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ABSTRACT

Objectives. Flowable composites are characterized by lower filler loading and a
greater proportion of diluent monomers in their formulation. These composites were
traditionally created by retaining the same small particle size of the conventional hybrid
composites, but reducing the filler content and allowing the increased resin to reduce the
viscosity of the mixture However, their various mechanical properties such as flexural
strength and wear resistance have been reported to be generally inferior compared to

those of the conventional composites.

Dental restorative materials are in continuous contact with fluids and saliva in the
patient’s mouth. Consequently, the water sorption and solubility of these materials are of
considerable importance. Resin based materials demonstrate water sorption in the oral
cavity, which is the amount of water absorbed by the material on the surface and into the
body while the restoration is in service. The water intrusion in the dental material can
lead in a deterioration of the physical/mechanical properties, decreasing the life of resin
composites. Water uptake can promote breakdown causing a filler-matrix debonding.
Water sorption affects the physical and mechanical properties of resin composite such as
dimensional change, decrease in surface hardness and wear resistance, filler leaching,
change in color stability, reduction in elastic modulus, and an increase in creep and a
reduction in ultimate strength, fracture strength, fracture toughness, and flexural strength.
In addition, penetration of water into the composite may cause release of unreacted
monomers (solubility) which may stimulate the growth of bacteria and promote allergic

reactions.
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The effect of water sorption on conventional composites has been extenesively
studied and reviewed in the dental literature. However , there are no published studies on
the water sorption of flowable composites. Water sorption increases as the amount of
resin matrix increases and filler content decreases, since the filler particles do not absorb
water. Thus, itis of utmost importance to study the water sorption of flowable
composite. Hence the aim of this study was to evaluate and compare water sorption and
solubility values of different light-activated flowable composite materials in solutions
with varying pH values. And, since water filled porosites in the flowable composites
may form small incubation chambers, a second related objective was to compare and
correlate water sorption values of the various flowables to their ability to form
Streptococcus mutans and Streptococcus sanguis single species biofilms in/on their
surfaces.

Methods: In this study, water sorption and solubility tests were performed
according to the ISO standards (Internatioal Organization for Standardization
specificaton 4049:07-2009- Dentistry- Polymer Based Restorative Materials [available at
http://www .iso.org/iso/home/store.htm]). Three disc-shaped specimens of each flowable
composite were made in a jig consisting of a Teflon mold (15 mm in diameter by 1 mm
in thickness) compressed between 2 glass slabs with mylar strips used as separating
sheets. The flowable resin was inserted in the Teflon mold in a single increment. All
specimens were cured with a light-emitting diode curing unit.

According to the ISO standard, discs were weighted every day for 35 days using
the same balance, with a repeatability of 0.1 mg, until a contatnt mass (M;) was obtained.

Once a constant M; was obtained, the volume (V) was then calculated in cubic
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millimeters as follow: V =n(d/2)2h, where n=3.14; d is the mean diameter of the
specimen; and h is the mean thickness of the specimen. After M; was achieved, each
flowable composite resin group of 3 discs was placed into buffers of pH = 4.0,5.5 and
7.0. After 24 hrs, specimens were wiped free of excess buffer with absorbent paper and
weighed. This cycle was repeated at one week , one month, and six months. When a
constant mass was achieved it was designated M,. Mass gain (Mg) was defined as
follows: (M2 —M1). Per cent mass gain (%Mg) was defined as follows: (M2-M1/M1).
Finally, the specimens were reconditioned to constant mass, once again following the

above-mentioned procedure. This constant mass was recorded as M.

Water sorption (W) was calculated in micrograms per cubic millimeter for each
of the specimens by using the following equation provided by ISO 4049 standard:
Wep=(M»-M3)/V, where M, is the mass of the specimens in micrograms after immersion
in buffer for 30 days; M3 is the reconditioned mass of the specimen, in micrograms; and
V is the volume of the specimen in cubic millimeters. Water solubility (W, was
calculated in micrograms per cubic millimeter for each of the specimens, using the
following equation, provided by ISO 4049 standard: Wg=(M;-M3;)/V, where M, is the
conditioned mass of the specimen in micrograms before immersion in buffer; M; is the
reconditioned mass of each specimen in micrograms, and V is the volume of the

specimen in cubic millimeters.

