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Fracture Resistance of Endodontically Treated Upper Premolar with MOD
Cavity Restored by Direct Resin Composite Combined with Fiber-Reinforced
Composite Posts

Nadaprapai Khwanpuang', Chaiwat Maneenut'
'Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The purpose of this study was to compare the fracture strength and fracture pattern of a previously endodontically
treated premolar with MOD cavity when restored with a resin composite together with prefabricated fiber-reinforced
composite (FRC) and novel unpolymerized fiber-reinforced composite (UPF) posts. Forty intact human maxillary
premolars with single root and two canals were embedded in resin molds with simulated periodontal ligament.
The specimens were divided into five groups: 1) Sound premolar (positive control); 2) Non-restored endodontically
treated premolar with MOD cavity (negative control); 3) Endodontically treated premolar with MOD cavity restored with
resin composite; 4) Endodontically treated premolar with MOD cavity restored with FRC post and resin composite;
5) Endodontically treated premolar with MOD cavity restored with UPF post and resin composite. All specimens
were subjected to 500,000 cycles of cyclic loading and 10,000 cycles of thermocycling. The specimens were loaded
to fracture at an angle of 45° on palatal cusp. The sound premolar had the highest fracture strength (510.92 +
106.54 N) while the non-restored premolar had the lowest strength (73.88 + 20.52 N). Using the post with resin
composite restoration significantly increased the strength of the tooth. However, there was no significant difference
in the strength between using FRC and UPF post. Most of the specimens had a favorable fracture. In conclusion,
fiber-reinforced composite post positively increased the fracture strength when restored endodontically treated
premolar with MOD cavity using resin composite but did not affect the fracture pattern. The type of post did not

affect the fracture strength of the restored tooth.

Keywords: Endodontically treated premolar, Fiber-reinforced composite post, Fracture strength, Resin composite
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Introduction

Endodontically treated teeth are susceptible to
fractures due to substantial loss of structure from dental
caries, fracture, cavity preparation and access opening.
The survival of these teeth depends on various factors in
which post-endodontic restoration is one of the keys to
success.”” Good restoration not only can restore form,
function and esthetic, but also prevent marginal leakage
and tooth fractures. Previously, a suggestion to protect the
teeth with an intracanal post and a full coverage crown
was considered as standard treatment.” However, this
technique has some disadvantages such as multiple visits,
loss of tooth structure resulting from tooth preparation
and high costs.

With recent advancement in adhesive technology,
minimal invasive dentistry gradually plays an important
role in modern dentistry. A study showed that preservation
of the remaining tooth structure increased the survival
outcome and reduced the chance of fracture in endodontically
treated teeth.” From this perspective, when the tooth has
adequate structure to provide retention of restoration material,
a non-cuspal coverage direct restoration is acceptable.
However, this concept is still controversial, particularly in
the maxillary premolar which has one of the highest fracture
rates reported because it receives shear occlusal force and
has a large and steep cusp while having a flat and slim root
compared to its crown.”’

A clinical study by Manocci and co-workers
found that the success rate of endodontically treated
premolar with class Il cavity restored with full coverage
crown was not statistically different from a restoration
with fiber-reinforced composite post and direct resin
composite in the three years follow up range.? Supported
by a recent systematic review which pointed out that there
was still lack of evidence to support the higher success
rate of restoration with full coverage crown than with direct
restoration.” Also, in-vitro studies showed that cuspal
coverage restoration was not always necessary in premolar

with both marginal ridges losing.'*""

Prefabricated fiber-reinforced composite post
(FRC post) has increasingly been used in restoring an
endodontically treated tooth due to various advantages
compared to using a metal post. Its high success rate is due
to its biomimetic behavior resulting from the low modulus
of elasticity close to dentin."” Hence, it can distribute
occlusal force along the tooth structure effectively.”**
Supported by the in-vitro studies which show that endo-
dontically treated premolar restored with FRC post and
resin composite had a higher fracture strength and less
cuspal deflection compared to being restored with only a
resin composite.* However, since this post was prefabricated,
there were some situations that the post did not fit into
the prepared root canal resulting in a gap-filling with low
strength resin cement which may weaken the tooth." To
solve these problems, an unpolymerized glass fiber-
reinforced composite post (UPF post) was invented. Its
shape can be adjusted to adapt and fit into the root canal
prior to light polymerization and cementation."’

There were still few data comparing the use
of FRC post and UPF post for restoring endodontically
treated tooth.'”*® Thus, this study was conducted to
compare the fractural strength and fracture pattern of
previously endodontically treated premolar with MOD
cavity when restored with only resin composite or together
with FRC post or UPF post. The research proposal was
approved by the Human Research Ethics Committee of
the Faculty of Dentistry, Chulalongkorn University. The
study code was HREC-DCU 2018-051.

Material and Method

Specimen preparation

Forty intact human maxillary premolars with
single root and two canals which were extracted for
orthodontic treatment were used. The selected teeth
were quite similar in shape and size, had a straight canal
and were free from cracks, dental caries or any defects.

The teeth were stored in 0.5% thymol solution (M-dent,

Khwanpuang and Maneenut, 2020 253



Thailand) and were used within six months. Teeth were
mounted in resin acrylic mold with periodontal ligament
(PDL) stimulating using self-cured polyether (Silagum™, 3M
ESPE, USA)."” Level of resin acrylic was 2 mm from cemento-
enamel junction (CEJ) to simulate alveolar bone level.
(Fig. 1).

Thirty-two specimens were subjected to MOD

cavity preparation using computer numerical control (CNC)

preparation machine (CNC specimen former, Thailand).
Occlusal cavities with 4 mm bucco-lingual width and 4
mm depth together with proximal boxes, 2 mm in depth
from pupal wall, 1 mm width in mesio-distal direction
and 4 mm width in bucco-lingual direction, were created.
After preparation, all specimens had remaining buccal
and lingual cusps thickness at the height of contour at

more than 2 mm (Fig. 2).

CEJ

mei [ i

Simulated bone level

—— Simulated PDL

Figure 1 Mounted tooth in resin mold with simulated periodontal ligament and alveolar bone level

Figure 2 Cavity preparation

Pulpal exposure was performed at the middle
of occlusal cavity using round diamond bur (FG 82008,
Intensiv, Switzerland). A straight-line access opening was
done using high-speed diamond pointed-taper bur (FG D2,
Intensiv, Switzerland) at pulp exposure spot. Instrumentation
was carried out in buccal and palatal canals using X1-X3
NiTi rotary instrument (ProTaper™ Next, Dentsply Sirona,
USA) at 300 rpm, 2N/cm by pecking motion to the working
length under 17 % EDTA cream (RC prepTM, Premier, USA)
lubrication and 5 ml of 2.5 % NaOCl (Faculty of Dentistry
Chulalongkorn University, Thailand) irrigation. Final flushed
the canals with 17 % EDTA (Faculty of Dentistry Chulalongkorn

University, Thailand) 3 ml for one minute followed by
5 ml of 2.5 % NaOCLl. The canals were dried using paper
points. Gutta-percha canal obturation was done by a single
cone technique using match-tapered cone X3 (ProTaper"
Next, Dentsply Sirona, USA) with resin-based sealer (AHTM
plus, Dentsply Sirona, USA). The gutta-percha was removed
to the cemento-enamel junction level.

Eight endodontically treated teeth with MOD
cavity were not restored and used as negative control
specimens. Eight endodontically treated teeth with MOD
cavity were restored with nanofilled resin composite
(Filtek™ Z350 XT, 3M ESPE, USA). The bonding protocol
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was done with a 3-step etch-and-rinse bonding system
(Optibond™ FL, Kerr, USA) following the manufacturer’s
instructions. The cavity was etched with 37 % phosphoric
acid for 15 s, rinsed with distilled water for 15 s, dried with
clean gentle air for 5 s to achieve a moist dentin, primed
with FL primer for 10 s in agitating motion, gentle air blew
until there was no sign of liquid movement, lightly coating
the cavity with FL adhesive and light polymerization
(Demi™, Kerr, USA) for 20 s. Tofflemire matrix system was
applied to the tooth, the top margin of the band was at
1 mm above the occlusal margin. The cavity was filled
with resin composite using incremental technique, which

was 2 mm for each layer measured by a periodontal probe

Figure 3 Incremental technique for resin composite restoration

The other sixteen specimens were subjected to
post space preparation in palatal canal using slow speed
peeso reamer #1-2 (Dentsply, USA) for gutta-percha removing.
The depth of post space was equal to the height of the
clinical crown. The FRC post no.2 (RelyX™ Fiber Post,
3M ESPE, USA) was used in the eight specimens and the
UPF post (everStick™, GC Europe, Belgium) size 0.9 mm
was used in the other eight specimens. The shape of the
UPF post was adjusted to fit the canal and polymerized
with light curing (Demi, Kerr, USA) for 20 s prior to the
cementation process.

The post cementation process was done using a
2-step etch-and-rinse adhesive system (Optibond™ Solo,
Kerr, USA) and dual cured resin cement (NX3, Kerr, USA)

and light curing for 40 s. The tip of the light curing unit
was placed at the tip of buccal and palatal cusps. Each
proximal cavity was filled and cured followed by the
occlusal cavity (Fig. 3A). The proximal cavity was filled with
three layers of composite which each layer was cured
for 40 s (Fig. 3B). Then, the occlusal cavity which is 4 mm
in depth from occlusal margins was filled with two layers
of composite in which each layer was cured for 40 s (Fig. 3C).
The matrix band was removed and the resin composite
in each proximal cavity was additionally cured by placing
the tip of the light curing unit in close contact to the buccal
and palatal sides of the cavity to simulate a clinical condition.

Each side was cured for 40 s.

2 mm
2 mm

2mm

following the manufacturer’s instructions. The root canal
was etched with 37 % phosphoric acid for 15 s, rinsed
with distilled water for 15 s and dried with paper point.
The adhesive (OptibondTM Solo, Kerr, USA) was applied
with a microbrush, the excess was removed using paper
point and light cured for 40 s. The resin cement (NX3
Nexus™, Kerr, USA) was mixed and applied into the root canal
using lentulo spiral number 25 (Dentsply Sirona, USA), the
adhesive coated post was inserted into the root canal and
light cured again for 20 s (DemiTM, Kerr, USA). The post
was then cut to the level of the pulpal floor of the cavity
using a high speed fissured diamond bur (FG 8211, Intensiv,
Switzerland) (Fig. 4).
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Figure 4 Radiographic images show close adaptation of FRC post (left) and UPF post (right) to the root canal

In summary, 40 teeth specimens were divided
into five groups, eight specimens for each group:

Group 1: Sound premolar (positive control)

Group 2: Non-restored endodontically treated
premolar with MOD cavity (negative control)

Group 3: Endodontically treated premolar with
MOD cavity restored with resin composite

Group 4: Endodontically treated premolar with
MOD cavity restored with FRC post and resin composite

Group 5: Endodontically treated premolar with
MOD cavity restored with UPF post and resin composite

Artificial aging

All specimens underwent the artificial aging using
cyclic loading and thermocycling. The cyclic loading was
done in fatigue tester (Universal testing machine, Fatigue
tester, E1000, Instron, England) with stainless steel
antagonist (diameter 6 mm) contact at the middle of
occlusal surface, parallel to tooth axis. The specimen
was loaded continuously with 50 N, 4 Hz frequency for

500,000 cycles. The specimen was later subjected to

10,000 cycles of thermocycling (Thermocycling unit, King
Mongkut’s University of Technology Thonburi, Thailand) at
5°C and 55°C with a dwell time of 30 s. Due to the transfer
time of 5 s, the total time for one complete thermocycling
cycle was 70 s.
Fractural strength test

The specimen was mounted in a metal holder of
the universal testing machine (Universal testing machine
EZ-S, SHIMADZU, Japan) at an angle of 45° to the tooth axis.
The 4 mm in diameter stainless steel antagonist was applied
on the incline plane of palatal cusp with crosshead speed
of 0.5 mm/min. A sudden decrease in force of more than
50 % was an indication of fracture failure.
Fracture pattern determination

The specimen was removed from the acrylic
mold. The fracture pattern was determined by visual
inspection. Fracture of the tooth above the simulated
alveolar bone was classified as a favorable fracture and
the fracture below the simulated alveolar bone (top of resin

block) was classified as an unfavorable fracture (Fig. 5).
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Bone level

Figure 5 Fracture patterns, favorable (left) and unfavorable (right)

Statistical analysis
The fracture strength was analyzed using the
one-way ANOVA test. The significant was set at p<0.05.

