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Figure 4  Photographs of extraction and intentional replantation steps n) Tooth 11 was intentionally extracted. Note black dentin at the root

apex. %) Root resection around 3 mm, grinding palatogingival grooves and sealing with BiodentineTM p) Tooth 11 was replanted into

the same socket. 4) An occlusal photograph shows bonding and wiring of tooth 11 with teeth 12 and

21. 9) A labial view illustrates splinting with a wire and composite resin.
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Figure 5 Intraoral photograph and radiographs of tooth 11 n) A labial view of photograph after off-splint and polishing the tooth

surface %) A radiograph taken after apicoectomy and splinting A) A radiograph taken after off-splint for two weeks and

removal of composite resin
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Figure 6 Cone beam computed tomography (CT) before treatment (n, A and 9) and after treatment for six months (¥, ¥ and @), a three-dimen
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Abstract

This research aimed to study the effect of desensitizing toothpaste containing strontium acetate and tooth-
paste containing arginine on the effectiveness of two bonding agents in class V cavities restored with resin composite.
Cavity preparations were performed on buccal root surface of 65 permanent premolar teeth. The teeth were

divided into 6 groups consisting of the use Scotchbond™ Universal Adhesive after brushing with Sensodyne® Rapid
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Relief, Colgate® Sensitive Pro-Relief™ and no brushing, compared to teeth bonded with Scotchbond™ Multi-Purpose

Adhesive after brushing with the same toothpastes and no brushing. All teeth were restored with resin composite.

After thermocycling and immersion in silver nitrate solution, the teeth were sectioned and evaluated using 4-interval

scores under a stereomicroscope. The results showed that leakage score of Scotchbond™ Multi-Purpose Adhesive

groups were statistically significantly higher than that of Scotchbond™ Universal Adhesive groups. However, Scotchbond™

Universal Adhesive groups demonstrated significantly difference between each group. Meanwhile, for Scotchbond™

Multi-Purpose Adhesive groups, there was no statistical difference among toothpastes and no brushing. In this studly,

it was concluded that both toothpastes did not have any effect on microleakage of Scotchbond™ Multi-Purpose

Adhesive, whereas Colgate® Sensitive Pro-Relief™ showed more microleakage than Sensodyne® Rapid Relief when

using with Scotchbond™ Universal Adhesive.

Keywords: Bonding agent, Desensitizing toothpaste, Microleakage, Universal adhesive
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Table 1 Major composition of tested toothpaste
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Product Manufacturer Active Ingredients
Sensodyne® GlaxoSmithKline Ltd., UK Strontium acetate,
Rapid Relief Sodium fluoride,
Silica
Colgate® Colgate-Palmolive, Thailand Arginine, bicarbonate,
Sensitive Calcium carbonate,
Sodium silicate,
Pro-Relief™

Sodium monofluorophosphate
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Figure 3 Cutting of specimen and microleakage assessment position. A and B were the occlusal wall of cavity while C and D were

the gingival wall of the cavity.
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Table 3 Criteria for microleakage assessment

Score Criteria

No dye penetration

Dye penetration up to 1/3 of the cavity depth

Dye penetration greater than 2/3 of the cavity depth, but not along the axial wall of the cavity

Dye penetration along the axial wall of the cavity
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Figure 4 SEM micrographs A) no brushing group as control group showed the smear layer was removed and the dentinal tubules

orifices were opened  B) showed dentinal tubule obstruction of Colgate® Sensitive Pro-Relief™ group C) showed dentinal

tubule obstruction of Sensodyne® Rapid Relief group
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Figure 5 The frequency of microleakage score of the specimens
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Original article

Comparison of Shear Bond Strength, Water Sorption and Solubility
of 3 Glass lonomer Cements for Direct Bonding of Orthodontic

Brackets in vitro
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Abstract

The purpose of this study was to evaluate shear bond strength, water sorption and solubility of three
brands of glass ionomer cement adhesives; RU-HBM1 (a resin-modified glass ionomer cement prototype), Hy-bond
Glasionomer CX (GIC) and Fuji Ortho LC (RMGIC) as orthodontic adhesives. For shear bond strength test, thirty
extracted human premolar teeth were divided into 3 groups (n=10) and bonded to stainless steel brackets. Shear
bond strength was measured by a universal testing machine with a 1.0 mm/min crosshead speed. For the water
sorption and solubility tests, six disc specimens were prepared for each group. Water sorption and solubility of the
different adhesives were calculated by the weight of samples before and after immersion in artificial saliva and
after desiccation. Data were analyzed by one-way ANOVA. The RU-HBM1 had significantly higher shear bond strength
than Hy-bond Glasionomer CX but lower strength than Fuji Ortho LC (p<0.05). In addition, the RU-HBM1 had the
lowest mean water sorption value and was the only orthodontic adhesive that had a positive mean solubility value.
In conclusion, RU-HBM1 provided adequate shear bond strength for clinical orthodontic purposes and showed a

lower water sorption parameter than commercial glass ionomer cements.
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Introduction

Direct bonding of orthodontic brackets with resin
composite has been commonly used in contemporary
orthodontics ever since the acid etch technique was
introduced by Buonocore in 1955." This technique
improves esthetics, greatly reduces chairside time, and
decreases gingival iitation from band placement. However,
direct bonding with resin composite has some undesirable
consequences such as a risk of decalcification of the
enamel surface around orthodontic brackets, localized
enamel cracks during debonding and scratching or
enamel abrasion from excessive adhesive removal.”

Glass ionomer cement (GIC) has been developed
as an alternative adhesive in direct orthodontic bracket
bonding. GIC has many advantages such as biocompatibility,
chemical bonding to enamel and dentin and resistance
to erosion.>" The major benefit of GIC is fluoride release
and uptake.”® Nevertheless, the bond strength of GIC is
lower than resin cement. As a result, the failure rate of
bracket bonding to teeth is higher.”