For biofilm experiments, flowable discs were prepared as described above. Each

disc was then sectioned into three equal portions using high speed and low speed
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handpieces , a diamond bur, and sandpaper discs, such that the three samples of each
flowable had the same mass to within 0.3 mg. The samples were sterilized by dipping in
1.2% sodium hypochlorite (Chlorox), followed by rinsing with sterile distilled water, and
then conditioning to a constant mass as described above, inside a dessicator that was

wiped with 1.2 % Chlorox.

Biofilm experiments were conducted as follows: three equal mass
specimens of each flowable composite were placed in a series of wells of a sterile culture
disc. Then sterile BHI broth (2 ml) was added to each well. One well served as control
and no growing bacteria were added to it. To the other specimens was added 40 ul log
phase S. mutans or S. sanguis cells. The culture dishes were then placed on a rotator at
37C for six hrs. Biofilm formation was measured by staining attached cells with crystal

violet, destaining with 30% acetic acid, and measuring the satin spectrophotometically.

Results: The pH of the solution influenced the % mass gain, as all samples
gained more mass at pH 4.0 as compared to pH 5.5 and 7.0. The flowable resin SureFill
showed the least % mass gain at each pH. However, there was no statistical difference in
% mass gain based on pH of storage buffer for any of the flowable composites (P=.05) .
Time had a significant influence on the % mass gain for the first week for all samples,
with minor gains thereafter, and became steady after 1 month. Surefill showed the least
water sorption when stored in buffer for 30 days, however it was not significant
compared to the other flowables (P=0.05). Filtek showed the least water solubility, but
1s not significant compared to the other flowables (P=0.05). The highest significant

values (P< 0.05) for water sorption and solubility were observed for Virtuoso.



Two trials indicated that strains of S. mutans and S. sanguis form biofilm readily
on the surface of the composites, with S. sanguis having a higher predilection to form
biofilm on all composites (Figure 6). However, no correlation was found between water
sorption and solubility values of the flowable composites and biofilm formation.

Conclusions: Within the limitations of this study the following is concluded:

Time and storage conditions are important to the % mass gain due to water, with
all flowable composites showing more mass gain at low pH.

Due to its hydrophilic nature, as well as to the filler characteristics, the flowable
composite Virtuoso exhibited significantly higher values of water sorption and water
solubility than the other flowable composites that were tested.

All flowable composites formed S. sanguis and S. mutans single species biofilm
on their surfaces, with S. sanguis forming higher concentratons of biofilm on all samples.
There was no clear correlatrion to water sorption and biofilm formation characteristics of

the composites.

vi



TABLE OF CONTENTS

ABSTRACT .t e 1
CHAPTER
L. INTRODUCTION. . ...ttt e et e e 1
2. MATERIALS AND METHODS ... . 6
Samples Preparation........c..eecueeeeieeeiieesiieeecie e e eee e eeee e eneenneaann O
Water Sorption/Solubility Calculations. ...........cceccveeeriieeiiieeiiecee e 6
StatistiCal ANALYSIS.....oiuiiiiiii et e e e ee e 2 O
Biofilm FOrmation..............oioi i 8
3. RESU LT S . e 11
4. DISCUSSION. ...ttt e e e et eenes 18
5. CONCLUSIONS . Lo e e e 22

REFERENCES CITED..... ..o e 23

vii



LIST OF TABLES

Table Page
1. Mean Characteristic of Flowable Composites Used in the Study................... 16
2. Mass Gain for Samples Incubated for 30 Days.......c.ccceeveeeeiieeicieeenieeeiee e, 16

