





findings showed that dentists could distinguish a 1.0 mm
asymmetrical width of lateral incisor whereas laypersons
could at 1.5 mm. In addition, when laypersons had more
evaluation time, they performed better at detecting a
1.0 mm asymmetrical width of the lateral incisor. The
difference in results may be due to a different method
of image manipulation. In this study, the alterations of
the width of the maxillary incisor were produced without
changing the size of adjacent teeth, therefore those images
may be more easily detected than images in previous study.”

Asymmetrical length of the central incisors could
be noticed by all participants even if there was only a
0.5 mm difference, similar to findings in other studies.”*
However, laypersons in this study could detect the
asymmetrical length of lateral incisor at 0.5 mm shorter,
in which a similar finding was shown for the central incisor.
This result differs from that found by Machado et al.”’
and Ribeiro et al.” They reported that asymmetrical
lengths of the lateral incisors were more acceptable than
in central incisors by a group of laypersons. Moreover,
when compared with the study by Menezes et al."” who
investigated the influence of the vertical position of
maxillary central incisors, the results of this study confirmed
that unilateral discrepancies in the esthetic zone were
more distinguishable than bilateral discrepancies, as
stated by Kokich et al.”’

The different perceptions of dentists and laypersons

L*% and Menezes

in this study supported Machado et a
et al."” who hypothesized that an ideal smile could clearly
be detected as an attractive smile by all groups of evaluators.
However, when those smiles had any alterations, dentists
and laypersons had different perceptions. The results of
this study showed that both groups of raters were not
statistically significantly different for the control and slightly
altered images. Dentists were more critical and generally
gave lower scores than laypersons, as previously reported
in the literature."*"*** Moreover, in this present investigation,
the results showed a significant importance of the length
25

of maxillary incisors, corroborating with previous results.

Asymmetrical length in the esthetic zone tended to have

more influence on esthetic perception than the asymmetrical
width of incisors since it was easily recognized by laypersons.
Therefore, the asymmetrical length in maxillary incisors
should be corrected by restoration or orthodontic treatment.
However, if the unilateral crown length discrepancies were
caused by the alteration of the gingival margin, a large
amount of thresholds was found until it was detected”
as a gingival margin asymmetry up to 1.5-2 mm had been
considered to be acceptable for laypersons, and no further
treatments were suggested as previously mentioned
in literature.”

From a clinical standpoint, although these results
can be used as a guideline for dentists to design treatment
for any anterior teeth discrepancies, dentists should discuss
this with their patients before making any decisions to
prevent overtreatments. Furthermore, dentists must give
patients enough time to thoroughly evaluate their esthetic
concerns, because more evaluation time showed a better
perception from laypersons. However, the images in this
study were manipulated from only two women, and only
two groups of evaluators, this information should be
cautiously used with individual patients because esthetic
perception is subjective. Further studies with larger and
diverse samples should be applied alongside this study

for better evaluation of esthetically sensitive cases.

Conclusion

Within the limitations of the present study, from
the dentists’ standpoint, the most attractive images were
symmetrical smiles, and a smile with 0.5 mm narrowing
effect of the width of the lateral incisor was acceptable.For
laypersons, the most attractive images were symmetrical
smiles, and those with an asymmetrical width of 0.5 mm
of central and 0.5, 1.0 mm of the lateral incisors could not
be differentiated. In general, dentists and laypersons had
a statistically significant difference in esthetic perception.
Dentists were more critical and gave lower scores than
laypersons. In most situations, there was no statistically
significant difference between 5 and 15 seconds of evaluation

time. However, when the unilateral crown width of a lateral
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incisor was narrowed by 1.0 mm and the unilateral crown
length of a lateral incisor was lengthened by 0.5 mm,
more evaluation time could lead to a better esthetic

perception for laypersons.
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Original Article

Retention Force and Wear Characteristic of Ball and O-ring Attachment of
RetenDent Mini-implant Overdenture System

Thanakorn Thimkam', Pravej Serichetaphongse'

"Esthetic Restorative and Implant Dentistry International Program, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The purpose of this experimental study was to evaluate wear characteristics and retention force of the
RetenDent mini-implant overdenture system (Chulalongkorn product) after the insertion-removal fatigue test. One-piece
mini-implants attachment system for overdenture, Osstem MS denture® type implant (OSSTEM, Germany GmbH),
and RetenDent mini-implant were tested. All samples were subjected to repeated insertion and removal fatigue
cycles by a universal testing machine (E1000, INSTRON Instrument, England). Subjected fatigue cycles were 5500 with
1.00Hz frequency to mimic a 5-year insertion and removal three times per day. The retention force was measured
by separating the O-ring from the abutment and recorded with the universal tester (EZ-SX, SHIMADZU, Japan). The
retention force was measured six times, at baseline and the end of 1100, 2200, 3300, 4400, and 5500 cycles. These
represent each year of use. After fatiguing, the mini-implant ball abutments were examined with a stereomicroscope
(SZ61 OLYMPUS, Japan). The result showed a mean retention force of 6.65+0.24N for the RetenDent group and
6.84+0.24N for the Osstem group, which were not statistically different. The two attachment systems had no significant
effect on retention force. However, the fatigue cycles alone and the interaction between the attachment system
and fatigue cycles had significant effects on retention force. The retention of the RetenDent group was significantly
higher at baseline (10.96+1.78N) and after 1,100 cycles (8.73+1.23N) compared to the Osstem group (6.50+0.88N and
6.66+1.27N). There was no statistical difference at 2200 cycles. The retention of the Osstem group became significantly
higher after 3300, 4400, and 5500 cycles (6.86+1.07N, 7.06+0.997N, 6.997+1.02N) compared to the RetenDent group
(5.04+1.19N, 4.49+1.26N, 3.88+1.44N). In conclusion, the RetenDent and the MS denture® mini-implant attachment
system provided a similar retention force at higher than the minimum recommended for overdenture. There was no

wear on the ball abutment of both groups under the stereomicroscope after 5,500 fatigue cycles.
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Introduction

The Thai community had been steadily transitioning
to an elderly society. As reported in 2017, the Thai elderly
population was 11 million from a total of 65.5 million Thais.
This was approximately 17 % of the total population, ranking
second among all ASEAN member countries and projected
to be more than 26.6 % of the total population in 2030."*
A survey taken in 2017 in Thailand had shown that only
23 % of the elderly population were wearing a denture.'
This left 8.47 million elders with untreated edentulism.

Complete edentulism and tooth loss have been
correlated to a multitude of systemic comorbid conditions.
Also, patients with edentulism are at risk of reduced nutritional
intake and increased risk of obesity.” In Thailand, the royal
complete denture project had shown positive impacts
on the quality of life of older Thai people and their oral
health.” Prosthetic options for patients presented with
complete edentulous ridge include a conventional complete
denture, implant-supported prosthesis, and implant-
retained prosthesis. These options differ in terms of cost,
maintenance, denture stability and retention, and patient
satisfaction toward the denture. Interestingly, some
patients have had difficulty adapting to conventional
dentures, even with proper tissue support and good
denture quality.”® On the other hand, implant-retained or
implant-supported prostheses lessen the requirement
of patient’s muscular control development for denture
adaptation. Thus, positively affecting their quality of life.”
Implant-retained prosthesis such as implant-overdenture is
a great alternative with a relatively lower cost compared
to an implant-supported fixed denture.'’ Several studies
have reported the advantages of implant-overdenture
over conventional tissue-borne complete denture. These
include better retention particularly in the edentulous
mandible, good functional ability, and less ridge resorption

7811

rate.””" Interms of patient-based analysis, implant-overdentures

give better patient satisfaction with a predictable outcome.™*
Furthermore, the McGill consensus in 2002 suggested that
two-implant overdenture is the first choice of treatment

for the edentulous mandible.”

There have been uses of mini-implants to support
the overdenture as an alternative to standard diameter
implants. A mini-implant is a rigid, non-hollow implant
with less than a 3 mm diameter. The mini-implant surgical
technique is simple and quick with a high success rate
compared to standard-size implants.'*" A meta-analysis
of randomized controlled trials had shown that mini-
implants provided good patient satisfaction compared to
standard diameter implants when used for implant-retained
overdentures.'*"" Another systematic review also concluded
that mandibular mini-implant retained overdentures are
predictable regarding implant survival, marginal bone

resorption, and patient satisfaction.'®"

Mini-implants used
with overdenture can lower the total cost of the treatment
and is applicable in patients with narrower ridges. However,
the most common complication is the loss of attachment
retentive ability over time. This is due to the wear and
deformation of the ball abutment and O-ring through
the patient’s insertion-removal routine.”” Maintenance
of the attachment system such as changing the O-ring or
replacing the worn abutment will contribute to the long-
term cost of the prosthesis. More importantly, abutment
wear in mini-implants will result in the need for total
fixture replacement.

Other than dental implants, titanium alloy is also
used for joint prostheses in the medical field. Titanium
alloy wear produces metal debris and ions, which causes
adjacent tissue inflammation. A class of amorphous
carbon that shares some properties of diamonds called
DLC (Diamond-Like Carbon) was introduced to modify
the surface of these prostheses. DLC coating was studied
to greatly increase titanium alloy wear resistance by up
to three folds. Furthermore, studies on DLC coating on
titanium and titanium alloy implant surfaces have shown
to be biocompatible for hard and soft tissue and did not

alter bacterial adhesion.”#

This introduces the possibility
of DLC coating on the ball titanium alloy abutment of
the RetenDent mini-implant overdenture system to

provide exceptional wear resistance.
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The Osstem MS denture® type implant (OSSTEM,
Germany GmbH) was selected to compare to the product
(RetenDent) developed by Chulalongkorn University in
this study. Osstem mini-implant system is a Korean product
widely used in Thailand with U.S. FDA approval and the
EU CE quality certification. They are relatively affordable
and have great clinical validations and yearly clinical
publications. A study has found that the MS mini-implants
have good clinical prosthetic effects even in immediate
loading cases.” The Osstern MS mini-implant ball abutment
has a bare machined titanium surface in contrast to the
DLC-coated RetenDent abutment.

The RetenDent mini-implant overdenture system
developed by Chulalongkorn University aims to provide
an attachment complex with good wear resistance, to be
more accessible, with a lower cost to Thais in need of
complete dentures. This experimental study’s objective
was to evaluate wear characteristics and retention force
of the RetenDent mini-implant overdenture system after

the insertion-removal fatigue test.

Material and method

One-piece mini-implants fixtures for overdenture,
MS denture® type implant (OSSTEM, Germany GmbH), and
RetenDent mini-implant for overdenture (a product of
Chulalongkorn University) were tested. The samples
were designated as the OS group (MS denture®) and the
RD group (RetenDent). Sample size calculation performed
with G*Power program version 3.1.9.7. Input data was
obtained from a similar experimental study with power
(1—B) =0.95and X = 0.05.24 The sample size determined
was 10 per group.
Fatigue test

All samples were subjected to repeated insertion
and removal fatigue cycles by the universal testing machine
(E1000, INSTRON Instrument, England). Matrix and O-ring
complexes were fixed to the upper member of the machine
while implant fixtures were fixed to the lower member of

the machine (Fig.1). The lower member stayed stationary

while the upper member of the machine moved vertically.
The fatigue frequency is 1.00Hz, for a total of 5500 cycles
to mimic five years insertion with removal three times

per day.

Figure 1 The testing apparatus (left: The sample was mounted
in the universal testing machine, right: Diagram of the
apparatus with an arrow showing the movement of

the machine)

Retention force measurement

The retention force was determined by separating
the O-ring from the abutment. The force was performed
and monitored by the universal tester (EZ-SX, SHIMADZU,
Japan), and the test speed was 50mm/min. The retention
force was measured six times, at baseline and the end of
1100, 2200, 3300, 4400, and 5500 fatigue cycles. These
were intended to represent 1, 2, 3, 4 and 5 years of denture
use, respectively.
Stereo Microscope imaging

Stereomicroscope images of the mini-implant ball
abutments and O-rings were taken before cyclic fatigue
(SZ 61 OLYMPUS, Japan). After 5500 cyclic fatigue, the
samples were examined by a stereomicroscope again.
Data analysis

The normal distribution of data collected was
checked and confirmed with the Kolmogorov-Smirnov
test. Mixed-Model Factorial ANOVA was performed to
evaluate the effect of the attachment system and cyclic

fatigue on retention force. Retention forces measured
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from the two attachment groups were compared by
independent samples T-test. The comparison of retention
force within the group was done with repeated ANOVA and
followed with Bonferroni post hoc analysis. All analyses
were performed at X=0.05. Data were calculated with
the SPSS Statistics 22. The qualitative comparison was

used for the evaluation of stereomicroscope images.

Table 1 Mixed-Model Factorial ANOVA

Mixed-Model Factorial ANOVA result in Table 1,
showed cyclic faticue alone and the interaction between
factors have significant effects impacting the retention
force. In contrast, the effect of the attachment systems
was insignificant. The mean retention forces of RD and

OS groups recorded are shown in Table 2.

Effects Sum of Squares df Mean Squares F Sig.

Cyclic fatigue 162.480 2.256 72.026 27.828 0.000
Cyclic fatigue x Attachment system 218.127 2.256 96.694 37.359 0.000
Attachment system 1.118 1 1.118 0.329 0.573

Retention forces between the two groups at each
fatigue cycle were compared by independent samples
T-test. The RD group showed significantly higher retention
forces when compared to the OS group at baseline
(P=0.000) and 1100 cycles (P=0.002). At 2200 cycles, there

Table 2 Retention force for each fatigue cycle (N)

was no statistical difference between both attachment
groups (P=0.750). At 3300, 4400, and 5500 cycles, the OS
group retention force was higher than the RD group
statistically (P=0.002, 0.000, 0.000).

Attachment system

Retention force in newton after cycles count (N)

Baseline 1100 2200 3300 4400 5500 Mean
RD 10.96+1.78° 8.73+1.23°  6.78+1.34°  5.04+1.19°  4.49+1.26%  3.88+1.44° 6.65+0.24
0s 6.50+0.88" 6.66+1.27°  6.96+1.16 6.86+1.07°  7.06£0.997°  6.997+1.02°  6.84+0.24
Comparison
between groups 0.000 0.002 0.750 0.002 0.000 0.000 0.573
(P-value)

The significant difference within the same attachment system was shown as different lowercase letters. ((=0.05)

The pairwise comparison within the same at-
tachment system is also shown in Table 2. The retention
force of the RD group when comparing the baseline to
1100 and 1100 to 2200 decreased significantly. However,
statistical significance was not found when comparing
2200 to 3300, 3300 to 4400, and 4400 to 5500 cycles.
In the OS group, the retention force was not statistically

different between all fatigue cycles.

The stereomicroscope images of O-rings in Fig. 2
express material loss and changes for both groups after
5,500 cycles. The RD group exhibited surface roughness
and material loss around the internal surface of the O-rings.
In contrast, the OS group showed surface roughness and
material loss on the upper surface of the O-rings. The ball
abutment images of both groups indicated no wear in the

stereomicroscope images.
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RD (baseline)

OS (baseline)

ﬁ RD (baseline)

OS (baseline)

RD (5500)

RD (5500)

OS (5500)

Figure 2 Stereomicroscope images of O-ring and abutment at baseline and after 5500 fatigue cycles

Discussion

The mini-implant overdenture has proven to be
a long-term successful treatment option for edentulous
patients.” The RetenDent product developed with
Chulalongkorn University aims to be a great alternative
with global standard, performance, and quality while being
more affordable to Thai people.

The result from mixed ANOVA shows that the
attachment systems had no statistical effect on retention

force. The mean retention force of five years of fatigue cycles

is 6.65+0.24N for the RD group and 6.84+0.24N for the OS
group. The required retention for implant-overdenture
has been studied with a variety of attachment types and
methods. Pigozzo et al. had considered the minimum
recommended retention force for 2-implant overdenture
is 5N-7N.** Lehmann had considered a minimum of 5N
for overdenture stability from their study.”” However,
the retention from this study was recorded from only a

single mini-implant. A study has found that two-implant
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overdenture gives more than double the retention
force of a single implant overdenture.”® The recorded
retention force in this study is comparable to previous
studies. Leung and Preiskel measured the retention of 12
commercially available stud-type attachments. Retentive
forces varied between 3N to 15N. Most of the attachments
(8 of 12) exhibited forces between 6N to 9N. Fatigue
test was not performed.” Besimo and Guarneri reported
initial retention force of six brands of stud attachments
were between 4.4N to 9.1N. Fatigue test was concluded
to be sufficient for implant-retained overdentures in the
long term.” Another study from Abou—Ayash et al. found
a newly delivered attachment retention force ranged from
3.7+1.1N to 4.0£1.7N is sufficient for overdenture retention
(MDI, condent GmbH, Germany). This value fell over time
and can be re-established by an O-ring replacement.”

