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3. Numbers of page must be placed on the top
right corner. The length of article should be 10-12 pages
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should be in degree Celsius. Pressure units should be
in mmHg. The hematologic measurement and clinical
chemistry should follow International System Units or SI.

5. Standard abbreviation must be used for
abbreviation and symbols. The abbreviation should not be
used in the title and abstract. Full words of the abbreviation
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2. Abstract
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3. Text
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able to repeat such as chemical product names, types of
experimental animals, details of patients including sources,
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and other information of materials for each method. For
a research report performed in human subjects, human
material samples, human participants and animal samples,
authors should indicate that the study was performed
according to the Experiment involving human or animal
subjects such as Declaration of Helsinki 2000, available at:
https.//www.wma.net/what-we-do/medical-ethics/declara-
tion-of-helsinki/doh-oct2000/, or has been approved by

the ethic committees of each institute (*ethic number
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Review Article

Masticatory Muscle Responses to Orthodontic Bite-raising Appliances

Passakorn Wasinwasukul', Udom Thongudomporn®

'Department of preventive dentistry, Prince of Songkla University, Songkhla, Thailand

Abstract

A variety of bite-raising appliances are involved in contemporary orthodontic treatment depending on an
individual’s malocclusion and the objectives of treatment. The appliances can affect the dentoskeletal and neuromuscular
system over the short and long terms. Most of the bite-raising appliances do not change the immediate muscle response
at rest, but temporarily decreases the activity during maximum clenching. The activity returns to the previous state after
a period of treatment in long-term observation.

The purpose of this article is to compare similarities and contrast differences between various types of
orthodontic bite-raising appliances, both in the short and long term. Factors affecting the masticatory muscle responses

included vertical dimension, number of occlusal contacts, jaw relocation, material, and wearing duration. Moreover,

suggestions for further studies are also discussed.

Keywords: Bite-raising appliance, Masticatory muscles, Muscle activity

Received Date: Jan 24, 2022
doi: 10.14456/jdat.2022.43

Revised Date: Feb 21, 2022

Correspondence to:

Accepted Date: Apr 18, 2022

Passakorn Wasinwasukul, Orthodontic section, Department of preventive dentistry, Faculty of Dentistry, Prince of Songkla University,
Hat Yai, Songkhla, Thailand, 90110 Telephone: +66804410048 E-mail: passakorn.ws@gmail.com

Introduction

During dental treatment it is often necessary to
raise the patient’s bite for therapeutic purposes or for
assisting the main treatment purpose. Bite-raising can be
temporary such as during use of bite raising appliances in
orthodontic treatment, or permanent when patients who
need full mouth rehabilitation require an increase in the
vertical dimension. Some studies have suggested that bite-
raising inevitably affects the craniofacial neuromuscular
system including masticatory muscles' and temporo-
mandibular joints (TMJ).>?

Orthodontically, bite-raising has been applied to

several situations. Examples include the use of anterior

bite-raising appliances to alleviate a deep bite, the application
of posterior bite-raising appliances to assist the correction
of a crossbite or to intrude posterior teeth, the use of splint-
like bite-raising appliances to re-program masticatory muscles
in cases with jaw deviation due to prolonged dental in-
terference, and the use of functional appliances to accelerate
the forward growth of the mandible in combination with
anincrease in the skeletal vertical dimension. Since knowledge
about the responses of the craniofacial neuromuscular
system to bite-raising in orthodontic treatment is scattered
around the world, this article aims to collect and review

the evidence of previous studies concerning these

Wasinwasukul and Thongudomporn, 2022 427



masticatory muscle responses to several methods of
orthodontic bite-raising. Suggestions for further studies
are discussed.
Immediate responses

Normally, at the physiologic rest position, the
masticatory muscles are in a state of minimal contraction®.
When a bite-raising appliance is inserted, there is an
insignificant change of muscle activity at rest throughout
the treatment."” However, masticatory muscle activity is
significantly reduced when functioning with a bite-raising
appliance. This is because the forced jaw-opening reduces
signal sending from perioral-mechanoreceptors to the
central nervous system and activation area in the brain,
called neuroplasticity.” The reduction of proprioceptive
signaling down-regulates the activity of the masseter and
temporalis muscles. Hence, muscle activity decreases
during maximum clenching. The objective and subjective
masticatory functions and efficiency also decrease when
forced bite-opening is applied.”® It can be concluded that
the limited forced bite-opening of 2-4 mm within the
freeway space does not change the muscle activity at
rest but decreases the activity of the masseter and
temporalis muscles when there is maximal clenching.
Adaptive responses

After bite-opening, the stomatognathic system
accommodates the new oral environment and reestablishes
the normal function.” A study in rats found that the res-
ponsiveness of the masseter muscle spindle afferent to
the mesencephalic trigeminal nucleus decreased during
two to four weeks of continuous bite-raising appliance
wearing and returned to normal after six weeks of appliance
wearing." In another study, similarly to neuroplasticity,
the muscle activity temporally decreased, but reverted
to the previous condition after two years of follow-up."
Unlike bite-raising for prosthodontics or treatment for
temporomandibular disorders (TMDs), bite-raising during
orthodontic treatment is usually temporary, ranging from
a few weeks to a few months. Studies found that the muscle
activity was insignificantly different from the start of treatment

to after six months with a removable bite plane'” or eight

months with a fixed appliance.' This suggests that or-
thodontic bite-raising appliances also cause immediate
and adaptive responses similar to other appliances that
raise the bite.

Reduction of muscle size correlates with muscle
activity'”. Human studies found a reduction of muscle
thickness after a long-term forced bite opening."" If that
is the case, long-term wearing of interocclusal appliances to
treat myogenous TMDs and bruxism may be a permanent
cure. However, a study reported an insignificant difference
in muscle thickness and activity in TMD patients compared
to a control group.'® A decrease in muscle thickness and
activity was also found in patients with bruxism after
treatment with interocclusal appliances.” More evidence
may be needed to support these findings.

Individual anatomical and physiological responses,
intensity, and duration of the stimulus affect the adaptation.™®
Sometimes adaptive responses do not occur, leading to
physio-pathological conditions of the stomatognathic
system. In the short term, muscle tenderness, mastication
or phonetic problems occur, but these problems often
disappear quickly and therefore go unreported.'*"’
Factors affecting masticatory muscle responses

Orthodontic bite-raising appliances, basically,
modify the oral environment then distress the masticatory
muscle responses. The vertical dimensional change, the
number of occlusal contacts, the materials of the appliance,
relocation of the mandible, and wearing duration are all
together confounding factors that affect the outcomes
as shown in Figure 1.

The amount of vertical dimensional change

The amount of jaw opening relates with the
muscle stretching and its activity. A previous experiment
showed a progressive decrease of the anterior temporalis
and masseter muscle activity whilst there was an increase
of intermolar distance.” It can be explained by the stretching
of the masticatory muscles, which was observed in previous
animal studies.'®”! The activity reaches the minimum
anterior interocclusal distance at 15-20 mm where the

highest cross-bridge between thick and thin sarcomere
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myofilaments was established, then excitation can occur
easily.”””* Overstretching of a muscle beyond its optimum
length could reduce the tension of the muscle according
to the stretch reflex of the muscle.” A previous experiment
showed increasing muscle activity after opening to the
maximum mouth opening.”
Number of occlusal contacts

Bite raising appliances for orthodontic purposes,
on either the anterior or posterior bite plane, allow only
a few teeth to occlude on the appliance. Therefore, the
effect on the cranio-neuromuscular system may be somewhat
different from the use of a full coverage splint. Higher muscle
activity of masseter and anterior temporalis muscles was
observed in patients wearing a splint than those with an
anterior bite plane’, but there was no significant change
in both rest positions and maximum clenching after six
months of treatment with an hard occlusal splint compared
to those without the appliance."” The greater muscle
activity was expected by the higher number of occlusal
contacts on the occlusal splint compared to those with
an anterior bite plane, which only occluded at the anterior
teeth. A higher diversity of mechanoreceptors might be
expected in the full coverage occlusal splint administration.

