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1. INTRODUCTION

The advent of adhesive dentistry has substantially improved the quality of restorative
dentistry [1,2]. However, dentine bonding is challenging due to the heterogeneous
characteristics of the dentine substrate, its low surface energy and variable permeability [3].
Microleakage is defined as the passage of bacteria, fluids, molecules or ions between a
cavity wall and the restorative material [4]. Microleakage has been of great concern in
restorative dentistry [4], causing discolouration, recurrent/secondary caries [5-7],
postoperative sensitivity and pulp pathology [8,9]. In order to suppress growth of bacteria in
leaked restorations, an antibacterial monomer, methacryloyloxydodecylpyridinium bromide
(MDPB), has been successfully incorporated in a dentine primer [5-7] without adversely
affecting its bonding characteristics [7]. Bonding resin containing MDPB has the potential to
arrest residual bacteria in the prepared cavity, or inhibit bacterial growth that may penetrate
the resin-dentine interface through microleakage.

Nanoleakage, another pattern of leakage, has been described as leakage occurring in the
absence of gaps, within the nanometre-sized spaces around unprotected collagen fibrils
present in hybrid layers [10-12]. Such leakages may result in hydrolytic breakdown of either
the adhesive resin or collagen within the hybrid layer, thereby compromising the durability
of the resin—dentine bonds [13].

It has been speculated recently that the auto-degradation of dentine collagen fibrils is
responsible for bond degradation within hybrid layers [14,15]. This mechanism is initiated
from beneath the bonded interface, with the breakdown of acid-demineralised collagen
matrices by host-derived matrix metalloproteinases. The low but persistent endogenous
collagenolytic activity was completely inhibited by the use of protease inhibitors [15]. Anin
vivo study further demonstrated that degradation of dentine hybrid layers could occur as
early as six months in caries-affected primary dentine, and that the use of chlorhexidine,
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even in very low concentrations, inhibited such degradation activities. Hybrid layers that
were first treated with chlorhexidine before bonding were uneventfully preserved [16]. If
chlorhexidine can be released from dentine adhesives to hybrid layers/collagen matrices for
extended periods, the long-term durability of resin-dentine bonds would be improved. Since
chlorhexidine possesses antibacterial properties, incorporation of chlorhexidine into bonding
agents may be a viable method to inhibit bacteria growth in bonds that exhibit micro/
nanoleakage, while simultaneously preserving the integrity of the resin-dentine interfaces by
arresting collagen degradation. Thus, it is of interest to examine if the release rate of
chlorhexidine would be affected when it is incorporated into bonding agents containing
methacrylate resin monomers. Other the other hand, it has been also shown that
incorporation of soluble chlorhexidine diacetate in polymers increased water sorption due to
osmotic effect of chlorhexidine attracking water within the polymer matrix [17]. Thus, it is
possible that water uptake within the polymer matrix would adversely affect the properties
of resin adhesives and resin-dentine interfaces.

In this study, we formulated a series of neat, unfilled, non-solvated methacrylate-based
experimental resins of increasing hydrophilicity as ranked by their Hoy's solubility
parameters. These experimental resins also contained 0.0, 0.2, 1.0 and 2.0 wt%
chlorhexidine diacetate (CDA) and were used to examine the mass change and the rate of
chlorhexidine release over a 28-day period. The cumulative chlorhexidine release, water
sorption and solubility were obtained to analyse correlations among these parameters.
Additionally, antibacterial activities of the chlorhexidine-incorporated resins were evaluated
by examining the presence of inhibition zones against Streptococcus mutans. The null
hypotheses tested were that the degree of hydrophilicity of resin blends has no effect on
chlorhexidine release from cured resins, and that the addition of chlorhexidine has no effect
on the water uptake/sorption by the resin blends.

2. MATERIALS AND METHODS

2.1. Preparation of CDA-incorporated, thin resin disks

Five comonomer blends were formulated using a base monomer, a diluent comonomer and
different hydrophilic comonomers that are representative of currently employed dentine
adhesive formulations [18-20]. The composition and the respective Hoy's solubility
parameters of the five resin blends (R1, R2, R3, R4 and R5) are shown in Table 1. Resin
blends R1 and R2 contain hydrophobic resins that simulate the bonding resin component of
three-step etch-and-rinse and two-step self-etch adhesives. Resin blend R3 contains 2-
hydroxyethyl methacrylate (HEMA), and represents components present in some two-step
etch-and-rinse adhesives. Resin blends R4 and R5 are designed to simulate hydrophilic one-
step self-etch adhesives with carboxylic acid functional groups and very hydrophilic one-
step self-etch adhesives with phosphate functional groups, respectively.