Resin-modified glass ionomer cement (RMGIC)
has a higher adhesive strength than GIC owing to the
addition of polymerized resins such as 2-hydroxyethyl
methacrylate (HEMA), while its fluoride-releasing ability
is maintained."® Interestingly, RMGIC can be successfully
used to bond orthodontic brackets because of its relatively
high bond strength.*° Bishara et al." reported that, with
etched enamel and wet conditions, the shear bond
strength of RMGIC was comparable with that of traditional
light-cured resin composite. Moreover, during bracket
debonding, RMGIC can be easily removed from the
enamel surface without damaging the tooth structure.’®"

Nowadays, commercial RMGICs used in Thailand
are imported. To reduce the cost of dental treatment,
A Research Unit-Herbal Medicine, Biomaterial and Material
1 (RU-HBM1), a RMGIC prototype has been developed.
A previous study reported that RU-HBM1 has an adequate

working time, depth of curing and flexural strength as

well as a biocompatibility with pulp cells.”” However,
shear bond strength, water sorption and solubility of this
cement have not been investigated yet. Therefore, the
purpose of this study was to examine shear bond strength,
water sorption and solubility of RU-HBM1 in vitro. The
null hypothesis is that there are no difference in shear
bond strength, water sorption and solubility between
RU-HBM1 and the other adhesives.

Materials and Methods

All study protocols were approved by the
Human Research Ethics Committee of the Faculty of
Dentistry, Chulalongkorn University (HREC-DCU 2016-005).

Shear bond strength test

Tooth sample preparation

Thirty upper first premolar teeth extracted from
healthy young orthodontic patients were collected,
cleaned of debris and then stored in 0.1 % (weight/
volume) thymol solution to inhibit bacterial growth.”*
Teeth with caries, enamel defects and restorations were
excluded.

Brackets (Maestro bracket, Ortho Organizers,
Carlsbad, California, USA) were bonded to each tooth
at the middle third of the buccal surface using double-sided
adhesive tape. In order to have the buccal surface of
the tooth parallel to the applied force during the shear
bond strength test, a guiding index was made by attaching
two brackets to the opposite rims of a PVC pipe (21 mm
in diameter and 5 mm in length) and inserting guiding wire
(0.017”7 x0.025” rectangular stainless steel wire) into slots
of the guiding brackets (Fig. 1A). A prepared crown was
lisated to the guiding wire at the center with an elastomeric
o-ring. Then, a crown attached to the guiding index was
placed on a PVC pipe (21 mm in diameter and 25 mm

in length), containing self-cured acrylic (Fig. 1B). The
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palatal half of the tooth was embedded in self-cured adhesive tape were removed. The embedded teeth were
acrylic at the settled position. When the acrylic was set, cleaned with a rubber cup using fluoride-free pumice
the position of the bracket was marked on the enamel for 10 s and rinsed with water.

surface. Afterwards, the bracket and double-sided

A.

Figure 1 Sample preparation. (A) A prepared crown was ligated to the guiding index with an elastomeric o-ring at the center of the
guiding wire, (B) A prepared crown attached to the guiding index was placed on a PVC pipe which contained self-cured

acrylic. The palatal half of the tooth was embedded in self-cured acrylic at the settled position.

The samples were randomly divided into 3 groups as follows:
Group 1: Gl CX, Hy-bond Glasionomer CX, Shofu, Japan (powder/liquid ratio of 2:1 w/w, 40 s mixing time) (n=10)
Group 2: Fuji Ortho LC, GC, Japan (3:1 w/w, 30 s mixing time) (n=10)
Group 3: RU-HBM1, Research Unit of Herbal Medicine, Biomaterial and Material for Dental Treatment,
Chulalongkorn University, Thailand (1:1 w/w, 30 s mixing time) (n=10)
The powder and liquid components of Hy-bond Glasionomer CX, Fuji Ortho LC and RU-HBM1 are shown

in Table 1.

Table 1 Powder and liquid components of materials

Material Composition
Powder Liquid
Hy-bond Glasionomer CX Fluoroalumino silicate glass, HY agent, Acrylic acid-tricarboxylic acid co-polymer solution,
Pigments Tartaric acid
Fuji Ortho LC Alumino-silicate glass Polyacrylic acid (20-22 %)

2-Hydroxyethyl methacrylate (35-40 %)
2,24 Trimethyl hexamethylene dicarbonate (5-7 %)
Triethyleneglycol dimethacrylate (4-6 %)
Polyacrylic acid (29 %)

RU-HBM1 Fluoroalumino silicate glass 2-Hydroxyethyl methacrylate (33 %)
Triethyleneglycol dimethacrylate (7 %)

Photoinitiator

Sinthawornkul at el., 2017 227



Acid conditioning of enamel surface was required
before the bonding procedure. The buccal surface of
the teeth was conditioned with 37 % phosphoric acid
for 30 s, rinsed with water for 10 s and air-dried. The
adhesive was applied to the bracket base and the
brackets were placed at the settled position. The excessive
adhesive was removed with an amalgam carver without
any disturbance to bracket position.

All brackets were bonded to the teeth by the
same operator. Group 1 was chemically cured. Groups
2 and 3 were polymerized by a LED light curing unit
(Elipar S10, 3M ESPE, St. Paul, MN, USA) with a power
density of 1200 mW/cm’ for 40 s (10 s for each side of

the bracket: mesial, distal, occlusal, gingival).

Shear bond strength measurement

After the bonding procedure, all samples were
kept in distilled water at 37°C for 24 h. Exception for group
1 which would be waited for 10 min after cementation
(according to manufacturer’s instruction). The shear
bond strength test was performed using a universal
testing machine (EZTest EZ-S Series, Shimadzu, Japan)
with a cross-head speed of 1.0 mm/min. The shear force
was recorded in newton (N). The shear bond strength
(MPa) was then calculated as the ratio of shear force

to bracket base area (14.42 mm?).