Patient satisfaction in overdenture cases greatly
depends on the retentive ability of the attachment system,
to stabilize the underlying denture.” The RD group in this
test showed significantly higher retention forces compared
to the OS groups at the first two years simulated. The
RD group also had significant retention force change during
the 0-2200 cycles. A previous study showed that the ball
and O-ring attachment could lose its retention significantly
in the first 1,500 cycles, with up to 75 % retention lost
after 5,500 cycles.” In contrast, the OS group had significantly
lower initial retention after 1100 cycles and held up better
after 3300 cycles. A study expresses the same retention
force stability for the ball and O-ring after 5,500 cycles in
some systems.* This result coincides with the significant
interaction of cyclic fatigue and attachment system effect
calculated from the Mixed-Model Factorial ANOVA. However,
despite the RD group changes in retention force, the
significantly higher retention force at the simulated first
two-years of use would be beneficial. Recall visits to
reevaluate denture retention and O-ring replacement
should be considered since overdenture cases required

routine maintenance to achieve long-term success.”

The difference in wear characteristics of the
attachment systems studied could be a result of variation
in abutment design, O-ring material, or dimension. The
microscope finding after 5500 fatigue cycles showed no
wear on the RD and OS abutments. There have been
reports of significant ball abutment wear in both an
in-vitro study and a clinical situation.***’ This would be a
consequential complication for one-piece mini-implants,
as the treatment would require invasive removal surgery
and a re-implantation procedure. In the OS group the O-ring
implement has high elasticity and low hardness. This
allows the O-ring to slide in and out of the titanium ball
abutment smoothly, giving stable retention over time
without damaging the abutment. However, this resulted
in the compromise of a significantly lower initial retention.
In the case of the RD group, a diamond-like coating (DLC)
was implemented on the abutment with the aim to improve
the wear resistance properties of the abutment.” The
O-ring of the RD group has higher hardness (80+5 Shore A)
with a smaller internal diameter, which contributed to
the significantly higher initial retention force. Nonetheless,
there was no visible wear presented in the RD abutment
after fatigue cycles. In future developments, the coated
ball abutment of the RD group would allow a more rigid
attachment such as PEEK material to be coupled, thus
providing better retention with a longer lifetime.

An additional finding in this study is regarding
the abutment O-ring and housing design. Due to the
dimensional differences of the ball abutment and O-ring
between the OS and the RD groups, the OS samples
experience O-ring dislodgement several times during
fatigue cycling (Fig. 3). The O-ring was re-inserted, and the
test continued. The housing of the RD group is larger than
the OS group (Fig. 4). This was a design decision to improve
housing retention in overdentures. A study showed that
complications leading to housing replacements were

common (26.9 %) and were very costly for their patients.”
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5
’

Figure 3 The O-ring dislodgement (arrow) was presented during

the test only in the OS group

O-ring housing design
RD (OA)

Figure 4 The O-ring housings (left: RD group, right: OS group)

have design differences

In the present study, only controlled vertical
movements were performed to simulate the insertion
and removal of overdentures. This action is the major
factor causing retentive force reduction in overdentures.
This experiment allows a controlled in-vitro comparison
between the two systems. This also gave a possibility
of relative comparisons to other studies because of the
similarities in the testing methods. Other clinical factors
and oral environment would further impact the wear
characteristic of the attachment. For example, masticatory
functions were not taken into account. However, several
studies indicated simulated mastication had no effect,
rather insertion-removal cycles caused a reduction in
retention forces.”* Saliva was proven to provide lubrication,
and lessen attachment wear.* Clinically, the attachments
may have better retention stability for this reason. Therefore,
further study and clinical trials should be considered.
Regardless of the overall similarity in the mean retention

force of the two systems, the operator and patients should

also take the long-term maintenance cost, availability,
and technical difficulty into account when choosing an

overdenture system.

Conclusion

The mean retention force from five years of
fatigue cycles is 6.65+0.24N for the RetenDent system
and 6.84+0.24N for the MS denture® system. They were
not statistically different, and both were higher than the
minimum recommended retention force for overdenture.
The RetenDent system showed a significantly higher retention
force at baseline and 1100 cycles than the MS denture®.
However, the MS denture® system showed a significantly
higher retention force at 3300, 4400, and 5500 cycles.
There was no wear on the ball abutment of both groups

under the stereomicroscope after 5,500 fatigue cycles.
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Effect of Grape Seed Extract and CPP-ACP on Microhardness of Artificial Root
Dentin Caries
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Abstract

This study was an in vitro pH-cycling model that aimed to study and compare the effect of grape seed
extract (GSE) and CPP-ACP on the microhardness of artificial root caries. Sixty sound human premolars extracted for
orthodontics treatment were sectioned at the cervical portion of the root and embedded in resin. Nail varnish was
coated on the root dentin surfaces except on a window of 4 mm. x 4 mm. Knoop hardness indentations were tested
for baseline (KHNb) and sixty specimens with KHNb between 60-70 were included. All specimens were stored in a
demineralization solution for 96 hours to induce artificial root caries lesions and measured initial Knoop microhardness
(KHNi). Sixty specimens were randomly divided into four groups randomly (n=15 per group) including: the deionized
water group (control group), the GSE group, the GSE + CPP-ACP group and the CPP-ACP group. The demineralized
specimens were pH-cycled, six cycles per day for eight days, then a final microhardness test (KHNf) was performed.
The means of the four indentations of KHN , KHN and KHN_from each specimen were analyzed. The means of
differences in microhardness values between KHN, and KHN (AKHN) among groups were analyzed using one-way
ANOVA, followed by the Games-Howell post-hoc test at a significance level of 0.05. The results of this study indicated
that all test groups had a significantly higher AKHN than the control group at (p<0.01). Both the GSE group and the
GSE + CPP-ACP group showed a significantly higher AKHN compared to the CPP-ACP group at (p<0.01). The GSE
group and the GSE + CPP-ACP group showed no statistically significant difference of AKHN (p<0.01). It was concluded
that the GSE and the GSE+CPP-ACP increased microhardness values more than the CPP-ACP. All three interventions

increased microhardness compared to the control group.
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Introduction

Dental caries is a major cause of oral pain, and
infection. It can be found in patients of various ages
especially in older patients due to the decrease of the
salivary flow rate which is the result of increased underlying
diseases."” In addition, attachment loss and gingival recession
occur frequently in older people, which increases the risk
of bacterial adherence to root surface leading to incidences
of root caries.” The success in treatment of root caries is
challenging, because of the difficulty in moisture control
on subgingival root surfaces. Furthermore, the bonding
effectiveness between restorative materials to root dentin
is less predictable.” According to minimal intervention
concepts, if root caries have occurred, treatment options
depend on the progression of the lesion. The most effective
chemical agent for a non-surgical treatment of root caries
lesions is the daily use of dentifrice containing 5,000 ppm
fluoride.® However, fluoride concentrations of regular
dentifrices of only around 1000 to 1500 ppm are widely
used.’ The prevalence of root caries has increased; therefore,
additional chemical agents have been suggested. Casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP)
can inhibit demineralization, and enhance remineralization.?

CPP-ACP is composed of caseinphosphopeptide
(CPP) and amorphous calcium phosphate (ACP). Under acidic
conditions, the application of CPP-ACP on the tooth surface
increases the level of free calcium and phosphate ions,
which substantially maintains a supersaturated state, increases
buffer capacity, inhibits demineralization and enhances
remineralization. It is a remineralizing agent that can promote
dentin remineralization as well as enamel remineralization.”"*
Furthermore, CPP-ACP has beneficial microbial ecological
effects which can reduce microbial numbers, inhibit lactic
acid production from polymicrobial biofilms and reduce
adherence of bacteria to the tooth surface.””

Proanthocyanidins (PA) is a phenolic compound
composed of a hydroxyl group that induces a chemical
bond with collagen fibers. PA acts as a naturally-derived

cross-linker which increases strength and stability of a

collagen matrix.”** PA has positive effects on oral health
such as antimicrobial potential against cariogenic bacteria,
inhibition of demineralization and remineralization en-
hancement in initial caries."*** This phenolic compound
can be found in natural extracts. Grape seed extract (GSE)
is an over the counter nutritional supplement that is rich
in PA. GSE from MegaNatural, Polyphenolics, (Madera, CA)
was used in this study. It consisted of 97.8% PA according
to data provided by the manufacturer. The concentration of

GSE that can inhibit demineralization, and enhance reminerali-

zation is 6.5%."° At this concentration, it is harmless to humans."’

However, the inhibitory effect of GSE on deminerali-
zation and the synergistic effect of GSE and CPP-ACP on
remineralization are still controversial. Hence, the objective
of this study was to compare the effect of GSE and CPP-ACP
on the microhardness of artificial root caries. The null
hypothesis was the effects of GSE and CPP-ACP on micro-

hardness of artificial root dentin caries were not different.

Materials and methods

Root dentin specimen preparations

The sample size of this study was calculated using
the G Power program version 3.1. The reference data was
referred from a previous study with an alpha of 0.05 and
an 0.8 power of test. The effect size from the calculation
was 0.72 based on the F test."” Sixty human premolars
with completed root formation extracted for orthodontic
treatment were used. The teeth were checked under a
stereomicroscope with 10x magnification (Stereomicro-
scopeSZ61, Olympus, Japan) in order to exclude teeth with
defects at the crown and root of the teeth such as craze
lines, crack lines, dental caries and restorations. Teeth were
cleaned with ultrasonic scaler and non-fluoridated pumice
and stored in 0.1% thymol solution no longer than one
month before being used. The protocol was approved
by The Research Ethics Review Committee for Research
Involving Human Research Participants, Faculty of Dentistry,

Chulalongkorn University.
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Root dentin blocks, 6 mm. long, were prepared
using a slow speed cutting machine (Isomet™ 1000, Buehler,
IL, USA) which horizontally sectioned at the cementoenamel
junction (CEJ) and 6 mm. apical to CEJ under water irrigation.
The blocks were embedded in resin, and the buccal root
surfaces emerged 1 mm. from the resin and were polished
using 1000 grit and 2000 grit silicon carbide papers and
aluminum oxide 0.05 micron, respectively. The specimens
were cleaned with deionized water in an ultrasonic cleanser
(Ultrasonic cleanser 5210, HEIDOLPH, Germany) for 15 min.
Nail varnish (Revlon, USA) was coated on the root dentin
surface except for a window of 4 mm. x 4 mm., measured
by a digital caliper. The microhardness of root dentin blocks
were tested (FM 700e type D, FUTURE-TECH, Japan) using
the Knoop hardness indentation at a 25 ¢. load force for
15 s."® For a baseline (KHN,), four indentations were
performed below the top margin of nail varnish (started
from CEJ of root) at 0.5 mm., 1.5 mm., 2.5 mm., 3.5 mm.,
respectively. Every indentation performed 1 mm. away from
the left margin of the nail vamish (Fig. 1). Sixty specimens
with KHN . between 60-70 were included in this study.
Artificial root dentin caries lesions formation

Sixty specimens were placed in a demineralization
solution (2.2 mM CaCl 2H O, 2.2 mM KH PO, 50 mM
acetate and KOH; pH 4.6) for 96 h. at 37 °C to create a
70-100 um. depth of artificial root dentin caries lesions."”
Specimens were cleaned with deionized water in ultrasonic
cleanser for two mins. All specimens were measured for
initial Knoop microhardness (KHN) using the Knoop hardness
indentation at a 25 g. load force for 15 5. Four indentations
were performed below the top margin of the nail varnish
(started from the CEJ of root) at 0.5 mm., 1.5 mm., 2.5 mm.,
3.5 mm,, respectively. Every indentation performed 2 mm.
away from the left margin of the nail varnish (Fig. 1).
Preparation of testing solutions

Group 1 deionized water (control group), Group 2
GSE (LOT 1715601) (MegaNatural ™; Polyphenolics,

Madera, CA, USA) ; The solution of 6.5% (w/w) GSE was
prepared by dissolving 6.5 g. of GSE in 93.5 g. of deionized
water.”,Group 3 6.5% (w/w) GSE (LOT 1715601) + CPP-ACP
(LOT 180220B) (GC Tooth Mousse ™; GC, Tokyo, Japan);
6.5 g. of GSE was added to CPP-ACP 93.5 g. and stirred
well by a magnetic stirrer.””, Group 4 CPP-ACP (LOT
180220B) ; The commercially available form of CPP-ACP
was used.
Method of pH cycling

The prepared specimens were randomly divided
into four groups (n=15 per group) based on the reminerali-
zation treatment. All specimens were immersed in an
acidic buffer (50 mM acetate, 2.25 mM CaClZZHZO, 1.35 mM
KHZPOa, 130 mM KCL; pH 5.0) and stored in an incubator
at 100% relative humidity 37 °C for 30 min. Then cleaned
with deionized water in an ultrasonic cleanser for two min.
All specimens were immersed in a neutral buffer (20 mM
HEPES; 2.25 mM CaCl 2H O; 1.35 mM KH PO ; 130 mM KCL;
pH 7.0) and stored in an incubator at 100% relative humidity
at 37 °C for ten min. Then, they were cleaned with deionized
water in an ultrasonic cleanser for two min. Twenty mg.
of treatment solution was measured by using a digital
balance (HL-400, AND, Japan). Then 20 mg. of treatment
solution was applied to the prepared surface using a
paintbrush according to the allocated groups. The
specimens were stored in an incubator at 100 % relative
humidity 37 °C for ten min before cleaning with deionized
water in an ultrasonic cleanser for two min. The pH cycles
were repeated six times a day for eight days (Fig. 1). All
solutions were freshly prepared prior to use and the
specimens were kept in a neutral buffer overnight.'®

The final microhardness test (KHN)) was performed
below the top margin of the nail vamish (starting from CEJ
of root) at 0.5 mm., 1.5 mm., 2.5 mm., 3.5 mm., respectively.
Every indentation was performed 3 mm. away from the left

margin of the nail varnish.
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Figure 1 Specimen preparation, pH cycling model and microhardness testing locations

Statistical Analysis

The means of four indentations of KHNb, |<HNi and
KHN_from each specimen were analyzed. The differences
of means of KHN_and KHN among groups were compared
using Kruskal-Wallis analysis followed by Dunn test. The
differences of means of KHN_among groups were analyzed
by one-way ANCOVA with a Bonferroni post-hoc test. For
each group, means and standard deviation of the differences
in microhardness values between KHN and KHN (AKHN)
were calculated. The differences in means of AKHN among
groups and the differences in means of KHN_, KHN and
KHN, from each group were compared using one-way
ANOVA, followed by a Games-Howell post-hoc test. Normal
distribution was analyzed by the Kolmogorov-Smirnov
test. Homogeneity of variance was tested by the Levene’s

test. A significance level of OL = 0.05 was set for all statistical

tests. The statistical analysis was performed using the SPSS

program version 21.0.

The results presented in Table 1 revealed that
there were no statistically significant differences between
the means of KHN, and KHN among four groups. The mean
of KHN, of group 1 was significantly less than the three
remaining groups. There were no statistically significant
differences between the means of KHN, of group 2 and
group 3. The mean KHN, value of group 4 was significantly
more than the three remaining groups. The results of
one-way ANOVA were presented in Table 1 indicating that
the means of the AKHN of all test groups (group 2-4) were
significantly higher than group 1 (p<0.01). Both groups
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2 and 3 showed significantly higher means of the AKHN
compared to group 4 (p<0.01). There was no statistically
significant difference in the mean of the AKHN between

group 2 and group 3 (p<0.01). The means of KHN_of

groups 2, 3 and 4 were significantly more than the means
of KHN. The means of KHN and KHN_ were significantly
less than the means of KHN in every group (p<0.01).

Table 1 Means and standard deviation of KHN,, KHN., KHNf and the AKHN of the root dentin from each treatment group (n=15 per group)

Groups Mean KHN_ (SD) Mean KHN (SD) Mean KHN_ (SD) Mean AKHN (SD)
Group 1 (DI) 63.13 (1.86)" 11.69 (293" 12.07 (2.28)° 0.37 (1.01)°
Group 2

(GSE) 62.86 (1.79) 13.42 (6.24)° 25.39 (5.00° 11.97 (3.80)"
Group 3

(GSE+CPP-ACP) 62.45 (1.37)"
Group 4

(CPP-ACP) 64.10 (2.83)*

10.10 (2.4 22.98 (3.41)° 12.88 (2.62)"

10.36 (3.90) 16.23 (3.01)™ 5.88 (2.71)°

Different capital letters represent statistically significant differences in each column. Different small letters represent statistically

sienificant differences in each row; SD : Standard deviation; DI : Deionized water; GSE : Grape Seed Extract

m KHN,
40.00 ™ ki

3000

Mean and SD of KHN

DI GSE GSE+CPP cpp

Groups of testing solution

Figure 2 Bar chart represents means and standard deviation of
KHN. and KHNf of group 1 DI, group 2 GSE, group 3 GSE+
CPP-ACP, group 4 CPP-ACP (n=15 per group)

Figure 3 Specimens after being treated with testing solutions
a. DI, b. GSE, ¢. GSE+CPP-ACP and d. CPP-ACP

Discussion

Based on the results of this study, the null hypothesis,
that the effects of GSE and CPP-ACP on microhardness of
artificial root dentin caries were not different, was rejected.
The results of this study showed that GSE increased surface
microhardness of artificial root dentin caries. The GSE used
in this study was mainly composed of PA. PAis a natural
collagen cross-linker which enhances the mechanical
properties of both sound and caries-affected dentin.”” PA
forms a hydrogen bond with amine group of collagen fibers,
which can replace water molecules and increase the modulus
of elasticity resulting in strengthening dentin collagen matrix
and improving the mechanical properties of teeth.'*?"
These findings were confirmed by the study of Xie et al."®
which used the same testing solutions, artificial root dentin
caries formation method and pH cycling method.™®

The mean of AKHN of the CPP-ACP group was
significantly higher than the control group. The highest
mean of AKHN was found in the GSE+CPP-ACP group.
Although there were differences of artificial caries formation,

testing solutions preparation and pH cycling method, these
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results were in accordance with the study performed by
Khamverdi et al.”’ The explanation is that CPP-ACP is a
supplemental source of calcium and phosphate, thus they
can keep oral cavity environment supersaturated with
calcium and phosphate.”” CPP contains casein peptides
and a cluster of phosphoseryl residues. Casein peptides
form a complex with calcium and phosphate and a cluster
of phosphoseryl residues can stabilize nanocluster of ACP
in supersaturated solution.” Combining CPP-ACP and GSE
releases more amorphous calcium phosphate to remineralize
the lesions due to the calcium-binding effect of PA and
slightly acidity of PA, which decrease the pH of CPP-ACP.*
Although this study showed that both of the GSE+CPP-ACP
group and the GSE group gained surface microhardness
values, there was no significant differences between the
two groups. These results may infer that the increase
of surface microhardness values were mainly because of
GSE. Increasing the concentration of GSE and the contact
time to the demineralized root dentin surface may gain
more microhardness values.