The fracture pattern was analyzed using Chi-square test.

The mean fracture strength of all groups after
artificial aging was shown in Table 1. Group 1 (positive
control) had the highest strength (510.92 + 106.54 N) and
group 2 (negative control) had the lowest (73.88 + 20.52 N).

Restoring the tooth with only direct resin composite (group 3)
could increase the fracture strength significantly (251.01
+63.18 N, p<0.05). Using the post with resin composite
restoration (groups 4 and 5) could also significantly increase
the strength of the tooth. However, there is no significant
difference in the strength between using a FRC post and
a UPF post (p=0.998).

Fracture pattern of all the specimens is shown in
Table 2(fig. 6). Most of the specimens had a favorable fracture.

There was no statistical difference among the groups (p=0.217).

Table 1 Mean fracture strength and standard deviation. Same abbreviation letter means no statistical sienificant difference

Group N Mean Std. Deviation Std. Error Minimum Maximum
1 8 510.92° 106.54 37.67 335.75 629.56
2 8 68.88° 24.20 8.56 36.97 108.41
3 8 251.10° 63.18 22.34 158.51 329.37
4 8 376.83° 72.99 25.80 251.34 463.67
5 8 387.10° 67.28 23.79 278.93 485.53

Table 2 Fracture pattern of tested specimens

Group Favorable Fracture (n)

Unfavorable Fracture (n)

1
2
3
q
5

© ~ 0o 0o 0o

0
0
0
1
0
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Figure 6 Fracture pattern; (left) favorable fracture, (right) unfavorable fracture

Previous studies on the fracture strength of endo-
dontically treated premolar mostly done in tremendous
loss of structure tooth and had cuspal coverage restoration.””*
However, with recent advance technology in restoration
material and adhesive system, endodontically treated
premolar with MOD cavity which lost both marginal ridges
but cuspal thickness was left more than 2 mm, may not
need cuspal coverage restoration.'® Restored teeth with
direct resin composite in combination with fiber-reinforced
composite post could be sufficient for resisting the occlusal
load. This situation was challenging for dentists in making
decisions of restoration type, the need of post and post
selection.

In this study, factors that could affect the tooth
fracture strength were controlled which included tooth
size, cavity size and root canal size. The selected teeth
had less than 10 % differences in clinical crown length,
root length and the width of the crown in M-D and B-Li
direction which were not statistically different between
the groups (p<0.05). Size and shape of the cavity were
controlled by CNC machine preparation and those of
the root canal were controlled by Ni-Ti rotary file instru-
mentation. In addition, since periodontal ligament plays

an important role in distributing the occlusal force to the

alveolar bone,” the 0.2-0.4 mm thickness of artificial
periodontal ligament (polyether impression material)
was created when the tooth was embedded directly in
the resin acrylic block.

The artificial aging, 500,000 cycles cyclic loading
and 10,000 cycles thermocycling, was done to simulate
the long term (2 years) function of the restored tooth.”*
From a previous study, when endodontically treated teeth
was subjected to cyclic fatigue of more than 100,000
cycles, the fractural strength will be significantly subsided.™
Also, when subjected to thermocycling of more than
1,000 cycles, the adhesive will be weakened.”

The fracture strength test was done on a buccal
inclined plane of palatal cusp at 45° to the long axis of
the tooth to simulate eccentric movement and traumatic
force. They were considered as an unfavorable load
which could cause a tensile and shear stresses and lead
to a vertical root fracture.”"*

The results of this study showed that when
restored the endodontically treated maxillary premolar
which has MOD cavity using resin composite in combination
with or without the fiber-reinforced composite post could
significantly increase the fracture strength even if it was not

comparable to the sound premolar. The fracture strength
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of the teeth that was restored with only resin composite
(251.01 + 63.18 N) was significantly less than that of the
restored teeth using the combination of post and resin
composite. However, compared to the maximum bite
force of maxillary premolar which was 222-445 N (average
322.5 N) and might be rise up to 520-800N (average 660N)

during clenching,”*

it could be implied that restoring
the endodontically treated maxillary premolar with MOD
cavity using only a resin composite might withstand the
maximum bite force after function for two years in the
oral cavity of a healthy adult patient.

When restoring the teeth with the resin composite
in combination with FRC or UPF posts, the fractural strength
increased significantly compared to restoring with only
the resin composite and was higher than the maximum
bite force of both male and female patients as described
before.””** This finding is consistent with the previous
study’ and it may be due to the force distribution properties
of the fiber post. It is supported by the finite element
which showed that, when restoring the tooth with fiber
post and adhesive system, the occlusal force can distribute
along the surrounding tooth structure which has a pattern
similar to a natural tooth.”” Moreover, in our study, the
length of post space in the root canal was comparable to
the length from tip of the buccal cusp to CEJ which was
the minimal length recommended in a previous study.”

Beside the advantageous properties of the
prefabricated fiber post, it should be considered that
other factors such as canal preparation, post selection,
post preparation and cementation are involved in the
completion and successful use of the post. The post might
not totally fit into the prepared root canal and the gap
will need to be filled with low strength resin cement. This
could be a weak point and deteriorate the restoration in
long term use.” Unpolymerized glass fiber (UPF) posts
were invented to eliminate that disadvantage because
it’s shape can be adjusted to totally fit the prepared
canal prior to cementation. Its post polymerization’s
mechanical properties were comparable to a conventional

FRC post.** An in-vitro study found that using a UPF post

with resin cement could increase the fracture strength and
be higher than using a conventional FRC post.’* However,
our study found that the fracture strength of the endo-
dontically treated maxillary premolar with MOD cavity
using resin composite in combination with both types of
post was not significantly different (p=0.998). This may
be the result of the conservative post space preparation
and the ultimate adaptation of a FRC post to the canal
(Fig. 3). Thus, the advantage from the shape-adjusting
property of the UPF post was indistinct, which conform
to the in-vitro study by Frater and co-workers in 2017."
To emphasize, when looking at the detail of
post space, which ended 5 mm short from the working
length, it was a considerable fit to the FRC post used in
this study. The FRC post has 0.7 mm in diameter at the
tip” which was close to the diameter of Protaper NEXT
X3 at 5 mm short from the working length™ and Protaper
NEXT did not enlarge the canal more than the declared
taper shape of the instrument profile.”” Moreover, both,
Protaper NEXT and FRC post also are 5-6 % tapered in
shape. This means that there was an ultimate fit of the
FRC post to the last size of the instrumented canal and
the adaptation may not differ from using a UFP post.
When determining the fracture pattern, it was
interesting that most specimens of all the groups have
a favorable fracture and were not statistically different
(p=0.217). Like the other study which found that a fiber-
reinforced composite post can prevent an unfavorable
fracture due to its dentin-like modulus of elasticity which
has advantage in stress distribution.” In our study, a 45°
shear load on the palatal cusp was conducted to simulate
bite force. It caused the cusp to debond from the restoration
followed by a slanting fracture to the root and end above
the simulated alveolar bone. This result was different from
the previous study™ which used axial load and fracture

went along the root axis.

Conclusion

With the limitations in this study, it might be

concluded that;
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1. MOD cavity preparation and endodontically treatment
reduced the fracture strength of maxillary premolar.

2. Restoring the endodontically treated maxillary premolar
with MOD cavity using a resin composite with or without
a fiber-reinforced post could restore the fracture strength
of the tooth but is not comparable to that of a sound
premolar.

3. Fiber-reinforced composite posts positively increased
the fracture strength of the tooth compared to only
using a resin composite.

4. The type of post did not affect the fracture strength
of the restored tooth.

5. The fracture pattern of all restorations was restorable.
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Abstract

During routine dental procedures, performing aerosols generating procedure is sometime inevitably. For example,
scaling with ultrasonic machine generate both aerosols and droplets which highly contaminate with microorganisms
that post a risk to dental staffs. The objectives of this study were to compare the bacterial aerosol contamination
during ultrasonic scaling by using magnetostrictive scaler and piezoelectric scaler and to evaluate the duration of
the remaining aerosol contamination after using both types of them. Ten subjects were recruited from staffs and
patients at Institute of Dentistry, Department of Medical Services, Ministry of Public Health. A split-mouth design
was utilized and two treatments were performed on each subject in the same size of two separated rooms: 1) using
magnetostrictve scaler; and 2) using piezoelectric scaler. The right or left side of the subject’s mouth was randomly
assigned to one of the two treatments. Blood agar plates were placed and exposed to the air for 15 minutes at 3 sites:
A) patient’s chest areas, B) dentist’s cabinets, and C) dental assistant’s cabinets. These setting plates were collected at
4 intervals: before ultrasonic scaling 30 minutes, during ultrasonic scaling and after ultrasonic scaling 30 and 60 minutes.
All plates were incubated at 35°C for 72 hours and counted for colony forming units (CFUs). The results showed
significant increasing in the mean of bacterial counts during using both types of ultrasonic scalers at all sites (p<0.05).
The using magnetostrictive scaler presented a statistically significant greater mean of bacterial counts than using
piezoelectric scaler at all sites (p= 0.012, 0.036, and 0.036). In addition, the number of bacterial counts was the
highest at the patient’s chest areas (99.50 CFUs). The average bacterial counts from using both types of ultrasonic
scalers were significantly reduced at 30 and 60 minutes after ultrasonic scaling (p<0.05). This study indicates that
the magnetostrictive ultrasonic scaler produces the bacterial aerosol contamination greater than the piezoelectric
ultrasonic scaler. Moreover, both types of these ultrasonic scalers are dramatically decreased at 30 minutes after

ultrasonic scaling (p<0.05).
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Table 1 Descriptive statistical data of number of remaining teeth and Simplified Oral Hygiene Index (OHI-S) at the right and left side

Right side (n=8)

Left side (n=8)

Data
Mean £ SD

(Min, Max) Median

p-value*

Mean + SD (Min, Max)  Median

1. Number of remaining 13.86 + 0.83
teeth
2. Simplified Oral Hygiene 2.73 + 0.59 (2,4)

Index (OHI-S)

(12, 15)

14 13.63 £ 0.74 (12, 14) 14 0.317

267 271+0.70 (1.66,4.00) 2.67 0.916

* statistically sienificant difference at p-value (Wilcoxon Signed Rank Test) < 0.05
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Table 2 Number of bacteria (CFU) detected before, during, and after scaling using two scalers at different operative sites