It might be concluded that appliances which
open the jaw but reduce the number of occlusal contacts,
such as for anterior bite-raising, posterior bite-raising and
some type of functional appliances, affect the muscle
responses in the same way. It temporarily decreases the
masticatory muscle activity during maximum clenching.
In contrast, the muscle activity is not different nor does
it increase after treatment with occlusal splints. The
significant point is that it is due to the number of tooth
contact areas and mechanoreceptors, which are found
to have higher responsiveness in the stomatognathic
system. Once the number of occluded teeth are decreased
due to the intentionally applied appliances, it causes
unstable occlusion” and reduces the sensory input of
receptors in masticatory muscles and results in the immediate

change of neuromuscular responses.' Thus, the masticatory

performance was reduced because of the direct relationship
between muscle activity and its performance.” However,
after a certain amount of time given, the muscles then regain
their activity at the new position as a result of treatment.
Remarkably, a number of earlier long-term studies found
no statistically significant difference between pre and
post treatment."*

The effect of the number of occlusal contacts
on muscle response is likely to be more than the vertical
dimension. In some situations, bite-raising appliances
both increases the vertical dimension but still performs
a great number of occlusal contacts such as occlusal
splints showing no significant difference between having
or not having an appliance or among those with three
and six millimeters of interocclusal distance.?” However,
another study presented a gradual decrease in masseter
muscle activity as the vertical interocclusal distances
increased.” This effect may be advantageous to treat
TMDs. An interocclusal appliance has been shown to
relieve almost all symptoms in patients with joint sound
and muscle soreness within two weeks of treatment.’
Appliance’s materials

The types of materials used for bite-raising may
affect the responses. The muscle activity decreased more
with the use of hard occlusal appliances whereas soft
occlusal splints produce a slight increase in masseter and
temporalis muscle activity at maximal intercuspation.”*
The combination of those hard and soft materials, also
known as dual laminated or bilaminar materials, present
inner soft and outer hard material and are available in a
range of different thickness. It has been proposed as an
alternative occlusal splint for sleep bruxism cases.” In
this situation, data about the effect on muscle activity
by a dual laminate occlusal splint is inadequate. However,
another case report also showed an increase of muscle
activity after treatment.”” Regarding a study with healthy
participants via a hard material of occlusal splint, muscle
activity reduction has been found and a larger number

of feedback signaling outputs from periodontal ligament,
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muscle, and TMJ might be expected with maximum clenching.”
Therefore, the protective mechanisms of perioral propri-
oceptive receptors are initiated to help people beware
of tooth fracture when biting on a rigid substance.”* Soft
materials, on the other hand, distribute a masticatory
effort and are presumably more comfortable to bite on.”
Hence, the muscle activity might increase with soft materials.
Relocation of the mandible

Another type of appliance that combines a
forward jaw positioning with an increase in the bite is a
functional appliance. A study of an activator showed the
combination effects of vertical and sagittal mandibular
changes. It revealed no immediate change in muscle activity
at rest, but significantly decreased during maximum biting,
especially in the temporalis muscle more than the masseter
muscle.* Long term studies presented decreasing temporalis
and masseter muscle activity during maximum clenching,
but they gradually returned to their previous status and
found no significant difference for masticatory muscle
activity with a good neuromuscular equilibrium after one
or two years of treatment with functional appliances in
children.* It was suggested that the balance during
masticatory muscle contraction is more favorable for long
stable results in both orthopedic-functional treatment
and orthodontic treatment.””*

The jaw position might be another interesting factor.
A prior study showed greater temporalis and masseter
muscle activity at the rest position in skeletal Class Il
patients than for those in Class | and Class Il. During
clenching, the skeletal Class Il and Class Il sroups presented
lower activity compared to Class I.*” To support this,
the musculoskeletal axis and its actual direction may
influence and affect the performance of these elevator
muscles. Significant change in muscle activity was found

40,4
%% and

14,34,36,42

due to jaw reposition such as orthognathic surgery
growth redirection with functional appliances.
Regarding the non-conclusive relationship between sagittal
malocclusion and muscle activity, it is possible that the
changes in muscle activity happened due to new circumoral

environmental changes and required time for adaptation.

An additional effect of the soft material on top
of the jaw relocation could be seen in a study of a functional
appliance made from polyurethane for children. It presented
decreasing anterior temporalis and masseter muscle activity
during clenching after eight months.” Although it was not
an exact immediate response, the results from this study
claims that there were combined effects with the relocation
of the mandible, normal developmental growth, vertical
bite-raising components, and materials stiffness.
Wearing duration

Recently, the use of fixed bite-raising has become
popular. Unlike intermittent wearing of removable bite
planes, fixed bite-raising provides a continuous bite opening,
which may pose different responses to the neuromuscular
system. An electromyographic study showed no difference
in muscle activity at rest, but significant immediate reduction
in the activity of the masseter and anterior temporalis muscles
while clenching and mastication after placing of the light-
cured orthodontic band cement on the palatal cusp of
both maxillary molars in 30 adults with normal occlusion.®
It was mentioned a physiologic protective mechanism,
which was the result of mandible instability due to the
occlusal change. The elevator muscles contribute to maintain
the occlusion by reducing its activity to avoid damage to
circumoral structures.* Moreover, the masticatory function
is also affected by the bite-raising appliance: for example,
the immediate reduction of both objective and subjective
masticatory functions after bite-raising with orthodontic
band cement’ have been investigated and reported.
After a week of treatment with clear acrylic resin fixed on
posterior teeth, no difference in muscle activity in healthy
participants was found." It may imply that there was an
adaptation of the muscle’s response. An ultrasonographic
study was performed after treatment with a removable
posterior bite plane where no difference in muscle thickness
was found, and where there was the same function between
treatment time and the control group.”* However, the
effects of bite-raising appliance over an extended period

and the difference between wearing duration are inconclusive.
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Figure 1 Factors related to masticatory muscle responses on bite-raising appliances
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Abstract

The aim of this article is to evaluate the effect of drinking green tea on antimicrobial activity and wound
healing after the surgical removal of an impacted mandibular third molar. The study was carried out as a randomized
controlled clinical trial. Twenty patients with impacted mandibular third molars were randomly divided into two
equal groups (drinking green tea or drinking water) after lower third molar removal. The same conditions were applied
to all the patients, including the interrupted sutures were given by 4-0 silk in both groups. The outcome variables
were soft tissue healing and number of colony-forming units per milliliter. There were 3 males and 17 females, in
the age range of between 19-31 years. The mean of soft tissue healing index was higher for the green tea group at
all times but did not show statistical significance. The mean of microbial loads was lower in the green tea group on
a postoperative day 7 (10 CFU/mL in concentration). The present study found that drinking green tea can decrease

the bacterial count in the suture and may improve wound healing after the surgical removal of lower third molars.
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Introduction

Surgical removal of an impacted third molar is
one of the most common procedures carried out in oral and
maxillofacial surgery. Pain, swelling, trismus, or anatomical
variation can make the maintenance of oral hygiene
difficult, which increases the risk of infection." A previous
article mentioned that microorganisms that were normally

sequestered at the tissue surface could affect infection

factors if the tissue surface was injured.” Since there has
been continuous efforts to reduce these complications,
various local antiseptic and antimicrobial medications
like chlorhexidine, tetracycline, and metronidazole have
been used.’

Currently, natural products have been significantly

used in modern medicine worldwide. Naturally derived

434 J DENT ASSOC THAI' VOL.72 NO.3 JULY - SEPTEMBER 2022



substances are believed to have a low incidence of severe
adverse reactions and are inexpensive compared to
standard therapies.” Research has shown that natural
active compounds have properties of modulating the
host inflammatory response and of enhancing socket
wound healing.” Drinking one cup of green tea every day
is associated with decreasing the mean of the periodontal
pocket, attachment loss, and bleeding on probing.’ The
flavonoids are the most important tea polyphenols, and
the major components of flavonoids are the catechins.
Catechins have antibacterial action and have shown utility
in the treatment of oral and topical infection.” Studies
have shown that the green tea polyphenolic catechins, in
particular (-)-epigallocatechin gallate (EGCG) and (-)-
epicatechin gallate (ECG), can inhibit the growth of a
wide range of gram-positive and gram-negative bacterial
species with moderate potency.’