Water sorption and solubility test
Sample preparation
In accordance with 1SO 4049 standardization®,

six disc-shaped specimens were prepared for each group

using a stainless steel mold with 15.0+0.1 mm diameter
and 1.0+0.1 mm thickness. Glass slides were put on the
top and bottom of the mold.

The samples of each group were prepared
using the same powder and liquid proportion as in the
shear bond strength test. The GI CX group was cured
chemically and left for 10 min following the manufacturer’s
instruction. To ensure the complete polymerization in
the Fuji Ortho LC and RU-HBM1 groups, the cement was
lisht-cured on both sides with overlapping sections.
After curing, the samples were removed from the mold.
The peripheries of all samples were polished by 1000-grit
abrasive paper to remove irregularities. The diameter

of the finished samples was at least 14.8 mm.

Water sorption and solubility measurement

The samples were stored in desiccators at
37+1°C. After 22 h, the samples were transferred to
another desiccator at 23+1°C for 2 h. Each specimen
was weighed using a digital balance (40SM-200A, Precisa,
Zurich, Switzerland). This cycle was repeated until the
weight loss between consecutive cycles was not more
than 0.1 mg, at which point the mass was recorded as
m. After the final drying cycle, the circular surface of
each specimen was separated into 4 quarters by 2
perpendicular lines (Fig. 2). The mean thickness of each
sample was the average of the thickness at the center
of the specimen and at 4 points on the circumference.
The mean diameter was the average of the length of 2
perpendicular lines. The volume of each specimen (v)

was then calculated.

Figure 2 Points and lines for measurement of mean diameter and mean thickness of the specimens. The surface of the discs was

divided into 4 equal quarters by line A and B. The mean diameter was the average length of line A and B. The mean

thickness was the average thickness of the disc at point a, b, ¢, d and e.
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The specimens were stored separately in 10
ml artificial saliva and maintained at 37+1 °C for 7 days.
After removal of the samples, their surfaces were patted
dry until they were free from visible moisture, waved
in air for 15 s, and weighed 1 min after removal from
artificial saliva. This mass was recorded as m..

Finally, the specimens were reconditioned to a
constant mass in the desiccators following the aforemen-
tioned protocol, until a constant weight (m3) was
achieved.

Water sorption and solubility were calculated
according to the Oysaed and Ruyter formulas24.

Sorption (A) = m_-m_ /v

Solubility () = m-m_ /v

Statistical Analysis

The data were collected and expressed in mean
+ standard deviation (SD). Shear bond strength, water
sorption and solubility were analyzed by one-way analysis
of variance (ANOVA). Depending on the homogeneity of
variance, multiple comparisons of shear bond strength
and solubility were evaluated by Tamhane’s T2 test,
while those of water sorption were calculated by Scheffé
multiple comparison. A p-value less than 0.05 was

considered to be statistically significant.

Statistical Analysis

Shear bond strength test

Fuji Ortho LC had the highest shear bond
strength, followed by RU-HBM1. GI CX had the lowest
mean shear bond strength (Fig. 3). There were significant

differences among the tested groups (p<0.001).

25

9.50+1.24

Mean shear bond strength (MPa)

GICX

Fuji Ortho LC
Adhesive

15.81£2.78

RU-HBM1

Figure 3 Average shear bond strength of GI CX, Fuji Ortho LC and RU-HBM1 (n=10).

Bars labeled with different letters indicate a significant difference between the groups
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Water sorption and solubility test by GI CX and Fuji Ortho LC. One-way ANOVA showed
Mean water sorption values are presented in significant differences among the tested groups
Fig. 4. RU-HBM1 had the lowest water sorption, followed (p<0.001).

]
@
1

100

757

122.51+2.84

50

96.85+7.11
66.47x13.60
257

Mean sorption (ug/mm?)

GICX Fuji Ortho LC RU-HBM1
Adhesive

Figure 4 Average water sorption of Gl CX, Fuji Ortho LC and RU-HBM1 (n=6).

Bars labeled with different letters indicate a significant difference between the groups.

For solubility, RU-HBM1 was the only adhesive that had a positive mean solubility value, while GI CX and
Fuji Ortho LC had a negative mean solubility value (Fig. 5). One-way ANOVA showed that solubility was significantly
different among the tested groups (p<0.001).

5.5542.38
-10-
-25.01+4.03

-32.67+0.31

-307

Mean solubility (ug/mm?)

A
B
-40 T T !
GICX Fuji Ortho LC RU-HBM1
Adhesive

Figure 5 Average solubility of GI CX, Fuji Ortho LC and RU-HBM1 (n=6).

Bars labeled with different letters indicate a significant difference between groups.
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Discussion

Resin composite is the most common material
for direct bonding of orthodontic brackets.”* Due to
the disadvantages of resin composite such as enamel
loss or fracture during debonding and high risk of white
spot lesions around the brackets.”"* RMGIC has been
proposed as an alternative bonding material. Due to its
enamel-friendly characteristics and its biological as well
as chemical properties, RMGIC seems to be a potential
orthodontic bonding material.”**

In this study, the experimental enamel surface was
etched with 37 % phosphoric acid in dry conditions
ahead of RMGIC cementation. There are many techniques
to improve the shear bond strength of RMGIC. Conditioning
the enamel with an appropriate acid is one of the
favorite approaches. Many research groups reported
that conditioning enamel with acid etching prior to
bonding with RMGIC results in higher bond strengths."™*"*
Using 37 % phosphoric acid as etching agent provides
more shear bond strength than 10 % or 20 % polyacrylic
acid.”**" Unlike that of resin cement, the bond strength
of RMGIC is not significantly affected by moisture.”*
Moreover, the bond strength of Fuji Ortho LC on etched
enamel was significantly higher when the enamel was
dry than when contaminated with water.”