3. Water Sorption and Solubility for Samples Immersed for 30 Days(pH 7.0)...17

viii



LIST OF FIGURES

Figure Page
1. Effect of pH and Time of Storage on Mass Gain of Filtek Due to

WALET ... 13
2. Effect of pH and Time of Storage on Mass Gain of Esthet-X Due to

WALET ... 13
3. Effect of pH and Time of Storage on Mass Gain of TPH Due to

WALET ... 14
4. Effect of pH and Time of Storage on Mass Gain of Virtuoso Due to

WALET ..o 14
5. Effect of pH and Time of Storage on Mass Gain of Surefill Due to

WALET ..o 15
6. Comparison of Biofilm Formation on Flowable Composites.................. 15

ix



CHAPTER 1
INTRODUCTION
Resin-based composites are well-established cosmetic restorative materials used
extensively in modern-day preventive and conservative dentistry (Rosensteil et al. 1998).
Indications for composite resin restorations are expanding steadily as the properties of
composite materials improve and the bond strength of resin adhesives to dental substrates
increase. On the longevity of composite resin restorations, clinical trials have shown that
they are acceptable for long-term use (Opdam et al 1997). Dental composites are
materials that are based on polydimethacrylate matrix resins along with silane-coated
inorganic fillers. The most widely used resin in dental composites is that based on the
copolymer prepared from a combination of bisphenol A glycol dimethacrylate (Bis-
GMA) and triethylene glycol dimethacrylate (TEGDMA). TEGDMA is usually added to
Bis-GMA in order to achieve workable viscosity limits since the latter monomer
possesses very high viscosity due to the intermolecular hydrogen bonding

(Sankarapandian et al 1997).

Although the resin matrix has remained almost the same since these materials
were first developed in the 1960s, the continual refinement of these composites has been
the density, size, and character of the inorganic filler particles that are chemically
embedded in the resin matrix. The filler particles used are either barium silicate glass,
quartz or zirconium silicate, usually combined with 5-10% weight of very small-sized
(0.04 um) particles of colloidal silica. Modern dental composite materials are thus a

blend of glass or ceramic particles dispersed in a synthetic organic resin matrix.
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Composites possess many advantages comparable to commercial dental
amalgams such as excellent esthetic quality and the ability to bond to enamel surface
(Craig, 1997). In general, the evolution of resin composite technology has progressed
from large particle size inorganic filler particles to smaller particle size configurations
with enhanced fillers. This progression has resulted in composite resins that are
smoother and stronger, and have produced less shrinkage during polymerization. Since
the advent of adhesive dentistry, many different composite resin products have found
their way into dental practice. While the heavy-bodied consistency of traditional packable
composites is very desirable in gaining the control to shape aesthetic and functional
restorations, clinicians have found that a material that can flow into cavity preparations
has an important role, especially where the deposition of material into a tight space is
required. Most of the flowable composites presently available are not very heavily filled,
generally containing from 56 to 70 percent filler by weight. Accordingly, they have
reduced mechanical properties such as a higher susceptibility to wear, a higher
polymerization shrinkage, and lower flexural strength. And since some of the monomers
are hydrophilic, flowable compsites have increased susceptibility to water sorption.
Likewise, low filler content and size may lend to increased water sorption (Kalachandra
1989).

The “first generation” of flowable composites was introduced in 1998 (Bayne et
al 1998). Flowability is regarded as a desirable handling property which allows the
material to be injected through small-gage dispensers, thus simplifying the placement