Previous research revealed that green tea has an
indirect antibacterial effect by the inhibition of glucosyl
transferase, which leads to limiting the biosynthesis of
sticky glucan. Human and bacterial amylase were inhibited
by catechin in dried tea leaves.’ Green tea has been considered
to have the ability to modulate inflammation. Epigallo-
catechin-3-gallate (EGCG) influences multiple aspects
of innate and adaptive immunity, including ameliorates
mucosal inflammation by inhibiting a pro-inflammatory
cytokine (TNF-QU)." It has been reported that green tea
possesses an anti-inflammatory effect against the denaturation
of protein in vitro."'

Numerous studies have reported the beneficial
properties of green tea. As far as it is known, there have
been no clinical trials investigating the effects of drinking
green tea on oral surgical wound healing. Therefore, this
study aimed to evaluate whether the consumption of
green tea can influence microbial loads and wound healing

following surgical removal of the lower third molars.

Material and Methods

Subjects and study design
This study was a prospective randomized,

controlled trial. Block randomization, 20 participants were

randomly selected from the Oral and Maxillofacial Surgery
Department between August 2019 and January 2020.
The sample size was calculated based on the following

formula from Nevas et al.*?

o2
(5_g+5-p) [ +%]

n, = Az
r=gt A=p1—po

The sample size was augmented 20% to compensate
for possible loss.

The research protocol complied with the guidelines
of the Declaration of Helsinki and the Consolidated Standards
of Reporting Trials.” This project was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2020-005). All pro-
cedures followed were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2010.

The inclusion criteria included healthy patients
(ASA 1), ages between 18 to 35 years old, either male
and female who required surgical removal of impacted
lower third molars under local anesthesia. The participants
presented partial bony impaction in vertical, mesioangular
or horizontal angulation.

The exclusion criteria were patients who had signs
or symptoms of any infection, had used chewing nuts,
tobacco, or consumed alcohol within a month before the
start date of the study. Also, females on contraceptives,
pregnant women, or breastfeeding or individuals whose
surgical procedure lasted longer than 45 minutes (from
the first incision until the last suturing) were also excluded.
Patients who had an allergy or intolerance to drinking green
tea or consumed any tea products and used mouthwash
during the experiment, including those patients who had
incomplete follow up.

All the patients were informed about the study
and written informed consent was obtained before
enrollment. A panoramic radiograph was taken for the
preoperative investigation to assess position (Pell and
Gregory system) and angulation (Winter classification)

versus the adjacent second molar. Participants were
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randomly divided into two study groups. After the surgical
removal of the impacted mandibular third molar, one
group was given green tea to drink, another group was
given drinking water.
Surgical procedure

A standardized operative procedure was performed
similarly under strict aseptic precautions by one experienced
oral and maxillofacial surgeon. After the anesthetic infiltration
comprising 2% mepivacaine with 100,000 epinephrine, a
mucoperiosteal flap was reflected, osteotomy and osteotomy
using a tungsten carbide bur and micromotor were done.
After surgical removal of the tooth, the socket was thoroughly
irrigated with 0.9% normal saline, and then the flap was
closed and sutured with 4-0 silk. Oral analgesics (Paracetamol
500 mg; one tablet every 4-6 hours as needed or Ibuprofen
400 mg; one tablet every 4-6 hours per day as needed)
were prescribed, and post-extraction instructions (verbal
and written) were given. The patients were advised not
to take any drugs, mouthwash, or tea other than those
prescribed and to seek help from the operator in the
first instance if they had a problem.
Preparation of drinking green tea

The researchers prepared seven bottles of drinking
water (500 ml) and 14 tea bags (2 tea bags per 1 bottle of
water) for each patient. The 4-gram green tea bags (Royal
project highland tea, Chiang Mai, Thailand) were steeped
into 500 ml of drinking water at a temperature of 4°C. The

green tea bag remained in the drinking water for 9 hours.™

5 mm. silk suture

Vertex

+ Senicated

from surgical wound

The daily tea preparation of 500 ml was repeated for seven
consecutive days. The participants were advised to drink
green tea or drink water 1/4 of the bottle continuously
within 10 A.M., 1/2 of the bottle within noon, 3/4 of the
bottle within 3 P.M., and finish within 5 P.M.
Soft tissue healing evaluation

All patients were recalled on postoperative days
3 and 7 for soft tissue healing assessment. The wound
was assessed by a healing index (very poor =1, poor = 2,
good = 3, very good = 4, excellence = 5) based on the
criteria given by Landry et al.” The presence of dry socket
or wound infection were also recorded. Two-blinded
examiners had been calibrated before the study.
Measurement of antimicrobial activity

To determine whether drinking green tea alters
plaque formation and the number of bacteria on black
silk sutures in the mouth of volunteers. Five millimeters
of black silk that was in contact with the patient’s oral cavity
was cut from the end-point of the suture and collected
in Phosphate-buffered saline solution 10 milliliters for
seven postoperative days. The sample was vortexed for
five minutes, and sonicated at 500 Watt, 20 kHz, amp 20%
for ten seconds. Then serial diluted to concentration
10-6, spread on Trypticase soy agar 1 milliliter at each
concentration, and incubated at 37°C under 5% CO2
atmosphere for 24 hours (Fig. 1). Subsequently, the
number of colony-forming units (CFU) per milliliter was

calculated by the number of colonies x dilution factor.

Day 7

1 ml I

Serial dilution

%

Y Y Y Y

TSB

Too many colonies to count

u H
i !

Figure 1 Serial dilution and plate count of viable colony-forming bacteria. (TSA = Trypticase soy agar, TSB = Trypticase soy broth)
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Statistical analysis

Inter- and intra-observer reliability were evaluated
using the intraclass correlation coefficient (ICC). Demographic
data (age and gender) were analyzed using descriptive
statistics. Quantitative variables were presented as mean +
standard deviation, then using Chi-square for statistical
analysis. The Kolmogorov-Smirnov normality tests were used
to assess the normality of the data. Meanwhile, nonparametric
data for the comparison between groups were analyzed
with the Mann-Whitney test. Spearman’s correlation coefficient
was used to assess the correlation among variables. Statistical
analyses were conducted with SPSS software (IBM, SPSS

Statistics version 21).

Twenty-one patients met the inclusion criteria,
one of whom was excluded for not following the proper

postoperative follow-up. Therefore, 20 patients were

included in the study: 3 males and 17 females. The mean
age of the patients was 22.25 + 2.3 years old (range 19-
31 years). Nine of the third molars were on the left side
and 11 on the right side. The ICC for the inter-observers
agreement was 0.98, an intra-observer agreement was
0.99, demonstrating excellent reliability.

Following random assigcnment between green tea
and non-green tea groups, there were classification differences
but no statistically significant differences in the side of
surgery, tooth position, and mean of operating time (Table. 1).
However, the operating time had a significantly positive
correlation with classification (rS =.542, p = .013).

In both groups, the mean of the healing index
was the lowest at postoperative day 3 and gradually
increased over the following 14 days (Fig. 2). The mean
of the healing index was higher for the green tea group for
all the time points when compared with the non-green

tea group but not statistically significant.