Experimental chlorhexidine-incorporated resin blends were prepared by adding CDA
(Sigma-Aldrich, St. Louis, MO, USA) to the neat comonomer blends, according to the
method described by Anusavice et al. [21]. Four groups chlorhexidine-incorporated resins
were created from each neat resin blend by directly adding 0.0 wt%. 0.2 wt%, 1.0 wt% and
2.0 wt% CDA powder to the neat. The freshly prepared resin-CDA mixtures were ultra-
sonicated to ensure homogeneity. Six specimen disks (12 + 0.1 mm diameter, 0.7 £ 0.1 mm
thickness) were fabricated from each CDA-incorporated resin blend using a Teflon split ring
mould between two glass slabs, that were covered with polyethylene films to eliminate
oxygen inhibition layers on the cured surfaces [18]. After all visually apparent bubbles were
carefully removed, the resin was first light-cured over the centre of the disk for 40 s, and
further light-cured on its opposite surface for 40 s using a quartz-tungsten-halogen light-
curing unit (Optilux 500, Demetron Research Corporation, Danbury, CT, USA) operated at
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600 mW/cm?2. To improve polymerisation, disks were placed inside a composite inlay
processing chamber (Dentacolor® XS, Heraeus Kulzer GmbH & Co. KG, Wehrheim,
Germany) and light-cured for an additional 3 min.

2.2. Analysis of weight change and water sorption/solubility

Each polymerised resin disk was placed in a desiccator containing silica gel at 37 °C and
repeatedly weighed in an analytical balance (Model AD6, Perkin Elmer, Shelton, CT, USA)
until a constant mass (M1) was obtained. The thickness and diameter of each disk were
measured using a digital calliper (Mitutoyo Corporation, Tokyo, Japan), rounded to the
nearest 0.01 mm, from which the volume (V) of each disk was calculated. Each disk was
individually immersed at 37 °C in 5 mL of deionised water inside a sealed container. During
appropriate time intervals of 3, 12, 24, 48, 72, 96, 120, 144, 168, 240, 288, 336, 508, and
672 h (28 days), the specimen was retrieved from the solution and blot-dried with filter
paper. The mass increase/decrease was recorded, from which the mass change was
calculated as a percentage of the mass of M1. The specimen was immediately re-immersed
in the deionised water after measurement. The maximum mass (M2) was recorded during
the 28 day experiment. After 28 days of water storage, each specimen was dried in the
desiccator and weighed daily until a constant mass (M3) was obtained. Water sorption and
solubility over the 28-day period of water storage were calculated using the following
formulae: Water sorption = (M2-M1)/V, Water solubility = (M1-M3)/V [18, 20].

2.3. Analysis of chlorhexidine release

A series of CDA solutions containing 0.1, 0.2, 0.5, 1.0, 2.0 and 4.0 mg/dl CDA was used to
obtain a linear relationship between absorbance peak height and CDA concentration using a
spectrophotometer (DU530 Life Science UV/Vis Spectrophotometer, Beckman, Fullerton,
CA, USA). The maximum absorbance peak of chlorhexidine was confirmed at 260 nm. New
CDA-incorporated resin disks were prepared and stored in deionised water as previously
described. At appropriate time intervals, the absorbance peak height of the storage solutions
at 260 nm were obtained and converted to the quantities of chlorhexidine released based on
the established linear calibration. Since the peak of absorbance of HEMA is 210 and 230
nm, diffusion of HEMA from R3-5 was speculated to increase the UV absorbance at 260
nm. Thus, the UV absorbance at 260nm of controls (0% CDA incorporated disks) was
subtracted from those produced from CDA-incorporated disks. The rate of chlorhexidine
release per unit area of the resin disk was calculated between consecutive measurements.
The cumulative release was also obtained for 28-day and represented as mg of chlorhexidine
release per g of sample [17].