procedure and amplifying the range of clinical applications. The flowable composites
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can be easily inserted into small cavities and are expected to exhibit better adaptation to
the internal cavity wall compared to the conventional restorative composites which are
more viscous. Flowable composites are characterized by lower filler loading and a greater
proportion of diluent monomers in the formulation (Baroudi et al 2008). These
composites were traditionally created by retaining the same small particle size of the
conventional hybrid composites, but reducing the filler content and allowing the
increased resin to reduce the viscosity of the mixture (Bayne et al 1998). However, their
various mechanical properties such as flexural strength and wear resistance have been
reported to be generally inferior compared to those of the conventional composites
(Labella et al 1999). For this reason, flowable composites have been suggested to be
filling materials for low-stress applications and in situations with difficult access or those
requiring good penetration such as amalgam, composite or crown margin repairs; pit and
fissure sealing; preventive resin restorations; enamel defects; incisal edge repairs in
anterior sites; and for small Class III and Class V restorations (Bayne et al 1998). Also,
because of its viscosity, consistency, handling characteristics and delivery system, a
flowable composite makes for a suitable choice as a liner on the cut dentin. Its ability to
adapt to the prepared tooth structure allows it to create an intimate union with
microstructural defects of cavity preparation prior to placing the restorative composite
(Payne et al 1999). However, these materials may absorb significant amounts of water
when exposed to aqueous environments.

The longevity of a composite restoration is influenced by many factors; not only

by the various properties of composite resins and adhesives, but also by the restorative
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technique. These factors have a significant impact on the marginal integrity and
adaptation of the resin-cavity interface (Krejci 1994). Excellent adaptation extends the
longevity of restorations; on the contrary, inadequate adaptation results in interfacial gap
formation and marginal microleakage, which in turn induces debonding and/or recurrent
caries. Two important factores that may lead to composite failure are polymerizarion
shrinkage and water sorption.

Polymerization shrinkage is an intrinsic property of the resin matrix. Upon light
curing, the single resin molecules move toward each other and are linked by chemical
bonds to form a polymer network, a reaction that leads to a significant volume
contraction. The main value of high bond strength is the conservation of the marginal seal
during polymerization (Davidson et al 1984). The stresses that develop as the composite
contracts can be transferred to the bonded margins of the preparation creating two
potential causes for post-operative sensitivity: gap formation and cusp deformation
(Braga et al 2003 ). In the oral environment, bond failure can result in microleakage, one
of the main causes for failure of the restorations. With most flowable composite resin
products having a polymerization shrinkage of between 2 and 3.5 percent, this is a
significant factor that must be considered as restorations are placed.

Resin based materials demonstrate water sorption in the oral cavity, which is the
amount of water absorbed by the material on the surface and into the body while the
restoration is in service (Sideridou 2003). The water intrusion in the dental material can
lead in a deterioration of the physical/mechanical properties, decreasing the life of resin

composites mainly by silane hydrolysis and microcrack formation (Oysaed et al 1986) .

4



Water uptake can promote breakdown causing a filler-matrix debonding (Santos et al
2002). Water sorption affects the physical and mechanical properties of resin composite
such as dimensional change, decrease in surface hardness and wear resistance, filler
leaching, change in color stability, reduction in elastic modulus, and an increase in creep
and a reduction in ultimate strength, fracture strength, fracture toughness, and flexural
strength. In addition, penetration of water into the composite may cause release of
unreacted monomers (solubility) which may stimulate the growth of bacteria (Hansel et
al 1998) and promote allergic reactions (Spahl et al 1994). The water ingress may have,
however, beneficial effects concerning the expansion of the composite, compensating for
polymerization shrinkage with improved marginal sealing and relaxation of the stresses
set up within the matrix during shrinkage (Bowen et al 1982), (Torstenson et al) (Martin
et al 1982)

The effect of water sorption on conventional composites has been extenesively
studied and reviewed in the dental literature (Sideridou 2003). However , there are no
published studies on the water sorption of flowable composites. Water sorption
increases as the amount of resin matrix increases and filler content decreases, since the
filler particles do not absorb water. Thus, it is of utmost importance to study the water
sorption of flowable composite. Hence the aim of this study was to evaluate and compare
water sorption and solubility values of different light-activated flowable composite
materials in solutions with varying pH values. A second related objective was to
compare and correlate water sorption values to the ability to form Szeprococcus mutans

and Szreprococcus sanguis single species biofilms in/on their surfaces.
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CHAPTER 2
MATERIALS AND METHODS