Table 1 Comparison of mandibular 3* molars status and operating time between groups

Variables Categories Non-green tea Green tea p-value
Side of surgery (N) Left 3 molar 5 il 65 *
Right 3" molar 5 6
Classification (N) [ 5 1 .004 *
Il [ 9
It 1 0
Tooth position (N) A 5 6 .65 *
B 5 4
Operating time (mean+SD) Minutes 26.67 + 9.5 25.56 + 6.7 76 **
N = Number, SD = Standard deviation, * Chi-squares, ** one-way ANOVA
5 5
5
a.1
¢ 4
3.3
x
3
£ 5
£ 3.1 —o—-Green tea
% Non-green tea
2
1
Day 3 Day 7 Day 14

Postoperative day

Figure 2 Mean value of postoperative healing index in green tea versus non-green tea group
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According to the results, the mean of colony-
forming units/mL on postoperative day 7 was considerably
lower in the green tea group (34.5 x10°) than the non-green
tea group (73.7x10°) (Fig. 3). Additionally, the colony-forming
units/mL had a significant correlation to soft tissue healing
assessed seven days after the removal of the third molar
(rS =-.649, p < .01).

160
140
120

100

B Non-green tea

Green tea

Colony forming unit (CFU; 10°)

Figure 3 Mean value of bacterial count from black silk suture

on postoperative day 7; Colony-forming unit (CFU)/mL

Discussion

The purpose of this study was to evaluate the
effectiveness of drinking green tea in antimicrobial activity
and wound healing following the surgical removal of the
lower third molars. The tea produced from the same plant,
differ in terms of the manufacturing processes of the tea
leaves and chemical compositions. Green tea leaves are
heated rapidly by steaming or frying to prevent polyphenol
oxidation (unfermented) while oolong tea (semi-fermented)
and black tea (fermented) leaves are dried, rolled and
crushed, which promotes oxidation.'® Thereby, green tea
has far more active catechins than other teas."’

The methods of preparing the beverage vary
throughout the different parts of the world. Green tea
manifested time dependence and temperature sensitivity.

Prolong cold steeping of green tea exhibits better antioxidant

activity compared to other methods."® For this research,
green tea was also brewed by cold infusion. This innovative
method achieved bioactive compounds, such as epigallo-
catechin gallate, with the highest values, about double
in hot infusion."* Likewise, the cold brew is particularly
appropriate for tropical countries and hot summer months
due to a more simple preparation and easier consumption
than water. All participants were regularly scheduled to
consume 1/4 of a bottle to eliminate the bias due to
additional antimicrobial effects from frequency and
exposure time to green tea.

This study, performed the surgery under the same
experienced operator, using the same surgical technique,
instruments, and a controlled aseptic environment.
Although the classification was a statistically significant
difference, there was no statistically significant difference
in the operating time between the green tea and the
non-green tea group. It could have accounted for the
similar condition of the surgical wounds.

The number of colony-forming units per milliliter
was to indirectly evaluate the inflammatory reaction. The
outcomes of this study demonstrated that the mean of
microorganism count from silk suture on postoperative day
7 was lower in the green tea group. Although there were
no statistically significant difference observed between the
two groups (p = 0.156), the lower bacterial colonization
for the green tea group validates its antimicrobial effects in
the oral cavity, as founded by Thomas A et al.”” A recent
experiment found 0.5% green tea mouthwash against S.
mutans was significantly better than 0.2% CHX mouthwash.
Green tea catechins may help to maintain the normal plaque
pH, which in turn is an unfavorable condition for S. mutans
to colonize and multiply.”

During wound healing, it has been hypothesized
that fibroblasts play an essential role in tissue healing.
Although the difference in soft tissue healing in this study
was not significant, it was shown that the soft tissue healing
in the green tea group was more significant than the non-
green tea group on both postoperative day 3 (p = 0.435)
and day 7 (p = 0.69). These findings were supported by
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the previous study that applied topical green tea extract
over the wound. The histological results showed that the
granulation tissue in the experiment group contained
less inflammatory cells, more fibroblast growth, and
more blood capillaries. It was concluded that green tea
extract shortens the inflammatory period by increasing
the rate of proliferation, angiogenesis, and collagen
formation phases to enhance wound healing.”*

Our finding that the mean value of bacterial
count (CFU/mL) on a postoperative day 7 has shown high
standard error. The microbial concentration might be
affected by the initial inoculation and the length of the
lag phase (the period between the introduction of a micro-
organism into the culture medium in which the bacteria
have not yet started dividing).” By this assumption, the
growth rate variations were caused by a lack of control over
these time conditions. Although our research methodology
stipulated that the sutures were brought for serial dilution
immediately after being collected from the patients,
the exact length of the lag phase was not determined.
Therefore, this might be the cause of this discrepancy.

In this study, dry sockets or other severe com-
plications were not observed during the follow-up period.
However, this experiment required a great deal of cooperation
from all the participants, with not only the preparation of
drinking green tea by themselves but consequently, several
visits are needed during the follow-up period. Thus, the
lack of participants was the limitation of this study. Because
of the small sample size, it was challenging to identify

significant relationships from data.

Conclusion

Within this limitation, we concluded that drinking
green tea may display an advantage in clinical performance
in oral wound healing. The anti-bacterial properties resulted
in the remarkable depletion of bacterial loads in silk sutures.
Green tea may reduce local oral mucosa inflammation
and facilitate wound healing with no observed side effects.
This data provides the first clinical scientific support for

the effectiveness of drinking green tea in wound healing

after third molar surgery. However, to better understand
the effect of green tea, more clinical trials with larger

samples are necessary.
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Abstract

The objective of this study was to establish the cephalometric norms of skeletal and dental for Thai children
between 7-10 years of age by means of various lateral cephalometric analyses of soft tissue. The materials of 84
children (44 boys, 40 girls) with an average age of 9.97+0.78 years. The subjects were selected on the basis of (1)
Presence of first molars and central incisors, (2) No congenital missing teeth and no premature loss of teeth, (3)
Angle’s Class | molar relationship, normal overbite and overjet, (4) Good dental alignment or having crowding or
spacing not exceed 3 mm, (5) No previous history of orthodontic treatment. Results of this study showed that
cephalometric standard means of Thai children are differ from previous studies, that were done in Thai adults or
foreign children. The standard means from this study can be clinically applied to the diagnosis, treatment planning

and treatment in young Thai orthodontic patients.

Keywords: Cephalometric radiography, Normal occlusion, Cephalometrics, Mixed dentition, Thai children
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Figure 1 Cephalometric landmarks and points used in this the
investigations
(References points: N, Nasion; Or, Orbitale; S, Sella; Po,
Porion; ANS, Anterior nasal spine; PNS, Posterior nasal
spine; A point, Subspinale; B point, Supramentale; Pog,
Pogonion; Me, Menton; Gn, Gnathion; Go, Gonion; Is,
Incision superius; UIA, Upper incisor apex; li, Incision

inferius; LIA, Lower incisor apex)

gmmﬁwn7ii’wymmszmmfﬂNﬁ%mwgnﬁmwmﬁa
(1, SNA; 2, SNB:; 3, NPog-FH; 4, ANB; 5, Wits; 6, SN-GoGn;
7, FMA)

Figure 2 Skeletal cephalometric angles and distances used in
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this the investigations
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Figure 3 Dental cephalometric angles used in this the investigations
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Figure 4 Dental cephalometric distances used in this the investigations
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Table 1 Definition of skeletal cephalometric measurement in the present study
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Table 2 Definition of dental cephalometric measurement in the present study
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Table 3 Means and standard deviations of skeletal cephalometric measurement in the present study

