration with a slow speed diamond disc under copious water spray. Both
halves of each sectioned tooth were blindly and independently evaluated with a
measuring light microscope (Fig 28) at X 16 to determine the extent of the
microleakage at the occlusal and gingival margins. The following criteria were used to

score the extent of dye penetration (Fig 29).

0 = No dye penetration
1 = Dye penetration less than a quarter of the length of the gingival floor
2 = Dye penetration less than half of the length of the gingival floor
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3 = Dye penetration up to the full length of the gingival floor
4 = Dye penetration up to half the axial wall
5 = Dye penetration up to the whole axial wall

Fig 27 Premolar tooth restored with resin composite used for microleakage test.

Fig 28 Measuring light microscope.
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Abh AN —-D

Fig 29 Diagram showing dye penetration score of microleakage test.

Statistic Analysis

Mean and standard deviation of water sorption and solubility, filler content by
weight, compressive strength, flexural strength, depth of cure and microhardness were
calculated and analyzed statistically using one-way ANOVA. The confident interval
was 95% (P-value < 0.05). The multiple comparisons, Duncan, were used to determine
the difference among groups.

For degree of microleakage, median was calculated. Degree of microleakage
for two techniques was analyzed statistically using the Mann Whitney U Test and

degree of microleakage for three materials was tested using Kruskal-Wallis Test.
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CHAPTER IV
RESULTS

Part I Evaluation of physical, mechanical properties and filler content

of resin composites.

Water sorption and solubility
The results of water sorption and solubility were reported in mean values in

Table 5.

Table 5 Water sorption and solubility (Mean +SD)

Materials Water sorption (p1g/mm’) Solubility (jg/mm’)
Z 100 25.29 +1.02% 4.00 + 0.34"
P60 17.56 + 1.52° 1.63+0.418
SureFil 11.52 + 0.48° 2.99 +0.32¢

Mean values of water sorption with the different lower case superscript were
significant difference (P<0.05).

Mean values of water solubility with the different upper case superscript were
significant difference (P<0.05).

There was statistically significant difference of all materials (P<0.05). The
highest values of water sorption and solubility were recorded for Z100. P60 showed
the lowest water solubility of 1.63 + 0.41 pg/mm’. SureFil had the lowest water

sorption of 11.52 + 0.48 pg/mm’.
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Depth of cure

The results of depth of cure (mm) were presented in Table 6.

Table 6 Depth of cure of all materials (Mean + SD)

Materials  The height of cured material (mm) Depth of cure (mm)
(The height of cured material/2)

Z 100 492+0.18 246 +0.10"
P60 6.53 + 0.26° 3.27+0.15°
SureFil 5.33 £0.32° 2.67+0.18°

Mean values of depth of cured (mm) with the different lower case superscript were
significant difference (P<0.05).
Mean values of depth of cured/2 (mm) with the different upper case superscript were
significant difference (P<0.05).
*Follow ADA and ISO specification.

Mean values of all materials were significant difference (P<0.05). P60 had the
greatest depth of cure of 3.27 + 0.15 mm, while Z100 had the lowest, 2.46 +1.10 mm.
Depth of cure of SureFil was 2.67 + 0.25 mm.

Microhardness

The results of microhardness testing were presented in Table 7.

Table 7 Microhardness of all materials (Mean =+ SD)

Microhardness (VHN)

Material 1 mm 2 mm 3 mm 4 mm

7100 90.07 £ 3.94%% 8248 £3.45%%° 7321 +446%°  57.99+9(07%¢
P60 94.94 + 4.69% 8779 £537%%%% 8143 +£4.93%° 7778 +5.62F¢
SureFil 94.31 +2.87%% 89.58+2.03¢*®  82.22+543%%  66.04 +10.70%F¢

Mean values VHN of each material at same level with the difference superscript
(upper case) were significant difference (P<0.05).
Mean values VHN between each level of same material with the difference superscript
(lower case) were significant difference (P<0.05).
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At level of 1 mm, microhardness of all materials had no significant difference

(P>0.05). Microhardness of P60 was the highest, 94.94 + 4.69 VHN, and Z100 was the

lowest, 90.07 + 3.94 VHN.

At level of 2 mm, microhardness between SureFil and P60 and between

SureFil and Z100 had no significant difference (P>0.05). However, the significant

difference was found between microhardness of Z100 and SureFil, which was the
highest one.

At level of 3 mm, no significant difference between microhardness of SureFil

and P60 (P>0.05). However, microhardness of Z100 had significantly lower than those

of SureFil and P60 (P<0.05).

At level of 4 mm, Microhardness of P60 was the highest but it was not

significant difference from that of SureFil. No significant difference of microhardness

was found between P60 and SureFil and between SureFil and Z100 (P>0.05). There

was significant difference of microhardness between P60, 77.78 + 5.62 VHN, and
7100, 57.99 + 9.07 VHN (P<0.05).

There were no significant differences of microhardness of Z100 between
levels 1 and 2, and between levels 2 and 3 (P>0.05). Microhardness of Z100 at level 4
mm was significant difference from other levels, 1,2,and 3mm (P<0.05). They were
90.07 £3.94, 82.48 + 3.45, 73.21 + 4.46 and 57.99 + 9.07 VHN. At level 4 mm,
microhardness was 63% of the level 1 mm.

There were no significant differences of microhardness of P60 between level
1 and 2, and between level 2 and 3 (P>0.05). Microhardness of P60 at level 4 mm was
significant difference from other level, 1,2,and 3mm (P<0.05). They were 94.94 +4.69,
87.79 £ 5.37, 81.43 £ 4.93, and 77.78 = 5.62 VHN. At level 4 mm, microhardness was
83% of the level 1 mm.

There were no significant differences of microhardness of SureFil between
level 1 and 2, and between level 2 and 3 (P>0.05). Microhardness of SureFil at level 4
mm was significant difference from other level, 1,2,and 3mm (P<0.05). They were
94.31 £2.87, 89.58 + 2.03, 82.22 + 5.43 and 66.04 = 10.70 VHN. At level 4 mm,

microhardness was 70% of the level 1 mm.
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Microhardness of each material at each level, 1,2 and 3 mm presented in
percentage of the level Imm was shown in Fig 30.
Microhardness of each material at the bottom (level 4 mm) was presented in

percentage of the top surface were shown in Fig 31.
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Fig 30 Graph presenting percentage of microhardness between each level and the 1-

mm level of each material.

100+

804

404

204

Z100 P60 SureFil

% of microhardness between
the 1-mm level /each depth

Fig 31 Graph presenting percentage of microhardness between the 1-mm level and the
bottom (level 4 mm) of each material.

Filler content by weight

The filler contained in each composite was tested in weight. The results were

presented in Table 8§ in weight percent.
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Table 8 Filler content by weight (Mean + SD)

Materials Filler content (wt%)
Z 100 76.60 + 0.18"
P60 73.16 £ 0.36°
SureFil 79.89 £ 1.16°

Mean values with the difference superscript were significant difference (P<0.05).

Significant difference was found among materials (P<0.05). The highest filler
content by weight was found in SureFil. P60 had the lowest filler content, 73.16 +£0.36
wt%.

Compressive strength

Compressive strengths (MPa) of all materials were tested and the results were

shown in Table 9.

Table 9 Compressive strength (Mean + SD)

Materials Compressive strength (MPa)
Z 100 459.68 + 62.44°
P60 486.82 +£34.47°
SureFil 48490 +21.76°

Mean values with the difference superscript were significant difference (P<0.05).

Even though Z100 had the lowest value of compressive strength, 459.68 +
62.44 MPa, there was no statistically significant difference among the three materials
(P>0.05).