Samples Preparation

The flowable composites used in this study are listed in Table 1. The water
sorption and solubility tests were performed according to the ISO standards (Internatioal
Organization for Standardization specificaton 4049:07-2009- Dentistry- Polymer Based
Restorative Materials [available at http://www.iso.org/iso/home/store.htm]). Three disc-
shaped specimens of each flowable composite were made in a jig consisting of a Teflon
mold (15 mm in diameter by 1 mm in thickness) compressed between 2 glass slabs with
mylar strips used as separating sheets. The flowable resin was inserted in the Teflon
mold in a single increment, with special care taken to allow for extrusion of excess
material and the prevention of air bubbles. All specimens were cured with a light-
emitting diode curing unit (The Cure,Dordless TC-CL, Serial #6084. Spring Health
Products)at an intensity of 1200 mW/cm2. The light curing was performed for one

minute on the middle of the sample through the mylar strip.

Water Sorption/Solubility Calculations

The masses of the discs were immediately weighed using an electronic balance
with 1.0 mg precision. The polymerized discs were stored in a dessicator filled with
anhydrous silica gel at room temperature for the first three days. After this time, and in

accordance with ISO 4049:2009, the specimens were maintained at 37C. According to
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the ISO standard, discs were weighted every day for 35 days using the same balance,
with a repeatability of 0.1 mg, until a contatnt mass (M;) was obtained. This initial cycle
allows the loosely bound water to be removed, as recommended by the ISO standard.
Once a constant M; was obtained, the volume (V) was then calculated in cubic
millimeters as follow: V =n(d/2)2h, where n=3.14; d is the mean diameter of the
specimen; and h is the mean thickness of the specimen. The volume of the discs were
determined by measuring the specimen diameter from 2 perpendicular planes and the
thickness from 5 measurements using a caliper. A titanium disc of similar size was

treated identically to the samples and served as negative control.

After M; was achieved, each flowable composite resin group of 3 discs was
placed into buffers of pH =4.0,5.5 and 7.0. After 24 hrs, specimens were wiped free of
excess buffer with absorbent paper and weighed. This cycle was repeated at one week ,
one month, and six months. When a constant mass was achieved it was designated M.
Mass gain (Mg) was defined as follows: (M2 —-M1). Per cent mass gain (%Mg) was
defined as follows: (M2-M1/M1). Finally, the specimens were reconditioned to
constant mass, once again following the above-mentioned procedure. This constant mass

was recorded as M;.

Water sorption (W) was calculated in micrograms per cubic millimeter for each
of the specimens by using the following equation provided by ISO 4049 standard:

Wep=(M»-M3)/V, where M, is the mass of the specimens in micrograms after immersion

7



in buffer for 30 days; M3 is the reconditioned mass of the specimen, in micrograms; and
V is the volume of the specimen in cubic millimeters. Water solubility (W, was
calculated in micrograms per cubic millimeter for each of the specimens, using the
following equation, provided by ISO 4049 standard: W=(M;-M3;)/V, where M, is the
conditioned mass of the specimen in micrograms before immersion in buffer; M; is the
reconditioned mass of each specimen in micrograms, and V is the volume of the
specimen in cubic millimeters. A titianium disc (6.5 mm in diameter x 1 mm thick) was

treated as the composite discs and used as negative control.

Statistical Analysis

The data of % mass gain and water sorption were analylzed by 1-way ANOVA

(Stat Plus [Anylst Soft] Add In for Excel).

Biofilm Formation

S. mutans (25175) and S, sanguis (10556), were purchased from the American
Type Culture Collection (Manassas, Va.). The purchased freeze dried cells were
reconstituted in brain heart infusion broth (BHI, DIFCO, Inc) and then streaked on agar
plates. Colonies were examined for purity and single colonies were transferred to broth
and grown to log phase at which time they were used experimentally. All streptococci
were inoculated in/on BHI broth/agar. The concentration of log phase cells that were
used in the experiments described below was between 10%-10'° CFU/ml as determined by

serial plating.