GIC materials are known to be highly sensitive
to moisture. The freshly set cement is susceptible to
lose and take up water across its surface. As a result,
micro-cracks in the cement can be found in both dry
and moist conditions.”* However, micro-cracks caused
by setting in dry condition can be closed after rehydration."
In this study, the brackets were bonded to dry enamel
surfaces according to the manufacturer’s instruction.
The micro-crack closure could occur because the samples
were kept in distilled water at 37°C for 24 h after bonding
the bracket to the tooth surface.

One of the limitations of this study is that we

couldn’t use the same duration of mixing time in all 3

materials. The mixing time of Hy-bond Glasionomer CX
was longer than the others because it was more difficult
to blend its power and liquid into homogenous mixture.
However, the mixing time of each material was followed
its manufacturer’s instruction. Continued mixing of the
material accelerates the setting reaction. Working time
and initial setting time can be decreased considerably
by longer mixing time. Moreover, increasing mixing time
was able to improve mechanical properties such as
compressive strength and modulus of elasticity.”

Particle size has considerable effects on the
microstructure of GICs and their mechanical properties
such as wear resistance, surface hardness and compressive
strength. An increased proportion of smaller particles,
resulting in a larger surface area, corresponded to higher
strength.”* When macrogranular glass particles of GIC
were replaced by nanogranular glass particles, the
compressive strength and Young’s modulus increased.
However, the relative water uptake was not significantly
different.”” The effect of altering mixing time and powder
particle size on shear bond strength, sorption and solubility
would be interested for further study.

In this study, Hy-bond Glasionomer CX and Fuiji
Ortho LC were used to represent commercial conventional
GIC and RMGIC, respectively. The null hypothesis was
rejected. Our data revealed that there were significantly
differences in shear bond strength among the three
experimental groups. The mean shear bond strength of
the RU-HBM1 and Fuji Ortho LC still met the minimum
requirements of shear bond strength for clinical orthodontic
treatment, i.e. 5.9 to 7.8 MPa.* In addition, we observed
that the bond failure type of the RU-HBM1 was mostly
a bracket-adhesive interface failure, while failures for Gl
CX and Fuji Ortho LC mostly occurred at the enamel-
adhesive interface. This data suggests that the RU-HBM1
has a stronger bond between the enamel and adhesive

rather than the other groups. The possibility of enamel
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fracture during debonding could be lower with the RU-
HBM1, resulting in a more intact, sound enamel surface.
However, considerable chair time is needed to remove
the residual adhesive with increasing possibility of damaging
the enamel surface during the cleaning process.”’ Anyway,
enamel abrasion can be prevented by carefully polishing
technique with less abrasive burs. In contrast, enamel
fracture caused by debonding procedure with the failure
at the enamel-adhesive interface is unpredictable and
difficult to prevent. Therefore, the RU-HBM1 is a promising
direct orthodontic bonding material

Water sorption and solubility are critical parameters
for evaluation of orthodontic bonding cements. Water
uptake could cause deterioration of filler-resin matrix
bonding and degradation, resulting in worse structural and
mechanical properties.®* The water sorption characteristic
of RMGIC depends on both composition and degree of
polymerization. However, a major effect on the water
sorption of RMGIC is from the resin compositions.™** Hydrophilic
constituents such as HEMA or resin molecules that contain
hydrophilic moieties clearly increased water sorption
values.””

From our data, the RU-HBM1 had a lower mean
water sorption than GI CX and Fuji Ortho LC. In the
progression of the acid-base reaction, both GIC and RMGIC
take up water as an integral part of their structures. A
possible explanation is that the acid-base reaction of
the RU-HBM1 completed more rapidly than that of the
two other groups. As a result, GI CX and Fuji Ortho LC
continuously take up water into their structures over a
longer period than the RU-HBM1. Moreover, comparing
between Fuji Ortho LC and RU-HBM1, RU-HBM1 has
lower hydrophilic components as shown in Table 1. As
a result, it took up water less than Fuji Ortho LC.° A
high water sorption value of Fuji Ortho LC has been
previously reported.”

In this study, the RU-HBM1 was the only adhesive
that showed positive mean solubility values, while the
others displayed a negative mean solubility. A negative
water solubility of GI CX and Fuji Ortho LC has been

previously reported.”* This may be because the acid-base
reaction of GI CX and Fuji Ortho LC was prolonged and
water molecules were continuously bonded into their
structures. Therefore, the materials gained weight and
expanded.” In contrast, a possible explanation of the
positive solubility value for RU-HBM1 is that it had a
more rapid acid-base reaction and polymerization than
the other two materials. The weight loss from m tom,
may be because water molecules did not bond to the
structure after the acid-base reaction ended. Therefore,
the water was only trapped in the space of the matrix, filler
or matrix-filler interface. Then, the water was vaporized
out of the sample after drying in the desiccator. Moreover,
the dissolution of unpolymerized monomers and fillers
into the artificial saliva may be another reason of weight
loss."*?

In this study, the RU-HBM1 was prepared in a
powder-liquid form. Accordingly, it had to be mixed
before bonding. The mixing process of RMGIC makes
this bonding technique more inconvenient compared
with resin composite. For future studies, a ready to use
RU-HBM1 in paste form should be developed for more
clinical convenience in direct orthodontic bonding.
Moreover, the ability of this RU-HBM1 to act as a fluoride

reservoir would be interesting for further investigation.