Variables Assessment Total (n=84)
Max Min Mean SD Range
Skeletal analysis
Anter rior relationshi
SNA (deg) Maxillary position 92.50 74.50 81.93 4.19 77.7-86.1
SNB (deg) Mandibular position 88.00 71.00 79.68 3.92 75.8 - 83.6
NPog-FH (deg) Mandibular position 93.00 80.50 87.34 3.03 84.3-90.3
ANB (deg) Maxillomandibular relationship 7.00 0.50 2.96 1.76 1.2-4.7
Wits (mm) Maxillomandibular relationship 0.00 -13.00 -4.90 2.94 -78-(-2)
Vertical relationship
SN-GoGn (deg) Facial growth 43.00 17.00 31.20 5.30 259 -36.5
FMA (deg) Mandibular growth 39.50 13.50 25.54 4.95 20.6 - 30.5
157971 4 uansnadeuszs TR YRR e lawnInvedlassas ey lgTunsiseveenguiiasne
Table 4 Means and standard deviations of dental cephalometric measurement in the present study
Variables Assessment Total (n=84)
Max Min Mean SD Range
Dental analysis
IMPA (deg) Mandibular incisor inclination 111.50 79.50 96.60 6.26 90.3 - 102.9
LI-APog (mm) Mandibular incisor position 11.50 -1.00 470 2.33 21-70
UI-NA (deg) Maxillary incisor inclination 43.00 17.50 29.33 6.14 23.2-355
UI-NA (mm) Maxillary incisor protrusion 13.00 1.50 6.86 2.89 40-9.8
LI-NB (deg) Mandibular incisor inclination 41.00 17.50 28.83 472 24.1-33.6
LI-NB (mm) Mandibular incisor protrusion 11.00 2.00 6.23 2.01 42-82
UI-LI (deg) Interincisal relationship 140.50 105.50 120.38 7.78 112.6 - 128.2
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Table 5 Means and standard deviations of skeletal cephalometric measurement between boys and girls

Total (n=84) Boys (n=44) Girls (n=40)
Variables P
Mean SD Mean SD Mean SD
Skeletal analysis
SNA (deg) 81.93 4.19 81.51 4.08 82.38 4.31 0.351
SNB (deg) 79.68 3.92 79.27 a.17 80.13 3.63 0.322
NPog-FH (deg) 87.34 3.03 86.70 3.03 88.03 291 0.045%
ANB (deg) 2.96 1.76 3.13 1.75 277 1.77 0.347
Wits (mm) -4.90 294 -4.90 3.10 -4.90 2.80 0.999
SN-GoGn (deg) 31.20 5.30 30.75 5.81 31.69 4.70 0.421
FMA (deg) 25.54 4.95 25.23 5.31 25.88 4.58 0.551
* = Significant difference at p<0.05
159971 6 uansARAEUsEE T ULLIN g YRR I anTnYedlRsIa ey Yeenguiiae s I IaNA
Table 6 Means and standard deviations of dental cephalometric measurement between boys and girls
Variables Total (n=84) Boys (n=44) Girls (n=40) b
Mean SD Mean SD Mean SD
Dental analysis
IMPA (deg) 96.60 6.26 96.46 6.55 96.75 6.02 0.834
LI-APog (mm) a.70 2.33 4.14 2.20 5.31 2.35 0.022*
UI-NA (deg) 28.95 6.73 27.71 7.22 30.28 5.96 0.176
UI-NA (mm) 6.86 2.89 6.44 2.98 7.31 2.76 0.174
LI-NB (deg) 28.83 4.72 27.73 5.09 30.02 4.03 0.027*
LI-NB (mm) 6.23 2.01 581 2.00 6.68 1.94 0.047*
Ul-LI (deg) 120.38 7.78 122.41 7.80 118.19 7.23 0.013*

* = Significant difference at p<0.05
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Abstract

This study aimed to compare the cyclic fatigue resistance of four single-file Nickel-Titanium systems in
both single curvature and double curvature canals. Fifty samples (N=50) of One Curve, Hyflex EDM, WaveOne Gold
Primary, and Reciproc Blue R25 instruments were tested. Simulated canals made of stainless steel with a single (60°
angle of curvature and 5 mm radius of curvature) or double curvature (coronal curve, 60° angle of curvature and 5 mm
radius of curvature; and apical curve, 70° angle of curvature and 2 mm radius of curvature) were used for testing.
Each file specimen was tested until fracture occurred and time of failure recorded. The fracture surface was examined

using a scanning electron microscope to investigate types of fracture. The data were statistically analyzed using Kruskal-
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Wallis Post hoc Dunn tests with 95 % confidence level. Results showed that Hyflex EDM had statistically highest fatigue

resistance in single curvature canal. One Curve had statistically lowest fatigue resistance in double curvature canal.

Keywords: Cyclic fatigue resistance, Simulated canal, Single Nickel-Titanium rotary file, Single curvature, Double curvature
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Table 1 Mean, standard deviations, median, and interquartile range of time to failure (second) and number of cyclic to failure (NCF)

in single curvature simulated canal
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Table 2 Mean, standard deviations, median, and interquartile range of time to failure (second) and number of cyclic to failure (NCF)
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Figure 2 Box plot showing the number of cyclic to failure (NCF) of 4-typed Nickel-Titanium rotary files in single curvature (upper) and
double curvature simulated canals (lower)
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Figure 3 Scanning electron micrographs of fracture surface and longitudinal surface of One Curve (A-B), Hyflex EDM (C-D), WaveOne

Gold (E-F) and Reciproc Blue (G-H) in cyclic fatigue resistance test. The white arrows show crack initiation areas
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Abstract

This study aimed to determine the prevalence of Enterococcus faecalis in root canal-treated teeth requiring
retreatment and investigate its relationship with clinical parameters and the capacity for biofilm formation. Clinical
samples (N=41) from previously root canal-filled teeth that required retreatment were collected using paper
points for culture and polymerase chain reaction assay to detect Enterococcus faecalis. Clinical and radiographical
examinations were performed to assess signs and symptoms, periapical lesions, quality of previous root filling and
coronal restorations. Data were analyzed with Fisher’s Exact test. The prevalence of Enterococcus faecalis was 9.8 %
and 75.6 % by culture and polymerase chain reaction techniques, respectively. No significant association was observed
between clinical parameters and Enterococcus faecalis in root canals (p>0.05), but Enterococcus faecalis was significantly
associated with periapical lesion in cases that did not heal (n=19, p=0.035). In addition, clinical isolates of Enterococcus

faecalis showed different levels of biofilm formation as examined by crystal violet staining. In conclusion, Enterococcus
faecalis was frequently detected in root canal-filled teeth that required retreatment and they showed various

levels of biofilm forming capacity.
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Introduction

Endodontic failures are mainly caused by persistence Several studies showed that intraradicular infection of
of microorganisms in the root canal system, activated the root canal system is the major causes of the endo-
immune inflammatory response and bone resorption. dontic failure.'
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Enterococcus faecalis (E. faecalis) has been
reported as the most commonly isolated species from
root canals with endodontic treatment failure 2°, but was
not the dominant species in others." E. faecalis is a non-
spore-forming, fermentative, facultative anaerobic
Gram-positive coccus.” It can form biofilm on root canal
dentin, and is resistant to calcium hydroxide; these may
be implicated in endodontic treatment failure.’ In vitro
studies showed that E. faecalis could form biofilm on
human dentin in starvation conditions.” However, no
significant relationship was observed between biofilm
formation capability of £. faecalis strains and sources of
isolates from root canals, oral cavity, or others.? In addition,
E. faecalis also possesses several virulence factors such as,
ace, efaA, esp, gelE, asa and asa373.” Evidence regarding
the association of clinical parameters and E. faecalis in
root-canal-treated teeth and its virulence factors are still
limited. It has been suggested that E. faecalis may be
associated with signs and symptoms, the presence of
apical radiolucent lesion, quality of previous root filling
and quality of the coronal restoration.*'*"!

Culture-based and molecular techniques have
been used to identify microorganisms in cases with endo-
dontic failure. Culture-based techniques have lower
sensitivity and could not detect uncultivable phylotypes’,
while polymerase chain reaction (PCR) is significantly more
effective and can detect a higher frequency of E. faecalis
in the root canal.""** Recent metagenomic studies identified
a plethora of bacterial species in the root canals.” Although
E. faecalis was not the most predominant species, it
has been found at a greater frequency or proportion in
secondary/persistent endodontic infection than in primary
infection.'"” This suggests that E. faecalis may still be
a key pathogen in root canals with persistent infection.

Therefore, this study used both culture-based
and PCR techniques to investigate the prevalence of
E. faecalis in root canals requiring retreatment, and
examine its relationship with clinical parameters, and

the capacity for biofilm formation.