Flexural strength

The results of flexural strength test were reported in Table 10 in MPa.
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Table 10 Flexural strength (Mean = SD)

Materials Flexural strength (MPa)
Z 100 98.48 + 15.74*
P60 85.69 + 14.85°
SureFil 106.06 + 17.05%

Mean values with the different superscript were significant difference (P<0.05).

There was no significant difference of flexural strengths among the three
materials (P>0.05). SureFil had mean flexural strength higher than the others, while
P60 had the lowest.

Part II Evaluation of the effect of the different placement techniques

on microleakage

Microleakage
Dye penetration was measured under light microscope and rating score was

recorded following the criteria as shown in Fig 29.

There was dye penetration up to the whole axial wall (score 5) for both

increment and bulk techniques of SureFil but there was no score 5 in Z100 and P60. The

highest microleakage score of increment technique of Z100 and P60 was 3 (dye
penetration up to the full length of the gingival floor). The highest score of bulk
technique of both materials was 4 (dye penetration up to half the axial wall) (Fig 32).
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0= No dye penetration

1= Dye penetration less than a quarter the length of the gingival floor

OoE+1 02 E3 E4 W5 2= Dye penetration less than half of the length of the gingival floor

3= Dye penetration up to the full length of the gingival floor
4= Dye penetration up to half the axial wall

5= Dye penetration up to the whole axial wall

Fig 32 Graph presenting dye penetration of two techniques, bulk and increment, of
7100, P60 and SureFil.

The microleakage of bulk and incremental techniques was analyzed by non-
parametric test, Mann Withney U Test, and significant level was 0.05. The
microleakage of materials was analyzed by Kruskal-Wallis one way analysis of
variance and significant level was 0.05.

Median of microleakage of the experimental materials with different

techniques was presented in Table 11.
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Table 11 Median of microleakage score.

Microleakage (Rating score)

Materials Bulk technique Incremental technique
Z100 Pas 1>¢
P60 204 N
Surefil 355 2¢¢

Median values of each material with the difference superscript (lower case) were
significant difference (P<0.05).
Median values of each technique with the difference superscript (upper case) were

significant difference (P<0.05).

For bulk technique, there was significant association between types of
material and leakage (P<0.05). The difference of leakage exits between P60 and
SureFil (P<0.05), as well as between Z100 and SureFil (P<0.05), but not between
7100 and P60 (P>0.05).

For incremental technique, borderline association was found between types of
material and leakage (P>0.05).

For all three materials, there was no significant association between material

and technique.
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CHAPTER V
DISCUSSION

Resin composites are recommended to be used as restorative materials in
posterior teeth although they still have some disadvantages such as wear,
polymerization shrinkage and marginal adaptation. Many products were claimed that
their properties have been improved (11-12). Currently, the manipulative property of
composites has been improved by changing some compositions, such as type of resin
and filler content. The improved composites could be condensed into the cavity so that
the restorations with proper contour and contact can be obtained. These materials are
called packable resin composite. This change also makes some properties improved,
such as less polymerization shrinkage, increased physical and mechanical properties
(52,53). The materials used in this study, SureFil and P60, are packable resin
composites that are launched in the market in Thailand.

Many factors affect the success of composite restorations, such as the
degradation and wear resistance of the materials. Resin matrix is the weak point of the
material because it can be dissolved in water and also degraded by some chemical
agents such as ethanol, cyclohexanone (13). Solubility and surface degradation of
resin composites results in increasing wear rate (13,19,47). Causes of solubility and
degradation are high resin content (low filler content), type of resin system and
unpolymerized resin or residual monomer (54-56). Oysed and Ruyter (1986)
investigated the water sorption and solubility of five resin composites, as well as filler
composition and treatment. They found that resin composites with lower filler content,
thus higher resin matrix, had higher water sorption and solubility. Additionally, this
propertu depended on filler composition and treatment (57).

ADA Specification No. 27-1993 (51) recommended that the water absorption
and solubility of type I and type 2 resin-based filling materials - chemically cured
materials and external-energy-activated materials - shall not be greater than 50

pg/mm’ and Spg/mm’ respectively. The results of this study showed that all tested
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materials had the water absorption and solubility within these values as recommended
by ADA (Table 5). Although SureFil had higher filler content than the others, its
solubility was higher than that of P60. The reason may be probably due to different
resin systems used in P60 and SureFil. The BIS-EMA resin in P60 had higher
molecular weight than UDMA in SureFil. Moreover, this Bis-EMA is hydrophobia;
therefore, it dissolved in water less than Bis-GMA and UDMA.

Depth of cure and microhardness of composite were also evaluated in this
study. These properties are indirect testing of degree of conversion of resin
composites (58). All materials were tested for microhardness to confirm the result of
the curing depth. Hardness decreased with increasing thickness of resin composites
(59). At the depth 1 mm, there was no significant difference among the microhardness
of tested materials, but at the 2 mm depth, SureFil had microhardness more than the
other two materials. Z100 had the lowest microhardness. Moreover, at the 3 mm
depth, microhardness of Z100 significantly decreased from 2 mm depth. The
microhardness between P60 and SureFil had no significant difference at 3 mm depth.
However, the microhardness of these three materials had significantly decreased when
compared between level 3 mm and 4 mm.

Choi et al. (2000) studied the depth of cure of resin composites and reported
the results in percentage of microhardness at each level. This percentage was
calculated from microhardness between top and bottom of the specimen. They stated
that the passed criteria of the hardness at each level should be 80%. For 5 mm-
specimen, no materials passed this criterion (52).

In this study, 4 levels of microhardness were measured, 1, 2, 3 and 4 mm
from the top surface of the specimens, and the percentage of microhardness were
calculated. The results at 4 mm were presented in Fig 33. Only one material, P60, had

82% microhardness and passed this criterion.
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Fig 33 Graph of microhardness (%) at 4mm.

At 3mm, the percentage of microhardness of all materials were higher than 80

% as shown in Fig 34.

Microhardness (%) 100
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40-

20
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Fig 34 Graph of microhardness (%) at 3 mm.

These results suggest that the thickness of these resin composites should not
be more than 3 mm for Z100 and SureFil except P60 that can be used for 4 mm to
ensure adequate conversion through out the restoration. (52,55)

The guideline of ADA specification No 27-1993 (51) and International
standard (ISO) 4049-2000 (50) was that immediately after completion of irradiation,

the uncured material on the bottom was removed until the composite was hard. The
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height of the cylinder of cured material was measured, and, this value was then
divided by 2 (50-51). However, they also recommend that the depth of cure of direct
resin-based filling materials should not be less than 1 mm or no more than 0.5 mm
below the value stated by the manufacturer. The mean depth of cure of tested materials
after divided by 2 was more than 1 mm as recommended by ADA and ISO. P60 was
the highest, 3.27 £ 0.15 mm, SureFil was 2.57 £ 0.25 mm and Z100 was 2.46 + 0.10
mm.

Filler is one of the important compositions of the resin composites. It affects
the success of the restorations. Filler particle technology, type, size and volume of
fillers directly influenced on physical and mechanical properties of the resin
composite, such as compressive strength, flexural strength and surface hardness. In
addition, wear, shrinkage, water sorption and solubility of the materials are indirectly
affected by the filler level. Resin composites, which fillers increased, would decrease
resin component, which is the weak part of this material. These results in reduce wear,
shrinkage, water sorption and solubility (2).

Jorgensen et al. (21) stated that decreasing the interparticle distance was the
key to improve wear resistance of the composites. The closed-packed small filler
particles will protect the resin matrix and result in decreasing wear (47-48). The
volume of filler particles should be in range of 30-48 vol % (17,21, 60).

In this study, the filler content of the composites were examined in weight %.
SureFil had the highest filler content by weight 79.89 £1.16 wt%, and P60 had the
lowest, 73.16 £0.36 wt%. The filler content of Z100 was 76.60 £0.18 wt%.However, it
has been shown from the manufacturers’information that the filler content by weight
of Z100 was 84.5% and P60 was 82% by weight. The filler content of SureFil was 82
wt % (9). This different result could be due to the different laboratory method.