In this study, demineralization solution (pH 4.6)
was used to simulate the caries process to generate artificial
dentin caries lesions. The pH-cycling model, employed in
this study, alternated between remineralization solution
(pH 7) and demineralization solution (pH 5). It intended
to mimic the in vivo periodic alteration of pH. A neutral
environment is periodically interrupted by an acid challenge
when sugar is metabolized. An ultrasonic cleanser with
deionized water was used to clean all specimens before
changing the solution to maintain the real pH of the
solutions. Although this was an in vitro study, pH-cycling
models are widely used for dentin caries study because
of reliability, efficiency and stability of the experiment. It
can simulate the dynamic change of pH and variations
in mineral saturation in an oral cavity that resemble the
natural caries process.” *°

Demineralized root dentin specimens were dried
before KHN and KHN_measurements. The demineralized
dentin matrices might have collapsed and hydrogen bonds

between collagen peptides may occur. Although hydrogen

bonds between collagen peptides can be broken down
by immersing the collapsed demineralized dentin in water
for at least 20 min., the collapsed matrices could not be
fully re-expanded.”’ The collapse of demineralized dentin
collagen can reduce the remineralization efficacy of testing
solutions. So the proper storage of specimens during
the study is a concern to maintain proper demineralized
dentin matrices.

The results of this study were represented in micro-
hardness values. The microhardness test is a well-known
method and commonly used for measuring deminerali-
zation and remineralization of dentinal caries.”® Knoop
microhardness value has a linear relationship with the
depth of artificial caries. Furthermore, the results from the
Knoop microhardness test were related to the results from
microradiograph.”* However, the microradiography can be
helpful for further study to confirm the results of the micro-
hardness test and to study the characteristics of demin-
eralized and remineralized dentin. This study measured
the surface microhardness values with different methods

518 \which measured the cross-

from the previous studies,
sectional microhardness values. The results of this study
were in agreement with Xie et al,,'® who reported that the
GSE group was significantly higher in microhardness values
when compared to the control group. On the contrary,
Fpasinghe et al.” revealed no significant difference
among the CPP-ACP, the PA and the control group. There
was no significant interaction between depth and treatments
in both studies.

According to the manufacturer’s recommendation,
CPP-ACP should be left undisrupted on the teeth for a
minimum of three minutes. The longer CPP-ACP remains in
the mouth, the more effective the results are. In this study,
CPP-ACP was applied to the specimens for ten min. It
may have gained more microhardness values than the
three-min. application.

The preparation method of the GSE solution in
this study was not complicated so patients can routinely
prepare it themselves. In this study, GSE solution and
GSE+CPP-ACP were applied on the root dentin for ten
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minutes. In the oral cavity, there are clearance effects
from oral salivary flow and movement of oral structures
such as the tongue, the buccal mucosa and the lips.
Because the GSE solution was in a liquid form that can be
easily washed-out. In clinical situations, tray application
may be helpful to retain the GSE solution longer in the
oral cavity. The use of GSE and GSE+CPP-ACP can stain the
teeth (Fig. 3), because the main composition of GSE is PA
that contains red, purple and green pigments.*" Stained
teeth may have a negative impact on appearance, so the
use of GSE in young patients and esthetic areas should
be a concern. The stained teeth that are caused by GSE
can be misunderstood as caries, so it is important to inform
patients about this side effect and when doing an oral
examination of these patients, it should be noted.
According to the results of this study, although
all test groups gained significantly higher microhardness
values than the control group, they were not able to gain
the microhardness values to the same level as the normal

15,18,20 and

root dentin. In Previous studies of GSE efficiency
the present study were in vitro studies. So they could not
simulate the real situation of the oral environment such
as complex structures of the oral cavity and the hydro-
dynamics of saliva. The artificial dentin caries formation
hardly imitated the complex microbiological aspect of
natural caries formation. Further randomized control
trials in situ studies or in vivo studies are needed in order

to confirm the results of this in vitro study.

Conclusions

Within the limitations of this study, it can be
concluded that the GSE and GSE+CPP-ACP increased
the microhardness values of artificial root dentin caries
than CPP-ACP did. However, all three interventions
increased more microhardness values of artificial root

dentin caries compared to the control group.
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Abstracts

The aim of this study was to compare the edge strength of high strength flowable, conventional, and
conventional flowable resin composites influenced by the accelerated aging procedure. Hundred-twenty disc specimens
were prepared (7 mm x 2 mm). Six materials were placed in acrylic molds with bulk technique, light curing 40 seconds
both top and bottom of the specimens. Ten specimens from each material were selected. The edge-strength before
accelerated aging was tested using the universal testing machine with 2 mm ball-shaped indenter at a speed of 1 mm/min.
Measurements were made at 0.5 distance from the edge. The rest of specimens were subjected to thermocycling
(5000 cycles, 5 to 55+1°C, dwell time; 30 seconds). Then measured the edge-strength after accelerated aging. Two-way
ANOVA followed by Tukey post-hoc test and independent T-test at the significant level of 0.05 was used for statistical
analysis. The two-way ANOVA determined a statistically different between materials and accelerated aging. There
was no significant difference between Clearfil AP-X® (CA), G-aenial Posterior® (GP), and Tetric N Flow® (TNF) on edge
strength before aging. No statistically significant difference was found between Clearfil AP-X Esthetic Flow® (CEF),
G-aenial Universal Injectable® (GUI), and Filtek Z350XT® flowable (FZF) but there was significant difference between
CEF and GUI on edge strength before aging (p<0.001). The edge strength after aging of CA had significantly higher than
other groups (p<0.001). Edge strength was significantly decreased after aging in conventional and conventional flowable
resin composite groups but not in high strength flowable resin composite groups. From the result of this study, conventional
resin composites had highest edge strength value. Accelerated aging had no effect on edge strength value of high strength

flowable resin composites but had effect on conventional resin composites and conventional flowable resin composites.

Keywords : Accelerated aging, Edge strength, High strength flowable resin composite
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Table 1 The compositions of resin composites used in the study

Percent filler

Resin composites Code Compositions

(wt.%/vol.%)
Clearfil AP-X® CA Bis-GMA, TEGDMA, camphorquinone, silanated barium glass,
(Kuraray Noritake Dental, Japan) silanated colloidal silica (3 um) 8710
G-aenial Posterior® GP UDMA, dimethacrylate comonomers, pre-polymer silica,
(GC, Japan) lanthanoid fluoride fluoraaluminosilicate, silica (16-17 um) 71765
Clearfil AP-X Esthetic Flow® CEF TEGDMA, hydrophobic aromatic dimethacrylate, silanated
(Kuraray Noritake Dental, Japan) barium glass, silanated colloidal silica (0.18-3.5 um) 1759
G-aenial Universal Injectable® GUI UDMA, Bis-MEPP, TEGDMA, silicon dioxide, strontium glass, £9/50
(GC, Japan) pigments, photoinitiators (0.15 pm)
Tetric N Flow® TNF Bis-GMA, UDMA, TEGDMA, barium glass, ytterbium fluoride,
(lvoclar Vivadent, Liechtenstein) silica (0.04-3 um) 63/39
Filtek 2350 XT® flowable FZF Bis-GMA, TEGDMA, Bis-EMA, ytterbium trifluoride (0.1-5 pm), 6506

(3M ESPE, USA)

silane-treated ceramic, silica, zirconium oxide (0.6-1.4 pym)

Bis-GMA: bisphenol A glycidyl methacrylate; TEGDMA: triethylene glycol dimethacrylate; UDMA: urethane dimethacrylate; Bis-MEPP: 2,2-Bis
(4-methacryloxypolyethoxyphenyl) propane; Bis-EMA: ethoxylated bisphenol A glycol dimethacrylate
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Table 2 Mean+SD of edge strength of all groups
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Different superscript uppercase letters in the same column showed significant different of mean edge strength value at p<0.05

Different superscript lowercase letters in the same row showed significant different of mean edge strength value at p<0.05
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Table 3 Two-way ANOVA for resin composite materials and thermocycling on edge strength value

Source df Sum of Squares Mean Square F P
Materials 5 219723.972 43944.794 84.945 <0.001
Thermo 1 43748.135 43748.135 84.565 <0.001
Materials*Thermo 5 39929.419 7985.884 15.437 <0.001
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Figure 1 Graph shows the mean of edge strength value of each

materials before and after thermocycling
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Abstract

The aim of this study was to determine the cytotoxicity of Melaleuca cajuputi Powell and Cymbopogon
citratus essential oil formulated in alcohol-free mouthwash on oral fibroblast cell; human gingival fibroblast cell. In
vitro study, human gingival fibroblast cells were plated in 96-well plates with 2.5 x10* cell/well and cultured in DMEM
(no phenol red) containing 10% FBS and antibiotics. Mouthwashes were divided into 5 groups; alcohol-free mouthwash
with basic ingredients, alcohol-free mouthwash with essential oil from Cymbopogon citratus 4 ui/ml, alcohol-free mouthwash
with essential oil from Melaleuca cajuputi Powell 8 ul/ml, alcohol-free mouthwash supplemented with 4 ul/ml
Cymbopogon citratus and 8 u/ml Melaleuca cajuputi Powell mix essential oils and 0.12% chlorhexidine mouthwash.
The concentration of all groups was prepared by two-folds dilution in 96-well plate; the positive control cultured in
0.12% chlorhexidine mouthwash and the negative control cultured in DMEM (no phenol red). Plates were incubated
for 24 hours in incubator at 37 °C, 5% CO,, 100% humidity and determined the cytotoxicity by MTT assay and LDH
assay. Cell viability was measured by optical density and ELISA Reader machine was use to read the result. One-way
ANOVA analysis follow by multiple comparison at 95 % confidence of interval to compare non-cytotoxic concentration
of 5 groups. MTT assay showed that the maximum non-cytotoxic concentration of 5 groups was at 1:8, 1:16, 1:32, 1:32
and 1:128, respectively and statistically significant differences (p<0.05). LDH assay showed the maximum non-cytotoxic
concentration was at 1:8, 1:16, 1:32, 1:32 and 1:256, respectively and statistically significant differences (p<0.05). In
conclusion, the alcohol-free mouthwash with basic ingredients was least cytotoxicity to human gingival fibroblast cell.
The alcohol-free mouthwash supplemented with 4 ul/ml Cymbopogon citratus was less cytotoxicity than alcohol-free
mouthwash with essential oil from Melaleuca cajuputi Powell 8 ul/ml. The alcohol-free mouthwash supplemented
with both mix essential oils and alcohol-free mouthwash with essential oil from Melaleuca cajuputi Powell was

non-cytotoxicity at the same concentration. 0.12% chlorhexidine mouthwash was the most cytotoxicity.

Keywords: Cytotoxicity, Oral fibroblast cell, Cymbopogon citratus, Essential oil, Alcohol-free mouthwash, Melaleuca

cajuputi Powell
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Table 1 The relationship between mean + standard deviations of percent of cell viability and concentration of mouthwash determined

by MTT cytotoxicity assay
Percent of cell viability (mean + SD)
Alcohol-free mouthwash
4 L Cymb
Concentrations 4 pUml 8 puiml uVml Cymbopogon 0.12%

Basic ingredients Cymbopogon

citratus essential oil

Melaleuca cajuputi

citratus, 8 p/ml
H chlorhexidine

Melaleuca cajuputi

Powell essential oil

Powell mix essential oils

1:2 52,63 + 1.73 ¢ 2482 +0.23°
1:4 63.71 + 1.75 ¢ 2837 +0.19
1:8 97.46 +2.22°¢ 47.38 + 2.77°
1:16 98.90 + 1.91 ¢ 88.06 + 4.74 °
1:32 99.68 + 0.56 ¢ 98.39 + 2.79 ¢
1:64 99.36 + 1.11 © 98.64 + 2.36 ©
1:128 98.304 + 2.42 99.77 + 0.35 ©
1:256 99.58 + 0.72° 98.03 + 1.71°
1:512 99.95 + 0.08 ° 99.45 + 0.96 °

10.53 + 0.48 ° 18.29 + 1.22°¢ 1339 + 1.10 °
15.55 + 1.00 ° 19.35 + 0.70 © 18.67 +1.30 "
16.18 + 0.58 ° 20.18 £ 0.33 ° 19.16 + 1.48 °
34.22 +1.46° 42.04 + 1.80 24.02 + 0.54 °
75.80 + 0.72° 85.63 + 0.89 © 35.79 + 0.59 °
80.76 + 0.21° 97.65 + 2.04 ¢ 5353 + 0.53 °
82.13+ 1.51° 99.03 + 0.93° 93.10 + 2.85 ¢
89.89 + 1.90 ° 99.54 + 0.41 ° 98.41 + 2.76 °
99.41 + 1.02° 99.85 + 0.27 ° 99.31 +1.20°

Different small letters in row indicated statistically significant differences among groups (p < 0.05)
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B #lcohol free mouthuwash with basic ingredients

B Aicohol free mouthash with essential oil from Cymbopogon citratus 4 ul/ml

[0 Alcohol free mouthwash with essential cil from Melaleuca cajuputi Powell 8 pl/ml

B icohol free mouthwash supplemented with & pl/ml Cymbopogon citratus and 8 ul/ml Melaleuca cajuputi Powell mix essential oils

O 0.12% chlorhexidine mouthwash

1 Square bracket indicated statistically sisnificant differences among groups (p < 0.05)
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Figure 1 The relationship between percent of cell viability and concentration of mouthwash determined by MTT cytotoxicity assay
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ALY 1:8, 1:16, 1:32, 1:32 WAy 1:256 ANUAIAU wandly
g‘dﬂ'wLa?ia%aaazﬂmuﬁ%"“mmawzjaé + dudeauunasgu
1AWn 72.41 + 1,54, 82.76 + 2.65, 73.43 + 1.50, 71.35 + 0.86
WAy 74.92 + 1.59 AadiU wazlanssos Witd AN Isana
(p<0.05) (137471 2 uAz3UT 2)

AISNT 2 AIENUSSEINARaYsosazANITInYeuTas + A Tenuusnsg I wasmsTurenhe s nanmveaeua Ity

A8 350080y

Table 2 The relationship between mean + standard deviations of percent of cell viability and concentration of mouthwash determined

by LDH cytotoxicity assay

Percent of cell viability (mean * SD)

Alcohol-free mouthwash

Concentrations 4 pyml

Basic ingredients Cymbopogon

citratus essential oil

Melaleuca cajuputi

4 p/ml Cymbopogon 0.12%

chlorhexidine

8 pUml
citratus, 8 p/ml

Melaleuca cajuputi

Powell essential oil

Powell mix essential oils

1:2 25.49 + 0.03 ™ 3341 +3.77°¢
1:4 48.18 + 0.27 © 40.03 + 4.26 ©
1:8 7241 + 154 ° 65.56 + 5.59 °
1:16 78.79 + 1.52° 82.76 + 2.65°
1:32 81.32 +0.84 87.09 + 2.02 ¢

15.08 + 2.58 ° 2264 + 4.54 % 20.98 + 2.75 %
18.64 + 2.95° 2441 + 419 2722 +1.93°
2519 +4.15° 28.33 + 538 ° 31.23 + 1.41°
35.05 + 2.54 ° 33.04 + 2.93° 32.28 +1.97 °
7343 + 150" 71.35+0.86 ° 34.54 + 3.26°
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Table 2 The relationship between mean + standard deviations of percent of cell viability and concentration of mouthwash determined

by LDH cytotoxicity assay (cont.)