2.4. Measurement of inhibitory effect on Streptococcus mutans

Sreptococcus mutans was cultured in Columbia agar (EMD Chemicals Inc., Gibbstown, NJ,
USA) supplemented with 5% defibrinated horse blood. Culturing was performed inside an
anaerobic chamber at 37 °C. Isolated colonies were retrieved after 48 h and suspended in 5
mL of Brain Heart Infusion broth (Difco, Detroit, MI, USA). The concentration of the
bacteria suspension was adjusted with the spectrophotometer at 660 nm to the optimal
density exhibited by a bacterial concentration of 1 x 108 CFU/mL [5]. Twenty microlitre
aliquots of the adjusted bacterial suspension were inoculated on sterile Petri dishes (LP
Italiana, Spa, Italy) containing a BHI agar using a sterile, automated spiral platter (Autoplate
4000, Exotech Inc., Gaithersburg, MD, USA).

Three CDA-incorporated resin disks from each group were additionally fabricated,
immersed in deionised water and retrieved from water storage at 24, 72, 168 and 336 h.
Ultraviolet irradiation was performed for 30 min on each disk surface to sterilise the disks,
They were then placed on the Streptococcus mutans-inoculated Petri dishes. The plates were
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incubated anaerobically at 37 °C for 48 h. After incubation, inhibition zones around the resin
disks were examined to evaluate their antibacterial effect. The apparent diameters of the
inhibition zones around the resin disks were determined with the Leica QWin image analysis
software (Leica Microsystems Inc., Bannockburn, IL, USA). The actual dimension of the
inhibition zone was calculated by subtracting the diameter of the resin disk from the
apparent inhibition zone diameter.

2.5. Statistical analyses

The mass change and rate of chlorhexidine release were analysed with a three-way
ANOVA, using the resin material, CDA concentration and the storage time as independent
factors. Since the water sorption and solubility data were not normally distributed and there
were inequalities in the variances, nonparametric statistical tests were employed. The data
were analyzed using the Kruskal-Wallis rank test and subjected to Two-Independent—
Sample tests using Mann-Whitney U test for each group.

The normally distributed data derived from the measurement of Streptococcus mutans
inhibition zones were analysed with a three-way ANOVA using the resin material, CDA
concentration and the storage time as the three factors. Post hoc multiple comparisons were
performed using Tukey’s test.

Additionally, the correlation between water sorption and the cumulative release of
chlorhexidine was evaluated by means of linear regression analysis. The correlations
between the cumulative release of chlorhexidine and Hoy’s solubility parameters for
hydrogen bonding (8h) were also analysed. For all analyses, statistical significance were set
ata =0.05.

3. RESULTS

Fig. 1 shows the percentage mass changes of the resin disks after immersion in deionised
water for 28 days. Three-way ANOVA showed that the three factors, resin material, CDA
concentration and storage time significantly affected the changes in specimen mass (p <
0.0001). There was a significant interaction between resin material and CDA concentration,
between resin material and storage time and between CDA concentration and storage time (p
< 0.0001). Incorporation of CDA had no significant effect on mass changes in R1- R4. For
R5, the greatest mass increase was observed within 1 day, followed by gradual decrease in
mass degrease over time. The 1.0% and 2.0% CDA-incorporated R5 specimens significantly
decreased in mass at 21-day and 28-day, compared with the 0.0 % and 0.2 % CDA-
incorporated R5, although the incorporation of CDA seemed to increase mass change up to
168 h.

Water sorption and solubility varied significantly among materials. The results of the
Kruskal-Wallis rank test and Mann-Whitney U test are summarised in Tables 2 and 3. There
was no effect of CDA concentration on water sorption (p > 0.05). The most hydrophilic
resin blend, R5, showed the highest water sorption (172.8-184.6 ug/mm3), while the most
hydrophobic resin blend, R1, exhibited the lowest water sorption (15.4-15.9 pg/mm3). There
was no significant difference between R3 and R4. The highest solubility was observed in the
most hydrophilic resin blend R5 (227.6-279.5 pg/mm?3), followed by the most hydrophobic
resin blend R1 (4.4-7.6 ug/mm3). Solubility, in general, increased with the incorporation of
CDA into the resin blends. The 1.0 % and 2.0 % groups prepared from R2, R3 and R4
showed significantly higher solubility than the 0 % and 0.2 % groups prepared from those
resins (p < 0.05).
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The rate of chlorhexidine release and cumulative release from polymerised resin blends are
shown in Figs. 2 and 3. The specimens prepared from control neat resin blends R1 and R2
(without any CDA\) did not release any detectable amount of chlorhexidine. Three-way
ANOVA showed that the three factors, resin material, CDA concentration and storage time
significantly affected the chlorhexidine release rates (p < 0.0001). There was a significant
interaction between resin material and CDA concentration, between resin material and
storage time and between CDA concentration and storage time (p < 0.0001). Specimens
prepared from R1, regardless of the CDA concentrations, exhibited the lowest CDA release.
In general, after an initially high release of chlorhexidine for 48 h, the mean release rate
declined rapidly, and then reduced gradually over time. After 28 days of water storage, the
final cumulative chlorhexidine release from R1-R5 were 0.030-0.1585 mg per g of sample
that contained 0.2 % CDA (Fig. 3A), 0.3737-0.6017 mg per g of sample that contained 1.0
% CDA (Fig. 3B) and 0.480-0.7768 mg per g of sample that contained 2.0 % CDA (Fig.
3C).