Conclusion

In conclusion, under the conditions of this in
vitro study, the RU-HBM1 had adequate shear bond
strength for use as an orthodontic bonding material.
Moreover, its water absorption was lower than that of

commercial GIC, while its solubility was higher.
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Abstract

The aims of this study were to evaluate and compare the effects of a desensitizing agent containing
glutaraldehyde and HEMA (Gluma® Desensitizer, Heraeus Kulzer, Hanau, Germany) on microtensile bond strengths
of resin composite to dentin before and after thermocycling. The buccal surfaces of ninety-six human molar crowns
were ground flat, exposing dentin. The teeth were then randomly divided into two groups: no used and used of
Gluma® Desensitizer. Each group was randomly divided into three groups before core build-up with resin composite
(Premise, Kerr, Orange, CA, USA) corresponding to adhesive system: 1. Optibond® FL (Kerr, USA) 2. ClearfilTM SE
Bond (Kuraray, Japan) 3. ScotchbondTM Universal Adhesive (3M ESPE, ST Paul, USA). The samples were sectioned
into four specimens with 1x1x8 mm?®. For each adhesive, half of the specimens were subjected to microtensile
bond strength testing at a crosshead speed of 1 mm/min after 24-h water storage. The other half was subjected to
thermocycling x 5,000 prior to testing. The data were analyzed using two-way ANOVA and Tukey’s multiple comparison
tests with significance p<0.05. Microtensile bond strength was statistically significantly decreased after the application
of Gluma® Desensitizer in all adhesive systems and after thermocycling. In 24-h water storage group and no used
of Gluma® Desensitizer: OF=63.47+6.96 MPa, C5=64.84+7.85 MPa and SU=53.72+5.80 MPa. In 24-h water storage
group and used of Gluma® Desensitizer: OF=58.95+6.86 MPa, CS=47.26+5.48 MPa and SU=48.04+4.61 MPa. In
thermocycling group and no used of Gluma® Desensitizer: OF=53.94+6.62 MPa, C5=48.76+6.99 MPa and SU=43.96+5.66
MPa. In thermocycling group and used of Gluma® Desensitizer: OF=51.98+6.75 MPa, C5=40.27+4.83 MPa and

SU=42.66+5.41 MPa. The use of Gluma® Desensitizer reduces bond strengths of resin composite to dentin.

Keywords: Desensitizing agent, Glutaraldehyde, Microtensile bond strength
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Table 1 The compositions, application steps and manufacturers of the materials used in this studly.

Material Composition

Application

Gluma® Desensitizer Glutaraldehyde,

1. Apply on dried dentin and leave for 30 to 60 sec.

(Heraeus Kulzer, Hanau, Germa- hydroxyethylmethacrylate (HEMA), py- 2. Apply air until the fluid film has disappeared.

ny) rogenic silica, water, dye

Optibond® FL
(Kerr, Orange, CA, USA)

water, initiators

1. Etchant: 37.5 % phosphoric acid
2. Primer: HEMA, GPDM, MMEP, ethanol, rinse thoroughly for 15 sec, and air dry for 3 sec, do not

3. Rinse with water.

1. Etch dentin with 37.5 % phosphoric acid for 15 sec,

desiccate.

3. Bonding agent: Bis-GMA, HEMA, GPDM, 2. Apply primer with light brushing motion for 15 sec,

barium-aluminum borosilicate glass, air dry for 5 sec.

disodium hexafluorosilicate, fumed sili- 3. Apply adhesive with light brushing motion for 15 sec,

ca (48 % filler)

air thin for 3 sec.

4. Light cure for 20 sec.
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Table 1 The compositions, application steps and manufacturers of the materials used in this study.

Material

Composition

Application

Clearfil™ SE Bond (Kur-
aray, Tokyo, Japan)

Scotchbond™ Universal
Adhesive
(3M ESPE, ST Paul, USA)

Premise

(Kerr, Orange, CA, USA)

1. Self-etching primer: HEMA, hydrophilic
dimethacrylate, 10-MDP, toluidine, cam-
phorquinone, water

2. Adhesive: Silanated silica, bis-GMA, HEMA,
hydrophilic dimethacrylate, 10-MDP, tolui-

dine, camphorquionone

Adhesive: MDP phosphate monomer, di-
methacrylate resins, HEMA, meth-
acrylate-modified polyalkenoic acid copol-

ymer, filler, ethanol, water, initiators, silane

Bis-EMA, TEGDMA, Prepolymerized filler,

barium glass, silica nanoparticles (0.02-0.4

1. Apply primer to tooth surface and leave in place for 20
sec, dry with air stream to evaporate the volatile ingredients.
2. Apply adhesive and create a uniform film using a gentle
air stream.

3. Light cure for 10 sec.

1. Scrub adhesive for 20 sec on dentin .
2. Gently air thin for 5 sec.
3. Light cure for 10 sec.

Light cure for 20 sec.

um); filled 84 % by weight

GPDM = glycerol phosphate dimethacrylate
10-MDP = 10-methacryloyloxi-decy!-dihydrogen-phosphate
Bis-GMA = bis-phenol-A-bis-(2-hydroxy-3-methacryloxypropylether
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Figure 2 Experimental design (OF: Optibond® FL, CS: ClearfilTM SE Bond, SU: ScotchbondTM Universal Adhesive, G: Gluma® Desensitizer)
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Table 2 Mean and Sd of microtensile bond strength.

Microtensile bond strength Mean + Sd (MPa)

Adhesive
No Gluma Gluma
system

Immediate Thermocycling Immediate Thermocycling
OF 63.4743+6.9609" 53.9466+6.6257% 58.9520+6.8618" 51.9874+6.7578%
cs 64.8417+7.8522" 48.7680+6.9978 47.2623+5.4860° 40.2798+4.8392%
SuU 53.7276+5.8063% 43.9620+5.6660% 48.0438+4.6147 42.6694+5.4193%
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Table 3 Failure modes of debonded specimens.

Mode of failure (amount / percent)

Adhesive ) .
system Gluma Time Adhesive failure Cohesive failure in Cohesive failure in Mixed failure
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NG 9/ 30 - 4/13.33 17/ 56.67
oF T 7/2333 - 4/13.33 19/ 63.33
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NG | 12 /40 - 5/ 16.67 13/ 43.33
T 14 / 46.67 - 3/10 13/ 43.44
(@)
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T 13 /43.33 - 2/6.67 15/ 50
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SU
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T 15/ 50 - 3/10 12/ 40
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tubule.
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Abstract

Nowadays, there are increasing number of periodontitis patients seeking orthodontic treatment due
to problems of malocclusion or unesthetics. There have been some concerns giving orthodontic treatment in
periodontitis patients than normal patient because of the inflammation and reduction of periodontium. Therefore,
the orthodontists should know about background of disease, relationship of malocclusion and periodontitis and

limitation of orthodontic treatment. This article focus on how to prepare and maintain healthy periodontium
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before, during and after orthodontic treatment including periodontal surgery especially guided tissue regeneration.