Materials and Methods

Study population

Thirty-five adult patients (41 teeth) who attended
the Department of endodontics, Faculty of dentistry,
Chulalongkorn University for non-surgical endodontic
retreatment were enrolled in the study. The study
protocol was approved by the ethics committee of the
Faculty of Dentistry, Chulalongkorn University, Bangkok,
Thailand (ref.032/2019) in accordance with the Declaration
of Helsinki. All participants gave written informed consent
before sample collection.

Inclusion criteria included patients with root-filled
single root canal or multirooted teeth with failed treatment
at first or second times as determined on the basis of
clinical and radiographic examinations with at least one
of the following: persistent signs and/or symptoms, such
as pain on palpation, pain on percussion, swelling, pus, or
sinus tract opening; radiographic evidence of larger periapical
lesion or persistent periapical lesion (endodontic therapy
completed more than 4 years); and unsatisfactory root
canal obturation, such as underfilled > 2 mm. from the
radiographic apex, overfilled, had void, or missed canal
in cases required new prosthetic restoration. Exclusion
criteria included patients who had antibiotic treatment
in the previous three months, tooth with periodontal
diseases or had probing depth of > 5 mm., and extreme
loss of tooth structure such that the tooth could not be
isolated with a rubber dam.

Sample size calculation

The sample size for this study was calculated
based on the prevalence of E. faecalis in failed endodontic
cases by PCR technique according to a previous study',
which was 77 %. When using the following formula with
error (d) = 0.10, Alpha (QL) = 0.05, Z(0.975) = 1.95996, the
sample size was 69.

22 p(1—p)
d2

However, due to the limitations on the availa-

nfR

n =

bility of patients who qualified the eligibility criteria, 41
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teeth were included in this study. This resulted in an
increase in error rate from 10 to 13 %.
Clinical parameters

Medical and dental history were collected from
hospital records, interviews, and clinical and radiographical
examinations. The following variables were recorded for
each patient: 1) age 2) gender 3) type of tooth 4) absence
or presence of the clinical signs and symptoms defined
as moderate to severe pain on percussion or palpation or
any flare-up 5) absence or presence of periapical lesion
6) size of periapical lesion (the largest dimension in mm)
7) quality of previous root filling which were classified
into acceptable and unacceptable (when root canal
filling was underfilled > 2 mm from the radiographic apex,
overfilled, had void, or missed canal) 8) quality of the
coronal restoration which were classified into intact and
defective. The intact coronal restorations had adequate
seal both clinically and radiographically. In addition, healing
of endodontically treated teeth was classified into healed
and not healed, based on criteria modified from Friedman
and Mor."” Teeth with the absence of any clinical signs
and symptoms and periapical lesion were classified as
healed, while teeth with the presence of any clinical signs
and symptoms and/or periapical lesion were classified
as not healed.
Sampling procedures

Sample collection was as described previously
with minor modifications.’® Aseptic techniques were
used throughout endodontic procedures. Each tooth
was isolated by rubber dam and disinfected with 1.5%
tincture iodine, followed by 70% alcohol. Access preparation
was carried out using sterile burs with only normal saline
solution for irrigation until the root filling was exposed.
Coronal gutta-percha was removed by using sterile gate-
glidden burs and the apical material was removed by
using K-files or H-files or both (Dentsply Sirona, Ballaigues,
Switzerland) without using any chemical solvent. Working
length was determined using radiographs and an apex

locator (Dentaport Root ZX, J Morita, Irvine, CA, USA). Then,

the root canal wall was filed by using K-files (Dentsply
Sirona, Ballaigues, Switzerland) at working length to at least
size 25. At least 3 sterile paper points were introduced
to the working length (a level approximately 0.5 mm short
of the root apex) for 60 seconds each. In cases of multi-
rooted teeth, samples were collected from all root
canals and combined. One of these paper points was
collected in cryotubes containing TE buffer (ie, 10 mM
Tris-HCl and 0.1 mM EDTA; pH, 7.6), placed on ice, and
transferred to the laboratory for PCR analysis, while
another one was transferred into brain heart infusion
broth (BHI broth; HiMedia Laboratories, Mumbai, India)
for culture. Subsequently, all patients received complete
root canal treatment and final restorations.
Microbiology procedures
Culture techniques for E. faecalis identification

The samples in BHI broth were vortexed and the
bacterial suspension was plated on Mitis Salivarius Agar
(MSA; DifcoTM Mitis Salivarius Agar, Becton, Dickinson
and Difco, Chicago, IL, USA) and incubated at 37°C for 24
hours. From each plate, dark blue colonies with smooth
surfaces were presumed to be E. faecalis and were
subcultured. The isolated pure cultures were characterized
by Gram’s staining and biochemical test using sorbitol
fermentation and Streptococcus faecalis (SF) broth (reagents
from HiMedia Laboratories, Mumbai, India).

PCR assay for E. faecalis identification

The root canal samples in TE buffer were thawed
at 37°Cfor 10 minutes and vortexed for one minute. The
pellets were collected by centrifugation, washed 3 times
with 200 pL of MilliQ water, and resuspended in 200 pL
of MiliQ water. Then, samples were boiled for 10 minutes,
quickly chilled on ice for 5 minutes, and centrifuged at
4°C to remove unbroken cells and large debris. The
supernatant was collected and used as the template
for PCR amplification.'

PCR was performed as previously described using
E. faecalis species-specific primers (EFLF (5’-GTT TAT GCC
GCA TGG CAT AAG AG-3’ GenBank accession no. Y18293)
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and EFLR (5’-CCG TCA GGG GAC GTT CAG-3’ GenBank
accession no. Y18293) which produce a PCR amplicon
of 310 bp5,16; PCR conditions for each primer set were
as previously described. The assay was repeated three
times and samples with at least 1 positive test result
were considered positive.
Biofilm formation assay

Biofilm formation assay was performed as previously
described.*'®" E. faecalis (ATCC29212) and E. faecalis
clinical isolates (E1-E4) were cultivated overnight in
Tryptic Soy Broth (TSB; HiMedia Laboratories, Mumbai,
India) at 37 °C, adjusted to give the final optical density
at wave length 600 nm (OD, ) of 0.1, and incubated until
log phase (ODéOO = 0.4-0.6). The cultures were adjusted to
approximately 10" CFU/ml and inoculated into at 1:100
ratio in 200 pl of TSBG (TSB with 0.25% glucose) in 96-well
polystyrene microtiter plates. TSBG alone was used as a
negative control. After 24 hours of incubation at 37 °C,
the supernatant was carefully discarded by using a micro-
pipette, and plates were washed with distilled water to
remove unattached cells. Biofilms were fixed with 100 pl
of 70% methanol for 30 minutes, stained with 100 pL of
1% crystal violet solution in water for 15 minutes, and
subsequently washed with distilled water. The dye was
extracted with 100 uL of 30% acetic acid for 10 minutes.
The optical density at 570 nm (OD570) was measured by
using a microtiter plate reader (Bio-Tek, USA). The assay
was performed in duplicates and repeated three times.
The capacity of biofilm formation of each clinical isolate
was calculated into percentage relative to that of E.
faecalis ATCC29212.
Statistical Analysis

Fisher’s Exact Test was used to assess the
relationship between the prevalence of E. faecalis and
clinical parameters. All analyses were performed with IBM
SPSS statistics for windows, version 22.0 (IBM, Armonk, NY).

A P-value of < 0.05 was considered statistically significant.

A total of 41 samples were collected from 35
patients, 9 males and 26 females, with an age range of
19-74 years (mean, 49.4 + 17.3 years). Among the 41
samples, 25 were anterior teeth, 13 were premolars and
3 were molars. The teeth were diagnosed as previously
treated with normal apical tissue (n=22), asymptomatic
apical periodontitis (n=15), symptomatic apical perio-
dontitis (n=3) or chronic apical abscess (n=1). The reasons
for retreatment were persistent signs and/or symptoms
(n=4), such as pain on palpation, pain on percussion, or sinus
tract opening; radiographic evidence of persistent periapical
lesion or larger periapical lesion (n=17); unsatisfactory
root canal obturation (n=33), such as underfilled > 2 mm
from the radiographic apex, had void, or missed canal,
and unsatisfactory coronal restoration (n=21), such as
leakage in cases requiring new prosthetic restorations.