Regression analysis of the water sorption data of the five experimental resins versus their
Hoy’s solubility parameters (8y,) are shown in Fig. 4. The high significant R2 values were
obtained; the higher hydrogen bonding of the resins, the higher was the water sorption. The
presence or absence of CDA did not change the relationships. When the cumulative release
of chlorhexidine was plotted against the water sorption of the same resins (Fig. 5),
significant positive linear correlations were observed with R = 0.962 (p = 0.009) for 1.0%
CDA-incorporated resins, and R = 0.908 (p = 0.033) for the 2.0% CDA-incorporated resins,
while not significant correlation were found with R = 0.810 (p = 0.097) for the 0.2% CDA-
incorporated resins. When cumulative chlorhexidine release was plotted against the Hoy’s &y,
values of the resins, highly significant correlations were obtained (Fig. 6). When similar
regression analyses were done on resin solubility, no significant correlations could be made
with Hoy’s solubility parameters (the result not shown).

The inhibitory effect of chlorhexidine released from the resin disks against growth of
Sreptococcus mutans are summarised in Fig. 7. No inhibition zones were produced by
either of the specimens containing 0 % (control) and 0.2 % CDA at all times. Among the 1.0
% and 2.0 % CDA-incorporated specimens that were retrieved at 24 and 72 h of water
storage, the inhibition zones were significantly larger for R5, while those observed for R1
were the smallest (p < 0.05). After 168 h of water immersion, inhibition zones showed
decreased diameter and no significant differences between resin types and CDA
concentrations were further observed.

4. DISCUSSION

Chlorhexidine and other antimicrobial agents have been shown to be released at relatively
high rates from various methacrylate polymers [22-24]. A chlorhexidine-releasing HEMA
system has been investigated for factors that affect polymerisation rates, water sorption,
volumetric stability and chlorhexidine release rates [23]. In that study, chlorhexidine-
releasing HEMA-based composites were produced by addition of a hydrophobic urethane
dimethacrylate (UDMA) and a relatively hydrophilic triethyleneglycol dimethacrylate
(TEGDMA). Clinically acceptable polymerisation rates was achieved by the addition of
UDMA and TEGDMA, with increased cross-linking of the comonomers and suppressed
water sorption-induced swelling that resulted in controlled chlorhexidine release for
extended time periods. When high loads (9-33 wt%) of CDA were added to 70 wt%
UDMA/30% TEGDMA resin systems the undissolved CDA acted as fillers [21]. Higher
filler loadings was found to reduce the degree of polymerisation, increase the dissolution of
organic components, and resulted in faster chlorhexidine release rates [21]. In the current
study, CDA powder was dissolved in the neat blends before polymerization.
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Experimental CDA-incorporated resin systems were prepared using unfilled resin blends
with increasing hydrophilicity to measure mass changes and chlorhexidine release over time.
For CDA to be eluted from the neat resin, water must be absorbed into the resin where it can
solubilise the CDA. The amount of chlorhexidine released was linearly proportional to the
water sorption exhibited by resin blends of increasing hydrophilicity. That is, one can
control the rate of CDA release by controlling water sorption that is proportional to the
hydrophilicity of the resin. Thus, the first null hypothesis that the degree of hydrophilicity of
resin blends has no effect on chlorhexidine release from cured resins has to be rejected. The
addition of chlorhexidine to methacrylate-based resins had no significant effect on water
sorption. Conversely, solubility of the resin components was increased depending on the
concentration of the chlorhexidine being incorporated into the resins. Therefore, the second
null hypothesis that the addition of chlorhexidine has no effect on the water uptake/sorption
by the resin blends was partially rejected because higher CDA concentrations were
associated with higher solubilities. This may have been due to lower percent conversions of
monomers to polymers at higher CDA concentrations.