Moreover, this article introduces the interrelationship of multidisciplinary team such as orthodontist, periodontist

and general dentist.

Keywords: Guided tissue regeneration, Multidisciplinary treatment; Orthodontic treatment; Periodontitis
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Figure 1 Effect of alveolar bone loss on the location of the center of resistance (CR).

(1) Normal alveolar bone level (2) Reduced alveolar bone level: When the tooth is submitted to a horizontal occlusal force,

this is changed to a shearing force in the periodontal lisament leading to relative extrusion.

(a) The less oblique the root surface in normal alveolar bone patient would produce less shearing force leading to minimal

extrusion. (b) The more oblique the surface, the more shearing force leading to extrusion.
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Figure 2 Pathologic migration of upper incisors in periodontitis patients
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Original Article

The Effect of Different EDTA-Irrigation Time on the Microtensile

Bond Strength of Resin Sealers and Root Canal Dentine

Sutt Pansawangwong' and Uraiwan Chokechanachaisakul'

'Department of Operative Dentistry, Faculty of Dentistry, Chulalongkom University, Bangkok

Abstract

This study aimed to determine how the duration of EDTA irrigation affects bond strength. The 160 extracted
human premolars were decoronated and embedded in resin block. Root canals were prepared by using the NiTi
rotary files and distilled water irrigation, and irrigated with 5 % NaOCL. In group 1, this was followed by irrigation
with distilled water, while in groups 2-5, this was followed by irrigation with 17 % EDTA for 1, 3, 5, and 10 min,
followed by distilled water. Two specimens of each group were used for scanning electron microscopic observation.
The remaining specimens were divided into 2 groups—AH Plus and MetaSEAL (n = 15 each). The specimens were
prepared for microtensile tests. The failure mode was identified, and the bond strength value was analysed using
one-way ANOVA and Tukey’s HSD post-hoc test. The 10-min EDTA-treated specimens (group 5) showed greater
microtensile bond strength than non-EDTA-treated specimens (group 1) (p < 0.001) in MetaSEAL group. The fractured
surface showed mixed failure accounted for the majority of failures in all groups. In SEM observation, the NaOCl
group showed a smear layer covering the dentine surface, but the EDTA groups showed an absence of smear layer
and various depths of demineralized dentine and exposed collagen. In conclusion, the duration of EDTA irrigation

affected on the microtensile bond strength of the methacrylate resin sealer and root dentine.
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Introduction

The elimination of infection within the root canal
system, followed by three-dimensional hermetic filling
of the root canal spaces is accepted to be the main key to
success in endodontic treatment.”” Microleakage of a
root canal-treated tooth is the main cause of endodontic
failure.*® The traditional obturation technique employing
gutta-percha and zinc oxide eugenol sealer is prone to
leakage, because of the high solubility of these materials.”®
Therefore, to reduce leakage, a root canal sealer has an
important role to seal well. This has led to the development
of resin sealers.

It is necessary to condition the radicular dentine
appropriately to obturate the root canal with the distinct
sealer types. If a root canal sealer produces high bond
strength, it might reduce the leakage.” Obturation using
a resin sealer requires dentine surface treatment, such as
removing the smear layer to improve bond strength'®";
this is commonly done by using a final flush with EDTA
and sodium hypochlorite (NaOC)**** However, NaOCl, a
strong oxidizing agent, leaves behind an oxygen-rich layer
on dentine surfaces, which inhibits methacrylate resin
polymerization® and decreases bond strength.'®

An appropriate irrigation protocol for resin
sealer-based root canal obturation has not been reported
to date. The majority of studies tend to recommend a
final flush with EDTA, followed by water”'*" but the
optimal EDTA irrigation duration is not clear. Thus, this
study aimed to establish how the duration of EDTA

irrigation affects bond strength.

Materials and Methods

Tooth selection

The study protocol was approved by the Ethics
Review Committee for Research, Chulalongkorn University.
One hundred and sixty single-root human premolars,
which were extracted for orthodontic reasons, were

stored in distilled water at 4°C until use. Based on 2

perpendicular radiographic views, teeth with roots that
were shorter than 13 mm, had an opened apex or calcified
root canal, had cracks, fractures, caries, or restorations,
were excluded.
Tooth preparation and root canal dentine treatment

All teeth were decoronated at 2 mm above
the cemento-enamel junction using a slow-speed
diamond saw (Isomet™ 1000 Presicion Saw, Buehler, IL,
USA). One millimeter was subtracted from the working
length directly obtained using K-file no. 15 (Dentsply
Maillefer, Ballaigues, Switzerland). The root canals were
embedded in self-cure clear resin tubes, and were then
prepared using the rotary files (ProTaper Universal,
Dentsply Maillefer, Ballaigues, Switzerland), starting with
S1 to F5, and were irrigated with distilled water 1 mlin
needle syringe gauge 25 with slightly vertical agitation;
1 mm shorter than working length between changing
each file. Finally, all canals were flushed with 1 ml of
distilled water before treatment of the root canal dentine
surface.