Percent of cell viability (mean * SD)

Alcohol-free mouthwash

Concentrations 4 pUmt

Basic ingredients Cymbopogon

citratus essential oil

Melaleuca cajuputi

4 pml Cymbopogon 0.12%

chlorhexidine

8 pvUml
citratus, 8 pml

Melaleuca cajuputi

Powell essential oil

Powell mix essential oils

1:64 8232+ 1.84° 89.07 + 2.13 ¢ 82.50 + 3.52° 88.79 + 1.03 ¢ 39.48 + 1.55°
1:128 74.05 +4.72° 91.56 + 2.68° 86.12 + 212" 90.25 + 2.14° 69.06 + 1.19 °
1:256 9177 + 1.11 % 9352+ 1.13°¢ 87.26 + 0.60 ° 91.11 +3.16 ™ 74.92 + 1.59°
1:512 96.55 = 1.88° 96.43 = 1.75° 90.45 + 1.70 92.61 331" 85.95 = 2.58 °
Different small letters in row indicated statistically significant differences among groups (p < 0.05)
=
100.00- = o = =

90.00-]

% cell viability

. Alcohol free mouthwash with basic ingredients

1:256 1512

concentration

[ Alcohol free mouthwash with essential oil from Cymbopogon citratus & ul/ml

[ Alcohol free mouthwash with essential oil from Melaleuca cajuputi Powell 8 pl/ml

B 2icohol free mouthwash supplemented with & pl/ml Cymbopogon citratus and 8 pl/ml Melaleuca cajuputi Powell mix essential oils

D 0.12% chlorhexidine mouthwash

1 Square bracket indicated statistically significant differences among groups (p < 0.05)
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Figure 2 The relationship between percent of cell viability and concentration of mouthwash determined by LDH cytotoxicity assay
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Comparison of Static and Dynamic Compressive Strength between Two Mini-
implants: An In-vitro Study
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Abstract

This study was conducted to observe and evaluate the difference in static and dynamic loadings between
two mini-implant systems; one system is designed and manufactured as Chulalongkorn’s mini-implant products
(RetenDent), the other is Korean mini-implant products (MS denture® system, OSSTEM). This in vitro study was designed
to use compressive loadings as a masticatory force. This compressive force was angulated to the implant at 30°
from its vertical axis according to ISO 14801 guidelines Ten specimens from each group were subjected to static load
tests. Subsequently, five cyclic loadings were calculated from static compressive strength These loads include 320N,
275N, 230N, 185N, and 140N. Three specimens were randomly selected and tested at each loading condition, a total
of 15 specimens for each mini-implant system. The number of survived cycles and fatigue limit were measured and
analyzed. The Independent T- test was utilized to obtain the statistical differences of the static compressive strength,
while descriptive statistics was utilized to compare the difference of dynamic loading between two mini-implant
systems. The average static compressive strengths of RetenDent and OSSTEM mini-implants were 462.969 + 16.73N
and 403.407 + 25.55N, respectively. Overall, RetenDent demonstrated a higher number of survived cycles except at
320N loading condition compared to OSSTEM. The fatigue limit of RetenDent and OSSTEM mini-implants was defined
at 185N and 140N, respectively. RetenDent demonstrated a statistically higher static compressive strength. Both of the
mini-implant systems had higher compressive strength than mean masticatory force in the anterior and premolar regions

and RetenDent also has a higher dynamic compressive strength than the maximum bite force for a complete denture.
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Introduction

As a developing country, Thailand has been facing
a multitude of challenges as the elderly population expands
rapidly since 2010 due to better medical healthcare.
According to the 2017 report of the National Committee
for the Elderly (NCE), the number of Thai elderly was 11
million out of 65.5 million accounting for 17 % of the total
population. Itis anticipated that with a continuous growth
at this rate, Thailand will completely experience the aging
society in 2021 as the percentage of citizens aged 60 years
old and above will exceed 20 % of the total population.'
The definition of the elderly varies among countries. Some
suggest 65 years of age as the cut-off criteria, while others
consider 60 years of age. Retirement is usually used as
the standard cut-off criteria to define the term ‘elderly” in
each country. Besides numerous systemic diseases, elderly
people usually suffered from poor quality of life. The most
commonly used quality of life measures in elderly people
is a combination of the quality of eyesight, hearing ability
and denture wearing. One survey reported that 23 percent
of the elderly wore dentures.' Thus, edentulous problem
in elderly people is considered to be an important issue
that should be managed.

Previous studies have reported that numerous
health problems can be associated with tooth loss, including
obesity, gastroesophageal reflux disease, noninsulin-dependent
diabetes mellitus, hypertension, heart failure, chronic kidney
disease, and sleeping disorder.”* The conventional denture
has been a gold standard protocol for replacing missing
teeth in the past. However, many undesired problems have
been reported, such as ill-fitting of the lower denture due
to lack of bone support.” Trying to gain more retention,
clinicians reduce the vertical dimension to make the denture
more stable. Reducing vertical dimension results in angular
cheilitis problems. Another method to gain more retention
is making a zero-cusp occlusion, which strongly affects the
chewing efficiency of the denture. A number of digestive
problems may include gastric disease, diabetes, malnutrition,

as well as temporomandibular disorder. Another commonly

reported difficulty is discomfort. The thickness of the denture
can interrupt the speech ability of the denture wearer.
Improper design and thickness could lead to a change
in articulation.’

With inevitable problems of a conventional
denture, other choices of treatment have been proposed.
Overdenture on the natural teeth has been applied in
dental practice for many years. However, problems arising
from dental caries and periodontal disease have weakened
the successful outcome of the treatment. Thus, endosseous
dentalimplants have been introduced to assist the denture.’
In general, severe atrophy of alveolar ridges of the patients
is a contraindication for a standard implant (two-piece)
placement because of the lack of bone support. On the
other hand, a one-piece mini-implant is claimed to be
beneficial for this clinical situation. The advantage of using
mini-implant over standard diameter implant includes
minimal invasive protocol, which results in less bone
damage and postoperative discomfort. Moreover, it
requires less bone available due to the smaller diameter
of the mini-implant. With the smaller diameter, there is
no need for bone graft, which could lead to postoperative
complications and higher expenses.

Despite several benefits of an implant-retained
prosthesis, a study in some European countries revealed
that only 2-4 % of the edentulous patients were treated
with implants.” The main limitation for implant treatment
in these elderly patients is the high cost of an implant
procedure.” Likewise, in Thailand, most dental devices
and materials are highly dependent on import products.
The costs of an implant placement could be about 30,000-
50,000 baht per single tooth in a standard implant. This
limits the treatment to certain groups of the population,
especially in the rural areas. According to the guidelines in
2002, Thailand’s universal health care is provided through
three programs: Civil Servant Medical Benefit Scheme
(CSMBS), Social Security Scheme, and Universal Health

Coverage known as 30 baht health scheme." In these three
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programs, the insurances do not cover the expenditures of
implant therapy. Therefore, the development of implant
product with a low price is a matter of interest to make
the majority of population in Thailand gain access to an
implant treatment.

With the aforementioned problems, research
and development group in dental school, Chulalongkorn
University has been developing mini-implants to be applied
in Thai dental practice, especially in the elderly with poor
social status. However, mechanical tests of the material
must be performed prior to clinical application. Static and
dynamic compressive strength is being tested to ensure

that the selected mini-implants are qualified to be used

Table 1 Mini-implant and components used in the current study

in clinical situations. The objective of this study was to
compare the difference in compressive strength between
the two mini-implant systems to determine the resistance
of the mini-implants to masticatory force and to prove
whether overdenture using RetenDent mini-implants is

clinically usable in the edentulous patients.

Materials and Methods

Allinstruments, materials, and testing procedures
in this study were done following the criteria and guidelines
of 15014801: 2016(E)."” Fifty mini-implants from 2 companies
(Tablel) were used in this study.

Test lot Manufacturer Implant Lot no.
1 RetenDent mini-implant for overdenture 2.5mm/12mm, 190320
(Chulalongkorn’s product) cylindrical ball shape
2 MS denture® type implant (J2.5mm/11.5mm, FMN19F031

(OSSTEM)

cylindrical ball shape

Specimen preparation

All specimens were vertically embedded in acrylic
blocks (SIVA ANGKUN Co.,Ltd.) following the insertion
torque of the manufacturer’s recommendation. These
acrylic blocks were cylindrical in shape with a young

modulus of 3200 Pascal. The distance from the loading

o
30

point to the level of embedding acrylic supporting the
mini-implants was standardized at 11 mm. All specimens
were subsequently transferred to the specimen holder
that secured the position of each sample at an angle of
30° from its vertical axis. The diameter of the loading

member was 2.5 cm. (Fig. 1).

Figure 1 Schematic of the test set up: Mini-implant was mounted in an acrylic block. The specimen holder secured the position of

each sample at 30° off-axis
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Static compressive test

Twenty specimens, ten from each group, were
randomized and subjected to test for static compressive
strength. The static test was performed by Universal Testing
Machine (Servo Hydraulic System, INSTRON 8872). The
compression load was applied to each specimen by a
unidirectional vertical platform through a hemispherical
loading member with Imm/min speed until permanent
deformation occurred. Failure was defined as a fracture
of the implant body. Data were recorded in the extension
of mini-implants in relation to compressive load per second
and plotted on a graph. The top peak of the graph, which
referred to the maximum compressive strength, was recorded
for each sample. Merlin software was used to collect and
interpret the data.
Fatigue compressive test

Thirty specimens, fifteen from each company,
were placed in the same manner with the static testing.
The fatigue test was performed in accordance with the
guidelines of 1SO14801:2016(E) by Universal Testing
Machine, INSTRON E1000. Half of the maximum static
compressive strength was selected as the first tested
load, followed by two ranges of step width (10 % of
the estimated maximum endured load) above and
below. These loads include 320N, 275N, 230N, 185N,
and 140N. Three specimens were tested at each
loading condition and subsequently calculated for
the average number of survived cycles. The load was
pulsated with a sine wave at the frequency of 15 Hz. The
amplitude was set at half of the difference between the
maximum and the minimum loads. Data were collected
and interpreted by Waveform software. The load that
reached five million cycles without deformation was

defined as the fatigue limit.

SEM and ESD analysis

Scanning Electron Microscope (SEM) and Energy
Dispersive Analysis (EDS) (Quanta250, FEI, USA) were used
for further analysis of the morphological and chemical
characteristics of the mini-implants, respectively. Samples
from each group were observed through SEM at two locations
including head and body of the mini-implants. The acceleration
high voltage (HV) was set at 20 kV. Representative photos were
taken at magnifications of 50 and 1,000. Then the EDS
analyses were performed to examine the compositions of
both samples. The analyses were randomly performed at
three different areas for each sample and demonstrate the
results in peak height intensities.
Statistical analysis

Statistical Package for Social Sciences (SPSS)
software was used for the statistical analysis. Shapiro-Wilk
test was performed to validate the normality of the distribution
of the data. An Independent t-test was utilized to investigate
the statistical difference of the static compressive strength
between the two mini-implant systems, while descriptive
statistics was utilized for dynamic compressive strength
testing. A P-value below 0.01 was considered as significance

in all comparisons.

Static compressive test

The results are as shown in Table 2. The average
static compressive strengths of RetenDent mini-implants
and OSSTEM mini-implants were 462.97 + 16.73N and
403.41 + 25.55N, respectively. RetenDent mini-implants
demonstrated statistically higher compressive strength
when compared to OSSTEM mini-implants at the significant
levelof 0.01. Example of specimens with permanent deformation

after undergoing static tests are as shown in Fig.2

Table 2 Mean values and standard deviations of static compressive strength (unit:N).

1 2 3 4 5

7 8 9 10 Mean SD P-value

RetenDent 481.8

OSSTEM 377.61 413.48 41933 400.42 350.46

45259 47515 45255 47793 47425 464.82 460.74 464.79 425.07 46297 16.73

<0.001

392.06 427.73 43257 42394 396.47 40341 2555
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Figure 2 Samples after static compression test a: RetenDent b: OSSTEM

Fatigue compressive test

The average number of survived cycles was cal-
culated from three specimens in each loading condition.
The results are as shown in Table 3. RetenDent mini-
implants demonstrated a higher number of survived cycles
at loading conditions of 275N, 230N, 185N, and 140N.
However, at 320N, OSSTEM showed a slightly higher
number of survived cycles. The data were plotted in the
load-cycle diagram for comparison according to ISO 14801
guidelines. (Fig. 3) The fatigue limits of RetenDent and
OSSTEM mini-implants were 185N and 140N, respectively.

Table 3 Average number of survived cycles until failure (unit: cycles)

320N 275N 230N 185N 140N
RetenDent 3,423 8,912 55,707 5,000,000 5,000,000
OSSTEM 3,697 5,354 9,203 19,231 5,000,000
- RetenDent mini-implants dynamic strength a
XK
300 X Failed samples
250 Surviving samples
Z 200
= 185
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0
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Figure 3 Load-cycle diagram a: RetenDent b: OSSTEM c: RetenDent compare to OSSTEM mini-implant
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SEM and EDS analysis

The SEM images of the mini-implants are shown
in Figure 4. At the head of the mini-implants, it showed a
homogenous smooth mechanical surface, while the body
of the mini-implants demonstrated the irregular roughness
which is the results from surface modification in order to
enhance osseointegration process of the mini-implants.

Moreover, the picture also demonstrated different

(a) RetenDent

(b) OSSTEM

thread designs between the two mini-implants systems.
RetenDent’s thread design is similar to reverse buttress
shape while OSSTEM’s is similar to regular buttress
thread shape. EDS spectra of both samples which were
measured at 3 different locations are shown in Figure 5.
Both samples demonstrated similar results as Ti represented
the major components of the materials. The results also

revealed the presence of Aluminium (Al) and Vanadium (V).

Figure 4 Images obtained by scanning electron microscopy (a) RetenDent (b) OSSTEM (From left to right: Head 50x, Body50x,

Head 1000x, Body 1000x magnification)

Figure 5 Example of energy dispersive spectroscopy spectra obtained by chemical analysis of (a) RetenDent and (b) OSSTEM

Discussion

Several studies reported that denture wearer
preferences in overdenture were higher when compared
to the conventional complete denture and fixed prosthesis
due to better denture stability, easy cleaning, and main-

tenance.”"

However, severe atrophy of the alveolar ridees
of patients is a contraindication for standard implant
placement. Standard implant (two-piece) protocol requires

at least 6 millimeters buccolingual width dimension of

the alveolar process. This specific buccolingual dimension
is rarely found in the edentulous patients, especially in
the lower jaw. Therefore, the mini-implant overdenture
(one-piece) is recommended to replace the standard
implant. The mini-implants of 2.5 mm in diameter requires
only 4.5 mm of bone thickness which is normally available
in the lower jaw. Moreover, this one-piece design provides

a better strength compared to the standard hollow implants.
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OSSTEM mini-implant products were selected
to be the benchmarked mechanical properties since
several studies reported that OSSTEM mini-implants were
successful in clinical application and demonstrated high
patient satisfaction.”'® Static and dynamic compressive
strengths were selected as a representative for the
mechanical testing.

In this study, both mini-implants of each system
were embedded in the acrylic blocks with standardization
of 11 mm distance between the supporting point and the
loading point, resulting in an equal moment arm (Ixsin30)
of 5.5 mm. The result demonstrated that the mean static
compressive strength of RetenDent mini-implants was
462.97N, which was statistically higher when compared
with that of the OSSTEM mini-implants (403.41N) at the
significant level of 0.01. The reason for this might due to
the different materials used in the manufacturing process.
Analyzed through EDS, both mini-implants demonstrated the
presence of Vanadium (V) and Aluminum (Al) elements
suggesting that Ti6Al4V is the alloy material of both mini-
implant systems. The manufacturer of OSSTEM only stated
that the alloy material of the products is Titanium but did
not specific grade type of the material. On the other hand,
the manufacturer of RetenDent mini-implant claims that
the alloy material of the products is Ti6Al4V ELI (grade23)
following the ASTM F 136 Titanium specification.’

Two types of Titanium that are commonly used
in the implant dentistry are cpTi4 and Ti-6Al-4V. Several
studies reported that Ti-6Al-4V was a preferable material
for mini-implants since it provided superior mechanical
properties when compared with cpTid."” However,
some studies reported the risk of toxicity from Vanadium
in the Ti-6Al-4V alloy and the mismatch of the elastic
modulus between the implant and the bones.””* Thus,
modification of titanium alloy compositions with extra
low interstitials (ELI) has been developed. The Ti6Al4V
ELI contains lower levels of interstitials, which results
in better mechanical and thermal properties. These
properties include fracture and corrosion resistance,

wear, and cryogenic properties.”

Another different factors between these two
mini-implant systems are the thread shape and design.
Study by Lee et al reported that different types of thread
had no effect on the compressive strength of the material.
On the other hand, different thread shape and depth
could affect the stress distribution and primary stability.”
Study by Oswal et al. found that Minimum Von Mises
stresses were seen with the reverse buttress thread design
at the cortical bone.” Study by Ahmad et al. also reported
that the reverse buttress had a favorable outcome as
it provides better stability and increases the ability of
osseointegration process. *°

Surface treatment is another factor that has an
effect on osseointegration. According to manufacturer’s
information, both RetenDent and OSSTEM were treated
by sandblasted and acid etching technique (SA). Elkhaweldi
etal reported that SL had a higher survival rate compared
to RBM method, especially in the area of poor quality of
bone. * Study by Im et al. also reported that the initial
stability of SL was higher than RBM, but not statistically
different.”’