Profiles of drug controlled release usually reveal an initial burst release of short duration that
is followed by a longer period of continuous but declining release [25]. As shown in Fig.2,
the 1.0 and 2.0 % CDA-incorporated resin disks exhibited an initial burst release. This is
probably attributed to the CDA presented on the outer surface of the CDA-incorporated
resin. The profiles of chlorhexidine release from resin blends R1-R5, in general,
corresponded with the changes in resistance and capacitance of thin resin films prepared
from the same five resin blends [26]. The cumulative chlorhexidine release also correlated
significantly with water sorption of the resin disks (Fig.5), which is indicative of swelling
within the polymer matrix [27]. The time when chlorhexidine release was restrained should
correspond to the time when mass change in the resin disks attained an equilibrium level.
The greatest cumulative chlorhexidine release was observed from the R5 specimens. This is
probably the result of more severe swelling of the polymer network in the R5 resin by water
intake. As a result of swelling, water channels were probably enlarged in the polymer [26],
through which rapid diffusion of the water molecules was facilitated. Water would slowly
elute CDA depending on its solubility in water and its diffusion coefficient through the resin
matrix.

An unexpected finding was that the least hydrophilic resin R1 presented higher solubility
than the more hydrophilic resins R2, R3 and R4. Generally, polymer networks prepared by
free radical polymerisation of dimethacrylates show a spatial heterogeneity in cross-linking
density [28]. In more heterogeneous part of the polymer network, the microporous spaces
created between the polymer clusters serve as a depot for unreacted monomers. The
monomer units of Bis-GMA and Bis-GMA-E have similar chemical structures. However,
the former resin molecule contains two hydroxyl groups which can form strong hydrogen
bonds that increase the rigidity of the polymer network [28]. Poly-Bis-GMA-E has been
shown to create less rigid, more heterogeneous polymer networks, with lower Young’s
modulus and higher release of unreacted monomers than poly-Bis-GMA [28,29]. This may
account for the higher solubility observed in R1.

The resin disks from R5 exhibited accelerated water solubility and severe crazing and
cracking after water immersion for 28 days. Similar irreversible morphologic changes have
been reported on R5 resin disks [18]. Crack formation facilitates bulk water movement
through a polymer matrix by creating new channels for water diffusion and enhances water
uptake, subsequently expediting the release of chlorhexidine. Due to its low molecular
weight (130 daltons), unreacted HEMA also leaches more rapidly from the polymer matrix
after crazing and cracking [30].
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Antibacterial activity on Streptococcus mutans was only observed from the 1.0% and 2.0%
CDA-incorporated resin disks after water storage. Moreover, no inhibition effect was further
detected from resin disks derived from any group after 2 weeks of water storage. These
results suggest that like the MPDB-containing resins [5-7], the experiment CDA-
incorporated resins do not continuously release enough CDA to create a bacterial-free halo.
For the 2.0% CDA-incorporated resin groups, the concentrations of chlorhexidine released
was 0.48-0.78 mg/g or 0.0432-0.0702 mg/90 mg disk into 5 ml of water. It was not found
that these consentrations exceeded the concentrations that are required to inhibit the
activities of matrix metalloproteinases (MMPs). The minimal concentration of chlorhexidine
that resulted in complete inhibition of MMP-9 activity was reported to be 0.002%, while
MMP-2 activity was inhibited at a chlorhexidine concentration as low as 0.0001% [31].
Chlorhexidine concentrations between 0.01-0.02% are sufficient to completely inhibit the
activities of MMP-8 [31]. Endogenous MMP-2, MMP-8 and MMP-9 have recently been
shown to be present in human dentine [32—-34]. Activated forms of these enzymes have been
speculated to be responsible for auto-degradation of unprotected collagen fibrils within
hybrid layers. Both in vitro and in vivo studies have shown that chlorhexidine applied
directly to acid-etched matrices has the ability to prevent degradation of hybrid layers [14—
16, 35].