The mechanical properties also have been influenced by the filler content of
the materials (61). Although significant difference of filler content was found among
materials in this study, however both packable composites and the universal hybrid
composite had no significant difference in flexural and compressive strength. SureFil
had flexural strength higher than the others. The flexural strength of SureFil, Z100 and
P60 were 106.06 = 17.05 MPa, 85.69 + 14.85 MPa and 98.48 + 15.74 MPa. Manhart
et al. (2000) reported that the flexural strength of SureFil was 132.0 + 14.3 MPa (53).
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Chot et al. (2000) reported that flexural strength of Z100, 170 = 20 MPa, was higher

than that of SureFil, 110 == 15 MPa (52). Dentsply’s technical manual showed that
compressive strength and flexural strength of SureFil are 331 MPa and 125 MPa (45).
From 3M’s technical manual, the compressive strength of P60 was 390 MPa and the
flexural strength was 154 MPa. For Z100, the compressive strength of 448 MPa and
flexural strength of 162 MPa were reported. Moreover, during testing the specimen

were immersed in sodium chloride at 37°C to simulate clinical condition, but the

condition in this study was immersed in water only prior testing.

Table 12 Compressive and flexural strength from different studies.

Manbhart Choi etal. | Cobb et al. R
Material This study | Dentsply M
et al. (2000) (2000) (2000)
132.0 + 110 + 149.6 £ 106.058 £
SureFil 125
14.3 15 22.5 17.05
Flexural 85.69 +
P60 154
strength 14.84
170 + 98.48 +
7100 162
20 15.74
356.8 £ 484.9 +
SureFil 331
24.9 21.76
Compressive 486.82 +
P60 390
strength 34.47
459.68 +
Z100 448
62.43

Choi et al. (2000) studied physical properties of posterior resin composites
and reported that there was significant correlation between filler volume and flexural
toughness. Their result is similar to this study, which was shown that the significant
correlation between filler content and flexural strength (R*=0.519, P=0.047) (Table 13
and Fig 35) was exhibited. This result indicated that filler content has positive relation

with flexural strength.
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Table 13 Correlation of filler and flexural strength

FLEXURE
FILLER Pearson Correlation S519%
Sig. (2-tailed) .047
N 15

Correlation is significant at the 0.05 level (2-tailed).

Flexural strength

R’=0.519

% Filler content

Fig 35 Graph present the relation of Flexural strength and % Filler content

For microleakage test, three resin composites were selected for this study.
7100, which represented hybrid composite, was used as a control material. P60 and
SureFil represented packable resin composites. Only one bonding agent, Scotchbond
Multi-Purpose Plus, was used to reduce the effect from the adhesives. In this study, the
gingival wall of prepared cavity was located Imm above cemento-enamel junction
(CEJ). With the enamel margin, good sealing at this area was expected. However,
microleakage was still exhibited.

From the results of microleakage test, both Z100 and P60 had dye penetration
up to the full length of the gingival floor while SureFil had the penetration up to half
of the length of axial wall. No significant difference of microleakage between bulk and

incremental technique was found (P>0.05). The best results were observed with Z100
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and P60 with incremental restoration technique. Only the group using bulk technique
of SureFil demonstrated that all specimens exhibited dye penetration. One of the
reason may be probably due to the thicker consistency of SureFil when compare with
the other two resin composites. During placement of materials, adaptation to the cavity
walls was hardly obtained without using a flowable resin composite (64-65). Leevailoj
C. et al. (2001) reported that using flowable resin composites prior to fill packable
composites in cavity class 2 could reduce the degree of microleakage especially to the
CEJ (64). In contrast, Malmstrom H. et al (2002) stated that the degree of
microleakage at supra-CEJ margin could be reduced using flowable composites but
not sub-CEJ margins (65).

Several studies reported that no materials could prevent gingival
microleakage completely. This was due to polymerization shrinkage of the resin
composite at the gingival margin (62-63). Incomplete polymerization is also the cause
of microleakage because the residual of uncured monomer was existed. This excess
monomer can be dissolved in water and make the restoration unsealed. The depth of
proximal cavity was 4 mm that was more than the greatest depth of cure, 3.27 + 0.15
mm. This may be the cause of microleakage due to existing of uncured monomer.

No significant difference of microleakage was found between bulk and
incremental technique. These results reject the first hypothesis that the microleakage
of two techniques are different. The results corresponded to the previous studies for
the evaluation of gingival microleakage between two placement techniques, bulk and
increment (37-39,60,68).

For the group using incremental placement technique, there was no
statistically significant difference of microleakage among the materials (P>0.05).
However, for the group using bulk placement technique, there were significant
differences among materials (P<0.05). The difference of leakage exits between P60,
7100 and SureFil, but not between Z100 and P60. The reasons may be due to the
compatibility of bonding system with P60 and Z100 that are products from the same
manufacturer as well as the thicker consistency of SureFil than P60 and Z100 as

mentioned in the above paragraph.
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CHAPTER VI
CONCLUSION

This study shows that the use of these packable resin composites is comparable
to that conventional hybrid composite. The physical properties of water sorption,
solubility and filler content were significantly different among the materials. However,
there was no significant difference among the tested materials for compressive and
flexural strength. Depth of cure of all materials were not more than 3 mm except P60.
Microhardness at the 3mme-level of all materials were significantly lower than those at
the Imm-level.

The results of degree of microleakage for bulk technique were significantly
different between types of materials but not for incremental technique. When restored
with bulk technique, degree of microleakage of SureFil was the highest and different
from the control material, Z100, while P60 and Z100 were similar and lower than
SureFil. From the results, Incremental technique is recommended for placement of