The compressive fatigue testing is the simulation
of daily functions and is accepted as the foremost and
suitable test strategy to get the information closet to
the clinical circumstance. In this study, five loads were
selected to compare the number of cycles between
these two mini-implants, including 320N, 275N, 230N,
185N, and 140N. These loads were selected as 230N
representing half of the maximum static compressive
strength of the material, and 45N was determined as
the step width of the maximum load. The specimens
were positioned at a 30-degree off-axis which simulated
clinically severe single tooth bending.”® Literature review
shows that adults have a chewing frequency of around
2700 times a day, which is equal to 10 million times per
year.”” However, chewing cycles are not always active
in normal oral conditions. According to 15014801, five
million cycles are considered as a standard for cyclic
testing. The results demonstrated that both RetenDent

and OSSTEM mini-implants showed similar results in
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that the number of survived cycles were increased with
decreasing level of load. RetenDent mini-implants showed
a higher number of survived cycles when compared with
OSSTEM mini-implants at the same loading condition.
Only at 320N that OSSTEM did demonstrate a slightly
higher number of survived cycles. The reason for this is
the collar size of the mini-implants. OSSTEM has a larger
collar which is around 3.2 mm when compared with
RetenDent, which has a collar size of around 2.8 mm. This
collar part receives the load and transfers it to the body.
At 320N, the 2.8 mm collar size cannot withstand the
load. As a result, it breaks at the lower number of cycles
than OSSTEM. However, the area for the mini-implants
placement is limited around the premolar to premolar
region since the purpose of the mini-implant is to retain
prosthesis. Previous studies reported that the mean
masticatory force at the molar region ranged from 107
to 156N, 39 to 66N on the premolars and 11 to 33N on
the front teeth.” Therefore, 320N is beyond the mean
masticatory force at the premolar region.

By comparing the results with a study by Heo
et al.,, which tested mini-implants from Dentis, Daegu,
Korea, it showed that the diameter of the mini-implant
was 2.5 mm and the length was 13 mm. The test method
was similar to this study. The results demonstrated that
the maximum static compressive strength was 149 + 6.1N.”!
Dentis was made of cpTid. Thus, it yielded a lower compressive
strength value when compared with Ti6Al4V and Ti6AI4VEL]
material at the same diameter and tested conditions.
The fatigue limit of Dentis was analyzed at 60N, which
accounted for around 40 percent of its maximum static
compressive strength. This percentage is comparative
to RetenDent. OSSTEM’s mean static load is around 403N,
and its fatigue load is limit to around 140N. This accounts
foraround 35 percent of its maximum compressive strength.
However, the large range of the step width must be
considered, as the load between the ranges could be

the definite fatigue limit of the materials.

The most concerning problem for the mini-
implants is their mechanical properties to withstand
the force since several studies reported a high risk of
fracture in the reduced diameter of the implants.”** The
maximum bite force is usually used as an indicator to
evaluate oral cavity function. Several factors have an
effect on this value, including gender, age, periodontal
and dental status. As mentioned above, the compressive
strength of both mini-implants is higher than the mean
masticatory force around the placement area of the mini-
implants. Moreover, studies reported that completely
edentulous patients had reduced masticatory force up to
only 20 %-40 % of that of healthy dentate persons.” This
is due to decreased muscle activity as older people tend

to have weak neuromuscular control.*

Studies reported
that the maximum bite strength for a complete denture
was around 155N, with an average masticatory force of
43N.** Compared with this study’s results, RetenDent’s
static and dynamic compressive strength is greater than
this value. Therefore, RetenDent mini-implants are likely
to have capabilities in need for application in clinical

practice to retain prostheses.

This study was an in-vitro study. It cannot simulate
the actual intraoral environment. The load was applied
only in a single direction. Temperature and humidity was
not similar to the actual clinical situation. Future studies

might consider artificial saliva baths and thermocycling.

Conclusions

RetenDent mini-implants are statistically higher
in static compressive strength compared with OSSTEM
mini-implants. Both RetenDent and OSSTEM mini-implants
have higher static compressive strength than mean masticatory
force in anterior and premolar regions

RetenDent has a higher dynamic compressive
strength than OSSTEM and also has a higher number of
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survived cycles in all loading conditions except at 320N loads.
RetenDent’s static and dynamic compressive strength

was greater than maximum bite force for a complete denture.

Funding disclosures: This study had funded by The
Thailand Research Fund (TRF). Results and discussions
written in this study had not been reviewed, altered, or

approved by TRF in any way.
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Abstract

This study aimed to evaluate treatment acceptance, adverse effects and caries-arresting effects of silver
diamine fluoride (38% SDF) in preschool children aged 3-6 years who restrict on access to dental service. An oral

examination of 75 kindergarten children from four public schools in Muang district, Chiang Mai province who had at
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least one tooth with active dentine caries in upper anterior primary teeth. According to methodology, SDF was applied
directly to only the affected tooth surfaces in two applications at six-month intervals. The children’s acceptance and
adverse effects were evaluated one day after each procedure. The parental acceptance was assessed two weeks
after the procedure. The caries-arresting effects was assessed at six-month to calculate the caries arresting rate and
caries reduction. Most children and their parents showed positive results from using SDF therapy. The children’s
acceptance of black discoloration after the first and second SDF applications were 78.7 % and 52.0 %. The parents’
acceptance of black discoloration after the first and second SDF applications were 77.3 % and 65.3 %. There were
adverse effects such as gingival pain and irritation (n=17), tooth pain (n=5), and nausea and vomiting (n=8). At the
six-month follow-up, caries arrest rate was 91.4 % and caries reduction was 27.7 %. In conclusion, most children and
parents who restrict on access to dental service responded well to SDF therapy. SDF has a positive effect on caries-
arresting effect. However, prior to treatment, parents and children should be provided with detailed information

about the treatment process, pros and cons, in order to decide to receive treatment.
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Table 1 General information of children who participated in this study (n=75)
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Table 2 The percentage of children and parents’ acceptance after

silver diamine fluoride application (n=75)
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Figure 3 The percentage of children’s acceptance of black stain after silver diamine fluoride application (Classified by number of

active cavities in upper anterior primary teeth at baseline)
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Figure 5 The percentage of parents’ overall satisfaction (dental appearance and dental health) after silver diamine fluoride application

(Classified by number of active cavities in upper anterior primary teeth at baseline)
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Figure 6 The percentage of parents’ acceptance of black stain after silver diamine fluoride application in children (Classifed by

number of active cavities in upper anterior primary teeth at baseline)
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Figure 7 The percentage of parents’ acceptance of black stain after silver diamine fluoride application in children (Classified by

carious lesions by size when viewed from labial side)
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Abstract

The aim of this study was to compare reliability and validity in color measurement of spectrophotometer
and intraoral scanners. Three sets of brand-new VITA classical and VITA 3D master shade guides were cleaned with
ultrasonic cleaner and three similar color of each shade guide were put in gum shade guide. The color of middle
shade guide was measured at middle third area in the black box for simulating intraoral environment. Experimental
groups were divided to 3 groups of color measurement devices which were VITA Easyshade® V spectrophotometer,
TRIOS 3shape intraoral scanner and CEREC Omnicam intraoral scanner. Color calibration of each device was done every
nine times of measurement and the data was recorded. Data were analyzed using Randolph kappa for reliability and
chi’s square for validity. The reliability of VITA Easyshade® V spectrophotometer and CEREC Omnicam intraoral scanner
were in the very good strength of agreement (between 0.8-1) and of TRIOS 3Shape intraoral scanner was in the
good strength of agreement (between 0.61-0.8). The validity of VITA Easyshade® V spectrophotometer was 85.4 %
when measured VITA Classical shade guides and 82.8 % when measured VITA 3D Master, TRIOS 3Shape intraoral
scanner was 37.5 % when measured VITA Classical and 44.8 % when measured VITA 3D Master and CEREC Omnicam
intraoral scanner was 62.5 % when measured VITA Classical and 48.4 % when measured VITA 3D Master. Chi’s square
(McNemar correlation) test showed significantly difference of validity between VITA Easyshade® V spectrophotometer
and TRIOS 3Shape intraoral scanner (P value=0.001) and CEREC Omnicam intraoral (P value=0.036). It can be concluded
that reliability in color measurement of VITA Easyshade® V spectrophotometer and CEREC Omnicam intraoral scanner
was very good while TRIOS 3Shape intraoral scanner was good. Validity of both of intraoral scanners was significantly
lower and different from spectrophotometer whereas validity of CEREC Omnicam intracral scanner and TRIOS 3shape

intraoral scanner was no significantly different.

Keywords: Color measurement, Intraoral scanner, Shade guides, Spectrophotometer
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Table 1 sample group, number of shade guides and number of color from each shade guide measurement

Reliability test

Validity test

Number of shade

guides

Number of color
from each shade

guide measurement

Number of shade

guides

Group Color measurement
method Number of color
from each shade
guide measurement
1 Spectrophotometer 3
VITA Easyshade® V
2 Intraoral scanner 3
TRIOS 3shape
3 Intraoral scanner 3

CEREC Omnicam

1. 29 shade guides
of Vita Toothguide
3D-MASTER

2. 16 shade guides

of Vita classical

3

1. 29 shade guides
of Vita Toothguide
3D-MASTER

2. 16 shade guides

of Vita classical

nsiRseideyanieain

1. TlusunsuAunesulatauun (online kappa
calculator) Tuiules http://justusrandolph.net/kappa
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waglolusunsuioaiiedioa (SPSS statistics version 22)
fvunatiuddad P = 0.05 tneliadflafauas (chi-square)
AnauasUisudisumuiismswoaiowaalnsiviinos
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NAN1SAN®EN

Tunsvedeumudiesiunde Intra-rater agreement
MyaDALaunsIAUUN Az1@nsA Percent overall agreement,
Free-marginal Kappa Waz@1 Asymptotic 95 % confidence
interval vouSesaUalnsinsnunesidnddianlng 3o
aunuuesmeludesunnySosandivn uavielesawnuiuesly
FosunTidreeuiuan fuanduasnsd 2
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SEAUR (9858119 0.61-0.80)

AN 2 Uana) Percent overall agreement, Free-marginal Kappa UagA7 Asymptotic 95 % confidence interval Yedia3avaiunlng
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Table 2 Percent overall agreement, Free-marginal Kappa and Asymptotic 95% confidence interval of spectrophotometer VITA

Easyshade ® V, TRIOS 3Shape intraoral scanner and CEREC Omnicam intraoral scanner

Intra-rater agreement

Percent overall agreement

Free-marginal Kappa

Asymptotic 95% confidence interval

Classical 3D-MASTER classical 3D-MASTER classical 3D-MASTER
VITA Easyshade® V 91.67 93.10 0.91 0.93 [0.79, 1.00] [0.85, 1.00]
TRIOS 3shape 77.08 64.37 0.76 0.63 [0.57, 0.94] [0.50, 0.76]
CEREC Omnicam 81.25 81.61 0.80 0.81 [0.62, 0.98] [0.68, 0.94]

lunmegouAUgm Ity LlogAANNRved
nyinlaangniesns 3 Asiveasedlont 3 1A309 WU

wSasaUalnslslaiiwes AadTmaln) darsesay 75
Walnwoudues 30 Aaadra wazsevay 75.9 Wadnuaudves
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Table 3 Validity in percentage of spectrophotometer VITA Easyshade ® V, TRIOS 3Shape intraoral scanner and CEREC Omnicam

intraoral scanner divide into 2 groups from type of shade guide

VITA Easyshade® V TRIOS 3shape CEREC Omnicam

Classical 3D-Master classical 3D-Master Classical 3D-Master
Al correct 12 (75%) 22 (75.9%) 5(31.3%) 10 (34.5%) 8 (50%) 12 (41.4%)
1 mistake 2 (12.5%) 2 (6.9%) 0 (0%) 3(10.3%) 3(18.8%) 2(6.9%)
2 mistakes 1 (6.3%) 2 (6.9%) 3(18.8%) 3(10.3%) 0 (0%) 2(6.9%)
All fault 1 (6.3%) 3(10.3%) 8 (50%) 13 (44.8%) 5 (31.3%) 13 (44.8%)

A o w v & ° a a1y A o = ay a v o
LLagLllau']‘?]aﬁ;ljaﬂqi'ﬂﬂWQWNﬂNr]ﬂr]u'}mﬂqﬂaqﬂL‘V]EJ\W]?\T UATRYRAY 37.5 LUDIALAUAVDN 361 ARFFERR LAsID8aY 44.8

' ' o aa P A Y] A |
NnAANLAluNTInENgNFweLATDMBN 3 1ATRY WU
wsasaalnliladines Idddaalnd dandesay 85.4 el

a ay a o v A o a ay
WOUAURY IR AaNEARA LAy Sauay 82.8 Watanaudvad M

=p ¢ A s ' a a
7155 Wa@wes wIBaLnULUasNeluTIN NSeRENSIN

A o a Ay  aa ¢ o ¢ |
WaTaLauaEvas 30 V30 1names wagisasawnuuaselutesun
a g A A Y Py a ay a v
Farpoulua 1A5euay 62.5 Wainwaudved 391 Aanadea
warsauay 48.4 o tnuaudvad 31 V3R LANeS AdLand
Tumsnan 4

A15999 4 uanemnisnsidneasituiveunsesarsalvsinsladines VITA Easyshade® V inSesaunuiuasnieludestn TRIOS 3Shape
uaATosaunuesIuYesUIn CEREC Omnicam lnguvseeniungueiudiuuauainia

Table 4 Validity in percentage of spectrophotometer VITA Easyshade ®V, TRIOS 3Shape intraoral scanner and CEREC Omnicam

intraoral scanner divide into 2 groups from type of shade guide

VITA Easyshade® V

TRIOS 3shape

CEREC Omnicam

Classical 3D-Master classical 3D-Master Classical 3D-Master
Correct 41 (85.4%) 72 (82.8%) 18 (37.5%) 39 (44.8%) 30 (62.5%) 42 (48.3%)
Incorrect 7 (14.6%) 15 (17.2%) 30 (62.5%) 48 (55.2%) 18 (37.5%) 45 (51.7%)

waziilothransianaualunnaaumeladawais
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Table 5 p value from Chi-square (McNemar correlation) when comparison between spectrophotometer VITA Easyshade © V, TRIOS

3Shape intraoral scanner and CEREC Omnicam intraoral scanner * shows significance difference

McNemar

P value

VITA Easyshade® V / TRIOS 3shape
VITA Easyshade® V / CEREC Omnicam
TRIOS 3shape / CEREC Omnicam

0.001*
0.036*
0.296
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Abstract

The aim of this in vitro study was to investigate the effect of arginine containing fluoride toothpaste on
demineralization and remineralization of artificial root dentin caries and to assess the appropriate concentration of
arginine in fluoride toothpaste. Fifty root segments below cementoenamel junction of extracted human third molars
were collected. Artificial caries lesions were created with the size of 3x4 mm by immersion in demineralizing solution
for 96 hours at 37°C. All samples were randomly divided into 5 groups (n=10): (1) 1450 ppm sodium fluoride toothpaste
(Colgate-Palmolive Company, USA) with 2% arginine (Sigma-Aldrich, USA), (2) 1450 ppm sodium fluoride toothpaste
with 4% arginine, (3) 1450 ppm sodium fluoride toothpaste with 8% arginine, (4) 1450 ppm sodium fluoride toothpaste
only, and (5) deionized water (control). The samples of each group were immersed in either of the solutions for 7 days
under pH cycling model. The surface microhardness was measured with Knoop microhardness test (FUTURE-TECH,
Japan) at baseline, after artificial caries formation, and after immersion in each designated solution. The percentages
of surface microhardness recovery were calculated and statistically analyzed using One-way ANOVA and Tukey’s
test at a significance level of 0.05. All experimental groups showed statistical similarity in the percentages of surface
microhardness recovery, which were significantly higher than that of the control group (p<0.05). Within the limitations
of this study, we concluded that the toothpaste containing sodium fluoride both with and without arginine equally
prevented demineralization and promoted remineralization of artificial root carious lesions. The different concentrations

of arginine (2%, 4%, and 8%) had no significant effect on the remineralization.
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Received Date: May 28, 2021
doi: 10.14456/jdat.2022.22

Revised Date: Jun 16, 2021 Accepted Date: Aug 4, 2021

Anstaiigafiuunaany ;

g7l USNA NMAIYTIUANTIURRANTS ANgTuRLNMEmEaRs Padnsaluvinivends 34 0853 ureslul Unuiu ngamwe 10330 Useinelng
Tnséwsi: 02-218-8795, 089-611-7417 Biua: mizakiono@gmail.com

Correspondence to :

Nattawut Borikul. Department of Operative Dentistry. Faculty of Dentistry, Chulalongkorn University, 34 Henri-Dunant Road, Patumwan,

Bangkok, 10330 Thailand. Tel: 02-218-8795, 089-611-7417 Email: mizakiono@gmail.com