Understandably, chlorhexidine released by the CDA-incorporated resins to an external
environment (e.g. a gap along the resin-dentine interface) may be readily diluted so that after
several weeks, the concentration is no longer sufficient to exert any appreciable antibacterial
activity. However, chlorhexidine released by these resins to an internal environment (i.e.
within hybrid layers) are likely to remain within the interfibrillar spaces due to the inherent
substantivity of the chlorhexidine in human dentine [36, 37]. As there is concern that current
dentine adhesives are too hydrophilic [38] and results in rapid deterioration of material
properties via water sorption [39, 40], there is an ongoing trend to bond hydrophobic resins
such as comonomer blend R2 to acid-etched dentine using the ethanol wet bonding
technique [41, 42]. Although bonding of hydrophobic resins to acid-etched dentine reduces
water sorption of the resin components, such a procedure does not prevent degradation of
incompletely infiltrated collagen fibrils by endogenous MMPs. Thus, the results obtained
from this study strongly point to the potential of incorporating CDA in ethanol-solvated
hydrophobic resins to prevent collagen degradation within hybrid layers created by these
hydrophobic adhesives. Further work should be performed to determine, with the use of
gelatine zymography assays [31], the optimal amounts of chlorhexidine released into
solution from CDA-incorporated hydrophobic resin blends that are required for inactivating
MMPs.

5. CONCLUSION

Within the limits of this study, it may be concluded that:

1. Chlorhexidine release from chlorhexidine diacetate-incorporated resin disks is
highly correlated with the degree of water uptake/sorption, which, in turn is
dependent upon the hydrophilic characteristics of the resin compositions.

2. Solubility of the resin disks was probably affected by both the amount of
chlorhexidine and unreacted residual monomers present in the polymer matrix.
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8 0%

0%

Fig.1.

Changes in mass of the chlorhexidine diacetate (CDA)-incorporated resin blends (R1-R5)
over 28 days of water storage. Symbols represent mean values of mass changes as
percentages of their initial mass (n = 6). A. CDA-incorporated R1. B. CDA-incorporated R2.
C. CDA-incorporated R3. D. CDA-incorporated R4. E. CDA-incorporated R5.
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Fig.3.

Cumulative chlorhexidine release after 28 days of water storage, expressed as mg per g of
samples that contain different CDA concentrations. A. 0.2 % CDA-incorporated resin
blends. B. 0.1 % CDA-incorporated resin blends. C. 2.0 % CDA-incorporated resin blends.
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Fig. 4.
Regression analysis of water sorption of resins 1-5 with 0, 0.2, 1.0 or 2.0 wt% CDA, versus
the Hoy’s solubility parameter ().
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Regression analyses of the cumulative chlorhexidine release for 28 days against the water
sorption of resins (R1-R5). The cumulative chlorhexidine release represents as mg per g of
samples. Equations for 0.2%, 1.0% and 2.0% are Y = 0.0007X + 0.00578 (R? = 0.6557, p =
0.097), Y = 0.0015X + 0.3734 (R2 = 0.926, p = 0.009) and Y = 0.0019X + 0.4789 (R? =

0.8243 p = 0.0033), respectively.

Dent Mater. Author manuscript; available in PMC 2014 January 09.

(O]

§ 1.0 4

[OR . .

é 2 08 2.0 % CDA-incorporated resins =

5 £

= ©

s 2 0.6 -

£ o

o o

o g 04 - 1.0 % CDA-incorporated resins

o

T S 0.2 - 0.2 % CDA-incorpgrated resins 8

2 >

a3 0.0 * ; | ; !

0 50 100 150 200
Water sorption (M g /mm3)
Fig.5.




1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Hiraishi et al.

Page 16

Regression analysis of cumulative chlohexidine release from the five experimental resins

(R1-5) containing 0.2, 1.0 or 2.0 wt% CDA plotted versus the Hoy’s &}, values for the
resins.
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Fig.7.

Antibacterial effects of CDA-incorporated resin disks against Sreptococcus mutans after
different periods of water storage, as evaluated by the dimensions of their inhibition zones.
The same superscript letters indicate no significant difference (p > 0.05). A. Inhibition zone
(mm) produced by 1.0 % CDA-incorporated resin disks. B. Inhibition zone (mm) produced
by 2.0 % CDA-incorporated resin disks. No inhibition zones were observed by the 0.0% and
0.2% CDA-incorporated resin disks at any time (not shown).