Operative Magnetostrictive scaler (n=8) Piezoelectric scaler (n=8)
Time interval . p-value*
sites Mean * SD (Min, Max) Median  Mean = SD (Min, Max)  Median
30 minutes before A 4.13 + 1.56 2,7 4.00 263 +3.16 (0, 10) 1.50 0.156
scaling B 3.63 + 2.26 (1,7 3.50 4.50 + 3.02 (1,9 4.00 0.416
C 2.88 + 1.96 0, 5) 2.50 4.38 + 2.56 2, 8) 3.00 0.167
During scaling A 124.13 + 93.15 (19, 256) 99.50 38.25 +42.76 (11, 135) 20.00 0.012*
B 74.00 + 70.03 (4, 191) 65.00 20.38 + 16.01 (6, 49) 15.00 0.036*
C 62.63 + 59.87 (7,173) 39.00 27.88 + 22.90 (2, 66) 26.00 0.036*
30 minutes after A 4.38 + 2.56 (1,9) 4.00 3.38 +5.18 (0, 16) 2.00 0.233
scaling B 4.25+4.71 (0, 13) 2.50 275+ 212 0,7 2.50 0.279
C 3.38 + 2.20 1,7 3.00 275 +2.19 1,7 2.00 0.671
60 minutes after A 3.50 £ 2.93 (1, 10) 3.00 2.38 = 1.77 (1, 6) 2.00 0.395
scaling B 3.25+2.25 (1, 6) 3.00 213 +1.25 1, 4) 2.00 0.197
C 3.50 + 2.56 0,7 3.50 2.13 +1.96 (0, 6) 2.00 0.131

* statistically significant difference at p-value (Wilcoxon Signed Rank Test) < 0.05

A: Patient’s chest area
B: Dentist’s cabinet

C: Dental assistant’s cabinet
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Table 3 Mean + SD of bacterial counts (CFUs) at different operative sites and different intervals

30 minutes before

30 minutes after 60 minutes after

During scaling

Operative eeale scaling scaling
sites (n=8) (n=8) (n=8) (n=8)
Mean + SD Mean + SD Mean + SD Mean + SD
A 4.13 + 1.55 124.13 + 93.15 4.38 + 2.56 3.50 + 2.93
S —— — - —— — - — -
p=0012" p=0.012" p=0.527
B 3.63 + 2.26 74.00 + 70.03 4.25 +4.71 325+ 2.25
Magnetostrictive = ~- -~ — — L -
scaler p=0.017" p =0.025" p = 0.553
C 2.88 + 1.96 62.63 + 59.87 3.38 + 2.20 3.SQ + 2.56
p=0.012* p=0.012" p=0.943
A 2.63 +3.16 38.25 + 4276 338 +5.12 2.38 + 1.77
p=0.012" p=0.018" p=0.786
B 4.50 + 3.02 20.38 + 16.01 275+ 2.12 213+ 1.25
Piezoelectric = ~ -~ 1 DR ~
scaler p=0.012 p=0.017* p =0.262
C 4.38 + 2.56 27.88 + 22.90 2.75 + 2.19 213 +1.96
- . DR l ) 0w |
p=0.043" p =0.025" p=0.491

* statistically sienificant difference at p-value (Wilcoxon Signed Rank Test) < 0.05

A: Patient’s chest area
B: Dentist’s cabinet

C: Dental assistant’s cabinet
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Table 4 Mean of bacterial counts (CFUs) in the experimental room no.1 at the different operative sites

Room no.1 (n=8)

Time interval A B C
Median (Min, Max) Median (Min, Max) Median (Min, Max)
During scaling 99.50 (19, 256) 65.00 (4, 191) 39.00 (7,173)
\ ;o : )
p=0.68 p=0779
|
p=0.012"

* statistically significant difference at p-value (Wilcoxon Signed Rank Test) < 0.05

A: Patient’s chest area
B: Dentist’s cabinet

C: Dental assistant’s cabinet
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Abstract

The aim of this study was to report an inter-observer agreement in proximal caries detection from digital
bitewing radiographs viewed and evaluated on a smartphone display. A total of 200 proximal surfaces from digital
bitewing radiographs stored in the Picture Archiving and Communication System (PACS) of Chulalongkorn University
dental hospital were selected. Images of selected radiographs were exported in JPEG format and transferred to an
iPhone 8 plus. Each proximal surface was viewed and evaluated by seven observers in a dimly lit room (ambient
light intensity < 100 lux). The ratings were on a 5-point-scale. Weighted kappa test was used to determine agreement
among observers. Inter-observer agreement among observers ranged from moderate to almost perfect (0.47 - 0.82).
Images of digital bitewing radiographs viewed on a smartphone provided an acceptable result in terms of consistency

between dentists and may be considered one of the methods used for proximal caries detection.
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Introduction

Digital radiography is gradually becoming common
in today’s dental practice. The advantages, compared to
conventional techniques, include easier processing, saving
time, cost reduction in the long term and environmental
friendliness. Moreover, the images can be stored for a very
long time without quality changes.

One of the most important parts in a digital radio-

graphic system is the display. As a final device that shows

resultant images, an underqualified display can compromise
the image quality and lead to misinterpretation and
misdiagnosis. Also, well-calibrated monitors reduce eye
strain and fatigue.' Medical-grade displays are invented
as assisting tools in medical radiography assessment.
These monitors can be adjusted to comply with a certain
protocol, called the Digital Imaging and Communication
in Medicine (DICOM) Part 14 Greyscale Standard Display
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Function standard (GSDF).” This named guideline is
developed by experts in the American Association of
Physicists in Medicine (AAPM) and the National Electrical
Manufacturers Association (NEMA). However, this type of
display is very expensive and may not be affordable in
community hospitals or small clinical settings. Therefore,
cheaper off-the-shelf PC monitors are alternatively used.
Tablet devices and smartphones are also selected,
especially in case consulting, as they are portable, easy-to-
use and more budget friendly.

A smartphone is a portable device that can
perform many of the functions of a computer, and usually
has a touchscreen interface, internet access, and an
operating system capable of running downloaded appli-
cations. Nowadays, smartphone usage is near-universal.
Many health-care providers use their smartphones to
transmit patient-related information, including viewing
and evaluating radiographs to come up with a proper
treatment plan.’

Usually, proximal caries, especially incipient
ones, are barely visible in visual examination. There are
numerous tools invented for proximal caries detection.
One of the widely accepted methods is using bitewing
radiographs which reveal 88 % more proximal carious
lesions when compared with visual inspection alone.*

Bitewing radiographs are the essential diagnostic
tool in proximal caries diagnosis, especially for non-cavitated
lesions. Commonly, radiolucency cannot be detected
in a radiograph unless there are more than 30 - 40 % of
demineralization in the affected areas.” As the true depths
of proximal caries are always greater than those observed,
it is recommended that this type of lesion be found as
early as possible.’ Still, this can be challenging because of
indistinct radiolucency in incipient caries. Consequently,
monitors with adequate quality should be used to show
such precise details. The effectiveness among displays
available in today’s market, especially smartphones’
displays, is not yet thoroughly studied and the results

remain controversial.”*

The aim of this study was to report an inter-
observer agreement in proximal caries detection from
digital bitewing radiographs viewed and evaluated on

a smartphone display.

Materials and Methods

Atotal of 200 proximal surfaces from digital bitewing
radiographs which were stored in the Picture Archiving and
Communication System (PACS) of Chulalongkorn University
dental hospital were selected. The number of sampled
surfaces was mentioned in previous studies.'"'* Proximal
surfaces, starting from mesial surfaces of first premolars to
mesial surfaces of third molars (if present) of each quadrant,
were observed. Inclusion and exclusion criteria were as follows;
- Acceptable quality: No overexposure or underexposure,
no cone cutting and artifacts
- No overlapping between each proximal surface
- Surfaces with proximal restorations, edentulous areas,
retained roots, fixed prostheses or orthodontic appliances

Images of selected radiographs (Fig. 1) were
exported in JPEG format and transferred to an iPhone 8
plus (Apple, Cupertino, CA, USA). The model has a color
LCD monitor with IPS technology, 5.5” in display size and
resolution of 1920 x 1080 pixels.

Figure 1 Anexamples of the selected radiographs, only non-overlapping
surfaces without any artifacts and filling material on proximal
surfaces were evaluated
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Each proximal surface was viewed and evaluated
by seven observers in a dimly lit room (ambient light
intensity < 100 lux). The observers consisted of three oral
and maxillofacial radiologists, two dentists specialized
in operative dentistry and two general practitioners with
at least five years of experience. The number of observers
was determined in accordance to previous studies.'"' All
observers were calibrated and introduced to the device.
After that, each observer was assigned to evaluate the
images independently using the “Photos” application.
Brightness, contrast and magnification could be subjectively
adjusted. Each proximal surface of selected tooth was
rated by a 5-point-scale (1 = caries definitely absent, 2 =
caries probably absent, 3 = unsure if caries absent or present,
4 = caries probably present and 5 = caries definitely present).

Statistical analysis was performed in SPSS
Software version 22. A weighted kappa test was used to
determine agreement among observers. The strength of
agreements were determined in accordance to Landis
and Koch’s guidelines™ (Table 1). The significance level
was set at 0.05.

Table 1  Strength of agreement according to kappa value by Landis
and Koch'

Kappa value Strength of agreement

<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

Inter-observer agreement among seven observers
ranged from “moderate” to “almost perfect”, with the
minimum value of 0.47 and maximum value of 0.82.
Strength of agreements were mostly at the “substantial”
level. The weighted kappa values with standard errors,
95% confidence interval as well as p-value between

each pair of observers are shown in Table 2.

Table 2 Weighted kappa values (+ standard error) and 95% confidence interval for inter-observer agreement

Observers 2 3 4 5 6 7
1 0.583 (+0.041) 0.531 (+0.045) 0.58 (+0.042) 0.503 (+0.045) 0.543 (+0.044) 0.47 (+0.048)
(0.502 - 0.664) (0.442 - 0.62) (0.498 - 0.662) (0.416 - 0.591) (0.457 - 0.628) (0.376 - 0.564)
2 0.782 (+0.038) 0.787 (+0.035) 0.73 (+0.043) 0.737 (+0.045) 0.682 (+0.053)
(0.706 - 0.857) (0.718 - 0.856) (0.646 - 0.814) (0.648 - 0.826) (0.579 - 0.785)
3 0.746 (+0.038) 0.651 (+0.046) 0.632 (+0.05) 0.606 (+0.054)
(0.672 - 0.82) (0.560 - 0.741) (0.534 - 0.73) (0.501 - 0.711)
4 0.73 (+£0.041) 0.731 (x0.041) 0.67 (+0.049)
(0.651 - 0.81) (0.651 - 0.812) (0.574 - 0.767)
5 0.611 (+0.051) 0.82 (+0.037)
(0.511-0.711) (0.748 - 0.893)
6 0.613 (+0.055)

(0.505 - 0.721)

p-value < 0.001 for all kappa volues’

Discussion

In our study, seven observers participating in
our study and viewing selected bitewing radiographs on

the same smartphone display showed “moderate” to

“almost perfect” agreement on proximal caries detection.
Most of the calculated values were at a “substantial” level.

The result is similar to a previous study that reported inter-
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observer agreements among three dentists evaluating
conventional radiographs®, slightly lower than a study™®
using printed bitewing and digital images viewed on a

monitor but higher than another study'’ which also used

radiographs obtained from a digital system. The comparison
of the kappa values and devices used to display the images

are shown in Table 3.