Single species biofilm formation by 8! #uzans and 8. sanguis was measured
similar to the method of O’Toole (2011). For these experiments, flowable discs were
prepared as described above. Each disc was then sectioned into three equal portions
using high speed and low speed handpieces , a diamond bur, and sandpaper discs, such
that the three samples of each flowable had the same mass to within 0.3 mg. The samples
were sterilized by dipping in 1.2% sodium hypochlorite (Chlorox), followed by rinsing
with sterile distilled water, and then conditioning to a constant mass as described above,

inside a dessicator that was wiped with 1.2 % Chlorox.

All biofilm experiments were conducted in a laminar control hood
(Environmental Air Control, Inc., Hagerstown, Md). The surface of the hood was wiped
with chlorox prior to conducting the experiments. Experiments were conducted as
follows: three equal mass specimens of each flowable composite were placed in a series
of wells of a sterile culture disc (Costar Tissue Culture Plates, Costar Co. Cambridge.
Mass). Then sterile BHI broth (2 ml) was added to each well. One well served as
control and no growing bacteria were added to it. To the other specimens was added 40
ul log phase 8. mutans or 8. sanguis cells. The culture dishes were then placed on a
rotator at 37C for six hrs.

After 6 hours of rotation at 37 C, the specimens were rinsed thoroughly with
sterile distilled water and stained with crystal violet (Sigma Chemical Co) for 15 min.
Crystal violet is a dye that is specifically taken up by gram positive bacteria. The

specimens were then thoroughly rinsed and allowed to dry overnight.



Stained biofilm was removed from each specimen by immersing in 100 pl of
30% acetic acid for 5 minutes. The elutant (100 ul) was then added to 900 pl distilled
water and the absorbance was measured on a spectrophotometer at 500 nm. Control
specimens that were immersed in broth without growing bacteria, and then were
immersed in crystal violet, served as control (i.e. binding of crystal violet to specimen
alone). The control was used to auto-zero the spectrophotometer. Spectropohotometic
analysis of crystal violet staining was used to compare the formation of single species

biofilm on the various flowables.
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CHAPTER 3

RESULTS

Mass Gain, Water Sorption and Solubility

Data indicate the means and standard deviation of two trials. The mass gain and
%mass gain for all samples in three different pH storage solutions over 180 days is seen
in Figures 1 through 5. The pH of the solution influenced the % mass gain, as all samples
gained more mass at pH 4.0 as compared to pH 5.5 and 7.0. The flowable resin SureFill
showed the least % mass gain at each pH. However, there was no statistical difference in
% mass gain based on pH of storage buffer for any of the flowable composites (P=.05) .
Time had a significant influence on the % mass gain for the first week for all samples,
with minor gains thereafter, and became steady after 1 month. The mean + standard
deviation values of water sorption and water solubility after 30 days of storage in buffers
is shown in Table 2. To simulate physiologic conditions, water sorption and solubility
studies were calculated after incubation for 1 month at pH 7.0. (Table 3). Surefill
showed the least water sorption when stored in buffer for 30 days, however it was not
significant compared to the other flowables (P= 0.05). Filtek showed the least water
solubility, but is not significant compared to the other flowables (P=0.05). The highest
significant values (P< 0.05) for water sorption and solubility were observed for Virtuoso.
The negative control titanium disc showed zero mass gain, and hence zero water sorption

and solubility, when stored under identical conditions.
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Single Species Biofilm By S. mutans and S. sanguis

Two trials indicated that strains of .S! zuzans and 8. sanguis form biofilm readily
on the surface of the composites, with 5! s@zgwuzs having a higher predilection to form
biofilm on all composites (Figure 6). However, no correlation was found between water

sorption and solubility values of the flowable composites and biofilm formation.
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Figure 1. Effect of pH and Time of Storage on Mass Gain of Filtek Due to Water
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Figure 2. Effect of pH and Time of Storage on Mass Gain of Esthet-X Due to Water
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Figure 3. Effect of pH and Time of Storage on Mass Gain of TPH Due to Water
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Figure 4. Effect of pH and Time of Storage on Mass Gain of Virtuoso Due to Water