these resin composites.
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The raw data obtained in the study.
Water sorption and solubility
7100
. mlom3 | m2-m3 | 5 o | g s wsp=m2- | wsl=ml-
TN 1 g ) |2 (e 3 e | (e | @ | gy | |ty |
nol ]0.37418|188.978|0.37838 | 0.37334 | 0.00504 | 0.00084 | 5040 840 [26.669771| 4.44496185
no2 |0.37718]197.209 | 0.38126 | 0.37643 | 0.00483 | 0.00075 | 4830 750  [24.491783| 3.80307187
no3 0.3939 | 191.418 | 0.39806 | 0.39322 | 0.00484 | 0.00068 | 4840 680 |25.284978| 3.55243499
no4 |0.39013]191.568 | 0.39431 | 0.38936 | 0.00495 | 0.00077 | 4950 770  [25.839389| 4.01946045
no5 |0.41167]201.287 | 0.41569 | 0.41083 | 0.00486 | 0.00084 | 4860 840 [24.144629| 4.17314581
average 25.28611 | 3.99861499
SD 1.0191382] 0.34184601
P60
m2-m3 | ml-m3 | m2-m3 | ml-m3 wSsp= wsl=
specimen|m1 (gm)| v(mm®) |m2 (gm) |m3 (gm)| (gm) (gm) (mg) (mg) | m2-m3/v | ml-m3/v
mg/mm’ | mg/mm’
nol [0.41585)243.542|0.41927]0.41537| 0.0039 |0.00048 | 3900 480 116.013665] 1.97091261
no2 0.4748 |242.417|0.47845 | 0.47452 | 0.00393 | 0.00028 | 3930 280  |16.211734] 1.15503451
no3 |0.39734]193.57310.40073 | 0.397 |0.00373]0.00034| 3730 340  [19.269216] 1.75644331
no4 | 0.40291[201.043 | 0.40632 | 0.4025 |0.00382 | 0.00041 | 3820 410 | 19.00091 | 2.03936471
no5 | 0.44891|224.925]0.45252 | 0.44863 | 0.00389 | 0.00028 | 3890 280  |17.294654| 1.2448594
average 17.558036| 1.63332291
SD 1.5229087] 0.41038369
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SureFil
m2-m3 | ml-m3 | m2-m3 |ml-m3| wsp=m2- | wsl=ml-
specimen|m1 (gm) | v(mm®) |m2 (gm) |m3 (gm)| (gm) (gm) (mg) (mg) m3/v m3/v
mg/mm’ | mg/mm’
nol 10.49396| 241.7 |0.49607|0.493350.00272|0.00061 | 2720 610 | 11.25362 | 2.52378982
no2 [0.50993| 2374 |0.51187| 0.5092 |0.00267]0.00073 | 2670 730 [11.246841] 3.07497894
no3 0.4224 [205.319|0.42421 | 0.42171 | 0.0025 | 0.00069 | 2500 690 |12.176175| 3.3606242
no4 0.42236 | 209.56 |0.42425]0.42176 | 0.00249 | 0.0006 2490 600 [11.882039]2.86314182
no5S |0.46752]233.221]0.46937 | 0.46679 | 0.00258 | 0.00073 | 2580 730 [11.062469]| 3.13007834
~ Average 11.5242291 2.99052262
SD 0.4786587] 0.31529717
Depth of cure (mm)
nol no2 no3 no4 nos average SD
Z100 4.98 5.15 4.6 4.88 5.01 4.924 0.183586
P 60 6.91 6.17 6.67 6.31 6.58 6.528 0.26248
SureFil 5.45 5.13 5.61 5.65 4.81 533 0.317994
Depth of cure/2 (mm)
nol no2 no3 no4 nos average SD
Z100 2.49 2.575 23 2.44 2.505 2.462 0.102628
P 60 3.455 3.085 3.335 3.155 3.29 3.264 0.146731
SureFil 2.745 2.565 2.805 2.825 2.405 2.665 0.177764
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Microhardness (VHN)
P60
left central right average
Imm 92.2 93.1 96.8]  94.03333
2mm 91 91.3 89.5 90.6
3mm 85.1 84.7 85.5 85.1
4mm 83.8 81.6 82.8| 82.73333
Imm 91.7 93.9 88.6 914
2mm 79.8 80.5 80.5|  80.26667
3mm 78.6 .2 78.3 78.7
4mm 75.2 81.7 75.5|  77.46667
Imm 86.2 93.1 92.6] 90.63333
2mm 85.2 85.7 83.4| 84.76667
3mm 75.2 TS, 73.2| 74.03333
4mm 67.1 69.3 68.7]  68.36667
lmm 108 103 95.9 102.3
2mm 94.2 93.4 94.7 94.1
3mm 83.3 83.2 85.6] 84.03333
4mm 81.8 79 77.1 79.3
Imm 98.9 94.5 95.6]  96.33333
2mm 91.9 88.2 87.5 89.2
3mm 85.7 83.8 86.3 85.26667
4mm 81.3 80.2 81.6] 81.03333
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specimen no Imm 2mm 3mm 4mm

1 94 90.6 85.1 82.7

2 91.4 80.3 78.7 77.5

3 90.6 84.8 74 68.4

4 102.3 94.1 80 79.3

5 96.3 89.2 85.3 81
Average 94.92 87.8 80.62 77.78
SD 4.697553 | 5.355838 | 4.739937 | 5.589007
SureFil
left central right average

Imm 99.1 97.3 97.6 98
2mm 90.7 90.4 96.8] 92.63333
3mm 90.7 90.4 81.4 87.5
4mm 42 S 50.4] 48.46667
Imm 98.6 96.3 95| 96.63333
2mm 93.6 89.2 88.8]  90.53333
3mm 854 87.2 88.1 86.9
4mm 71.7 73.3 74.9 73.3
lmm 914 90.7 92.5| 91.53333
2mm 88.2 87.6 88.7| 88.16667
3mm 82.1 80.7 84.6]  82.46667
4mm 73.8 74.4 71.1 73.1
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Imm 94.2 92 89.8 92
2mm 87.9 90.3 88.7|  88.96667
3mm 82.8 74.7 82.3|  79.93333
4mm 73.4 72.1 71.1 72.2
lmm 91 95.3 93.0 93.4
2mm 85.5 87.7 89.6 87.6
3mm 75.7 74.2 73 74.3
4mm 60.4 70.7 58.3]  63.13333

specimen no Imm 2mm 3mm 4mm

1 98 92.6 87.5 48.5

2 96.6 90.5 86.9 73.3

3 91.5 88.1 82.5 73.1

4 92 90 80 122

5 93.4 87.5 74.3 63.1

Average 94.3 89.74 82.24 66.04

SD 2.868798 | 2.032978 | 5.420148 10.68635
7100
left central right average

lmm 90.5 94.3 93.1 92.63333
2mm 84.1 86.1 81.3 83.83333
3mm 72.4 73.5 71.9 72.6
4mm 50.2 52.2 48.3 50.23333
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fmm 925 93.9 921 | 92.83333
2mm 83.1 85.7 81.3 83.36667
3mm 73.2 77.3 72.9 74.46667
4mm 60.2 55 52.1 55.76667
Imm 87.2 90 89.8 89
2mm 28 78.9 79.1 76.76667
3mm 60.8 70 70.1 66.96667
4mm 48.1 51.1 49.9 49.7
Imm 96.1 99.2 95.1 96.8
2mm 83.7 82.4 81.2|  82.43333
3mm 72.5 /o Al 70.3 72.63333
4mm 59.8 70.1 60.2|  63.36667
Imm 99.2 99.6 98.5 99.1
2mm 80.2 90.3 87.5 86
3mm 79.4 78.4 80.4 79.4
4mm 70.2 71.2 71.3 70.9
specimen no Imm 2mm 3mm 4mm
1 92.6 82.2 72.6 50.7
2 92.8 83.4 74.5 55.8
3 89 76.8 67 49.7
4 96.8 82.4 72.6 63.4
5 99.1 86 79.4 70.9
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Average 94.06 82.16 73.22 58.1
SD 3.944363 | 3.356784 4.45219 8.979699
Filler content (%)
nol no2 no3 no4 nos average SD
7100 76.59 76.56 76.7 76.33 76.8 76.5975 | 0.176437
P 60 72.17 72.74 72.81 72.84 72.84 72.8075 0.28801
SureFil 78.55 81.07 80.73 80.34 78.79 80.2325 | 1.151729
Compressive strength (MPa)
nol no2 no3 no4 nos average SD
7100 503 354.1 452.4 501.5 487.4 459.68 | 62.43811
P 60 502.4 530.1 464.9 495.5 441.2 486.82 | 34.47067
SureFil 500.4 487.2 505.1 482 449.8 484.9 | 21.76006
Flexural strength (MPa)
nol no2 no3 no4 nos average SD
7100 100.4 102.3 85.8 82.1 121.8 98.48 15.74157
P 60 91.89 107.3 81.1 67.54 80.62 85.69 14.84611
SureFil 94.58 92.57 130.9 95.34 116.9 106.058 | 17.05301
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Degree of microleakage

bulk increment
technique technique
7100
specimen no right left specimen no right left
1 1 2 1 3 3
2 2 1 2 0 0
3 1 0 3 0 1
4 1 0 4 1 1
5 0 2 5 1 0
6 4 2 6 1 1
7 2 0 7 0 2
8 2 2 8 3 0
9 2 2 9 1 1
10 2 0 10 1 2
P60
specimen no right left specimen no right left
1 4 3 1 3 1
2 1 0 2 3 1
3 2 0 3 2 0
4 1 3 4 1 0
5 0 1 5 2 3
6 1 3 6 1 0
7 2 2 7 1 1
8 3 2 8 3 2
9 3 2 9 2 0
10 3 2 10 1 1
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SureFil
specimen no right left specimen no right left
1 2 1 1 0 2
2 3 4 2 3 3
3 3 5 S 2 1
4 3 3 4 4 0
5 2 4 5 3 2
6 2 3 6 1 3
7 3 5 7 0 3
8 5 5 8 5 5
9 5 5 9 3 5
10 4 2 10 0 0