Table 3 Kappa values from previous studies, according to inter-observer agreements in evaluations of proximal caries

Study System Kappa value
This study Digital (smartphone display) 0.47 - 0.82
Abuzenada'’ Digital (monitor) 0.44 - 0.47
Adibi et al.*® Digital (printed film) 0.778

Digital (monitor) 0.847

Digital (1" medical-grade display) 0.331 - 0.797
Countryman et al.” Digital (2™ medical-grade display) 0.333 - 0.811

Digital (1" tablet display) 0.239 - 0.785

Digital (2™ tablet display) 0.300 - 0.858

Digital (common display) 0.383 - 0.780
Kamburoslu et al.*? Conventional 0.717 - 0.780

However, agreement among observers in proximal
caries can be affected by numerous factors. Dental caries
penetrated into dentine can be more detectable than
caries that are confined only in enamel. One study’ that
found a considerably wide range of inter-observer agreement
(0.239 - 0.858) consisted of sampled extracted teeth with
artificial incipient caries and recurrent caries-like lesions.
While other studies™ "’ that showed higher kappa values
included samples with various depths of caries.

The number and specialty of observers may also
contribute to radiographic interpretation. Fewer observers
from the same department tend to have substantial
agreement.”'®* Meanwhile, dentists from different fields
of expertise can show more discrepancy in that regard."’
Participating observers should be skilled in radiographic
caries detection. As there were studies that included
oral and maxillofacial radiologists, oral and maxillofacial

M1 operative dentists® as well as general

radiology residents
practitioners with considerable amount of working ex-
perience'""?. Seven observers specialized in those three
different fields of dentistry were selected in this study
and the agreement level ranged from “moderate” to

“almost perfect”.

Regarding the effect of visual acuity on radio-
graphic interpretation, there were still limited studies
addressing this issue.”” A questionnaire-based survey
performed in a dental school in New Zealand showed
that 92 % of the teachers considered their eyesight
satisfactory and sufficient for their dental practice.'® As
for the seven observers participating in our study, they have
either normal eyesight or apply corrective lens that help
restore their vision to normal range.

When compared between male and female
dentists, no gender-specific differences in proximal caries
detection were discovered. Whereas age, which can be
related to the amount of experience, plays a more important
role. The same study found that examiners with experience
had almost four times greater chance of a correct assessment
than examiners with less experience."”

Considering the growing usage of a digital radio-
graphic system, choosing the proper displays for image
evaluation is imperative to ensure accurate diagnosis
which will lead to the appropriate management for each
detected lesion. Countryman et al.” compared the perfor-
mance of five different displays (one common monitor,

two medical-grade monitors and two tablet displays) in

Lappanakokiat and Panmekiate, 2020 277



the detection of artificial incipient and recurrent caries-like
lesions. The result showed no significant differences among
the three types of display monitors. However, the auto-
calibrating medical-grade monitors performed better
when incipient and recurrent lesions were compared.
In addition, Araki et al.®investigated the effect of display
monitor devices on digital radiographic caries diagnosis
by comparing one common monitor, one medical-grade
monitor and one tablet display. The result showed the
tablet display had lower diagnostic accuracy than the
common monitor and the medical-grade monitor especially
for superficial caries, but there was no significant differences
between the common monitor and the medical-grade
monitor on diagnostic accuracy of superficial caries.

According to Landis and Koch’s guideline™, a
“substantial” agreement is quite a high-level degree.
The calculated weighted kappa values from this study
were also comparable to previous literatures™>'*!"
which evaluated both conventional and digital bitewing
radiographs via various methods. These results may
encourage using a smartphone display as an optional
but still acceptable method in detection of proximal
caries. However, further studies with in vitro setting to reach
gold standard in confirmation of carious lesions and other
statistics (e.g. sensitivity, specificity, receiver operating
characteristic curve (ROC curve)) are required to confirm
the accuracy of this method.

In addition, since this study was performed
on only one type of display, more monitor types and
possibly related factors should also be included to
facilitate comparison and determine the significance of
each factor in respect of digital radiograph evaluation

and diagnosis.

Conclusion

Images of digital bitewing radiographs viewed on
a smartphone provided an acceptable result in terms of
consistency between dentists and may be considered

one of the methods used for proximal caries detection.
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Abstract

The aim of this in vitro study was to compare the remineralization efficacy between dentine carious lesions
in primary teeth after an application of a silver diamine fluoride Thai product or a commercial SDF. The samples
comprised 30 primary molar blocks with natural dentine carious lesions. The baseline mineral density (MD) was
determined using a micro-computed tomography (micro-CT) that was used to calculated lesion depth (LD) and mean
mineral density (mean MD). The samples were randomized into three groups: SDF (Thai product), commercial SDF
(Saforide®: Toyo Seiyaku Kesei, Japan) and deionized water (control group), respectively. After undergoing a bacterial
pH-cycling challenge, the samples were re-evaluated for MD and the LD, mean MD, %LD change and %MD change
was calculated. The results demonstrated that the mean %MD change of the three groups were 38.9 + 18.1, 60.2
+ 30.6 and 4.5 + 7.6 respectively. The mean %MD change in the SDF (Thai product) and Saforide® groups were
comparable but significantly different higher that the control (p<0.001). The LD at baseline and post-test of each
group did not significantly change (p>0.05). In conclusion, SDF (Thai product) and Saforide® have a similar efficacy

in remineralizing dentine carious lesions in primary teeth

Keyword: Remineralization, Lesion Depth, Mineral Density, Silver Diamine Fluoride, Dentine Carious Lesion

Received Date: Apr 17, 2020
doi: 10.14456/jdat.2020.28

Revised Date: May 4, 2020 Accepted Date: May 22, 2020

fnfatiganuunAy ;

o

i lnssmbisna melviuanssudmsudin auziununmeamans aasnsalivmine ds 34 auud g uvieislvl weauyuiu nsammamuas
10330 Uszwnelne Insdwyi: 02-218-8909 Buua: ctrairat@gmail.com

Correspondence to:

Chutima Trairatvorakul, Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University, 34 Henri-Dunant Road, Wangmai,

Pathumwan, Bangkok, 10330 Thailand. Tel: 02-218-8909 E-mail: ctrairat@gmail.com

UNUI

PNHAENTINANTILVLURGUN WY ISV 8 (1.7.2560)
wunaneny 3 lanugnvedlsailunioas 52.9 fnadeiluy
00w 9n 2.8 oA uazianeny 5 Wiewuynvedlsaitusiesas 75.6
a1 a o oA ~ = ) °
fenndefiun nau an 4.5 Freau" WellSeuwsuiunad15i9
anigiusgua e Aasen 7 (w.a.2555) nutiludine1y 37
waz 5T finrwgnnisiinlseiluyanaadniies uwaziinndeilus
nou aalivAsuwUawin ' waasliiuinlsaitundenaduiym
ddyrasinineg

4 =3 v Yo [ a

dennillseituruasldldsunmssnyasionanssnu
fia flonsuan Andeuazueulindutsdmaronmnndinues
WwnislugunsiuUsEueskansusuvay’ Tuiniidl

HurgnanunuIiinansenuiensasyAulalaeiumvinuas

drugalpeniinguaiuauegelited Ay’ inuisdau
fififmanslunsshvmdonmsdnfausnsmeiunnssy
ylildsunsitadelsnuasmasnmia®n uenaintdudy
wutindifituglugeituiusianudiusiumaiiiuy
Uhamausasituluiiuwvisng’
Tuefnmsdanslaaitupehinidefoduiiisoslsn
ooniuAkazuLTd e Tanysae uiluilagtuldatiuly
fimsvgpauazauauseeys i sysneildinenutes
(minimal invasive restorative treatment) Inefiihwsneiile
muaunszUIuMAniiug Snwiioituly wandesnsud
2esmsysagiiutaginuiulilunuian® nnuuafedenan
Fadimsnwieiinsdansilengadisesyoeneiusyavsnm

Kunpanichakit et al., 2020 281



Alnetes vilade ldeddisnvieTangunsaindudeu
A o Yo < | A a | a
Wethanldinnisseslsafiunludnnguidenuidssionsin

Hungaazddedninlunisnfauinsmeiuanssy
UssmagUulit@aneslaeiiungeslfunlins
Viunnssuausd A.A.1969" Aoulul a..2014 Felasunissuses
INVIANMTO MUz AsEnSgaEn IneTunzidawdu
A A g a a s v oA o
w3nsilounmd® wenandaviesiaeiiungeslinayldiionynds
soglsaflugluiiuthug’ uddsiilseansanlunsauauuay
ngadelsaitugluituuivesiUls oy’ iuiadesiunisia
s U nTuludlngae’
Tutagtuiiganesineiuigeslsavainaisdie
LALANUNTUINUUNIUNDINAN INNSANYINUINENT
avaneTanieslaeiugoslsinnududusosay 38 Tusvdvanm
Tumsnengasesrlaniagn ' luusewmelve esdnisemnsuay
gldeugnlihdiamziadmiunulumuiunassaae
< & & a a ~ s
Juasinsintu ynanunsandndaneslaeiungeslss
TulsemalneTisyavisnmiteusResiuansikanlumsusemala
< a a | ' ° a P
fAagdlansfismdenen wangwinanluldlugusuinisdie
UiMsmeviumnssudadnin cnideiRelingUsvasdiiienaaeu
Usednsnmussansazanedanesineiurigesliifinanuuly
UseirAlnelSeudisuivansazanedaneslaeiiurgeslsd
A a | & | y X
ndalwinsUszmelunisiuussinsosnduileiu

TanaunIalLazIsnIs

MIFNwHILNTASNATEsTIINTITe luay e
NANENITTNNTNTNTEETIUTULYWE 1avh HREC-DCU
2018-020 wagkUN5UsEEIUANUUABASENIRININ INNALY
NFIUNIAIUANAINUADAFENITININ 1aU7 DENT CU-IBC
006/2018 AMETUALNNEAIEANS JHIAINTAUNNTINE Y
1. nMswseussazatedaiesiaiungesliduaznisnsey
IunuAE9