Virtuoso

N
t

N

“pH4.0
EpH5.5
~“pH7.0

S=p0e wuvs X
[u=y
[ ul

e
921
1

1 day 7 days 30 days 180 days

14



Figure 5. Effect of pH and Time of Storage on Mass Gain of Surefill Due to Water
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Figure 6. Comparison of Biofilm Formation on Flowable Composites
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Table 1. Characteristics of Flowable Composites Used in the Study

Primary
Flowable | Manufacturer | Resin Fillers
Esthet-X Dentsply bis-GMA baruium fluoroborosilicate
TPH Dentsply bis-GMA barium fluoroborosilicate, silicon dioxide
Filtek 3M ESPE bis-GMA zirconia,silica
Virtuoso DenMat UDMA silica

barium,strontium,alumino-fluoro-boro-

Surefill Dentsply UDMA silicate

Table 2. Mass Gain (g and %) for Samples Incubated for 30 Days

Sample pH 4.0 pH 5.5 pH 7.0

SureFill .013 £.003 (01.9%) | .007£.001 (1.5%) .010 £.002 (1.7%)
Filtek .010 +.005 (3.5%) .017£.004 (2.5%) .012 £.002 (1.8%)
Virtuoso .010 +.002 (2.2%) .009+.003 (1.7%) .010£.001 (1.8%)
TPH .020£.002 (2.5%) .009 £.002 (2.2%) | .012+.003 (1.8%)
EsthetX

012 +£.002 (2.6%) | .008 +.002 (1.9%)

1005 £.001 (1.8%)
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Table 3. Water Sorption (Wsp,ug/cc) and Solubility (Wsl,pg/cc) for Samples
Immersed for 30 Days at pH 7.0

Sample Wsp Wsl
SureFill 30.1 £3.8 2444
Filtek 37.7+6.8 134+48
Virtuoso 103 £ 8.5 77.2 £ 8.8
TPH 38478 14.8 +3.2
EsthetX 56.5+.11.8 424 +48
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CHAPTER 4
DISCUSSION

Composite materials based on a polydimethacrylate matrix resin along with
silane-coated inorganic fillers are extensively used in dentistry in a variety of
applications. They possess excellent mechanical properties, aesthetic quality and the
ability to bond to enamel surface. However, one of the issues raised is that in aqueous
environment, they can absorb water and elute unreacted monomers
(Braden,Causton,Clarke 1976). This is especially true for flowable composites, which
have low filler content in the resin matrix (Braden 1984). Water has an important role in
the log-term stability of composite fillings and may induce hygroscopic expansion of the
material, hydrolytic degradation of intra- and intermolecular bonds within the resin
matrix and at the resin-filler interface, and reduction in mechanical properties (Gopferich
A 1996). On the other hand,water ingress may have beneficial effects concerning the
expansion of the composite, compensating for polymerization shrinkage and the stresses
within the matrix due to shrinkage (Felzer,deGee,Davidson 1990).

Two different mechanisms occur when dental restorative materials are exposed to
or stored in water: first, they gain weight from water uptake, and second, they lose
weight from dissolution in water (Ruyter and Oysaed 1988). The property of sorption
indicates a combination of adsorption and absorption. Adsorption involves adherence of
liquid molecules to the surface of a solid material. Absorption involves penetration of
liquid molecules into the structure of the solid material, mainly through the process of

diffusion, and the water uptake occurs in the resin matrix. Ideally, polymer networks
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should be insoluble materials with relatively high chemical and thermal stability.
However, most of the monomers used in dental resin materials can absorb water and
chemicals from the environment, and also release components into the surrounding
environment (Ferracane and Condon 1990). The water absorbed by the polymer matrix
could cause filler—matrix debonding or hydrolytic degradation of the fillers and it may
affect composite mechanical properties (Soderholm er al 1984). Water-filled channels
may accelerate elution of unreacted monomers from polymerized resins, as well as
promote weakening of the polymers by plasticization (Ferracane 1994). Thus, both water
sorption and solubility would lead to a variety of chemical and physical processes that
may result in deleterious effects on the structure and function of dental polymers,

including their retentive capacity in adhesive dentistry.