UNUI

ngedszuuilinvaausuaTUgaWE (The ecological  Mwsiansa (Aciduric) Faludierdinnelsaiuinsiuiuuniu

plaque hypothesis) ifutladanisfidefiolutiagtulumain
osuefamafelsadturiiduiusiudiegdunid Wessuuinad
Tuusuasugdunididoy asvhlisiavesdouuniiseiionds
ogUAsuutasie Tngluanzgunimdesuniitesyhlide
wuafideluusuesuqdurdandmdudediidels unded
SananhmegeagihliuuaiiGoumivladimadunsaiaty
AforluunuaTUAUYISanas dwaliAnnsideunlas
sesvuuiinel vrlideftanunsandnnsn (Acidogenic) uay

JuwaliAnlsaitugmiuun’
mnfluiAnannsazaevesussilufiuainnsadi
Ifannsdesaaeimavesdenuaiideluroshn duilvg
wiluffgeeng Inefammunaniianaseilaesinniluse
Auwndon 671"&11'%nmﬁﬁﬂLﬁmﬂ’ﬁazamaumuﬂiwaﬁuw%‘é
Iolaede uazaziinnsazaesensalaiieninafouit Ins
Anvmuhaniugludgenginugnifiaannty’ vesasai
sniturgtuennrenishnsysusiennesitssneuresying

206 J DENT ASSOC THAI VOL.72 NO.1 January - March 2022



. L & z . z
sinfludulngidulienu simiensdenisaiuauAINF
o = X - = 2 . .
Wesndlonagnuuleuainuindeanian (Gingival
crevicular fluid) Usenauiuainu@yaIn i siauneuIsuns
o U @ 1 o U :.Il CV= 3 14
Snwvesgeengduliegieindiuin duiulutagduisld
fnsduasubiiinnsyuiumsduginisiiasnilubiasnig
AUNGUTDIUITIN (Remineralization) Usisusnilulise
fUaees’
geslsalagnitgaiilumedtinudriniussavsnn
Tudsstumsifinsiniluy’ aansanseduliiinn1sAundy
YDILTTINUALANNITALAILVDILTEY (Demineralization)
nalwadousnfiuwaziiledtuy nsudsailuyniusigediiun
fidnnanvesigeslsnluidmlunieulilunmsiiuvigeslsa
Tugesun useeghslsinumigeslsaissegnuferenaliiiese
Tudnfianandesastensiinlsafiususiasniiu lneanzlug
Aa a a | va  a H [
MlwsupsuAEEuger N USinaunnuasuslnathmauey
Usznouiululigiulinsnuimuinweaniulnnonda Tuaud
(Streptococcus mutans) s3euuaiiEeluameRugau 1 fose
Wgoals’ Aundndufesmansiduntieiatuussavsam
vawlgeslsrlunmsfunduussnuazsediuwunfiSenalsniiuy
@ A o W o I a o &1 A Y] a
Wunweusuiulaeinluiwansiueiang 9 itedesiunisiiolse
MulaiaztuTifi-edi (CPP-ACP) lastagu (Triclosan) lednea
(Xylitol) wazaaeLandu (Chlorhexidine) dulinsAnwfinuing
UsgAnsnmlunistesiunmsifialsailus® Lwiaahﬂsﬁmui’mq
Usgasdnaniunsdesiunmsiinlsafiunvesdndaeiveand
Lildssludanmsivssuuiinmiluwiuasuadunsdlnenss
' Y] saa .. Ao = A w1 Y]
A9AUB1531U (Arginine) NTinsAnwBuS Ut UNT
nlseitur Inelnalnenswiessuuivmiluuiuasudumse’
faa & A a '
osdtuAensnezilunnulalusmiswarlusianie
uywd lngavgnuateananmeiianeluguvedesdtiudassuay
sUUng msfinwneunthinuinersdtiuwazigeslsalv
naasugnsAulumMsiuUseansamlunmsdesiuiluguas
duaSunmsfunduyenisgluseslsailunszesisuiuvety
a Y 1 AU o w aa v faa o Y
waeuiluldegnslitdfyneada Ingldesdtdunanududu
W 1012, 4t I a a o ' ) '
wanenauly? ureeslsAmuyseansnmsananisasumus
¥ . I
voulleurdusnituvesnsfinwneunthi” dunaanu
oA A U a o | a W v a a
Uetiowazdalivanguliiisameiinzanunsauslainussansnim
Y0915 0uT W UIgRalstansafunIuNNTaEaNEusE 9
voesnituld Jaduimesnuideluased ienadeuusednsnm
faa o a = 1Y)
ves015 3 luNadluenditurigeslsilunisazareuasnsaundu
wismvedilefudiunnilunendinisiaesanisnvinliin

soulsailuy Fan1slilugvuuuvesendiluastelonsdtu

AN v a a a 14 o A v v v
pangvslasisEansnmuINTIgn™ udaieAumanududy
vositunmnganlunisliswiveditungeslsd lnsuda
NaaNASeazveINsAsuLUaALLRISERURanA
P a | a a faa  a v v | o
Failanufgnuie@ituitatensItunauntusing 9 suiv
wQaalié ﬁmafﬂ'amsmaﬂuuﬂaqmmLLﬁﬁaizé’Uﬁgammm
soglsmitundnaedhuilefudiusinilu ldunnssanendilui
a & ' a a a faa
Teunauvosvgoslsnifietetnaiied wasendiufinaue13id

a ¥ v ] Y] ¢ ' a

unANUILNTUA1 9 Suiungeslsa Tnasenisilieuntas
AL IERUganIAvesseslsaitugiaadluilefudi
snfluldumnenaiu

Tanaunsaluazisatunisidy

Aunldlun1smaass
FUNIUNITNAAIRDNUNTIULATN 3 UUNIDAS

a

VIQNOBUAIBWANANIINITUNNETIWIU 50 %Iﬂaﬁwmmneju
§1981991nLUSINTU G*Power 3.1 MIINSUNUAIAINATSANE
Aounth gl Wnswnaoutew (F-test) tovlwinlas (Effected
size) = 0.52, W3410% (Power) = 0.81, 91U3UNGH (Group) = 5
fifuddey 0.05 1 NATINMIIAIAAUTZYIN TR
(Total sample size) = 46 noumMsiuilugUeazlasunsu
Toyawarlirubugen sadalasunmseydfannanenssuns
M915041938555uM T ULy BEveIRETIURLN B AR
ﬁ;maqmzﬁwﬁwmé’a Lam‘ﬁ 101/2019
mmaauﬁuﬁaaﬂé’mﬁgamimﬁamﬁiaﬁﬁwé’w&n&J
’ffmq 0.8 11 (Stereomicroscope SZ61, Olympus, Japan)
Tusrnseey seei sedagusae Minasuanysnuay
Lﬁal,?iaﬁmﬁaagﬁwLﬂ%‘law‘hmmﬁzmmﬁﬂw% (Ultrasonic
cleanser 5210, HEIDOLPH, Germany) LLazLﬂ%"aqﬁaymﬁuﬁwma
(Hand scaler) i'auﬁ’um%’mﬁﬂmﬂmnﬂqaalﬁﬁ Wuiluluans
avanglnuea (Thymol) Anudnduieeay 0.5 melusyezina
30 Ty neuiulglunsnaass
mawdeuiieftudausn
dadrusniluusnalanesesraseninundouilu
uazLAdaUTINHU (Cementoenamel junction) lanteesie
WS eadaiiuALEIsh (IsoMetTM1000, Buehler, USA) w1
319 5 TaALIAT A 50 Ty ﬁdgﬂﬁ 1a) Mntaianileas
Tulndeamesisdulagliwiuuunaainnsinsyueniiflvunn
Whauaugnans 2 wudiuns ge 2 wuians Wnelinsnituegimu
Tnawudunn 1 fadiuns ﬁqgﬂﬁ 1b.) fal¥dsvanas 12 Falus

Borikul et al., 2022 207



dialisfuuuiilavauysal vinstaiisnfiuduuuie  dumenszmuduauii avvaeuhminavaanysnoenain

WHUTANDUASLUASE991NLUDS 400 800 1200 waz 2000 A8 AsniluaunuaLal ¥nsiaausietineadaulau (Revion,
\AT0eURHYIER (NANO 2000, Pace technologies, USA) Lt UsA) Teawmdeinsnituliiduminensunn 3x4 Taawng
TalaRdefluaiusnfiSsuwuu vnauaranmlewasasyin Aagun 1 c)

anuavemabihsmfuthusrnussatiunm 15 nituae

3‘1]171" 1

Figure 1

b. c.

uamInIInTe I SunerasIIn T IR ST UganIA

a.) msaasusaausniulanauSaasesnosenieaouiulaznaoumituantos ni 5 daauwns b.) tesiniuadlulnsioamesisay
Yo UNA TN TN T USSR EUENA 1 2 teufiias g 2 swudes TneliRas il 1 dadwes ) indauBinsiniy
werhennsoudulindenaituiiniin 3xa Sadums d) uanssesnansii 1 (SMH ) IS 0 120 240 9
WI9MVOUIILEN 50 100 150 U 200 Iulpsiumy a1ty e.) uaniseenaasii 2 (SMH ) ndamInaumIsTInessee ATl Ui
40 160 wae 280 897 f) Uaneseenamsan 3 (SMH ) WAIINE TN U SaYa1e 1N T UINITTIA89aN 192N ITUEULYAIA I
iTunsA-Aaiia e 80 200 Uuay 320 99

Schematic diagram demonstrating tooth preparation and experimental procedures

a.) The root fragments of 5 mm. in width were removed below the cemento-enamel junction (CEJ). b.) The root fragments
were embedded in epoxy resin block (2x2 cm.) with 1 mm. height of the surface extruding from block. c.) The root fragments
were covered with acid-resistant nail varnish except for 3x4 mm. window d.) Baseline surface microhardness (SMH / was
determined in three locations at 0, 120, 240 degrees with four indentations each at 50, 100, 150, and 200 um from the
outer surface. e.) Surface microhardness after artificial lesion formation (S/\/IHI) was determined in other three locations at
40, 160, 280 degrees. f.) Surface microhardness after immersion in each tested solution under pH cycling model (SMH 2) was

determined in other three locations at 80, 200, 320 degrees
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Figure 2 Flowchart demonstrating the pH cycling model of the study

N3IAANALIIRITEAURANIALUUYY
Toenaudfnsziugamausasiunuieiomadou
auudsinszaugania lngldvhnayleweu (Knoop diamond)
Tiusenait 10 n3u Bunen 10 Funtenauuidlodiulnesey
3 fusiadedl adafl 1 (SMH)) nATIFIWMLA 0 120 240 B3A
adaii 2 (SMH ) nAsiuws 40 160 280 Df uawaaii 3 (SMH)
nAFMUYLS 80 200 waw 320 a3rn Ingluusiagsiumisagyinnsna
490 ¥ NYaULEN 50 100 150 wag 200 lulasiuns suaniu
Faguii 1 d-f) matamaudnssduganielundedt 3 du aevin
nsdusunluusiazngunases lnglsiyaaaduilinsungs
mi‘maaqLﬂuﬁjﬁ@U%umuiuLwiazﬂfcjmﬁﬁwﬂﬁiﬂﬂ%aﬁwmm
gAdevime e mnifusunmenuuddinssdugameauuy
WUNANN"S SMH = 14229K/L” Tae K Fleusana viaenduniu L
floruen1vesseena (Indentation length) viendulalesiuns
AAnaudainseiuganannynsesnavesisiazassazgnii
wymuazsduaiadsmuuddiisyduganiavesiuay
fhegsluntsnandaiy 9
N1FAATIZANNEDA
Sovazmiasuuiannuudaiiseduganmaves
soslsntlugluiiofiudusniiy (% SMH recovery) fiansan
PneAnsuAnsssseiaAsauudiansinedei 3 uay
Aadsnnuudsnnnsiandsd 2 gudes Mo
unnssvesAadeamudiinnnnistaeded 1 uazaade

maudaiiannsiand 2 deeunis
9%SMH recovery = (SMH - SMH ) x 100 / (SMH_ - SMH )
NAADUNNINTLALVBIUOLAGIININAGABY Shapiro-
Wilk hagynagauaainAuUeInNLUsUTIu (Equality of
variance) mMen1ageauLaiu (Levene test) ldadifiasizi
AMULUTUTIUNI9LAYT (One-way ANOVA) LaznadauAI
wANAIsEIIe Az UAsuate g inseiu
AT NGUMEN1SIUTEUTe U sdouingfid (post
hoc Tukey’s multiple comparisons) fuuaeAeEdFgy 0.05
Tlusunsud a3y (SPSS for window version 21.0) Tunns
AATwRtoyan @i

NaN1SAN®EN

M3l 1 uansanuudaiissfuganiauuuyy
rewhnsmnaes (SMH ) aeviasnisiiasssenlaniiur (SMH )
Aevdsnisdnassaninzmsiasuutasenaiunse-sins
(SMH)) wazenForaznsiasuuasmuudshsedugana
(%SMH recovery)Im*aLﬁaﬁudmmnﬁudauﬁuﬁwmsmaaa
frnenuudsfnseiuganinegluti 63 f 68 fadumiadeues
Aarudainssdugamanuuydludefiurialy® nends
msraesseslsafiugnuitdirnuudisziuganinanas
oelutag 8 s 10 Fseglutaradeauudsiasefuganea
wuuyUvesseslsailugluiiusssuwd’ wasiiledansanig

210 J DENT ASSOC THAI VOL.72 NO.1 January - March 2022



Aswdsunlasenudunsa-snadunan 7 Yu nuinaany
< a o I | = Ay
wlalasgauganiakuuyUeglug 5 fs 9 lngiir1segasns
a < a ) | a Ao
wWaruiUasmnuudesiseauganmaveanguendituiliaiunas
a & a ' a ' a Ao
vodlgiReurigoslsiiiesatnfen uagnquendiunidiu

nanvaslfsungeslsniuivensituanudiutuiovay 2
4 uay 8 tulldnliunneneiu (p>0.05) usinsvundiAnganda
nauiUseInUsEgegeiteddaneatia (p<0.05)

M5 1 AIAIILTINITEAUANIAUYUYYYINGUNITIAGEIN 5 gl ad LaNSuduNewINIIAGed (SMH ) iilesiunssyuaunsviaedsey
Ismiitug) (SMH ) wddsinunisdaesanioznindeuutasnuidunsn-ne (SMH ) uassosasadunaeunainmudsilaszdugann

(%SMH recovery)

Table 1 Surface knoop microhardness measurements in 5 experimental groups, Baseline surface microhardness (SMH J, Surface

microhardness after artificial lesion formation (S/\/IHI), Surface microhardness after pH cycling model (SMH 2) and Percentages

of surface microhardness recovery (%SMH recovery)

Mean#SD knoop microhardness number

Groups SMH SMH, SMH, %SMH

DI water 63.14+3.43 9.77+1.29 5.86+0.70 -7.45+1.86 "
Sodium fluoride 67.23+2.44 8.66+1.81 8.73+1.46 0.45+3.14 °
2% Arginine + Sodium fluoride 65.14+4.29 10.32+1.56 9.58+1.18 -1.49+3.01 °
4% Arginine + Sodium fluoride 66.77+3.46 9.93+0.95 9.74+1.64 -0.32+2.38 °
8% Arginine + Sodium fluoride 65.52+3.90 9.11+0.81 8.75+1.14 0.61+2.12°

nnee: menwsiudlngindeuiulunedud uansiluuaneiueeedidedhaynivais

Remark: Group with the same uppercase letter in the column are not statistically different (p>0.05)

UnI5ad

= dy | = a a a
nsfnwilidunisd@nuiussansainvesendily
goalsanildrunanveonsitiusenisdeuulainiuuls

¥
a 1Y I

Rsyauganiavedilefludiusnitunmendnisiiaeaniie

o

nrilAinseslsailuy InenanisAnwinuinaidesasnis
Wasuwawnnuudsiaseduganavessnilugdassveings
grdfluloieungeslsiwasediiunalufourgeslsasiuiu
0153tunnuidututorar 2 4 uay 8 dulsifiuuansnaiu
neadn warlaifamuuansndlunguuesensatuiinudidu
Sovaw 2 4 uay 8 FrdunIAnunEaensuaufg
nsfnwilddasannzmaiasnitumitefnu
UsyAvsamaasediulnieungeslsdiinaueniitudeilo
Hundusnitudanuin endiluiildunauvesensatusuiu
lnfeurigeslinanunsadunmsaraisuisiguasiinnsau
nduuisguessenlsnitunsiaosluiefiudrunitulalsl
uanssiuendftuiifidiunauveslufoumgeslsifiosesng
Wenuazedituifdunauvesensitummduduiesay 2 4
uay 8 fuszavBamlsiunnseiu Ineedftuiitidiunanve
dwfeungesliuazuea-0153iu Wlulslnsaaslsn zvin
Uffseniulaedszauanvesnguinffiley (suanidinium) Tu