Dent Mater. Author manuscript; available in PMC 2014 January 09.




Page 18

Hiraishi et al.

anjeA Ajisuap ABiaus aAIsayod [e10] 1g

“uauodwiod Buipuog uaBospAy Ug “uauodwiod sejod dg “Juauodwod uoisiadsip PQ ‘apLIpAyUe 91jAX0GIEIIP-Z T-aUaXaY0|IAI-E-|AYIaW-g-(JAINJINJ0IPALBIIIOX0IP-G'Z)-S 4O 13153 (a1e]AIoey1aW AYIaAX0IpAY)IP
INADL ‘arejAoeyiawip [09A16-ausjAyIaLl Y INADTL ‘pIde dlo0zusgoulwejAyIBwWIp (aVING ‘erejAioeyiaw JAYI8|AX0IpAY-Z (WINTH ‘ereozuagoulwe-y-jAyawip-N‘N 1Ay8 :gvINa3 ‘suouinbioydwed
:0D ‘arejAuoeyiawip Jayle |Ap19A|61p v jouaydsiq parejAxoyls :3-IND-sIg ‘81ejAioeyiawip Jayle |Ap1oA1B1Ip v jouaydsiq (W IND-sig ‘ereydsoyd [1Ay1a(AxojhojAioeyiaw)-z]sig :dINZ -:SUONEINIqaY

00'T avna3
Sz'0 0o
6'€Z 80T vyt 86T 000 dinz
5182 VINIH
0007 VINO-SIg G uisey
00T vaving
520 fole)
g'ee €6 9ZT Z9T  000¢ WaoL
582 VINTH
00'07 VIND-SIg 1 uisey
00T avNa3
S2°0 fole)
5z 66 0zt ST
5182 VINTH
00'0L VINO-SIg g uisey
00T avna3
G20 02
ST 9'8 12T 96T
582 VNao3L
00'0L VIND-sIg  Z uisey
00T avNa3
YA fole)
L6T z9 90T ST
5182 VINGD3L
000,  IVWO-SIg Tuisey
Q ue 99 P
%I co_u_mOQEoU ﬂ—_._mwmum

(;-edIAl) s4a18weaed Aupignios s, AoH

Apnis ay) ul pasn spusjq sulsal [eiuswiadxs aAly ay) Jo sia1awesed Aljignjos s,AoH pue uonisodwo)

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Dent Mater. Author manuscript; available in PMC 2014 January 09.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Hiraishi et al.

Table 2

Page 19

Water sorption (ug/mm?) data derived from the five chlorhexidine diacetate-incorporated resin blends (CDA)

CDA%
Resin 1
Resin 2
Resin 3
Resin 4
Resin 5

0%
15.382(2.97)
52.575(4.32)
91.75¢(13.97)
91.08¢(8.64)
172.809(5.97)

0.2%
14.77%(2.40)
52.57°(5.08)
95.31(6.46)
95.62(4.96)
173.264(11.73)

1.0%
15.823(1.50)
50.76°(2.66)
92.49%(8.46)
92.175(5.94)
164.359(18.98)

2.0%
15.92%(2.30)
52.87%(2.81)
94.32¢(8.44)
96.01°(4.57)
184.554(21.41)

Values are means (standard deviations). Groups with the same superscripts are not significantly different (p > 0.05).
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Solubility (ug/mm?3) data derived from the five chlorhexidine diacetate-incorporated resin blends (CDA)

Table 3

CDA%
Resin 1
Resin 2
Resin 3
Resin 4
Resin 5

0%
4.36%(2.50)
-5.04%%(3.57)
-8.008(2.33)
-6.97%(2.49)
227.61(25.08)

0.2%
6.28%(1.13)
-3.56°(1.18)
-6.325(2.26)
-6.93¢(0.87)
243.66f(21.76)

1.0%
6.55%(1.10)
0.769(1.42)
0.709(1.64)
1.019(1.94)
253.13f(22.20)

2.0%
7.58%(3.39)
3.810(1.97)
3.54°(1.51)
3.945(1.45)
279.46(14.43)

Page 20

Values are means (standard deviations). Groups with the same superscripts are not significantly different (p > 0.05). Negative values indicate
increase in mass due to water uptake.
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