The root canals were irrigated with 5 % NaOCl
(10 m) for 2 min, and were then divided into 5 groups
(Fig. 1b) (n = 32 per group). Group 1 was irrigated with
10 ml of distilled water. Groups 2 to 5 were irrigated
with 5 ml of 17 % EDTAin 1, 3, 5, and 10 min, respectively,
and then they were irrigated with 10 ml of distilled
water. All canals were dried with paper points.
Sample preparation

The root dentine surface of 2 specimens from
all eroups were observed by scanning electron microscopy
(SEM, Quanta 250, FEI, Oregon, USA), while the remaining
specimens were prepared for tests of bond strength
between the root canal dentine surfaces.
Sample preparation for microtensile bond strength
test

The root canals were randomly sealed with
resin sealer using a needle syringe (gauge 23). Group A

was sealed with an epoxy resin (n = 15) (AH Plus, Dentsply
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DeTrey, Konstanz, Germany) and group B was sealed
with a methacrylate resin sealer (n = 15) (MetaSEAL,
Parkell Inc., New York, NJ, USA). Regarding the
methacrylate resin sealer group, the sealer underwent
light-cured activation for 20 seconds after application.
The specimens were then kept in a 100 % humidity
incubator at 37°C for a period 3 times longer than the
standard setting time (AH Plus: 8 hours and MetaSEAL:
16 hours).

Microtensile test l

.

Gr, group

Microtensile test specimens were prepared by
cutting beam-shaped samples from the coronal one-third
of the root canal, using the slow-speed diamond saw.
The 0.6 x 0.6-mm-thick beams were cut at the widest
part of the canal that consisted of 2 interfaces (Fig. 1a).
At least 4 samples were cut from each specimen. The
median bond strength of these samples was recorded

as the microtensile bond strength of that root canal.

<~

“\(‘
) —
]

Tooth collection Tooth preparation
(n=160) |

A2 v v v v
Gr.1 Gr.2 Gr.3 Gr.4 Gr.5
Control EDTA 1 min EDTA 3 min EDTA 5 min EDTA 10 min
=32 n=32 n=32 n=32 n=32
[ I I I

! !

‘l‘ n=2; each gr.

GrA: AH Plus
n=15; each gr.

Gr.B: MetaSEAL
n=15; each gr. 1l

Longitudinal

section

Sample preparation )
@ Beam l

Microtensile bond strength test SEM

Figure 1 Schematic illustration of (a) sample preparation method for the microtensile bond strength test, and (b) research methodology.

Sample preparation for SEM observation

Two specimens from all groups were cut
perpendicularly to the root axis to observe the dentine
surface in a controlled root region (13 mm from the
root apex); then, they were cut longitudinally through
the centre of the bucco-lingual width of the canal, to
expose their internal portion.

The specimens were cleaned with distilled
water in an ultrasonic bath, fixed in 2.5 % glutaraldehyde
for 24 hours, and then washed with phosphate-buffered
saline, before being serially dehydrated. The internal and
lateral surfaces of the root canal, representing the cross-
sectional and longitudinal views of dentinal tubules,
were viewed by SEM after being sputter-coated with gold.
Microtensile bond-strength testing

The specimens were subjected to a tensile force
at a crosshead speed of 1 mm min’. After fracture, the

cross-sectional area (in mm?) of each sample was measured

under 45x magnification, using a stereomicroscope (5261,
Olympus, Tokyo, Japan) and the failure mode determined.
The maximum tensile force that fractured the specimen
was recorded and used for bond-strength calculation
(MPa). The failure mode was classified as adhesive
failure, cohesive failure in the sealer, cohesive failure
in the dentine, or mixed failure.
SEM observation

The root canal surfaces of prepared specimens
were observed by SEM at 10000X and 25000X. Both cross-
sectional and longitudinal views were photographed.
Statistical analysis

Bond-strength values of each type of sealer
were analysed by one-way analysis of variance (ANOVA),
followed by Tukey’s HSD post-hoc test (O = 0.05). All
statistical analyses were performed using SPSS software
version 22 (SPSS Inc., Chicago, IL, USA).
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Microtensile bond strength test

The means and standard deviations of
microtensile bond strength are given in Table 1. Treatment
of the root canal dentine surface with NaOCl, EDTA,
followed by distilled water, groups 2-5, did not promote

high bond strength in epoxy resin. For methacrylate

Table 1 Microtensile bond strength.

resin sealer, 1-, 3-, and 5-min EDTA irrigation group (group 2-4)
showed not significantly higher than treatments without
EDTA (group 1) (p = 0.139, p = 0.179, and p = 0.099,
respectively), whereas 10-min EDTA irrigation group
(group 5) promoted significantly higher bond strength
than treatments without EDTA (p < 0.001).

NaOCl NaOCl NaOCl NaOCl NaOCl
Group DW EDTA 1 min EDTA 3 min EDTA 5 min EDTA 10 min
DW DW DW DW
AH Plus 10.45+2.97 12.62+3.17 11.38+2.98 12.23+4.71 12.62+5.05
MetaSEAL 14.90+5.41" 20.53+8.10** 20.24+7.37%° 20.91+5.45° 26.15+5.93B

Bond strength is given in Mpa; measurements are given as mean standard deviation

The same superscript capital letters indicate the absence of significant diffferences in microtensile bond strength for each row (p > 0.05).

DW, distilled water

Failure mode
The failure mode is presented in Fig. 2. The
predominant failure mode throughout groups was mixed

failure, no cohesive failure within the dentine occurred.

Number of specimens

16

A markedly higher number of cohesive failures in the
sealer were found in the 10-min EDTA groups of meth-

acrylate resin sealer.

=NaOCl
i 1-min EDTA

3-min EDTA
5-min EDTA

®10-min EDTA

Adhesive

Cohesive

Adhesive Mixed
MetaSEAL

Cohesive | Type of failure mode

Type of sealer

Figure 2 The number of failure modes of AH Plus and MetaSEAL in different irrigation protocols.
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SEM observations

Group 1 (NaOCl; Fig. 3a and 3b) showed an
amorphous smear layer covering the dentine surface,
and no dentinal tubules were seen. Longitudinal sections
of dentinal tubules (Fig. 3c) demonstrated short collagen
fibrils in the intertubular dentine, but rarely in the
peritubular dentine (Fig. 3c; arrows).