915tluarRagaUszRauveigealsnlulyfisungeslsiuay
raslsdlosauluasituavigaivlafeylossululudey
Waoalsr lanadnsiduuen-a133tiu vigealsd (L-arginine fluoride)
waglgiieumaslifnuaiu' Insuea-e153tiungeslsn 9
unsndalUgdliiuiessostsn uumasinifuuso (reservoir
duatuliAnanznsnneeneuveaaieloanuLRl

1012 ginglunnsAu

Jusiuuvigeslsezlvd (fluoroapatite)
nduussauardesiuituy wadldduandsainmsinuves
Bijle wavmnzd 2018 finuinendilufiddrunauvesluion
wgeolsfmiuoidtuanudiutuiosas 2 u Fredunns
aYANEUITIRATANASUNTAUNAULST R YRsTRE LI AT USIM
Fuipdevituligeanhedituiifdunauodluiougoslss
PufuosItunudiduSesas 4, 8 uazenaAiuidunay
vodluifenrigoslsdifissenafviegnadiivdfamaeadia s
mmma%ma"l,é’mﬂmqmaamﬂssmié’ﬂﬁ 1. Usgdndnnves
wgealsfdmiumstesiufiugiuasdufuamududures

1819 &

gealsdlugndilu™" WenanesduludSunaiuniuay

daalviUsinalaetminvedeiuugeslsalugdiuanas

mun dwalimnududuresigeslsalessuanasing >

Borikul et al., 2022 211



v & a A ¢l Y v o a
Aatumneditulidunauvesigeslsananududuiagiin
msAunduussMFIsYavEnIwanas 2. endituludewmigeslsa
MnaneSRiunanudutugs wlianuduturesnaslsiiiniy
1 v faa 1 faal
Ausn denalvionsdtiuasanmeglugvesea-aniaiu luly
lalasaaalsd Liunndaluigisenduluieuvgeslsd > il
Lﬁmﬂmmﬂ&f’maquaalim“l,aaauamaq fariuUseansnnlung
Aunduussnnanuea-ensitiuvigeslsinanamiuunieain
winkadena1viimsuanudituvesensitiunnaudly
TnasioUsinavegeslsnlossuluendity Fadinalunsdesriu
a 1 1 =3 = dy Y o = VU
maiindlue wisghslsimalunisfnwillevinsfinunisdnu
NsaraEITINLaENISAUNGUYRILIS MU IuYeLiloiugs
fUsunamaslansandazniindtesninluadsuiu® Fevinla
geelslovauiiuaneanuaned@iuntdnauvedlude
gealsdiiesetnauienaenguinatensitunnududuiovay
2 4 uag 8 TuilUSinainniieawe Mg salivi§aseiu
= 1 ﬂy YV =% a v
lansandevmnlndludruveailaiiuls Jufansdunisazane
| & o | av o | o a Ao
WIE AN SAUNAULSS N IuANAuvesendiunTd
a ¢ ' a A faal
Hanvedlfeugeslsniiiesog i uay inanensitiuniu
WuTUSaeay 2 4 way 8 lunisanwnil
finsAnwvea Velo wazanizd) 20207 Tavinnis@nw
Usgdvsnnvesendilunidiudsenavvedlaiougoalsd
aa a faal v Y Y a
1450 AMOY D153RUANULNTUSBEaY 1.5 wavkAaLTyy
ASUBLLA TUNSFNUNNTaEANEUSSINRALNNSAUNGULTENE
o 1 = 1 dyd a a =
Yoe3nflunIaes wuediunguiiiusednsamlunishu
nduwssmuesTIniurlafninediuniidunanveslufioy
goalsd 1450 AiflduieseE Rt litudfyn1ada
= | o = & XA ' a a s
Fawanansiun1sanuluassinnuhediulsfeungeslsd
Mranonsduiiusednsnmlunsiunisazansussinuasiin
= U 1 dy 1 1 1 U U =
nsAunduussnluilefliundiusnliwanaeiuduenditu
a a ¢ | a a & A
naulyfeungeslsniistenufien Mluguiiilewnan
| aa ¢ 27 .Y &
ANULANANIVDIIDNSNAGBY Inen1sANwUBY Velo? Ty
= | . . = v yva o & v %
AsAnluseNY (in vivo) Belaiin1sthdununeassdnlull
Tutpsnveseanainsidunan 7 Yu Jvhlvisewaslulody
(Biofilm) Wsniieatesing wazgdunidlululeflauman il
HalpensaiaUsransanvetesItulunisUeaiuilun
InanensAnwvianmaiosuuRnswageadin
Weaffupnuainsavesenstusiens uadurisd wuitensatiu
Anududuiosay 0.625 fs 8 azanmnsatesiuitusla lnons
winfitorluuiunsUEUYE annskaansnwaznEnansindugn

AlsAuenwad (extracellular polysaccharide matrix) 493
Weneolsm 5INTYILAIEN1ILAUNVDILNLUATIUREWNSE Lng
anInuIIUATSuamSUlnAoAfE Twaud wagiiiusnuiu

P22 yavflalisiuiungeslsiae

& (v a a
awsSUlnronnd weyanifa
Heweugvslunmstesuilunlingdu® Inganssenevensitu
gealsaduluumasavantieUsuaugailoinnsuannsnain
wuaiselunszuIuMsAeituy INMFnymuIINIswmUe
a fa al 1 fa al aa a a 1 Yo =
A3u8153NUNUDNSINUA DU AT ALY TAN LY VD
uwNuATURUTIdlutenegluan EANnALAL T IBARRI LGS
Tunsinlsaituy deuiietuduiicUsvnsnmuesensitiuiuiu
g1dfuvigeslsiluniuiinanmenisiiaesseslsafiunnigls
annaeufdlulefldu (Biofilm-challenged environment)
o @ oa A ° o = |
Jadugdsnuhauladrnsunisneselulusuian

luwansinassEnmensilasulasmnudhinsa-ang
Tuns@nuniusurasuannnsinuneuntin®® Fasnassaniunigel
ASUSIAU 2 ﬂ%’q&iai’uLLaxmiLﬁﬂmﬁazmHLLaxﬁUﬂé’ULLs'ﬁmbuaq
Huatioulutasin unlumsdnmiinuasesazmsilaeunag

2 a ) a |oaa a
ANULINERSEAUIANAYRATlunguNTdIuraNvasloRey
gealsnsuiuenidtiuanududuiovas 2 4 wae 8 winadns
] A o a Y =
panunlumau IngdiothuniSeudisuiumiosaymsaeundag
mmLuﬁqa’gisé’uqamﬂ&uaqﬂejmﬂﬂﬂswmnﬂﬂsza;ﬁwwuﬁw g
o = a 5 o faa O v v

gndiunnaulsfeungeslsnsiniue1sItuns 3 Anududuy
firnduautieaninguniuauesniltudAyn1eadn Gy
ANINGueNARuNTdIuNAITe9913TW 3 nguaNNTasIY
NN3arA18LIEI T NNMIIaIEanIEMTUasuLUAIAIY
L‘ﬂumm—mﬂﬁu’mﬂ’hﬂejumuqu

msfnwesillfiasemagaunnuuliiszaugana
Tunsiamnuudsivessinituy udouinuluinsieuas
Yoeuss ity Inenuiiuinyuulunidudygucusiu

v & a < a a =
vasiluy fadunsiasulUatuulaavesinituiadsuen
= = Y = v
faanudnuazveuwnvesseslsailuyls Ivanenisdnuly
msinanuudeiaseiuganalunsusuennsazalenazns
o o “ ¥ Xeo
AUNFULITWYRIATaUTuLasilely uanantfmuaiu
é’mﬁuﬁ‘@qLé’umﬁw*j’mmsi’mmmLLﬁﬁqﬁaizﬁUﬁ;ammeHU

230 ueiaenglsfnnudadl

waTANUANURISRElSATINIAIUUBN

a A o a | P
w3nsiiaTanswdsunUainssinuesseslsailunyidndud
a1 inlaaztdununIu wu wnsedlulaspauiimesinly
A5A (Micro CT) Tolunisiamnuanuildsunladves

LLfﬁWFUENSE]EJISﬂﬁUB;J ﬁ’]ﬁJ’]SﬂUE]ﬂﬂ’J’]ﬂJﬁu’]LLuIWUENLLilﬁ’W]:L(;]J

212 J DENT ASSOC THAI VOL.72 NO.1 January - March 2022



1PEKARIDNUNTUNNEB AL ENUTIR ANuNTaUBTIUIIALEN
KALANNNT9VD950E15ARE 1ITALIU HTUADUATATENT LI
Tigaen uazlivhanetuanu iiaunsadatuaue 4 10"

[

Faduiuraulamniinisiiesesilawmaniunlslunisdne

)

Jusio 9 U

unagy

gFtunfdunanvesigeslsrfanaduinmsgud
Tidmiutesiuituy Jeoditulufourigeslsdfifidunauves
9153 TUAINTFNUNNTAZAIBLITNRASANNTAUNEULIE R
Tusetlsaitunuinaudoiudunniulflsiunndnsane @it
nanlgheungealifiiisednuies lnsnnududuvesensatiu
Anuinduiosay 2 4 uay 8 JuseAvanmliiuansnsiuegi

U o w

IdpdAgnisania

LBNE15919D4

1. Marsh PD. Microbial ecology of dental plaque and its significance
in health and disease. Adv Dent Res 1994;8(2):263-271.

2. Banting DW. Epidemiology of root caries. Gerodontology 1986;
5(1):5-11.

3.DY Hu, WYin, X Li, Y Feng, Y P Zhang, D Cummins, et al. A clinical
investigation of the efficacy of a dentifrice containing 1.5% arginine
and 1450 ppm fluoride, as sodium monofluorophosphate in a calcium
base, on primary root caries. J Clin Dent 2013;24(Spec Iss A):A23-A31.
4. Heijnsbroek M, Paraskevas S, Van der Weijden GA. Fluoride
interventions for root caries: a review. Oral Health Prev Dent 2007;
5(2):145-52.

5.LiJ,Huang Z, Meil, Li G, Li H. Anti-caries effect of arginine-containing
formulations in vivo: a systematic review and meta-analysis. Caries
Res 2015;49(6):606-17.

6. Liao Y, Brandt BW, Li J, Crielaard W, Van Loveren C, Deng DM.
Fluoride resistance in Streptococcus mutans: a mini review. J Oral
Microbiol 2017;9(1):1344509.

7.Wong A, Subar PE, Young DA. Dental caries: an update on dental
trends and therapy. Adv Pediatr 2017;64(1):307-30.

8.Wang, LiJ, Sun W, Li H, Cannon RD, Mei L. Effect of non-fluoride
agents on the prevention of dental caries in primary dentition: A
systematic review. PLoS One 2017;12(8):e0182221.

9. Kleinberg I. Effect of urea concentration on human plaque pH
levels in situ. Arch Oral Biol 1967;12(12):1475-84.

10. X Cheng, P Xu, X Zhou, M Deng, L Cheng, M Li, et al. Arginine
promotes fluoride uptake into artificial carious lesions in vitro.
Aust Dent J 2015;60(1):104-11.

11. X Zheng, X Cheng, L Wang, W Qiu, S Wang, Y Zhou, et al.
Combinatorial effects of arginine and fluoride on oral bacteria. J
Dent Res 2015;94(2):344-53.

12. Bijle MNA, Ekambaram M, Lo EC, Yiu CKY. The combined enamel
remineralization potential of arginine and fluoride toothpaste. J
Dent 2018;76:75-82.

13. M L R Souza, J A Cury, L M ATenuta, Y P Zhang, L R Mateo, D
Cummins, et al. Comparing the efficacy of a dentifrice containing
1.5% arginine and 1450 ppm fluoride to a dentifrice containing
1450 ppm fluoride alone in the management of primary root caries.
J Dent 2013;41:535-541.

14. Miranda ML, Silva BNS, Salomao KB, de Oliveira AB, Gabbai-
Armelin PR, Brighenti FL. Effect of arginine on microorganisms
involved in dental caries: a systematic literature review of in vitro
studies. Biofouling 2020;36(6):696-709.

15. Xie Q, Bedran-Russo AK, Wu CD. In vitro remineralization effects
of grape seed extract on artificial root caries. J Dent 2008;36(11):900-6.
16. Velo M, Magalhaes AC, Shiota A, Farha A, Grizzo L, Honorio HM,
et al. Profile of high-fluoride toothpastes combined or not with
functionalized tri-calcium phosphate on root dentin caries control:
An in vitro study. Am J Dent 2018;31(6):290-6.

17. Marquezan M, Correa FN, Sanabe ME, Filho LR, Hebling J,
Guedes-Pinto AC, et al. Artificial methods of dentine caries induction:
A hardness and morphological comparative study. Arch Oral Biol
2009;54(12):1111-7.

18. Rolla G, Ogaard B, Cruz Rde A. Clinical effect and mechanism
of cariostatic action of fluoride-containing toothpastes: a review.
Int Dent J 1991;41(3):171-4.

19. Lynch E, Baysan A. Reversal of primary root caries using a dentifrice
with a high fluoride content. Caries Res 2001;35 Suppl 1:60-4.
20. Ritter AV, Boushell, L. W., Walter, R. . Sturdevant’s art and
science of operative dentistry. 7th ed. St. Louis: Elsevier; 2019.
21. de Amoedo Campos Velo MM, Agulhari MAS, Rios D, Magalhaes
AC, Honorio HM, Wang L. Root caries lesions inhibition and repair
using commercial high-fluoride toothpastes with or without tri-calcium
phosphate and conventional toothpastes containing or not 1.5%
arginine CaCO3: an in situ investigation. Clin Oral Investig 2020;
24(7):2295-304.

22. Kraivaphan P, Amornchat C, Triratana T, Mateo LR, Ellwood R,
Cummins D, et al. Two-year caries clinical study of the efficacy of
novel dentifrices containing 1.5% arginine, an insoluble calcium
compound and 1,450 ppm fluoride. Caries Res 2013;47(6):582-90.
23. Koopman JE, Hoogenkamp MA, Buijs MJ, Brandt BW, Keijser BJF,
Crielaard W, et al. Changes in the oral ecosystem induced by the
use of 8% arginine toothpaste. Arch Oral biol 2017;73:79-87.

Borikul et al., 2022 213



24 Srisilapanan P, Korwanich N, Yin W, Chuensuwonkul C, Mateo
LR, Zhang YP, et al. Comparison of the efficacy of a dentifrice
containing 1.5% arginine and 1450 ppm fluoride to a dentifrice
containing 1450 ppm fluoride alone in the management of early
coronal caries as assessed using Quantitative Light-induced Flu-
orescence. J Dent 2013;41:529-S34.

25.Yin W, Hu D, Li X, Feng Y, Zhang YP, Cummins D, et al. A clinical
investigation using quantitative light-induced fluorescence (QLF)
of the anticaries efficacy of a dentifrice containing 1.5% arginine
and 1450 ppm fluoride as sodium monofluorophosphate. J Clin
Dent 2013;3851:15-22.

26. Zheng X, He J, Wang L, Zhou S, Peng X, Huang S, et al. Ecological
effect of arginine on oral microbiota. Sci Rep 2017;7(1):7206.

27. Petersen PE, Hunsrisakhun J, Thearmontree A, Pithpornchaiyakul
S, Hintao J, Jurgensen N, et al. School-based intervention for improving
the oral health of children in southern Thailand. Community Dent
Health 2015;32(1):44-50.

28. Featherstone JD, ten Cate JM, Shariati M, Arends J. Comparison
of artificial caries-like lesions by quantitative microradiography
and microhardness profiles. Caries Res 1983;17(5):385-91.

29. Arends J, Schuthof J, Jongebloed WG. Lesion depth and micro-
hardness indentations on artificial white spot lesions. Caries Res
1980;14(4):190-95.

30. Pereira PN, Inokoshi S, Yamada T, Tagami J. Microhardness of
in vitro caries inhibition zone adjacent to conventional and resin-
modified glass ionomer cements. Dent Mater 1998;14(3):179-85.