The prevalence of E. faecalis was 9.8 % (4 in 41
teeth) and 75.6 % (31 in 41 teeth) by culture and PCR
techniques, respectively. The relationship between E.
faecalis (as detected by PCR) and clinical parameters is
shown in Table 1. When compared to cases without E.
faecalis, a higher proportion of cases with E. faecalis had
periapical lesions (48 % vs. 20 %) and had defective coronal
restorations (58 % vs. 30 %), but the differences were not
statistically significant (p>0.05). Other clinical parameters,
including presence of signs and symptoms, size of periapical
lesion in radiographs (in cases with periapical lesion, N=17),
quality of previous root filling, and healing after endodontic
treatment were not significantly associated with the presence
of E. faecalis in the root canals (p>0.05). Interestingly,
when we performed subgroup analysis in cases that did
not heal as shown in Table 2 (n=19), we observed a
significant association between E. faecalis and periapical
lesion (p=0.035). The calculated prevalence ratio was

2.0 with 95% confidence interval of 0.75-5.33 (p=0.16).
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Table 1 Relationship of prevalence of Enterococcus faecalis and clinical parameters

Enterococcus faecalis (by PCR)

Clinical Parameters

P-value®

Enterococcus faecalis (by culture)

Yes (n=31) No (n=10) Yes (n=4)
% (n) % (n) % (n)

Clinical signs and/or symptoms

Yes (n=4) 6.5(2) 20 (2) 0.245 0(0)

No (n=37) 93.5(29) 80 (8) 100 (4)
Periapical lesion

yes (n=17) 48.4 (15) 20 (2) 0.152 50 (2)

No (n=24) 51.6 (16) 80 (8) 50 (2)
Size of periapical lesion (N=17)

<5mm (n=13) 73.3(11) 100 (2) 1.000 50 (1)

> 5 mm (n=4) 26.7 (4) 0(0) 50 (1)
Quality of previous root filling

acceptable (n=8) 19.4 (6) 20 (2) 1.000 0(0)

unacceptable (n=33) 80.6 (25) 80 (8) 100 (4)
Quality of the coronal restoration

intact (n=20) 41.9 (13) 70 (7) 0.159 25(1)

defective (n=21) 58.1(18) 30 (3) 75 (3)
Healing

healed (n=22) 51.6 (16) 60 (6) 0.727 50 (2)

not healed (n=19) 48.4 (15) 40 (4) 50 (2)

Fisher’s Exact Test

Table 2 Relationship of clinical characteristics and prevalence of Enterococcus faecalis in cases that did not heal (n=19)

Enterococcus faecalis (by PCR)

Clinical Parameters Yes (n=15) No (n=4) P-value®
% (n) % (n)

Clinical signs and/or symptoms
Yes (n=4) 13.3(2) 50 (2) 0.178
No (n=15) 86.7 (13) 50 (2)

Periapical lesion
Yes (n=17) 100 (15) 50 (2) 0.035*
No (n=2) 0(0) 50 (2)

Size of periapical lesion (N=17)
<5 mm (n=13) 73.3(11) 100 (2) 1.000
> 5 mm (n=4) 26.7 (4) 0(0)

Quality of previous root filling
Acceptable (n=5) 20 (3) 50 (2) 0.272
Unacceptable (n=14) 80 (12) 50 (2)

Quality of the coronal restoration
Intact (n=11) 46.7 (7) 100 (4) 0.103
Defective (n=8) 53.3(8) 0 (0)

“Fisher’s Exact Test
*Statistically significant difference (P<0.05)
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E. faecalis was detected in only four samples
using culture methods (Table 1). None of the teeth had
any clinical signs and symptoms, but all of the teeth had
inadequate root canal filling (underfilled > 2mm. and had
void). Two of these samples had periapical lesions of 3 mm
and 7 mm in diameter, while the other two were healed
with no sign or symptom. Three of these samples had
defective coronal restorations (leakage).

To investigate their potential capability for coloni-
zation, the four E. faecalis isolates were tested for biofilm
formation by crystal violet staining assay. The percentage
of biofilm mass formed by each of these isolates relative
to that of E. faecalis ATCC29212, a standard laboratory
strain control, is shown in Figure 1. Among these isolates,
E3 had the highest biofilm mass (35.9 %+16.5 %), followed
by E1 (27.4 %=+7.1 %), while E2 and E4 showed similar
levels of biofilm formation (10.3 %+2.8 %, 10.1 %=+4.7 %,
respectively). Interestingly, the isolate with the highest
biofilm formation, E3, was the only one isolated from

a tooth with intact coronal restoration.
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E. faecalis clinical isolates
Figure 1 Average percentage of biofilm formation of Enterococcus
faecalis clinical isolates (E1-E4) relative to that of a
standard laboratory strain (ATCC29212)

Discussion

In this study, we detected E. faecalis in 9.8 % and
75.6 % of endodontically treated teeth requiring retreatment
by culture and PCR techniques, respectively. No statistically
significant association was observed between E. faecalis
and any clinical parameters. However, among cases that
did not heal, £. faecalis was associated with persistent

periapical lesion.

In previous reports, the prevalence of £. faecalis
in root canals with endodontic treatment failure and
persistent intra-radicular infection ranged from 30 % to
76 %.7>' The differences in prevalence among studies
were likely attributed to many factors including differences
in study population, geographical locations, case selection,
sample collection, and detection methods. While previous
studies included only root-canal-treated teeth with
periapical lesion”” or asymptomatic teeth ?, this study
examined both root-canal-treated teeth with and without
periapical lesion, and both with and without symptoms.
Recent metagenomic studies detected a wide variety of
bacteria in the root canals with primary and/or secondary/
persistent infections, with Gram negative bacteria such as
Fusobacterium, Prevotella, Porphyromonas among the
most abundant.”? Although E. faecalis was observed in
relatively low abundance, certain studies showed that
E. faecalis was detected more frequently or at higher
proportion in secondary or persistent infection.'**** Thus,
E. faecalis may still play a role in persistent infection. In
addition, Enterococcus is commonly found in teeth with
intact coronal restorations suggesting that it may persist
in the treated root canals.”

Several studies showed that instrumentation and
medication cannot completely remove microbial infection
from the root canal system.””” The remaining microorganisms,
especially those that are able to attach to the root canal
dentin and form biofilm, may persist in ramifications, lateral
canals, isthmuses, irregular areas or dentinal tubules.”
E. faecalis has the ability to form biofilm, penetrate into
dentinal tubules, resist to medication, and survive in low
nutrient conditions.'® They may persist in a viable, but
noncultivable (VBNC) state *; this may be a reason why
we could detect E. faecalis much more effectively using
PCR than by culture. However, molecular techniques
could also detect non-viable cells or free DNA, which do
not play a role in pathogenesis.” Although molecular
techniques are highly sensitive and allow us to examine the
presence of multiple microorganisms, including unculturable

species, they could not give an information on viability or
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activity of the microorganisms that may contribute to
pathogenesis.”’ This limitation may be overcome by meta-
transcriptomics and metabolomics studies in the future.

E. faecalis can form dense aggregates or biofilm
in root canals.®”' E. faecalis is capable of producing several
virulence factors in the root canal system that enhance
adhesion, colonization and biofilm formation. The virulence
genes of £. faecalis detected in teeth with treatment failure
included ace, efaA, esp, gelE, asa and asa373.° It was
suggested that biofilm formation and extracellular material
(ECM) may increase resistance to environmental stresses.”
In addition, biofilms are significantly associated with large
lesions and cysts.”” Our results showed that different
clinical isolates of E. faecalis showed different levels of
biofilm formation. This may affect their ability to colonize
the root canals. Of note, the clinical strain with the highest
biofilm mass was isolated from a tooth with intact coronal
restoration but with unacceptable quality of previous
root filling (void), while the other strains were from teeth
with defective restorations. This may imply that the bacteria
with high biofilm formation may have persisted from
previous treatment. However, due to small sample size,
we could not make a conclusion on the association
between biofilm formation and clinical parameters, and
further studies are needed.