Statistic Analysis

Physical and mechanical properties

Summarize
Case Processing

Summary”
Case
Includ Exclud Tot

N Perce N Perce N Perce
COMPRES * 15 100.0 0 .0 15 100.0
FLEXURE * 15 100.0 0 .0 15 100.0
FILLER * 15 100.0 0 .0 15 100.0
DEPTH * 15 100.0 0 .0 15 100.0
SORPT * 15 100.0 0 .0 15 100.0
SOLUTE * 15 100.0 0 .0 15 100.0

a. Limited to first 100
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COMPRES| FLEXURE| FILLER| DEPTH| SORPT| SOLUTE
MATERIAL| 7100 1 503.00 100.40 76.59 4.98 26.67 4.44
2| 354.10 102.30 76.56 5.15 24.49 3.80)
3 452.40 85.80) 76.70 4.600 25.28 3.55
4 501.50 82.10, 76.33 4.88 25.84 4.02
5 487.40 121.80 76.80) 5.01 24.14 4.17
Total N 5 5 5 5 5 5
Mean| 459.6800 98.4800| 76.5960, 4.9240, 25.2861 3.9986
Std| 62.43811| 15.74157) .17644] .20526, 1.01914 34185
Deviation|
P60 1 502.40) 91.89 73.31 6.91 16.01 1.97
2 530.10] 107.30 78165 6.17 16.21 1.16
3 464.90 81.10 73.15 6.67 19.27 1.76
4 495.50 67.54 73.58 6.31 19.00 2.04
5 441.20 80.62, 72.59 6.58 17.29 1.24]
Totall N| 5 5 5 5 5 5
Mean| 486.8200 85.69000 73.1560, 6.5280 17.5580 1.6333
Std.| 34.47067| 14.84611| .36191| .29346| 1.52291 41038
Deviation|
Surefil 1 328.10 94.58 89.80 5.45 11.25 2.52
2 366.20 92.57 89.65] 5.13 11.25 3.07
3 349.50 130.90 89.47 5.61 12.18 3.36
4 385.70 95.34  91.69 5.65 11.88 2.86
5 336.30 116.900  90.58 4.81 11.06 3.13
Totall N| 5 5 5 5 5 5
Mean| 353.1600, 106.0580 90.2380| 5.3300 11.5242 2.9905
Std| 23.20858 17.05301) .91552] .35553| .47866 31530
Deviation|
Total N 15 15 15 15 15 15
Mean| 433.22000 96.7427| 79.9967 5.5940, 18.1228 2.8742)
Std| 71.92010] 17.10433| 7.65423| .75467 591737, 1.05650
Deviation|
a Limited to first 100 cases.
Oneway
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
COMPRES 1.614 2 12 .239
FLEXURE .238 2 12 .792
FILLER 5.553 2 12 .020
DEPTH 1.306 2 12 .307
SORPT 4.316 2 12 .039
SOLUTE .625 2 12 .552
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ANOVA
Sum of
Squares df Mean Square F Sig.
COMPRES Between Groups 49913.48 2 24956.738 13.309 .001
Within Groups 22501.53 12 1875.127
Total 72415.00 14
FLEXURE Between Groups 1059.776 2 529.888 2.094 .166
Within Groups 3036.036 12 253.003
Total 4095.812 14
FILLER Between Groups 816.221 2 408.110 1223.989 .000
Within Groups 4.001 12 B83
Total 820.222 14
DEPTH Between Groups 6.955 2 3.477 40.967 .000
Within Groups 1.019 12 .085
Total 7.973 14
SORPT Between Groups 475.866 2 2.3¢.933 198.995 .000
Within Groups 14.348 12 1.196
Total 490.214 14
SOLUTE Between Groups 14.088 2 7.044 54.933 .000
Within Groups 1.539 12 .128
Total 15.627 14
Post Hoc Tests
Multiple Comparisons
Mean| Std. Error]  Sig 95%
Difference Confidence Interval
{I-J)
Dependent] D) ) Lower Bound/Upper Bound|
Variable MATERIAL| MATERIAL
COMPRES LSD 7100 P60 -27.14000 27.38706] .341 -86.8113 32.5313
Surefil] 106.5200] 27.38706] .002 46.8487 166.1913
P60) 7100 27.1400] 27.38706] .341 -32.5313 86.8113
Surefill 133.6600, 27.38706| .000 73.9887 193.3313
Surefil 7100 -106.5200 27.38706] .002] -166.1913 -46.8487
P60 -133.6600, 27.38706] .000] -193.3313 -73.9887
FLEXURE LSD 7100 P60 12.7900 10.05988 .228 -9.1286) 34.7086
Surefil -7.5780] 10.05988 .466 -29.4966 14.3406
P60 7100 -12.7900] 10.05988 .228 -34.7086 9.1286
Surefill -20.3680] 10.05988 .066 -42.2866 1.5506
Surefi] 7100 7.5780] 10.05988 .466 -14.3406 29.4966
P60 20.3680] 10.05988] .066 -1.5506 42.2866)
FILLER LSD| 7100 P60 3.4400 .36520| .000 2.6443 4.2357
Surefill -13.6420 36520/ .000 -14.4377 -12.8463
P60 7100 -3.4400 365201 .000 -4.2357 -2.6443
Surefil] -17.0820 36520/ .000 -17.8777 -16.2863
Surefi] 7100 13.6420 36520/ .000 12.8463 14.4377
P60 17.0820 36520/ .000 16.2863 17.8777
DEPTH LSD 7100 P60 -1.6040 .18426| .000 -2.0055 -1.2025
Surefil -.4060 .18426| .048 -.8075 -.0045
P60 7100 1.6040 .18426| .000 1.2025 2.0055
Surefil 1.1980 .18426| .000 7965 1.5995
Surefi] 7100 .4060 .18426| .048 .0045 .8075
P60 -1.1980 .18426| .000 -1.5995 -.7965
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SORPT LSD 7100 P60 7.7281 69157 .000; 6.2213 9.2349
Surefill  13.7619 69157 .000; 12.2551 15.2687

P60 2100 -7.7281 69157 .000; -9.2349 -6.2213

Surefil 6.0338 69157 .000; 4.5270 7.5406

Surefil 7100, -13.7619 69157 .000; -15.2687 -12.2551

P60 -6.0338 69157 .000; -7.5406 -4.5270

SOLUTE LSD 72100 P60 2.3653 22648 .000; 1.8718 2.8587
Surefil 1.0081 22648 .001 5146 1.5015

P60 2100 -2.3653 22648 .000; -2.8587 -1.8718

Surefil -1.3572 22648 .000; -1.8506 -.8638

Surefil 72100 -1.0081 22648 .001 -1.5015 -.5146

P60 1.3572 22648 .000; .8638 1.8506)

* The mean difference is significant at the .05 level.

Homogeneous Subsets

COMPRES
Subset for alpha = .05
MATERIAL N 1 2
Duncan? Surefil 5 | 353.1600
Z100 5 459.6800
P60 5 486.8200
Sig. 1.000 341

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.

FLEXURE

Subset
for alpha

=.05

MATERIAL N 1

Duncan?® P60 5 85.6900
Z100 5 98.4800
Surefil 5 | 106.0580
Sig. .077

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.