214 J DENT ASSOC THAI VOL.72 NO.1 January - March 2022



UNINYINIS

nsnduandfunlugdUaeinildsunissnwimsiuanssunieldnisaueraau:
NSANETIURAY

Caries Relapse after Dental Treatment under General Anesthesia in Pediatric
Patient: A Retrospective Cohort Study

s ¥
= a o/ o

WSS NIaRNEY', Ianitinn lsaladange’, Aaas gunswsrall’, a3alg Sauwug

Y
Ans dedsuseauysy’
Methaphon Songvejkasem’, Jinnipa Rojsawatsuk®, Patsorn Sunthornpornsin?, Phurinut Rattanaphun?,

Wiwat Leetrakulnumchai’, Siriporn Songsiripradubboon’
'ppdvviupnssudmiuin aaziunwNnemans gnansalinivetdy njannaiuas Yssnelng
'Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
‘A TURALNMEAERS PIANTUUNNINGIT NTInnauAs Usendlng

“Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

*audviunnssy lsmennathgeegd Sumediuduiua njammamiuas Usewelne

*Dental Center, Bumrungrad International Hospital, Bangkok, Thailand

UNANED

7]
o

MsfnnASIEEagUsrasdiiteAnwsasmsndunnditulutheindilsiunmssnusiunnssumienyamelinisas
enaaulutissverna 17 uar 3 Unendinisinw uasdemeitladefifedestumanduantuy msfnudoundandsd
yhmsiiudeyannussidouvesiineiineiginii 18 Uilisumsinwmaiunnssuuuunieuyameldmsaueaaulaeian
w3y vean Ay iuanssuiuansSUAMSUAN AaETuALNNEAERS PNaINTAINNINeT8s S2rI1el WA 2550 - 2559
uanssadeyaseaissazuazAade Jinszimiadeiifedestumsndunniilugieadalnaumiuaznisonnesladafing
sedfutidrdy 0.05 nansAnwmu Mndtaeiifidnuuzasnasidadh 220 au ffasfinianunisinwediaios 1 ase
Tugisszezina 10 uag 3 Unendinissnwiuiniu 184 au (Fegay 83.6) uay 196 Au (Foeag 89.1) Aua1AY 80INTTNAUIN
fiflunfiszezinan 1 Tuay 3 Tnevdamsdnwiwiniuiesas 42 uag 61 mudidu nmsliasgsinuunmdade liwuiaded
Sustunmadeitusluszernm 1 Indinmsinw dunsnduiniitugluszesinm 3 Indsnsinwduliaduiusiuging
aeﬂuﬁqﬂﬁuﬁmmmﬂﬁ%’umi%’man nslalldsunsaeuitunguAnulunnadeiinfamunanisinw wagnsnasafnmuna
msdnwadennni 1 afaied Tnsasu Samnsndusniituluiinedinfildsunssnuiusnssundeuyanielineauenaay
Turesgezm 19 uae 3 Umendanmssnweglussdudoudnags dadesunsaouiunguinwmnadedufnnumanissne

'
0o v AU o o

JuladudAgiduiusiunsnduiniilugveadniildsunisinwmaiuanssuniouyanielinisaueaaulussesiian 3 9

o

Addsy: Msaneaay, MsAinwdounds, fus, Win

Songvejkasem et al.,, 2022 215



Abstract

The aims of this study were to evaluate caries relapse rates of children who received comprehensive dental
treatment under general anesthesia (DGA) at one and three years of follow-up and to investigate factors associating
with the relapse rate. This retrospective study obtained data from dental records of pediatric patients under 18 years
of age who underwent comprehensive DGA by postgraduate students at the Department of Pediatric Dentistry,
Chulalongkorn University between 2007-2016. Frequencies and means were used for data description. Chi-square
and logistic regression analysis were used to determine caries relapse predictors at a statistically significant level of
0.05. A total of 220 patients were recruited into the study. During one-year and three-year follow-up periods, 184
(83.6 %) and 196 (89.1 %) children had at least one recall visit, with caries relapse rates of 42 % and 61 %, respectively.
According to multivariate analysis, there was no significant relationship between caries relapse one year after treatment
and any factor. In three-year follow-up period, caries relapse rate was associated with patients with primary dentition,
lack of oral hygiene instruction in any recall visit and having average recall frequency more than once a year. In
conclusion, in a one- and three-year follow-up period, caries relapse rates in children who undergone comprehensive
DGA were relatively high. Not having oral hygiene instruction in every recall visit was an important factor associated

with caries relapse within three years following comprehensive DGA.
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Andusewaz 89.1 veenguiiet1siviun lnendewaiiae

1MNTIIRAMNIUNANITSAY 3.6+1.8 ASY Tusyvezian 3 U

nevainsshw Jlielisumsiafeungeslsdameiilag

usnunndlasiade 1.07+0.6 Aswiel deyariluveutie

PV PN o o -
wazladenng ¢ MAYIVDILLFAIPINIT NN 1

N (%)

General characteristic, Preoperative and follow-up data 220
Gender

Male 144 (65.5)

Female 76 (34.5)
ASA

ASA | 169 (76.8)

ASA Il and Il 51 (23.2)
Baseline dmft or DMFT

<10 38 (17.3)

>10 182 (82.7)
Dentition

Primary 179 (81.4)

Mixed or Permanent a1 (18.6)
Preoperative oral hygiene instruction

Yes 176.0 (80.0)

No 44.0 (20.0)
Preoperative use of fluoridated toothpaste

Yes 195.0 (88.6)

No 25.0 (11.9)
Postoperative follow-up within 2 weeks

Yes 194 (70.0)

No 26 (30.0)
1-year follow up factors 184 (83.6)
Recall visits in 1 year

1-2 times 153.0 (83.2)

>2 times 31.0 (16.8)
Frequency of professional fluoride application in 1 year

0-1 time 100 (54.3)

>2 times 84 (45.7)

Songvejkasem et al., 2022

219



#1979 1 T1dugguengutaveuaynssnwnlasy (me.)

Table 1 Number of subjects by factors and treatment received (cont.)

N (%)

Oral hygiene instruction in every recall visit in 1 year

Yes 151 (82.1)

No 33 (17.9)
Caries risk assessment in every recall visit in 1 year

Yes 48 (26.1)

No 136 (73.9)
Frequency of consuming between meal sugary snacks and beverage 85

0-2x/day in every assessment in 1 year 50 (58.8)

>2x/day in at least one assessment iin 1 year 35 (41.2)
3-year follow up factors 196 (89.1)
Average recall visits per year

< once a year 90 (45.9)

> once a year 106 (54.1)
Frequency of professional fluoride application in 3 years

<2 times a year 175 (89.3)

>2 times a year 21 (10.7)
Oral hygiene instruction in every recall visit in 3 years

Yes 117 (59.7)

No 79 (40.3)
Caries risk assessment in every recall visit in 3 years

Yes 33 (16.8)

No 163 (83.2)
Frequency of consuming between meal sugary snacks and beverage 136

>2x/day in < half of assessments within 3 years 98 (72.1)

>2x/day in > half of assessments within 3 years 38 (27.9)
Treatment received
Fillings 184

0-5 teeth 118 (64.1)

6-10 teeth 55 (29.9)

11-15 teeth 11 (6.0)
Pulpotomy 73

0-5 teeth 73 (100.0)
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Table 1 Number of subjects by factors and treatment received (cont.)

N (%)

Pulpectomy 97

0-5 teeth 94 (96.9)

6-10 teeth 2 (2.1)

11-15 teeth 1 (1.0)
Stainless steel crowns and strip crowns 191

0-5 teeth 103 (53.9)

6-10 teeth 74 (38.7)

11-15 teeth 14 (7.3)
Extraction 168

0-5 teeth 104 (61.9)

6-10 teeth 37 (22.0)

11-15 teeth 18 (10.7)

16-20 teeth 9 (5.4)
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Table 2 Factors associated with caries relapse following DGA in 1 year according to logistic regression analysis (N=85)

N Relapse Crude OR p- Adjusted OR p-
(%) (95% Cl) value (95% CI) value

Age 0.05
Gender

Male 54 26 (48.2) 1.12(0.47-2.70)

Female 31 14 (45.2) 1 0.79
ASA

ASA | 71 37 (52.1) 4.00 (1.02 -16.67) 3.43 (0.86-13.66)

ASA Il and Il 14 3(21.4) 1 0.04* 1 0.08
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Table 2 Factors associated with caries relapse following DGA in 1 year according to logistic regression analysis (N=85) (cont.)

N Relapse Crude OR p- Adjusted OR p-
(%) (95% ClI) value (95% CI) value
Baseline dmft or DMFT
<10 15 4(26.7) 1
>10 70 36 (51.4) 2.91 (0.85-10.03) 0.08
Dentition
Primary 72 37(51.4)  3.57(0.89-14.29)
Mixed or Permanent 13 3(23.1) 1 0.06
Preoperative oral hygiene instruction
Yes 73 35 (48.0) 1.28 (0.37-4.35)
No 12 5(41.7) 1 0.69
Preoperative use of fluoridated toothpaste
Yes 76 37 (48.7) 1.89 (0.44-8.33)
No 9 3(33.3) 1 0.38
Postoperative follow-up within 2 weeks
Yes 64 29 (45.3) 1
No 21 11 (52.4) 1.33 (0.49-3.57) 0.57
Recall visits in 1 year
1-2 times 64 28 (43.8) 1
>2 times 21 12 (57.1) 1.71 (0.63-4.64) 0.29

Frequency of professional fluoride application in 1 years
0-1 time 34
>2 times 51

Oral hygiene instruction in every recall visit in 1 years
Yes 74
No 11

Caries risk assessment in every recall visit in 1 years
Yes 48
No 37

14 (41.2) 1
26 (51.0) 1.49 (0.62-3.57) 0.38

34 (46.0) 1
6 (54.6) 1.41 (0.40-5.04) 0.59

19 (39.6) 1
21 (56.8) 2.00 (0.84-4.78) 0.12

Frequency of consuming between meal sugary snacks and beverage

0-2x/day in every assessment in 1 year 50

>2x /day in at least one assessment in 1 year 35

19 (38.0) 1 1
21 (60.0) 2.45(1.01-5.93)  0.046* 2.17(0.88-5.36) 0.10

*Statistical significance p-value < 0.05
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Table 3 Factors associated with caries relapse following DGA in 3 years according to logistic regression analysis (N=196)

N Relapse Crude OR p- Adjusted OR p-
(95% ClI) value (95% CI) value

Age 0.90 (0.82-0.98) 0.02*
Gender

Male 126 73 (57.9) 1

Female 70 a7 (67.1) 1.48 (0.81-2.73) 0.21
ASA

ASA | 154 98 (63.6) 1.59 (0.80-3.17)

ASA Ihand Il 42 22 (52.4) 1 0.19
Baseline dmft or DMFT

<10 35 16 (45.7) 1 1

>10 161 104 (64.6) 2.17 (1.04-4.54) 0.04*  2.15(0.92-5.01) 0.08
Dentition

Primary 161 106 (65.8) 2.89 (1.37-6.12)

Mixed or Permanent 35 14 (40.0) 1 0.004*  3.90 (1.63-9.37)
Preoperative oral hygiene instruction 1 0.002*

Yes 159 97 (61.0) 1

No 37 23(62.2) 1.05 (0.50-2.19) 0.90
Preoperative use of fluoridated toothpaste

Yes 174 104 (59.8) 1

No 22 16 (72.7) 1.80 (0.67-4.81) 0.24
Postoperative follow-up within 2 weeks

Yes 141 85 (60.3) 1

No 55 35 (63.6) 1.15 (0.61-2.20) 0.67
Average recall visit per year

< once a year 90 44 (48.9) 1 1

> once a year 106 76 (71.7) 2.65(1.47-4.78)  0.001* 3.20 (1.66-6.15) <0.001*
Frequency of professional fluoride application in 3 years

<2 times per year 175 106 (60.6) 1 0.59

>2 times per year 21 14 (66.7) 1.30 (0.65-3.39)
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Table 3 Factors associated with caries relapse following DGA in 3 years according to logistic regression analysis (N=196) (cont.)

N Relapse Crude OR p- Adjusted OR p-

(%) (95% ClI) value (95% ClI) value
Oral hygiene instruction in every recall visit in 3 years
Yes 117 63 (53.8) 1 1
No 79 57(72.2) 2.22 (1.21-4.09) 0.01*  2.62(1.35-5.20)  0.006*
Caries risk assessment in every recall visit in 3 years
Yes 33 14(42.4) 1
No 163 107 (65.0) 2.52(1.18-5.41) 0.02*

Frequency of consuming between meal sugary snacks and beveraget

>2x/day in < half of assessments within 3 years 98

>2x/day in > half of recall assessments within 3 years 38

57 (58.2) 1
27 (71.1)

1.77 (0.77-3.96) 0.17

1 Except frequency of consuming between meal sugary snacks and beverage factor; N=136, *statistical significance p-value < 0.05
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Effect of Desensitizing Agent Contamination on Microleakage and Dentin
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Abstract

The purpose of this study was to compare microleakage and shear bond strength on the restoration with
two-step self-etch adhesive and resin composite after applying desensitizing agents. 90 extracted, intact human
premolars were divided into 3 groups (control, glutaraldehyde and oxalate group) in each experiment. For the
microleakage test (n=13), class V cavities (4 mm in length, 2 mm in width and 2 mm in depth) were prepared on
the buccal surface of each tooth, beveled at occlusal margin, applied desensitizing agent according to the testing

group, restored with two-step self-etch adhesive and resin composite, thermocycled for 5,000 cycles, immersed in
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1% methylene blue solution and evaluated the microleakage. For the shear bond strength test (n=17), buccal dentin
was used, the surface was polished, then treated according to the testing group, restored with adhesive and resin
composite, thermocycled, tested using a universal testing machine and analyzed the mode of failure in each fractured
sample under a stereomicroscope at x40 magnification. The results showed that there was no statistically significant
difference among 3 groups in microleakage test at the occlusal margin. In the meantime, microleakage at the gingival
margin of both desensitized groups were higher than the control eroup with significant level and microleakage at both
margins in each group were statistically different. In addition, for shear bond strength, oxalate group exhibited significantly
lower value than both control and glutaraldehyde groups and mode of failure of all groups mostly were the adhesive

failure. It could be concluded that applying desensitizing agents before the restoration with two-step self-etch and

resin composite affects the microleakage and bond strength of restorative materials.

Keywords: Microleakage, Shear bond strength, Two-step self-etch adhesive, Desensitizing agent
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Table 1 Materials used in this study and application protocol
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dA35 Body (FiltekTM Z350XT; 3M ESPE, St. Paul, MN, USA)
2BUE 40 FNTigneLaSosanouas (Elipar® TriLight; 3M ESPE,
USA) fiemandiues 450 fadasansamufiuns Sousssne
winezgiilleusanlys (Sof-LexTM Pop-on disc; 3M ESPE,
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Material Batch

number

Composition

Application protocol

KA10522

desensitizing agent; Heraeus Kulzer, Water

Gluma® Desensitizer (Glutaraldehyde

Hanau, Germany)

HEMA (35%), Glutaraldehyde (5%),

Apply desensitizer and let it sit for
30 s, then dry surface until fluid film

disappears.

MS Coat ONE (Oxalate desensitizing TF1

agent; Sun Medical, Japan)

acid group), Oxalic acid, Water

MS Polymer (copolymer with sulfonic ~ Apply desensitizer to the cavity or

surface with the Felt Applicator for
30 s using a rubbing motion, dry with

air-syringe for 10 s, then rinse and dry.

ClearfilTM SE Bond
(Two-step self-etch adhesive; Kuraray
Noritake, Tokyo, Japan)

160615

10-Methacryloyloxydecyl dihydrogen Apply PRIMER to the cavity or surface
phosphate (MDP), Bis-phenol A
diglycidyl methacrylate (Bis-GMA),

with a microbrush, agitate for 20 s,

evaporate the volatile ingredients

2-Hydroxyethylmethacrylate (HEMA), with a mild air steam for 5 s, then

Hydrophobic dimethacrylate, dl

Camphorquinone, N, N-Diethanol-

apply BOND and distribute evenly
with mild air flow. Light cure for 20 s.

p-toluidine, colloidal silica

Filtek™ Z350XT
(Resin composite; 3M ESPE Dental
Products, St. Paul, MN, USA)

NA81720  Bis-GMA, UDMA, TEGDMA, Bis-EMA,

Inorganic fillers

One incremental and bulk-fill technique
was applied into the cavity or silicone

mold and cured for 40 s.
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Figure 1 (a.)Position and size of class V cavity; (b.) resin composite restoration; (c.) sealed root apices with sticky wax; (d.) all surfaces,

except 1 mm from the restorative margins, were coated with two layers of nail varnish; (e.) each tooth was sectioned into

4 samples using a cutting machine
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Figure 2 Schematic view of the microleakage scores of the sample®”
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Figure 3 (a.) Buccal flat exposed dentin surface of crown was embedded in acrylic resin in PVC tube; (b.) placement of silicone mold;

(c.) restored with resin composite into the mold; (d.) removed the mold; (e.) sample was submitted to shear bond testing
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Table 2 Frequency distribution of microleakage at both occlusal and gingival margins in each study group

Study group Number Degree of microleakage
Occlusal margin Gingival margin
0 1 3 0 1 2 3
(%) (%) (%) (%) (%) (%) (%) (%)
Control 13 11 2 0 a4 7 1 1
(84.6%) (15.4%) (0.0%) (0.0%) (30.7%) (53.9%) (7.7%) (7.7%)
Gluma® 13 9 3 0 0 1 1 11
(69.2%) (23.1%) (7.7%) (0.0%) (0.0%) (7.7%) (7.7%) (84.6%)
MS Coat ONE 13 6 a4 1 0 0 0 13
(46.2%) (30.79%) (15.4%) (7.7%) (0.0%) (0.0%) (0.0%) (100.0%)
M99 3 UansAuadY + ANTeaULIIATEINYeIn TS TEEY
Table 3 Mean + SD of shear bond strength
Group Shear bond strength (MPa) ANOVA
Range Mean + SD F P-value
Control 11.52 - 32.26 21.13 £ 5.96 A 131.210 <0.001*
Gluma® 13.16 - 31.77 2325+ 497 A
MS Coat ONE 2.15-9.57 458 +2.258

*Statistically significant (p<0.05) and group with the same uppercase letter are not statistically different (p>0.05).
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