MsAnwtuasel wisuasaratedanaslaeiiy
Wgealinlauendnadvzinives Yamaka uay Yokomizo
Tt A./.1971" @39 3567823 laglyion1suanaiundfe

a 12 a ' S o & Y]
wesluilleamlgealsiuasdaneseenladluiingu 9ntuusu
Anudunsa-ang (pH) Teeldueuludle Tvansazanedl pH

| 1314 ° A A 1 )
5813149 8-101 Apunisnnasstiiasazaeiwseulauin
anududuvesdaneslossu vigeslslosauuay pH iSsuiieu
o a a ¢ Y v oy A
fuasazaedaneslaeiungesliiaudutuiosay 38 il
Jmuglunasmaia (Saforide® Toyo Seiyaku Kesei, Japan)

wuiiansazarefiwdsuladaududuresdanesleosu
115,366.7 + 378.6 dwlududu (ppm) vgeslsilossu
61,600.0 + 1,008.8 ppm Wag pH 9.0 @ Saforide®
faududuresTanesloosu 189,766.7 + 493.3 ppm
vigealnleasu 63,240.0 + 1,367.2 ppm W pH 9.5 iuandiu

msanelundsifldguiiuiegnasiuiu 30 Bu faan
Wummﬁ’mmaquéﬁwmu 30 %ﬁ”lé’%’ummauﬁwm@wa
maviuanssy iesannsenunifunsveaeulstavsnm
maﬁaL’JaﬂmLaﬁuwQaaliﬁﬁmams[,uﬂizlmﬂim%’!qé'qlaiﬁmﬁ
Anwneu JFInvIANaUfiIeglng19BIINITY
luioalfjufin1sves Mei uazmne” Zhi uazane’ uay
nmsAnethses (pilot study) FldFuiluiegresiu
3 %u&iaﬂﬁcju namsAnwsemuInTuilugheteiildunns
m%ana%"l,mLaﬁuwQaalsﬁﬁmamiuUizmﬂlwmazmjumuau
('vnﬁ'saﬁwﬂimf\nﬂlaaauﬂimﬁnm‘?jya) f3ovazn1siasunlas
mmﬁﬂiaﬁma?{a (Mean %LD change) -30.2 + 19.9 way
11.9 + 4.1 9udeU fuuamaueaaedoudilisensu
annfguduass (Type | error, QL) Wiy 0.05 waziuae
AnueALeAouiveyfuaLAgLilsueis (Type ll error, B)
wihiiu 0.2 lednunudiegnenguag 10 FuiilewrAndosas
ﬂﬂiLUéauLLanmaﬂmuuwLLﬂuLLi'ﬁﬁaLa?iEJ (Mean %MD change)
ynmsAnwhseunidlunisiuin wuhlddnoungusiegn
Wesnitnguas 10 o

o &

vdninawinsdadh:  Fudumesitunsiuthundi 1 uas 2 909
°mrﬁﬂﬂwuuazehﬂuu“mmﬁﬁsaEmgmuﬁﬁummu%uL‘Tjaﬁu
EL‘IJi%EJz%qu]ﬂ 1/3 fasvegnans 1/3 mawmwm%mﬁaﬁu
PENLNUNNSARDDN: saakmﬂucﬁwqmqﬂmmﬁa, Tsoun

o w I

fneglutuadouiiy, diunisosnnzalnsauszamnily,
= v =

Y a a a o o

HUIYIN, N?a@!uimg, IANuRaUnRveInNIsaTIIuLas U
2 1 X v aal ~ & o I

VUIRNLAN bLllﬂ’]ll’ﬁﬁW]iﬁlllGUUWUIWWr]ll']ﬁﬂ’ﬁlsmﬁﬂllsﬂuﬂu@]']@8’1\1

wissuuTuieg 1 iluwInn e x 817 x 89 iy
1x24x3 Qﬂmﬂﬁﬁaﬁmm (131.%) YMspeuInNInNanaTuiy
AMUNTINANUATINEIVDTUIING 0.4 TAFINT (13) ARoAKL)
tawUsTuiudy 2 duldnn duneasawaraiusneds fvun
K oA & a A & v
NuRdIUNAapIRaUSHUNIEas duntaeun 1x1
msefaduns u?) Wdunsennmysidurigudnans 0.5
a a v 9 g A g Y a a a
Tadwnsnsermudnvesuiluiieldugndsdein 1 niadeu
Fuituiegaeiiemuaulieniuuinumeass (U7
1A) ¥1598UINAUT WA UTALSTUAIBIINTDAINLNYTLAURN

282 J DENT ASSOC THAI' VOL.70 NO.4 OCTOBER - DECEMBER 2020



Audnans 0.5 fadwnsiie.dugnd19den 2 lnegnd1edei 1
waz 2 TwemuuasiumdiniuueulunTinauruILLY
u3sINIEATRIaIEN NS ERauNIRassEaUlulATwAS
(micro-CT) tnBuiusitog s BniuwyiudaansUig nulen
3 o | o v v | d'

NMAUUTIMWINEARa MAUMEnIBavULWYILER (5UN 1B)
PMUINIATINUAMUIL LSS 9SUAL AT micro-
CT (uCT 35, SCANCO, Switzerland) luniiedadnsulensen
ForwlndregnuIANLURLAS (mg HA/Cm?) AFNAILVILIY

] a . ~ o ~ ¢ a <
WI51RVBATOI micro-CT ieufiulansenFornilnauigns

Experimental area
(carious lesion)
1x1 mm?

/_;\

Ref. point No. 1 —»

Indentation Line
0.4 mm width

2.4 mm

A

(Hydroxy apatite phantom) 1,200 mg HA/cm’ AaazLoen
YBININ 1,024 x 1,024 finwga 14598 70 kVp 114 pA n1svyu
180 o3 M3he 1 AStldnan 10 uidivle 1 Tuitushoens Sy
200 dlad anuvun 10 lulaswnssiedlan Inepseunquaiu
UUAAYDITOBHANYILR 2 Saflums thanfuamaudn
SOURLATAIVL LU AR AstouMIYIAAes Nty
flufidatuwiuBauarnianqudmsumzdsasadluily
Unannidessuianesiiailes

<+— Micro-CT analyzed area
2 mm depth

<+— Ref. point No. 2

@ “——— Labelled number

B

JUn1  msmSeuduitudieen: datuihumeealviluunm 1 x 2.4 x 3 1’ (7399 x €72 x g49) T0eUINNNaNIUTIUAINA NGV TUTIUN TN

4 . iiauvauituthy 2 aauldiun diumeassuasaius s nhemndvenyiusameassvuin 1 x 1 uu? (A) ihduituiiegis
0.4 331 iWauvsutuihy 2 dulain dau wazaIl e MmMUaUENIUUSII) um 1 x 1 4312 (A) thiusituged

avunIganuuviuen ()

Figure 1 Specimen preparation: The specimens were prepared into size 1 x 2.4 x 3 mm’ (width x length x height). A 0.4 mm width

longitudinal indentation line was made to equally divide the specimen into the testing and reference sides. All surfaces

were coated with nail-varnish excluding a 1 x 1 mm’ on top of the testing side (A). All specimens were embedded in resin mold (B)

2. Mawissuansazaneiine lWAnnnsgadenssig
wisuasasaeiineliianisgaydouisinlagldide
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ndle Sudufe 9.3 x10" Taladdediadans
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3. NTLUIUNTINADIEN12YDIUN (pH-cycling challenge) (gih‘?i 2)

n=

Natural dentine caries block

30

micro-CT (baseline)

!

Divided into 2 groups (n = 15 per group) according to lesion depth

A

y

For each group, divided into 5 subgroups (n =

3 per subgroup) according to mineral density

A

A

The samples in each subgroup were randomized into three groups

A 4

n=10 n=

SDF (Thai product) Saforide” Deionized water

10 n=10

A 4

Bacterial pH-cycling challenge for 5 cycles

A 4

micro-CT

(Post-test)

g2 dupeumsnnaes
Figure 2 Flow chart of the study
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ngudl 1mans A): msneansazanedaneslaeiiungesise
fndsluuszimelne
ngud 2 (mans B): sheansazareTaneslateiiuvgeslss
wuSoray 38 (Saforide®: Toyo Seiyaku
Kesei, Japan)(Lot number 701 RA)
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thiuituiegaiiumssassaniorlutestinud
tlFunmandesoufarediiafled anduiuninau
MULULSSIRTELA3Re micro-CT Insafisefuieniuiey
NINAABY Lﬁaamﬂ%uﬁw?haehmwiax%u%gﬂﬁﬁuﬁw
mnelaRast UM Tuufets (57 18) fay
fiufindramumuuiuissaginuhduitududutuiii
Isgumsmansla dumannadnsess mnamnuuussIR0aY
Sovaznsidsuutasanidnsoss uagfevasnsiUdsuulas
TRt uitue usaY TuMEvsnTaaed
4. NFAATIZANGEDA

msneluadil vnmsieseimneatilagHlusunsy
LOANLRALDE NBSTU 22.0 (SPSS version 22.0 software, IBM,

NY, USA) AasteiiUSeuiiounnuansesriaie AEmuig

uismnisvestuiluiounazndinmmaansmelunguusasnasy
nelvana Paired T-test Wag Wilcoxon Signed Ranks test
gy Tntulieni IsudisuiosasnsiuAsuuas
ANuENsEYIRALLAY FoBRYNSIUALLU A ULALSE
WAsnevdsnsnnassszwinangulngldadia one-way ANOVA
wazlUIguiiigunanuiieaiia Games-Howell Post Hoc test

a o

Tnen1svagounsaRavIIuAnIMuUaszaUtad1Aty 0.05

NANISAN®EN

MNMIBBuTieUANLENToBRARELAY ALY
uismiadsioumInARBssE NGy WUt 3 nduilenudn
seRAtLaTmMLLULIs A lsiLAn e (o= 0.980
uaL 0.669 AUAIFU) (5197l 1 uae 2)

Table 1 Mean lesion depth of specimens at baseline, post treatment and mean percent lesion depth change (mean + SD)

Mean lesion depth (um)

Mean %LD change
Groups (mean + SD) p-value ' s p-value ™
(mean % SD)
Baseline Post-test
SDF (Thai product) 1,052.5 = 374.5 914.6 + 337.4 0.079 -10.1 + 19.7 0.533
Saforide® 1,085.0 = 374.3 1,007.5 + 399.4 0.088 1.8+ 129
Control 1,069.8 + 341.2 1,042.9 + 367.5 0.495 -2.7 +10.5

T Paired T-test

™ one-way ANOVA

AN 2 AIUNUIUUUTSI9IRAE YOI TUTIUA 106 19N0UN1TANABY NAINITNAADY UAYTOEAYNISIUALULYAIRIINUINLTE IRA (Aiade +

FHUTHUULUIMTFI)

Table 2 Mean mineral density of the lesions at baseline, post treatment and mean percent mineral density change (mean + SD)

Mean lesion depth (um)

Mean %LD change

Groups (mean + SD) p-value p-value ™
(mean + SD)
Baseline Post-test
SDF (Thai product) 666.9 + 123.3 914.2 + 125.0 0.005 38.9 + 18.1" < 0.001
Saforide® 609.7 + 138.2 945.6 + 131.4 0.005 60.2 + 30.6"
Control 642.3 + 161.6 663.4 + 132.6 0.241 45+ 7.6°

Wilcoxon Signed Ranks test

i one-way ANOVA

Difference in superscript capital letters in column indicated statistically significant differences among groups (one-way ANOVA and

Games-Howell Post Hoc test, p< 0.001)
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Figure 3 Pattern of mean percent mineral density change at the first 250 um of the lesions

univsal

msfnyluafiilumsuiouioulssansames
aneslaeiiuvigeslsdfindnluussmalnefudaneslaediy
vigeslsafindnlusinaszina nglidaneslaeiiumigeslsd
anudutudenas 38 inanluszimadufe Saforide® Huans
azaneanAsgu Lesnivanemsinymuindussavsnm

L1819 4y ansavaneTanes

Tunsvensssosrtudliluitud
Inwefiurigoslsdindnlulssmelnglunisfinuaded Hums
HARANNENSURNT0S Yamaga wag Yokomizo Tull a.a.1971%
falflaueBnswdenansaraedaneslaeiuigoslsivans s