FILLER
Subset for alpha = .05
MATERIAL N 1 2 3
Duncan® P60 5 73.1560
Z100 5 76.5960
Surefil 5 90.2380
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
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DEPTH
Subset for alpha = .05
MATERIAL 1 2 3
Duncan® Z100 5 4.9240
Surefil 5 5.3300
P60 5 6.5280
Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
SORPT
Subset for alpha = .05
MATERIAL 1 2 3
Duncan? Surefil 5 11.5242
P60 5 17.5580
Z100 5 25.2861
Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
SOLUTE
Subset for alpha = .05
MATERIAL 1 2 S
Duncan? P60 5 1.6333
Surefil 5 2.9905
Z100 5 3.9986
Sig. 1.000 1.000 1.000
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Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.

Correlations
Correlations
FLEXURE FILLER
FLEXURE Pearson Correlation 1.000 519%
Sig. (2-tailed) .047
N 15 15
FILLER Pearson Correlation 519% 1.000
Sig. (2-tailed) .047
N 15 15

*. Correlation is significant at the 0.05 level (2-tailed).
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Summarize

Case Processing Summary®
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Cases
Included Excluded Total
N Percent N Percent N Percent
H:&EEIE ASLS **LAYER 60 100.0% 0 .0% 60 100.0%
a. Limited to first 150 cases.
Case Summaries
HARDNESS
Material 7100 Layer 1 mm| 1 92.63
2 92.83
3 89.00
4 96.80
5 99.10
Total N 5
Mean| 94.0733
Std. Deviation| 3.93865
2 mm)| 1 83.83
2 83.37
3 76.77
4 82.43
5 86.00
Total| N 5
Mean| 82.4800
Std. Deviation| 3.45154
3 mm| 1 72.60
2| 74.47
3 66.97
4 72.63
5 79.40
Total N 5
Mean| 73.2133
Std. Deviation| 4.46036)
4 mm| 1 50.23
2 55.77
3 49.70
4 63.37
5 70.90
Total N 5
Mean| 57.9933
Std. Deviation| 9.07482
Total N| 20
Mean 76.9400
Std. 14.51719
Deviation

P60 Layer 1 mm| 1 94.03
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91.40

90.63

ENOSEIS]

102.30

96.33

Total

N

5

Mean|

94.9400

Std. Deviation|

4.69074

2 mm|

90.60

80.27

84.77

94.10

89.20

N

5

Mean|

87.7867

Std. Deviation|

5.37218

3 mm|

85.10

78.70

74.03

84.03

85.27

N

5

Mean|

81.4267

Std. Deviation|

4.92772

4 mm|

82.73

7747

68.37

79.30

81.03

N

5

Mean|

77.7800

Std. Deviation|

5.61558

Total

20

Mean|

85.4833

Std.
Deviation|

8.20584

SureFill

Layer

1 mm|

98.00

96.63

91.53

92.00

93.40

N

5

Mean|

94.3133

Std. Deviation|

2.86740

92.63

90.53

88.17

88.97

87.60

N

5

Mean|

89.5800

Std. Deviation|

2.03260

3 mm|

87.50

86.90

82.47

BN [—

79.93
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5 74.30
Total N 5
Mean| 82.2200
Std. Deviation| 542671
4 mm)| 1 48.47
2 73.30)
3 73.10
4 72.20
5 63.13
Total N 5
Mean| 66.0400
Std. Deviation| 10.69775
Total N 20
Mean| 83.0383
Std. 12.40254
Deviation|
Totall N 60
Mean| 81.8206)
Std. 12.33750
Deviation|
a Limited to first 150 cases.
Univariate Analysis of Variance
Between-Subjects Factors
Value Label N
MATERIAL 1 7100 20
2 P60 20
3 Surefil 20
LAYER 1 1 mm 15
2 2 mm 15
3 3 mm 15
4 4 mm 15
Tests of Between-Subjects Effects
Dependent Variable: HARDNESS
Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 7410.229° 11 673.657 20.591 .000
Intercept 401676.199 1| 401676.199 | 12277.47 .000
MATERIAL 774.375 387.187 11.835 .000
LAYER 6033.087 3 2011.029 61.468 .000
MATERIAL * LAYER 602.767 6 100.461 3.071 .013
Error 1570.394 48 32.717
Total 410656.821 60
Corrected Total 8980.622 59

a. R Squared = .825 (Adjusted R Squared = .785)
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Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
3.157 3 16 .054
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups | 3485.535 3 1161.845 35.839 .000
Within Groups 518.693 16 32.418
Total 4004.228 19

Post Hoc Tests

Multiple Comparisons

Dependent Variable: HARDNESS

Mean
Difference 95% Confidence Interval

(I) LAYER (J) LAYER (I-) Std. Error Sig. Lower Bound |Upper Bound
LSD 1 mm 2 mm 11.5933*| 3.60102 .005 3.9595 19.2272
3 mm 20.8600*| 3.60102 .000 13.2262 28.4938

4 mm 36.0800*| 3.60102 .000 28.4462 43.7138

2 mm 1 mm -11.5933*| 3.60102 .005 -19.2272 -3.9595
3mm 9.2667*| 3.60102 .020 1.6328 16.9005

4 mm 24.4867*| 3.60102 .000 16.8528 32.1205

3 mm 1 mm -20.8600*| 3.60102 .000 -28.4938 -13.2262
2 mm -9.2667*| 3.60102 .020 -16.9005 -1.6328

4 mm 15.2200*| 3.60102 .001 7.5862 22.8538

4 mm 1 mm -36.0800*| 3.60102 .000 -43.7138 -28.4462
2 mm -24.4867*| 3.60102 .000 -32.1205 -16.8528

3 mm -15.2200*] 3.60102 .001 -22.8538 -7.5862

*. The mean difference is significant at the .05 level.
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HARDNESS
Subset for alpha = .05
LAYER N 1 2 3 4
Duncan® 4 mm 5 57.9933
3 mm 5 73.2133
2 mm 5 82.4800
1 mm 5 94.0733
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
.063 3 16 .979
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups 852.659 3 284.220 10.657 .000
Within Groups 426.722 16 26.670
Total 1279.381 19
Post Hoc Tests

Multiple Comparisons

Dependent Variable: HARDNESS

Mean
Difference 95% Confidence Interval

(I) LAYER  (J) LAYER (I-) Std. Error Sig. Lower Bound | Upper Bound
LSD 1 mm 2 mm 7.1533*|  3.26620 .044 .2293 14.0774
3 mm 13.5133*%| 3.26620 .001 6.5893 20.4374

4 mm 17.1600*%| 3.26620 .000 10.2360 24.0840

2 mm 1 mm -7.1533*| 3.26620 .044 -14.0774 -.2293
3mm 6.3600 3.26620 .069 -.5640 13.2840

4 mm 10.0067*| 3.26620 .007 3.0826 16.9307

3 mm 1 mm -13.5133*| 3.26620 .001 -20.4374 -6.5893
2 mm -6.3600 3.26620 .069 -13.2840 .5640

4 mm 3.6467 3.26620 .281 -3.2774 10.5707

4 mm 1 mm -17.1600*| 3.26620 .000 -24.0840 -10.2360
2 mm -10.0067*| 3.26620 .007 -16.9307 -3.0826

3 mm -3.6467 3.26620 .281 -10.5707 3.2774

*. The mean difference is significant at the .05 level.
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Homogeneous Subsets

HARDNESS
Subset for alpha = .05
LAYER N 1 2 3
Duncan® 4 mm 5 77.7800

3 mm 5 81.4267 81.4267

2 mm 5 87.7867

1 mm 5 94.9400
Sig. .281 .069 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000.