Dental restorative materials are in continuous contact with fluids and saliva in the
patient’s mouth. Consequently, the water sorption and solubility of these materials are of
considerable importance. Since the water is predominantly sorbed within the matrix
resin, it is very important to know the behavior the various resin formulations in aqueous
solutions of with different pH values.. Therefore, one of the aims of this in vitro study
was to evaluate the effects of storage and immersion in buffers of various pH on the mass
change of the flowables. The data indicate that there was no statistical difference in mass
change between discs of the same flowable resin stored at three different pH values.

However all composites exhibited more % mass change at pH 4.0.
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The data indicate that water sorption and solubility increased up to the first
week of immersion, with no statistical increase thereafter, for all of the groups studied.
The materials had different sorption values, and this could be attributed to differences in
the components of the materials studied. Water sorption mainly depends on the resin
structure but also on filler size and content, as some fillers are more leachable than others
(Soderholm 1990). Generally hydrophilic molecules increase water sorption. Thus, the
resin-based oligomer matrix urethane dimethacrylate (UDMA) is more hydrophilic than
monomer bisphenol A systems such as bisphenol-A glycidyl methacrylate (BisGMA) and
bisphenol-A benzyl methacrylate (BisBMA). The flowables Filtek, TPH, and Esthet-X
and are based on BisGMA resin technology, which explains their relatively low Wsp and
Wsol, whereas Surefil and Virtuoso are contain proprietary modified UDMA. Surefill
filler contains a variety of fillers including silanated barium-alumino- fluoro-borosilicate
glass, silanated strontium alumino-fluoro-silicate glass, surface treated fume silicas,
ytterbium fluoride; synthetic inorganic iron oxide pigments, and titanium dioxide.
Virtuoso contains only silica particles, 1-5 % by weight. This may explain the high Wsp
and Wsol values of Virtuoso flowableas compared to Surefill, as Virtuoso may have more

leachable fillers.

In the process of plaque formation on solid surfaces including teeth and
restorative materials, initial adhesion of streptococci is a very important step (Scheie and
Petersen 2004). Early plaque formation may show adhesion along cracks, pits or voids in
composite material, and there are reports of bacterial adherence to composite resins with

varying surface charactieistics (Yamamoto et al. 1996). Thus the surface of restorative
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materials serves as a site for bacteria to adhere and initiate plaque formation. Initial
bacterial adherence to solid surfaces is facilitated by several factors including
electrostatic and hydrodynamic interactions (Hashimoto and Yamamoto 1998). It is
obvious that water sorption may lend to different surface characteristics relative to
biofilm formation. Composites have numerous pores and defects in their surfaces which,
when filled with water can make perfect incubation chambers for certain microbes
(Busscher et al 2010). However little information is available relative to the properties of
composite in relation to biofilm adhesion and growth. In the present study, single species
biofilms of .S! sanguis and S, mutans were formed on all flowable composite surfaces.
On all samples, the amounts of biofilm were highest for 8. sazguzis. However, there was
no clear correlation to water sorption values and biofilm formation. This may be due to
various factors, as yet not determined, that promote bacterial adherence to dental

materials.
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CHAPTER 5

CONCLUSIONS

Within the limitations of this study the following is concluded:

Time and storage conditions are important to the % mass gain due to water, with
all flowable composites showing more mass gain at low pH., and all flowable composites
gaining mass up to 1 month of immersion time.

Due to its hydrophilic nature, as well as to the filler characteristics, the flowable
composite Virtuoso exhibited significantly higher values of water sorption and water
solubility than the other flowable composites that were tested.

All flowable composites formed S, sazguis and S mutans single species biofilm
on their surfaces, with 8 sazguis forming higher concentratons of biofilm on all samples.
There was no clear correlatrion to water sorption and biofilm formation characteristics of

the composites.
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