Wy NsUsuAMulunsa-asvasansazanslaaldufaneuludles

286 J DENT ASSOC THAI' VOL.70 NO.4 OCTOBER - DECEMBER 2020



mMawsELanNsaraneNTanasluwsalasiiuansavaneuaulonsa
L AguAISUBLUA LiBIRIeTNSHANAIUNILa A uva T
an a o v 5% v faw Y Yn o = A snal
TBnsivilade lidedldaunsaiidudou fidudadenldioney
auralaud wenlufloungeslsauasBaneseanlaniudiumad
a9 Y a oA Y < |
Aathnau wazduseuludedieusuanudunsa-mevedansazay
| < vaa A o a a a
pgslsnmumAlEIsnswauLuudy 9 oralnuszansuai
wANANsaanbl
o & = wuaa o o
AuA WuniidlunuaudRndAyvesasazats
TuafnsinmsldansazareTanesngeslsdlumeiunnssy Fal
1% a A 1 a a = U 1 o v
Jadefaliiatos Msiukenlusluansazarenanavinlians
a a I P A ' a
avanefinnuadiosuasiiuliliuiu iesnnyweniiy (-NH)
nwedluiyazduniudaneslesau lnlossuletouisenin
laweiiuganeslooou (AgNH) 1) Saduuffiseniidundu
Lila” Jeilnganeslaeiungealsdininunsiiuayded
mmtﬂuﬂiﬂ-ﬁwagﬁ 8-102 9 nmsinuSunadanesuay
geelsnvesansavarendsluusemalvelagldansavavate
a aa a v | A v v oA o
PIAUNTINSUAGLUNTNABBINED NUITANLLLIUNAII VB
Faneslosunaziigeslslessu Weolnnmevdsmsudndunm
2 Y lnwansasanefinauudnnzgninuluriamanafingu uaziiiv
Tunwugfiusasioamall 4 esmwalded og13lsinualsd
ASANRIUAINUAIAIVDIATALYAENTLYLIATUIUNINTY
Tutumeunswiseuasazanedanieslaeiurigoalsd
Assll nullgmAensdanesoonlsnliannsoasatulaiavun
& | 9 = & o =~ a o v
warviasudenznaurautaln Judutadeuntanyinlrans
AvAneNlPlANULLTUYB IR DS URININAN N NN NTIT Y
Tulewann envdwasienIsusnTuesdanesidngilodouds
wazduiuneas dwalisesnluruiiuiognsivanes
IntefiurgeslsdiindslulssmealvedfovasnisiUasuwdas
AVIYLULIT R AUAINSNRaeslaendngy Saforide”
) a o vy wa a a o a o ¢l
mnagimuNan sl AnautRiuRe s uNGn el
Fmheluiowatn AIsANYIRLRLERSNsIvlATanes
genlianunsarasliinniu wu g HaLasavaNY
WiuszuzalunMINENANTazaY WULA1TaYaI8MIEIN1TOU 9
= U L3 ZO
295 ITaIasUIlY
TumawSeuasasaneiineiinn sgaydeussn loe
TweuuriiSedmsumsfinunsail BenltideuuaiiGe 2 anemiug
Ao awnsulnnenaa Jauis (Streptococcus mutans) Wag
uamlnuIgaaa 1male (Lactobacillus casei) Fududannuly
ooty wiseuasazaneilmaulunsn-me 6.3 + 0.2
Fnnnaarudunsa-maingiiveaiefiufie 6.7% uazlimdn

soenvesTuiiufiegtean ewnn1sfdnsesyeentewzol
luidenasiaUss@nsnnnisvgadisesnvesdaiasiaeiiu
aeelsa® namansvilegiiuuunadnmlaegiun 4 (rubbing)
vusesrluna 3 il aueuuztves Yamaga uazanss’
MIAATIAUTE TR AN TOERMAL AUV ML
wismvansneaesseviengulumsinunil fenltmsesasves
AYINAN IO ANAMUMULLSS W Re MU snaaes
TunsilSeuiieou iWesnnnisdnwililunsnuluitutiug
PN sy & & & o A~ =
MilveunnasTIHY AT BuiluiogausayaulauEn
FOUNWAZAVIUUU USSR BUGULANA9AY Bgslshnnw
YA U Y val Y 1w i i oA = a
WeladinisauRslvingusetnwiasnguiauansesniage
WAL ATIUMLLLLUIE WA SR luANiueg 1l tud Aty
nn9adid InelidadensnnuansertasAUNUILULLTE)
Susulunsdnngusiiegns (3Un 2)
= =1 "y = =
nnnsEnwluasiinud SerasmsivasuuUanu@n
JoURLARENAINTIAaR e TUTlLAIDE199 3 nauliunnsnafiu
= i = 23 Al a a
FIUANAAINNMSANYIYDY Zander Uawanis” TiRnwIUsvansnm
vawlgeslsianentunisdesiuiiuytiuiiofu lnenuinguily
fegraiimvgeslsdianiziifegeslsninsdynnnududu
Souay 5 Faneslaeliuigeslsinnudutuiosas 38 warn
a a 61 U a & a =
Faneslaeiungeslsrsiuiulnuadelelelad danudnsesy
NSIN1TNABDIURLNIINGUAIUANBE TN Agyn19adia
| 2 v 1 a Py o 3
atlsfinu mavaaesianarilunisliiuiiuainiuagyinly
Hurileituuni (sound dentine) Tuvnizinmsnaaesnsil 1guity
nfluthunveyydNlisesnsusssusATuL ey
WeRnwdnwaenMaiuduveanssigluiasseau
PAENTBEENUT UThastuuenvesseerilSosasnsiuiuilas
AUV ILUULITILTNTULIN NUUTesasMTUGeuLUa
ANILUULISATanauile Sudlndlilefuung (3UT 3)
N3 ANTUYDILITW TUsENABTEINITMITaIes ity
aeslsallanunsneiuiefe Wedaneslaeiiungeslsndura
y y & s ame u X uwya o e s
fusesntuilothugiuiseiuiloihlinnsiosife unadey
Wgealsn Fanesneannuazdanesiusiu dliavaneuiuay
) & & o =
anagnauUnAguuNtLenveileiy iumsann1saadeunaidey
wazoamaananseey Suvadunisnszguliinnisadns
& a Y = o & < Y .
Weilunennunsuaadeuvsellefluuianszae (calcified
or sclerotic dentinel’* FINTHNTUVBIITINUIINTUUDN

v o v sw & a S a X a v oo
T@QﬁaEJE;JEJ\TﬂlI‘WuﬁﬂUﬂ'nllLWQN’J%@Qﬁ@BP}l‘WLWN%uﬂﬂﬂfJﬁJ

= & Yy v = . 2
NAN1IANYIURDAARDINUNITANYIVDY Mei e Aty

a oA H Ao g X =Y vu a s
NNUIN Lll@m5’J'§]ﬁuu7u1~l‘1ﬂlﬁaUﬂmuLu@ﬁuﬁﬂiﬂﬁUﬂqimq%a Pl

Kunpanichakit et al., 2020 287



lnofturigeslsdmnududusonar 38 uavlimsvendimassosy
uésneNATed micro-CT InunUTUSEaN 150 launsou Mnfuen
Yass0L T anULAATIAs e ALl
vassosr MsfnwisiaenndestunsinuilusiesUfinsues
Zhi uaganz® finunmaifiuturesmumnuduissislusosy
Sraosiuilofiudenar 63 Insinds mevddldtunismianes
geelsduarinunszuunsiuussin egelsinunisfiny
Tuadstiwuharumuiuussnedslusesydudefiufiie
I#etiaunianununuiuissinedslusesydudotiuan
nsfinwves Zhi avany osusldrensinuluadillituity
fhogeanitunsruinum luaefinsfnenes Zhi uasany
Tiuitumegnennitunsnatosuyt Samuiituthuuaediony
muutussesniituuiiduuedeutiuanideiu?
savmsfiny1wes Zhi uasane Hsosnsnansieanansonugu
AL luoBRlF RN TTseereMsTIIR Tetn sy
vosusolusersdesuldainiades micro-CT duoaliunas
fenmsadadeiuiinenyuseuradeuuasnismnagnou
vosfanes Mudwesdinisfnwufumiuisiinvouss
fifsdulusosnsioly

unagu

sy luesfinsededasinaléd Faned
Inwediuvigoslsindslutsumalnouazdanoslaediurigoslsd
mututusosay 38 Andnluinasemeanaziidimingly
viesnamiiusyavsnmlumsiuussmlusesyduilodiures
ituuslndifesiu

AnANIsuUsZNIA

fa v

AR VRVRUNTEAMAUGITBYIINeYRIUIN
AuEIeTunTaneans 11PRYIaTTIve AngTiunmeman s
warnAitiad A inenmans suainsalninende fideiie
a0l YanuazgunsallunsiiiiumiAde ngunuviuanssy
Tsmeunadssau lunmsdamilusiegafielflunuide
mATlFuuaTuauTNYuAMIE A TuRuNEARS

PNaNTAUNVINGTY

LBNE1591999

1. The 8" National Oral Health Report. In: Bereau of Dental Health.
Department of Health, Ministry of Public Health, editor. 2017 (2018).
2. The 7" National Oral Health Report. In: Bereau of Dental Health.
Department of Health, Ministry of Public Health, editor. 2012.

3. Acs G, Shulman R, Ng MW, Chussid S. The effect of dental rehabili-
tation on the body weight of children with early childhood caries.
Pediatr Dent 1999;21(2):109-13.

4. Ayhan H, Suskan E, Yildirim S. The effect of nursing or rampant
caries on height, body weight and head circumference. J Clin Pediatr
Dent 1996;20(3):209-12.

5. Greenwell AL, Johnsen D, DiSantis TA, Gerstenmaier J, Limbert
N. Longitudinal evaluation of caries patterns form the primary to
the mixed dentition. Pediatr Dent 1990;12(5):278-82.

6. Schwendicke F, Frencken JE, Bjorndal L, Maltz M, Manton DJ,
Ricketts D, et al. Managing Carious Lesions: Consensus Recommen-
dations on Carious Tissue Removal. Adv Dent Res 2016;28(2):58-67.
7.Yamaga R, Nishino M, Yoshida S, Yokomizo I. Diammine Silver Fluoride
and its Clinical Application. J Osaka Univ Dent Sch 1972;12:1-20.
8. Horst JA, Ellenikiotis H, Milgrom PL. UCSF Protocol for Caries Arrest
Using Silver Diamine Fluoride: Rationale, Indications and Consent.
J Calif Dent Assoc 2016;44(1):16-28.

9. Chu CH, Lee AH, Zheng L, Mei ML, Chan GC. Arresting rampant
dental caries with silver diamine fluoride in a young teenager suffering
from chronic oral graft versus host disease post-bone marrow trans-
plantation: a case report. BMC Res Notes 2014;7:3.

10. Tan HP, Lo EC, Dyson JE, Luo Y, Corbet EF. A randomized trial
on root caries prevention in elders. J Dent Res 2010;89(10):1086-90.
11. Fung MHT, Duangthip D, Wong MCM, Lo ECM, Chu CH. Arresting
Dentine Caries with Different Concentration and Periodicity of
Silver Diamine Fluoride. JDR Clin Trans Res 2016;1(2):143-152.
12. Yamaga R, Yokomizo I. Silver ammonia fluoride solution and
method of its use. United States patent 1971; US 3567823.
13. Chu CH, Lo EC. Promoting caries arrest in children with silver
diamine fluoride: a review. Oral Health Prev Dent 2008;6(4):315-21.
14. Mei ML, Chu CH, Lo EC, Samaranayake LP. Fluoride and silver
concentrations of silver diammine fluoride solutions for dental use.
Int J Paediatr Dent 2013;23(4):279-85.

15. Mei ML, Ito L, Cao Y, Li QL, Lo EC, Chu CH. Inhibitory effect of
silver diamine fluoride on dentine demineralisation and collagen
degradation. J Dent 2013;41(9):809-17.