Oneway

Test of Homogeneity of Variances
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HARDNESS
Levene
Statistic dfl df2 Sig.
4.195 3 16 .023
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups | 2297.660 3 765.887 19.607 .000
Within Groups 624.978 16 39.061
Total 2922.638 19

Post Hoc Tests

Dependent Variable: HARDNESS

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(I) LAYER  (J) LAYER (I-J) Std. Error Sig. Lower Bound | Upper Bound
LSD 1 mm 2 mm 4.7333 3.95278 .249 -3.6462 13.1128
3 mm 12.0933*| 3.95278 .007 3.7138 20.4728

4 mm 28.2733*|  3.95278 .000 19.8938 36.6528

2 mm 1 mm -4.7333 3.95278 .249 -13.1128 3.6462
3 mm 7.3600 3.95278 .081 -1.0195 15.7395

4 mm 23.5400*| 3.95278 .000 15.1605 31.9195

3mm 1 mm -12.0933*%| 3.95278 .007 -20.4728 -3.7138
2 mm -7.3600 3.95278 .081 -15.7395 1.0195

4 mm 16.1800*%| 3.95278 .001 7.8005 24.5595

4 mm 1 mm -28.2733*%|  3.95278 .000 -36.6528 -19.8938
2 mm -23.5400*%| 3.95278 .000 -31.9195 -15.1605

3 mm -16.1800*%| 3.95278 .001 -24.5595 -7.8005

*. The mean difference is significant at the .05 level.
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HARDNESS
Subset for alpha = .05
LAYER N 1 2 3
Duncan® 4 mm 5 66.0400
3 mm 5 82.2200
2 mm 5 89.5800 89.5800
1 mm 5 94.3133
Sig. 1.000 .081 .249
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
415 2 12 .669
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups 2.002 2 1.001 .066 .937
Within Groups 182.952 12 15.246
Total 184.954 14
Post Hoc Tests
Multiple Comparisons
Dependent Variable: HARDNESS
. Mean) Std. Error Sig. 95% Confidence Interval
Difference
(I-J)

(1)

MATERIAL]|

(V)

MATERIAL]

Lower Bound

Upper Bound
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LSD Z100 P60 -.8667 2.46949 732 -6.2472 4.5139
Surefil -.2400 2.46949 .924 -5.6206 5.1406
P60 Z100 .8667| 2.46949 732 -4.5139 6.2472
Surefil 6267 2.46949 .804 -4.7539 6.0072
Surefil Z100 24000 2.46949 .924 -5.1406 5.6206
P60  -.6267] 2.46949 .804 -6.0072 4.7539
Homogeneous Subsets
HARDNESS
Subset
for alpha
= .05
MATERIAL N
Duncan® Z100 5 94.0733
Surefil 5 94.3133
P60 5 94.9400
Sig. .745
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
2.137 2 12 .161
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups 136.311 2 68.156 4.553 .034
Within Groups 179.620 12 14.968
Total 315.931 14
Post Hoc Tests
Multiple Comparisons
Dependent Variable: HARDNESS
_ Mean) Std. Erron Si91 " 959 Confidence Interval
Difference
(I-J)
(1) Material| (J) Material Lower Bound| Upper Bound
Z100 P60 -5.3067] 2.44690 .051 -10.6380 .0247
Surefil  -7.1000] 2.44690 .013 -12.4313 -1.7687
P60 Z100 5.3067| 2.44690 .051 -.0247 10.6380
Surefil  -1.7933] 2.44690 478 -7.1247 3.5380
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Surefil Z100 7.1000 2.44690 .013 1.7687 12.4313
P60 1.7933 2.44690 478 -3.5380 7.1247
* The mean difference is significant at the .05 level.
Homogeneous Subsets
HARDNESS
Subset for alpha = .05
MATERIAL N 1 2
Duncan® Z100 IS 82.4800
P60 5 87.7867 87.7867
Surefil 5 89.5800
Sig. .051 .478
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
.280 2 12 .761
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups 248.680 2 124.340 5.066 .025
Within Groups 294.506 12 24.542
Total 543.186 14
Post Hoc Tests
Multiple Comparisons
Dependent Variable: HARDNESS
. Mean Std. Error Sig. 95% Confidence Interval
Difference
(I-J)
(I) Material| (J) Material Lower Bound| Upper Bound
Z100 P60 -8.2133] 3.13319 .022 -15.0400 -1.3867
Surefil -9.0067| 3.13319 .014 -15.8333 -2.1800
P60 Z100 8.2133 3.13319 .022 1.3867 15.0400
Surefil -.7933 3.13319 .804 -7.6200 6.0333
Surefil Z100 9.0067] 3.13319 .014 2.1800 15.8333
P60 .7933] 3.13319 .804 -6.0333 7.6200

* The mean difference is significant at the .05 level.
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Homogeneous Subsets
HARDNESS
Subset for alpha = .05
MATERIAL N 1 2
Duncan® Z100 5 73.2133
P60 5 81.4267
Surefil 5 82.2200
Sig. 1.000 .804
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 5.000.
Oneway
Test of Homogeneity of Variances
HARDNESS
Levene
Statistic dfl df2 Sig.
1.320 2 12 -303
ANOVA
HARDNESS
Sum of
Squares df Mean Square F Sig.
Between Groups 990.148 2 495.074 6.505 .012
Within Groups 913.316 12 76.110
Total 1903.464 14
Post Hoc Tests
Multiple Comparisons
Dependent Variable: HARDNESS
_ Mean) Std. Error - Sig, 950, confidence Interval
Difference
(I-J)
(1) Material| (J) Material Lower Bound| Upper Bound
LSD Z100 P60 -19.7867| 5.51760 .004 -31.8085 -7.7649
Surefil -8.0467| 5.51760 170 -20.0685 3.9751
P60 Z100 19.7867| 5.51760 .004 7.7649 31.8085
Surefil 11.7400, 5.51760 .055 -.2818 23.7618
Surefil Z100 8.0467| 5.51760 170 -3.9751 20.0685
P60 -11.7400, 5.51760 .055 -23.7618 .2818

* The mean difference is significant at the .05 level.




Fac. of Grad. Studies, Mahidol Uniyv.

Homogeneous Subsets

M.Sc. (Operative Dentistry) / 81

HARDNESS
Subset for alpha = .05
MATERIAL N 1 2
Duncan® Z100 5 57.9933
Surefil 5 66.0400 66.0400
P60 5 77.7800
Sig. .170 .055

Means for groups in homogeneous subsets are displayed.

Microleakage

Summarize

Case Processing Summary®

a. Uses Harmonic Mean Sample Size = 5.000.

Cases
Included Excluded Total
N Percent N Percent N Percent
v A\ 120 | 100.0% 0 0% 120 | 100.0%
a. Limited to first 150 cases.
Case Summaries
LEAKAGE
Materiall  Z100 Tech bulk] 1 less than half of gingival wall
2 more than half of gingival wall
3 less than half of gingival wall
4 less than half of gingival wall
5 no leakage
6 more than half of axial wall
7 more than half of gingival wall
8 more than half of gingival wall
9 more than half of gingival wall
10 more than half of gingival wall
11 more than half of gingival wall
12 less than half of gingival wall
13 no leakage
14 no leakage
15 more than half of gingival wall
16 more than half of gingival wall
17 no leakage
18 more than half of gingival wall
19 more than half of gingival wall
20 no leakage
Total N 20
Median| 2.00
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Minimum| no leakage
Maximum| more than half of axial wall
incremental 1 less than half of axial wall
technique
2 no leakage
3 no leakage
4 less than half of gingival wall
5 less than half of gingival wall
6 less than half of gingival wall
7 no leakage
8 less than half of axial wall
9 less than half of gingival wall
10 less than half of gingival wall
11 less than half of axial wall
12 no leakage
13 less than half of gingival wall
14 less than half of gingival wall
15 no leakage
16 less than half of gingival wall
17 more than half of gingival wall
18 no leakage
19 less than half of gingival wall
20 more than half of gingival wall
Total| N| 20
Median| 1.00
Minimum)| no leakage
Maximum| less than half of axial wall
Total N 40
Median| 1.00
Minimum| no leakage
Maximum| more than half of axial wall
P60 Tech bulk] 1 more than half of axial wall
2 less than half of gingival wall
3 more than half of gingival wall
4 less than half of gingival wall
5 no leakage
6 less than half of gingival wall
7 more than half of gingival wall
8 less than half of axial wall
9 less than half of axial wall
10 less than half of axial wall
11 less than half of axial wall
12 no leakage
13 no leakage
14 less than half of axial wall
15 less than half of gingival wall
16 less than half of axial wall
17 more than half of gingival wall
18 more than half of gingival wall
19 more than half of gingival wall
20 more than half of gingival wall
Total| N 20
Median| 2.00
Minimum| no leakage