Group 2 (1-min EDTA, Fig. 3d and 3e) showed
no smear layer, and generally patent dentinal tubules,
demineralized dentine surface in some areas, and generally
exposed integral collagen fibrils. In longitudinal sections
(Fig. 3f), collagen fibrils on the intertubular dentine were
more visible than in group 1, and collagen fibrils were
exposed on most of the peritubular dentine.

Group 3 (3-min EDTA; Fig. 3¢ and 3h) showed
the absence of a smear layer, entirely patent dentinal
tubules, generalized demineralization of the dentine

surface (which was deeper than that seen in group 2),

Cross section 10,000X

Cross section 25,000X

and a vast integral collagen fibril network. In longitudinal
sections (Fig. 3i), the collagen fibril appearance on the
intertubular dentine and peritubular dentine were similar
to that in group 2, but a collagen fibril network was
present in the demineralized dentine on the wall of the
root canal (left side).

Group 4 (5-min EDTA; Fig. 3j and 3k) showed a
similar surface to that in group 3, but the demineralized
dentine area and exposed integral collagen fibril network
were larger than those in group 3. In longitudinal sections
(Fig. 30), more collagen fibrils were present on the
intertubular dentine and peritubular dentine and along
dentinal tubules than in group 3.

Group 5 (10-min EDTA; Fig. 3m and 3n) appeared
similar to group 4; however, dentine demineralization
was deeper and dense collagen bands were present. In
longitudinal sections (Fig. 30), dense collagen bands

were seen, and other areas were similar to group 4.

Group 1
control

Group 2
1-min EDTA

Group 3
3-min EDTA

Group 4
5-min EDTA

Group 5
10-min EDTA

Longitudinal section 10,000X

Figure 3 Representative scanning electron microscope micrograph of radicular dentine specimens.
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Discussion

Root canal obturation is aimed at comprehensive
three-dimensional filling of the root canal, to prevent
reinfection into the root canal system.*** The bondability
of the root canal sealer to root dentine is thought to
improve sealing ability and the stability of the root-filling
materials. Generally, it was recommended 1 to 5 minutes
EDTA irrigation time as smear layer removal protocol"”
and the previous study showed excessive erosion in
root dentine by 10-min EDTA and followed by NaOCl
irrigation,” therefore, this study carried out the duration
of EDTA irrigation at 1, 3, 5, and 10 minutes that affected
bond strength.

For the epoxy resin sealer (AH Plus), the treatment
of the root canal dentine surface with NaOCl, EDTA (1- to
10-min), and followed by distilled water did not significantly
increase the microtensile bond strength compared with
the control group. This result did not well correlate with
previous findings™", which reported that a high bond
strength of resin sealers was associated with final irrigation
using a decalcifying agent, because of differences in
their methodologies. The adhesion of epoxy resin sealer
(AH Plus) to dentine was found that it adhered by mechanical

1021 54

lock from sealer penetration in dentinal tubules
formed a covalent bond between the amino groups of
the dentine collagen and epoxide rings.*** From SEM
observations, a 1-min EDTA irrigation resulted in
demineralization of dentine in some areas and short
exposed collagen fibrils, while longer irrigation (3-10
min) tended to result in deeper demineralization and
longer exposed collagen fibrils in a duration-dependent
manner. All EDTA irrigation groups showed absence of
smear layer, the integrity of collagen fibrils and no denatured
collagen fibrils. It seems that penetration of the sealer into
dentinal tubules* and the quality and amount of
collagen fibrils may less affect the bond strength of the
epoxy resin sealer.

For the methacrylate resin sealer (MetaSEAL),
the higher bond-strength value in the EDTA groups

correlated with previous findings.'"*"* A longer duration of
EDTA irrigation tended to promote a higher strength of
resin sealer-dentine bonding. From SEM observation
described above, irrigation with EDTA causes chelation
of calcium from the exposed dentinal collagen, which
is important for adhesion of the methacrylate resin
sealer. The sealer was self-adhesion, which was incapable
of etching through the smear layer” and adhered by
hybridization to collagen fibers.””* Base on this finding,
it seems that removal of the smear layer, and the integrity
and quantity of collagen fibrils affect the bond strength
of the methacrylate resin sealer. Additionally, a longer
duration of EDTA irrigation tended to result in more
cohesive failure than no EDTA or a shorter EDTA irrigation
duration. In clinical situation, however, cohesive failure
within a root canal sealer will not occur if the root
canal obturate with core materials.

Several bond-strength testing methods have

been used previously, for example, push-out test”?,

32,33 34,35

shear test™, and microtensile test.” In our study, the
microtensile test, which is commonly used to test
adhesion effectiveness of bonding agents was selected
because it reflects the interfacial bond strength in small
area, and minimize friction force.”® However, microtensile
test also has limitation to test in low bond strength
materials such as zinc oxide eugenol based sealer (data
not shown).

The study is limited in that only the coronal
third of the root was used as a representative of root
dentine, because the middle and apical third of the
root canal were too small for preparing specimens for
microtensile testing. Apical third and middle third of root
canal dentine has fewer dentinal tubules than coronal
third of root canal dentine and consequently, fewer
sealer penetration into dentinal tubules is occurred.”””
Therefore, we assumed that bond strength value of
resin sealers to middle third and apical third of root

canal dentine might become lower than coronal third
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of root canal dentine respectively.” To evaluate bond
strength at only one interface (between root dentine
and sealer, it was necessary to fill the root canal only

with sealers.

Conclusion

The duration of EDTA irrigation affects the
microtensile strength of the bond between the methacrylate
resin sealer (MetaSEAL) and root canal dentine. Final
irrigation with 5 % NaOCl, 17 % EDTA and distilled water
increased the bond strength of resin sealers. Ten minutes of
EDTA irrigation could enhance adhesion of the methacrylate
resin sealer to the root canal dentine. However, as
various factors enhance bond strength, further studies

are warranted.
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