16. Zhi QH, Lo EC, Kwok AC. An'in vitro study of silver and fluoride ions
on remineralization of demineralized enamel and dentine. Aust
Dent J 2013;58(1):50-6.

17. Peng JJ, Botelho MG, Matinlinna JP. Silver compounds used in
dentistry for caries management: a review. J Dent 2012;40(7):531-41.
18. Lo EC, Chu CH, Lin HC. A community-based caries control program
for pre-school children using topical fluorides: 18-month results.
J Dent Res 2001;80(12):2071-4.

19. Chu CH, Lo EC, Lin HC. Effectiveness of silver diamine fluoride
and sodium fluoride varnish in arresting dentin caries in Chinese
pre-school children. J Dent Res 2002;81(11):767-70.

20.Targino AG, Flores MA, dos Santos Junior VE, de Godoy Bene

288 J DENT ASSOC THAI' VOL.70 NO.4 OCTOBER - DECEMBER 2020



Bezerra F, de Luna Freire H, Galembeck A, et al. An innovative
approach to treating dental decay in children. A new anti-caries agent.
J Mater Sci Mater Med 2014;25(8):2041-7.

21. Becker MR, Paster BJ, Leys EJ, Moeschberger ML, Kenyon SG,
Galvin JL, et al. Molecular analysis of bacterial species associated
with childhood caries. J Clin Microbiol 2002;40(3):1001-9.

22. Hoppenbrouwers PM, Driessens FC, Borggreven JM. The mineral
solubility of human tooth roots. Arch Oral Biol 1987;32(5):319-22.
23.Zander V, Chan D, Sadr A. Microcomputed Tomography Evaluation
of Root Dentin Caries Prevention by Topical Fluorides and Potassium
lodide. Sensors (Basel) 2019;19(4).pii: E874.

24. Deery C. Silver lining for caries cloud? Evid Based Dent 2009;10(3):68.
25. Mei ML, Li QL, Chu CH, Lo EC, Samaranayake LP. Antibacterial
effects of silver diamine fluoride on multi-species cariogenic biofilm
on caries. Ann Clin Microbiol Antimicrob 2013;12:4.

26. Mei ML, Ito L, Cao Y, Lo EC, Li QL, Chu CH. An ex vivo study of
arrested primary teeth caries with silver diamine fluoride therapy.
J Dent 2014;42(4):395-402.

27. Hayashi-Sakai S, Sakamoto M, Hayashi T, Kondo T, Sugita K, Sakai
J, et al. Evaluation of permanent and primary enamel and dentin
mineral density using micro-computed tomography. Oral Radiol
2019;35(1):29-34.

Kunpanichakit et al., 2020 289



Originals Article

Effect of Vitamin C Suspension on Micro Tensile Bond Strength of Non-vital
Bleached Dentin to Resin Composite Restoration
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Abstract

The aim of this study was to evaluate the effect of vitamin C suspension prepared from vitamin C tablets
on micro tensile bond strength of bleached dentin to resin composite. Thirty human premolars were used. Cavities
with a width and height of 3 mm and 4 mm depth were prepared. The teeth were then divided into 3 groups. Group 1
(control) consisted of premolars which are restored with resin composite without bleaching. Group 2 consisted of
premolars bleached with 35 % hydrogen peroxide, irrigated with 10 % Vitamin C suspension prepared from vitamin C
tablets for 10 minutes and then restored with resin composite. Group 3 consisted of premolars bleached with 35%
hydrogen peroxide, then restored with resin composite immediately. After restoration, the samples were sectioned
and micro tensile bond strength tests were performed with a universal testing machine. The data were analyzed by
one-way ANOVA and Tukey’s statistics test at 5 % significance level. Bond strength in each group were statistically
different. Group 1 presented the highest bond strength value, followed by group 2 and group 3 consecutively. 10 %
vitamin C suspension affected the micro tensile bond strength of non-vital bleached dentin to resin composite by

increasing the bond strength. However, the bond strength value was still lower than the unbleached group.
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Introduction

Non-vital tooth bleaching is a procedure commonly bond strength of resin composite to tooth structures are
performed to treat discolored teeth after root canal adversely affected when restored immediately after
treatment.' After the bleaching procedures, subsequent bleaching procedures.”” Some researchers have postulated
restoration of the endodontic access with resin composite that residual oxygen from bleaching procedures caused a
is needed. Some studies have been reported that the decrease in bond strength.”* It has also been proposed
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that decrease in bond strength may caused by changes
in tooth structures after bleaching.”** The drop in bond
strength may lead to failure of restoration in the future.

However, the decrease of bond strength is not
permanent. It has been reported that bond strength
may return to normal value after a delay of 1-2 weeks
prior to restoration.'""* Some researchers also suggested
the use of antioxidant such as sodium ascorbate (SA), a
potent antioxidant, to help reverse the negative effects
of bleaching agents on the bond strength."**** Most of
the studies have used 10 % SA in a form of solution or gel,
and both are effective. Unfortunately, these procedures
do not gain so much popularity due to limited accessibility
of sodium ascorbate and technically complex preparation
methods. Vitamin C or ascorbic acid could be considered
as a good alternative of sodium ascorbate. It is also a
potent antioxidant available in many forms, commercially
available, and it has a long shelf-life. In previous studies,
vitamin C was not commonly used due to the concerns
regarding the acidity which could potentially damage the
mineralized tooth structures. The effect was considered
detrimental to bonding procedures. It was noted that the
pH of sodium ascorbate was approximately.” However,
the pH of ascorbic acid was approximately or below.
Recently, vitamin C tablets now claimed to have higher
pH than before. This may be utilized as an alternative
substance of sodium ascorbate.

Regarding the statement mentioned above,
the purpose of this study was to evaluate the effects
of vitamin C suspension on micro tensile bond strength

of non-vitally bleached dentin to resin composite.

Material and methods

Thirty previously extracted human upper first

premolars were collected. The teeth were cleaned and

inspected for signs cracks, decay, and restoration. Only
premolars with sound tooth structures were included
in the experiment. The selected teeth were stored in
0.1 % thymol solution at 37 degree Celsius for 1 week,
followed by storage in distilled water at 37 degrees Celsius
no more than 6 months until the testing procedures
commenced. The teeth were mounted on an acrylic resin
block and randomly assigned into 3 groups of 10 teeth:
Group 1: Restored without bleaching
Group 2: Bleached with 35% hydrogen peroxide for 4
days, removed bleaching agent then treated with
10% vitamin C suspension, and finally bonded
and restored immediately.
Group 3: Bleached with 35% hydrogen peroxide for 4
days, removed bleaching agent then bonded

and restored immediately.

The occlusal one third of the teeth were removed
using low speed cutting machine with diamond blade
(Isomet 1000, Buchler, USA) to obtain dentin surface.
The occlusal surface was polished with 150 and 600
- grit silicon carbide paper to create smooth and flat
surface perpendicular with base of the block by mean
of polishing machine (NANO 2000, Pace technologies, USA).

Cavities simulating the access opening were
created by automatic drilling machine (CNC, Former Al1,
IMT, Thailand) with width and height of 3 mm and 4 mm
depth, using cylindrical diamond burs. To ensure the
efficiency of the cylindrical diamond bur, the bur was
changed after the preparation of every two teeth. Pulp
tissue was removed with a barbed broach and spoon
excavator. Cavities were clean with air-water spray for
15 seconds. The floor of the cavity was based with resin
modified glass ionomer cement (Vitrebond, 3M ESPE, St.
Paul, MN, USA) to create a flat surface (Fig. 1).
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Figure 1 Illustration of cavity preparation

The following protocol was used for the specimens
of group 1. The cavity was treated with 37 % phosphoric
acid for 15 seconds, then rinsed, and moist-dried. Primer
(Optibond FL, Kerr, Orange, CA, USA was then applied for
15 seconds with micro brush (Microbrush, Kerr, Orange,
CA, USA) and gently air-blew for 10 seconds to evaporate
the solvent. Resin adhesive was applied for 10 second
using micro brush then cured with LED light curing machine
(Demi LED light curing system, Kerr, Orange, CA, USA) for
20 seconds. Resin composite with an A3 shade (Premise;
Kerr, Orange, CA, USA) was then applied at a 2 mm increment
per layer before being light cured for 40 seconds.

For group 2, 35 % hydrogen peroxide (Opalescence
ENDO; Ultradent Products, South Jordan, UT, USA) was
applied to the cavities. The occlusal surfaces of the teeth
were then covered with plastic wrap. The teeth were stored
in a closed container with 100 % humidity at 37 deree
Celsius for 4 days. After the completion of 4-days bleaching
process, the teeth were washed with air-water spray for 60
seconds. Ten percents of vitamin C suspension was prepared
by dissolving 1 vitamin C tablet which contained 500 mg
of ascorbic acid and sodium ascorbate (Hicee, Takeda
Pharmaceutical, Takeda, Tokyo, Japan) into 5 ml of 37 degree
Celsius distilled water (Figure 2). The cavities were sub-
sequently irrigated with 10 % vitamin C suspension for
10 minutes with a syringe and then agitated gently with
micro brush. Following that, the cavities were irrigated
with 37 degree Celsius distilled water for 30 seconds,
air dried, then restored with resin composite following

the previous protocol mentioned in group 1.

Figure 2 Vitamin C suspension after preparation

The sample preparation for group 3 followed
the same bleaching protocol as mentioned earlier. The
cavities were restored with resin composite immediately
following the same protocol as groups 1 and 2.

After the restoration in all groups were completed,
the teeth were stored for 24 hours in a closed container
with 100 % humidity at 37 degrees Celsius, and then serially
sectioned into 1-mm thick vertical slabs with the water-
cooled diamond blade. The specimens were then rotated
at 90 degrees and sectioned again to obtain a rectangular
dentin-composite stick with approximately 1 mm? cross
sectional area. Four dentin-composite sticks were obtained
from each tooth. The specimens were then attached
to the micro tensile tester (EZ-S, Shimadzu, Japan) by
using cyanoacrylate glue (Cyanoacrylate glue: model
repair L Blue, Densply, Japan). The specimens were
then subjected to tensile force at crosshead speed of
Imm/min. The micro tensile bond strength values were

expressed in megapascal (MPa) based on the following
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calculation: force magnitude at which debonded occurred
(N) divided by the dentin-composite specimen interface
area (mm?).

The mode of failures of the specimens were
inspected by the use of stereomicroscope at 40x
magnification. Mode of failures were classified into the
4 categories:

1. Adhesive failure: the fracture occurred at the
interface between dentin and adhesive for more than
70 %.

2. Cohesive in dentin: the fracture occurred in
the dentin for more than 70 %.

3. Cohesive in resin composite: the fracture
occurred in the resin composite more than 70 %.

4. Mixed failure: a mixed fracture within each

structure more than 30 %.

Micro tensile bond strength

The micro tensile bond strength from each
group are presented in table 1. Statistical analysis was
performed with SPSS Statistics v21.0 (IBM, Armonk, NY)

-
o |

using One-way ANOVA test revealed that group 1 (No
bleaching) showed significantly highest micro tensile bond
strength, followed by group 2, and group 3 respectively.
Though bleaching decreased the micro tensile bond
strength, 10 9% Vitamin C suspension treatment significantly
improved bond strength. However, the bond strength was

not equal to non-bleached dentin.