Maximum|

more than half of axial wall|
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incremental 1 less than half of axial wall
technique

2 less than half of axial walll

3 more than half of gingival wall

4 less than half of gingival wall

5 more than half of gingival wall

6 less than half of gingival wall

7 less than half of gingival wall

8 less than half of axial walll

9 more than half of gingival wall

10 less than half of gingival wall

11 less than half of gingival wall

12 less than half of gingival wall

13 no leakage

14 no leakage

15 less than half of axial walll

16 no leakage

17 less than half of gingival wall

18 more than half of gingival wall

19 no leakage

20 less than half of gingival wall

Total| Ni 20

Median| 1.00

Minimum| no leakage

Maximum| less than half of axial wall

Total N 40

Median| 2.00

Minimum| no leakage

Maximum| more than half of axial wall

Sure Tech| bulk] 1 more than half of gingival wall

Fil

2 less than half of axial wall

3 less than half of axial wall

4 less than half of axial wall

5 more than half of gingival wall

6 more than half of gingival wall

7 less than half of axial wall

8 occlusal wall

9 occlusal wall

10 more than half of axial wall

11 less than half of gingival wall

12 more than half of axial wall

13 occlusal wall

14 less than half of axial wall

15 more than half of axial wall

16 less than half of axial wall

17 occlusal wall

18 occlusal wall

19 occlusal wall

20 more than half of gingival wall

Total| N 20

Median| 3.00

Minimum| less than half of gingival wall

Maximum| occlusal wall

incrementall 1 no leakage
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technique
2 less than half of axial wall
3 more than half of gingival wall
4 more than half of axial wall
5 less than half of axial wall
6 less than half of gingival wall
7 no leakage
8 occlusal wall
9 occlusal wall
10 no leakage
11 more than half of gingival wall
12 less than half of axial wall
13 less than half of gingival wall
14 no leakage
15 more than half of gingival wall
16 less than half of axial wall
17 less than half of axial wall
18 occlusal wall
19 occlusal wall
20 no leakage
Total| N 20
Median| 2.50
Minimum)| no leakage
Maximum| occlusal wall|
Total N| 40
Median 3.00
Minimum| no leakage
Maximum| occlusal wall|
Total| N| 120
Median| 2.00
Minimum)| no leakage
Maximum| occlusal wall|
a Limited to first 150 cases.
NPar Tests
Mann-Whitney Test
Ranks
TECH N Mean Rank | Sum of Ranks
LEAKAGE  bulk 20 22.35 447.00
incremental technique 20 18.65 373.00
Total 40
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Test Statistics?
LEAKAGE
Mann-Whitney U 163.000
Wilcoxon W 373.000
Z -1.045
Asymp. Sig. (2-tailed) .296
Exact Sig. a
[2*(1-tailed Sig.)] 1327

a. Not corrected for ties.
b. Grouping Variable: TECH

NPar Tests
Mann-Whitney Test
Ranks
TECH N Mean Rank | Sum of Ranks
LEAKAGE  bulk 20 23.00 460.00
incremental technique 20 18.00 360.00
Total 40
Test Statistics®
LEAKAGE
Mann-Whitney U 150.000
Wilcoxon W 360.000
Z -1.397
Asymp. Sig. (2-tailed) .162
Exact Sig. a
[2*(1-tailed Sig.)] .
a. Not corrected for ties.
b. Grouping Variable: TECH
NPar Tests
Mann-Whitney Test
Ranks
TECH N Mean Rank | Sum of Ranks
LEAKAGE  bulk 20 23.98 479.50
incremental technique 20 17.02 340.50
Total 40
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Test Statistics”
LEAKAGE
Mann-Whitney U 130.500
Wilcoxon W 340.500
z -1.923
Asymp. Sig. (2-tailed) .054
Exact Sig. a
[2*(1-tailed Sig.)] ey

a. Not corrected for ties.
b. Grouping Variable: TECH

NPar Tests
Kruskal-Wallis Test
Ranks
MATERIAL N Mean Rank
LEAKAGE Z100 20 20.08
P60 20 27.17
Surefil 20 44.25
Total 60
Test Statistics®P
LEAKAGE
Chi-Square 21.362
df 2
Asymp. Sig. .000
a. Kruskal Wallis Test
b. Grouping Variable: MATERIAL
NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE Z100 20 17.85 357.00
P60 20 23.15 463.00
Total 40
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Test Statistics?
LEAKAGE
Mann-Whitney U 147.000
Wilcoxon W 357.000
z -1.497
Asymp. Sig. (2-tailed) 134
Exact Sig. a
[2*(1-tailed Sig.)] =iy

a. Not corrected for ties.
b. Grouping Variable: MATERIAL
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NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE  Z100 20 12.73 254.50
Surefil 20 28.27 565.50
Total 40
Test Statistics?
LEAKAGE
Mann-Whitney U 44.500
Wilcoxon W 254.500
z -4.325
Asymp. Sig. (2-tailed) .000
Exact Sig. a
[2*(1-tailed Sig.)] 000
a. Not corrected for ties.
b. Grouping Variable: MATERIAL
NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE P60 20 14.52 290.50
Surefil 20 26.48 529.50
Total 40
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Test Statistics?
LEAKAGE
Mann-Whitney U 80.500
Wilcoxon W 290.500
z -3.314
Asymp. Sig. (2-tailed) .001
Exact Sig. a
[2*(1-tailed Sig.)] R

a. Not corrected for ties.
b. Grouping Variable: MATERIAL

NPar Tests
Kruskal-Wallis Test
Ranks
MATERIAL N Mean Rank
LEAKAGE 7100 20 24.98
P60 20 29.30
Surefil 20 37.22
Total 60
Test Statistics??
LEAKAGE
Chi-Square 5.378
df 2
Asymp. Sig. .068

a. Kruskal Wallis Test
b. Grouping Variable: MATERIAL

NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE 7100 20 18.80 376.00
P60 20 22.20 444.00
Total 40
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Test Statistics”
LEAKAGE
Mann-Whitney U 166.000
Wilcoxon W 376.000
z -.970
Asymp. Sig. (2-tailed) 332
Exact Sig. .3696

[2*(1-tailed Sig.)]

a. Not corrected for ties.
b. Grouping Variable: MATERIAL
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NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE 7100 20 16.67 333.50
Surefil 20 24.33 486.50
Total 40
Test Statistics®
LEAKAGE
Mann-Whitney U 123.500
Wilcoxon W 333.500
Z -2.125
Asymp. Sig. (2-tailed) .034
Exact Sig. a
[2*(1-tailed Sig.)] 088
a. Not corrected for ties.
b. Grouping Variable: MATERIAL
NPar Tests
Mann-Whitney Test
Ranks
MATERIAL N Mean Rank | Sum of Ranks
LEAKAGE P60 20 17.60 352.00
Surefil 20 23.40 468.00
Total 40
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Test Statistics?

[2*(1-tailed Sig.)]

LEAKAGE
Mann-Whitney U 142.000
Wilcoxon W 352.000
z -1.605
Asymp. Sig. (2-tailed) .109
Exact Sig. _1216

a. Not corrected for ties.

b. Grouping Variable: MATERIAL
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