Table 1 Micro tensile bond strength mean and standard deviation

values

Groups (N=40/group) Mean + SD (MPa)

36.417 + 3.943 °
31.756 + 4.961°
20.468 + 5.189 ©

Group 1 : No bleaching
Group 2 : Bleaching + Vitamin C

Group 3 : Bleaching no vitamin C

*Value with difference letter are significantly different from each
other (p < 0.05)

Mode of failure
Mode of failure from each group are presented
in figure 3. The most common failure mode was adhesives

failure followed by cohesive failures in dentin.

mAdhesive failures
u Cohesive failures in dentin
Cohesive failures in resin

composite
u Mixed failures

-

0% 20% 40% 60%

Figure 3 Percentage of specimens per group for each failure mode

80% 100% Percentage of specimens
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Discussion

The result of this study revealed that non-vital
bleaching affected the micro tensile bond strength of
dentin and resin composite by decreasing the bond strength.
Titley et al, evaluated the scanning electron microscope
(SEM) images of interfaces between resin and bleached
enamel and observed fragmented and poorly refined resin
tags that penetrated to a lesser depth when compared
with unbleached controls. Also resin-bleached enamel
interface was granular and porous with a bubbled
appearance due to the entrapment of peroxide ions into
the bleached enamel.’ Some researchers found that changes
in organic substance, loss of calcium, and a decrease in
microhardness of tooth structure may contribute this
effect.”” These could possibly explain the lowest micro
tensile bond strength obtained from group 3.

If reduction of bond strength in bleached tooth
is a result of the oxidant action of the bleaching agent,
it could theoretically be reversed by the application of
an antioxidant. In this study the use of 10 % vitamin C
suspension could reverse the negative effects of bleaching
on bond strength of dentin and resin composite. This
may due to the antioxidant capacity of vitamin C. This is
consistent with previous studies that have used antioxidant
to enhance the bond strength of resin composite and
tooth structure. Turkun and Kaya demonstrated that the
use of an antioxidant agent could provide normal values
in shear bond tests. After the tooth was bleached by
carbamide peroxide.'® Kimyai and Valizadeh evaluated
the use of hydrogel and sodium ascorbate solution and
found no difference of the efficacy between hydrogel
and solution formulation." This study prepared the 10 %
vitamin C suspension by dissolving a vitamin C tablet that
contain 500 mg of ascorbic acid and sodium ascorbate
with 5 ml distilled water. Most of studies had used 10 %
sodium ascorbate according to a study by Dabas which
recommended the concentration of 10 % sodium
ascorbate, since there was no significant difference in
the bond strength of bleached tooth structure and resin

composite after using of 10 % and 35 % sodium ascorbate.’

However, micro tensile bond strength of the
group treated with vitamin C suspension was still lower
than non-bleached group. This is consistent with a study
of Hansen and colleagues who found that micro tensile
bond strength of non vital bleached dentin treated with
35 % sodium ascorbate was lower than non bleached
dentin'’, but other researchers were contradictory.
Turkun and colleagues which found that the shear bond
strength of the non-bleached enamel was higher than
bleached enamel treated with 10 % sodium ascorbate. ™
Kunt demonstrated the use of an anti-oxidant agent or
immersion in saliva could provide normal values in shear
tests when compare bleached tooth to non-bleached
tooth.” The cause of the difference in each studies
may come from several factors including the quality of
the tooth structure, the specimens’ storage protocol,
adhesive technique, and bond strength testing method.
Lai and colleagues had also recommended to soak the
specimen treated with sodium ascorbate in distilled water
for ten minutes before testing bond strength to dissolve
the crystal formed by sodium ascorbate as observed
through the SEM." This study rinsed the specimen with
distilled water for 30 seconds using syringe. This may
be another reason the bond strength of the Vitamin C
group lower than non-bleached group. In this study,
10 % vitamin C suspension prepared from Vitamin C
tablets was also used. The concentration of antioxidant
and purity of the substance may affect the antioxidant
properties of the suspension.

Most of the specimen of three groups demon-
strated adhesive failure. This may due to the benefit of
micro tensile testing that the stress is concentrated at the
interface of the specimen and the force is perpendicular
to the interface. The fracture usually begins at the weakest

% This result correlated with Lai et al, which also

point.
found that most of the failures were adhesive failures."
However, group 1 demonstrated more cohesive failures
than the other groups. This may be inferred that group

1 demonstrated the highest bond strength, which may
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more than the cohesive strength of dentin and resin
composite, resulting in cohesive fracture within substrate.
The SEM would be more beneficial to analyze the struc-
tures of the bond interfaces, such as the change in tooth
structures or the character of the hybrid layer. Viera and
colleagues found that fracture occurred within the hybrid
layer and adhesive in tooth specimen bleached with
hydrogen peroxide. The study also found the rhomboidal
crystals in group treated sodium ascorbate which may
affect the bonds strength to adhesive.”

Sodium ascorbate is an antioxidant with low
toxicity and commonly use in food industry. However,
sodium ascorbate is not commercially available, unlike
vitamin C. Some researchers were concerned about the
acidity of the ascorbic acid in vitamin C tablet which may
cause the demineralization of tooth structures.'*"™ The
pH of sodium ascorbate is around 7, while ascorbic acid
is around 4.'** However nowadays, there are vitamin C
tablets which the manufactures claimed to be less acidic
since a salt form of ascorbic acid was used. In this study
the pH of vitamin C suspension prepared by vitamin C
tablet was 6.27 which may not be detrimental to the
mineralized tooth structures.

The limitations of this study include limited
sample of vitamin C tablet used, since only 1 brand
was tested. This may not be sufficient to represent all
commercially available vitamin C tablets. More studies
could be conducted to discuss the effects of vitamin C
concentration and the application time of vitamin C
suspension to the bleached dentin for clinical benefits

in the near future.

Conclusion

Within the limitations of this study, it could be
concluded that non-vital tooth bleaching affected the
micro tensile bond strength between dentin and resin
composite. The bond strength was reduced significantly
compared to non-bleached dentin. The use of 10 %
vitamin C suspension prepared from vitamin C tablets

significantly improved the bond strength of bleached

dentin, though the bond strength was lower than the
non-bleached dentin. Vitamin C suspension may serve
as an alternative of sodium ascorbate to treat non-vitally
bleached dentin prior to restoring with resin composite

immediately
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Influence of Curved Root Canal on Retreatment Efficacy of Bioceramic Sealer
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Abstract

This study evaluated the influence of a curved root canal on the retreatment efficacy of root canals sealed
with a bioceramic sealer. Thirty mandibular molars were divided into two groups of severely-curved canals and
slightly-curved canals. Root canals were filled with BioRoot RCS and matched-taper single-cone technique. Two
weeks after root canal obturation, retreatment was performed with WaveOne Gold Primary with passive ultrasonic
irrigation. The retreatment efficacy was evaluated by regaining canal patency, retreatment time, and percentage
of residual filling material. Regaining canal patency was compared with the Chi-square test. Retreatment time and
percentage of residual filling material were compared using independent sample t-test at the 0.05 confidence level.
The regaining canal patency, retreatment time and percentage of residual filling material were not significantly different
between severely-curved canal group and slightly-curved canal group. Severely-curved canal filled with BioRoot

RCS showed no significant difference in retreatment efficacy from slightly-curved canal filled with BioRoot RCS.

Keywords: Retreatment, Curved root canal, MicroCT, Bioceramic sealer
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Figure 2 MicroCT images of root canals after retreatment demonstrating residual filling material in the root canals, isthmuses and fins. A-C

demonstrating severely-curved canals filled with BioRoot RCS at 9, 6 and 3 mm. D-F demonstrating slightly-curved canals filled with

BioRoot RCS at 9, 6 and 3 mm
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Table 1 Mean of canal curvature, percentage of regaining canal patency, mean of retreatment time and mean percentage of

residual filling material of severely-curved canal group and slightly-curved canal group

Severely curved group

Slightly curved group

Canal curvature (degree) 30.13+4.87 10.64+5.51
Regaining canal patency (%) 66.67 64.29
Retreatment time (sec) 212.60+66.54 232.50+59.13
Residual filling material (%) 13.31+9.24 11.50+14.03
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Figure 3 Box plots of regaining canal patency (A), retreatment time (B) and percentage of residual filling material (C) after retreatment

of severely-curved canal group and slightly-curved canal group. The horizontal bar inside the box indicates the median value
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Dispersion of Microorganisms in the Air During Oral Surgical Procedure Using
Low Speed Micromotor
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Abstract

The aim of this study was to compare the amount of bacteria and fungi in the air during oral surgical procedures
between operations using micromotor and operations without micromotor. Bacteria and fungi in the air were collected
before and during tooth extraction (non-micromotor using operations) or impacted tooth removal (micromotor

using operations) by placing culture plates at 4 positions including the patient’s head and feet, operator’s side, and
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assistant’s side. The colony forming units were counted after culture at 37°C for 24-48 hours. The results revealed
non-significant increasing of bacteria and fungi during oral surgical procedure in both groups (Mann-Whitney U test).
During tooth extraction, the number of bacteria increased at all positions except at the operator’s side. During impaction
removal, the number of bacteria decreased at the patient’s feet position and increased at other positions. The
number of fungi decreased at the assistant’s side during extraction and also at the operator’s side and patient’s
feet during impacted tooth removal, while increased at other positions (Wilcoxon Signed-rank test). In conclusion,

oral surgical procedures, with or without using of micromotor, caused dispersion of bacteria and fungi in the air.

Keywords: Dispersion, Micromotor, Bacteria in the air, Fungus in the air, Oral surgery
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Abstract

Osteoporosis is one of clinical problem in the elderly. Many previous studies focused on the index that
obtained from dental radiography. For using as an adjunctive technique and benefit for the cost reduction in the

osteoporosis screening. This research aims to investigate the differences of mental index (MI) and panoramic mandibular
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index (PMI) between male and female patients (age above 50 years) of Dental Hospital, Faculty of Dentistry,
Srinakharinwirot University. The digital panoramic radiographs were obtained from year 2013-2019. Data was analyzed
by independent T-test and Pierson Chi-Square test at statistical significance p<0.05. Results showed there were 942
subjects that fit in the inclusion criteria. There were 363 male (average age 60.36 years) and 579 female (average
age 60.15 years). From MI, there were 0.36 cm for male group and 0.35 cm for female group. When compare this
index between male and female, there showed no statistically different (p=0.129). From PMI, there were 0.29
for male group and 0.31 for female group. From PMI, there were difference between male and female (p=0.00).
Moreover, the correlations between the two indices values were in the same direction at high level (61.5 %). From
the result, sex factor influenced only PMI. However, this recent data may not be conclusive for the relationships
between these 2 indices and osteoporosis. Noticeable, the PMI in males and females were significantly different.
Other than its traditional use as a diagnostic aid in dental treatment, panoramic radiography could be applied to
evaluate osteoporosis by PMI analysis. There will be benefits for the patients who are in urgent need of osteoporotic

diagnosis and treatment.

Keywords: Bone mineral density, Mental Index, Panoramic Mandibular Index, Panoramic film, Osteoporosis
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Table 1 Mean age, Ml and PMI of male and female studied population

Male Female l
(mean # SD) (mean # SD) p-vatue
Age (years) 61.35 +8.14 60.14 + 7.60 0.021*
Ml (cm.) 0.362 + 0.085 0.354 + 0.085 0.129
PMI 0.285 + 0.074 0.308 + 0.087 0.000*
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Table 2 Correlation between MI and PMI

p-value

Mi PMI

Ml 0.000*

PMI 0.000*

Agreement : 61.50 %
*significant at p < 0.05
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