The relationships between E. faecalis and clinical
parameters in root-filled teeth are still inconclusive.*'*"
While Kaufman and colleagues showed that Enterococcus
spp. significantly associated with the presence of periapical
lesion'®, others did not observe such association."" In our
study, we found a significant association between E. faecalis
and periapical lesion only among cases that did not heal
(Table 2). However, due to the small sample size, when
we calculated the prevalence ratio, the confidence interval
was too wide and did not reach statistical significance.
Thus, further studies are needed to verify this finding.
Another limitation of this study is that we had to use
files to remove existing root canal filling materials before
sample collection; this may inadvertently remove some

of the bacteria in the root canals. In addition, a complex

community of microorganisms likely contributes to persistent
infection, and it was suggested that large periapical lesions
correlated with higher counts of gram-negative rod species.*"”
Besides, viruses and fungi have also been associated with
endodontic infection.” Therefore, the role of multi-species
biofilm in persistent infection and relations to clinical

parameters should be considered in future investigations.

Conclusion

E. faecalis was detected in approximately 76 %
of root canal-treated teeth that required retreatment,
using PCR analysis. While E. faecalis was not significantly
associated with any clinical parameters, it was significantly
associated with periapical lesion among cases that did
not heal. Clinical strains of E. faecalis showed different

levels of capability for biofilm formation.
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Comparison of the 3D Accuracy between Digital and Conventional Impressions in
Full Arch Multi-unit Implants at Implant and Abutment Levels: An in-vitro Study

Ataya Chinwongs', Pravej Serichetapongse'
1Depar‘tment of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The purpose of this study was to compare the accuracy of digital and conventional impression techniques
for multiple implants in edentulous areas at different impression levels: the implant and abutment levels. An
edentulous mandibular model with five dental implants was fabricated to serve as a reference model (three anterior
straight and two posterior angulated implants). Forty impressions were made at the implant and abutment levels using
digital and conventional techniques (four cast groups, n = 10 each). Digital impressions were taken with an intraoral
scanner. The custom open-tray splinted-impression coping technique was used for the conventional impression. All
reference models and working casts were digitized to STL files using a high-resolution laboratory scanner, and the
3D-distances and angulations were measured using PolyWork software for assessing displacement from references.
Two-way repeated-measures ANOVA was used to examine the differences between levels of impression and impression
techniques and their interactions (OL=.05). The Bonferroni post-hoc test and Wilcoxon-sign rank test were used to test
differences in accuracy and precision between digital and conventional techniques (0L=.05), and the results showed
that significant differences were found between the level of impression, impression techniques, and their mutual
interaction. For 3D-distance displacement, the implant level-digital impression showed lower trueness values than
conventional impression overall (P<0.001). For angulation displacement, there was a significant difference in the
conventional-implant level impression group (P=0.003). Overall, no differences were found between the reference
model and the two techniques at the abutment level impressions (P=0.508, 1.000). In conclusion, impression techniques
and levels of impression affected the transfer accuracy. The abutment level impression with the open-tray conventional
technique was more accurate than the digital technique, while the digital technique demonstrated superior outcome
in angulation transfer for angulated implants at implant-level impressions. However, the total distance and angulation
displacement with both techniques were clinically acceptable.
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Introduction

The passive fit of implant framework restorations to mechanical and biological complications.* Impression
is a major factor affecting the longevity of implant-supported techniques affect the accuracy of the dental implant
restorations."” II-fitting prosthesis frameworks can lead position and angulation in the master cast.” The conventional
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open-tray and splinted-coping abutment technique was
reported to be the most accurate method for multi-unit
implant restorations.”” However, these techniques require
more laboratory steps which lead to lengthier production
times and potentially more errors. One such error occurs
with the use of pour-up stone models due to linear setting
expansion and volumetric shrinkage of materials during the
nucleation and growth of the crystalline phases of dental
stone. The use of type | dental stone while mounting the
cast in the articulator also creates some occlusal discrepancy.®

Digital impressions can simplify and improve
the impression process. The use of digital impressions has
gained more popularity due to the production of comparable
precise models and reduction of the workflow process.”™
Digital impressions with bite registration are created as
surface images using an intraoral scanner to position the
dental implants. These images are then sent as a standard
tessellation language (STL) file to the laboratory. With this
workflow, the dentist can omit the use of conventional
steps such as making a silicone impression, preparing the
stone model, mounting the casts, and shipping the models
and articulators to a laboratory."""* Moreover, the current
COVID-19 pandemic brings a risk of virus transmission
from the dental clinic to the laboratory when using
conventional impression techniques.'>***

For full arch implant-supported restorations, the
impression procedure can be performed at the implant
or the abutment level, as described by several authors.'"’
The abutment level impression has been commonly utilized
for correcting the angulation of tilted dental implants.'*"’
Multi-unit abutments not only minimize angulation dis-
crepancies, but also eliminate the adaptability component
in impression coping, reducing the possibility of impression
material deformation during removal.'"®" Dental implant
companies provide both conventional impression copings
and scan bodies for abutment level impressions.

Recent studies have compared conventional
and digital impressions only at implant levels.”"**** This
study aimed to investigate the effects of the type and
level of the impression technique used on the accuracy
of the implant impression and master casts in multi-unit

restorations by using three-dimensional (3D) measuring

techniques. The null hypothesis was that two different
impression techniques and levels of impressions would

not affect the transfer accuracy of impressions.

Materials and Methods

The procedure for reference model fabrication

A completely edentulous mandibular model was
selected as the reference model (IMP1006-L-SP; Nissin,
Kyoto, Japan) (Fig. 1a). Cone-beam computed tomography
was utilized to obtain a DICOM file from the model. A
surface scan was conducted by a desktop scanner (Ceramill
map600; Amann Girrbach AG, Koblach, Austria) to produce
STL files from the model. Then, both the DICOM and
the STL files were transferred into an implant-planning
software program (DTX STUDIO; Nobel Biocare, Zurich,
Switzerland) to plan the placement of five dental im-
plants. Bone-level implants (Nobel replace RP, diameter
4.3 mm, length 13 mm) were selected. The median three
implants were perpendicular to the occlusal plane and
parallel to one another, whereas the two posterior implants
(teeth no. 35, 45) were angled 30° distally. The surgical
template was then designed and fabricated by a printing
machine (NextDent 5100; Amann Girrbach AG, Koblach,
Austria) (Fig. 1b).

The five dental implants were placed using
a surgical guiding template. After implant placement,
three calibrated spherical metal balls (steel balls with
diameter 10.0 mm: grade 28 (JIS B 1501, ISO 3290), Sato
Tekkou, Osaka,Japan) were fixed to the reference model
using self-curing acrylic resin (Unifast lll: GC, Tokyo, Japan)
to create the reference plane and points for accurate

measurement (Fig. 1¢).

Figure 1 (a) Completely edentulous mandibular model. (b) Surgical

template designed and fabricated forimplant placement.
(c) Five dental implants were placed and three calibrated
spherical metal balls were fixed to the reference model
to create the reference plane and points
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Implant level impression
Conventional implant impression

The open-tray splinted-impression coping technique
was utilized. The impression copings (Non-engaging transfer
impression coping, Nobel Biocare) were attached to the
implant fixtures and tightened with 10 Ncm of torque using
a torque wrench. Autopolymerizing acrylic resin (GC Pattern
resin LS, GC America, Alsip, USA) was used as a splinting
material to create resin bars. After 24 hours, the resin bars
were sectioned with a diamond disk and re-connected
with a minimal amount of the same material to reduce
polymerization shrinkage. Then, they were stored for 24
hours (Fig. 2a). Two layers of baseplate wax (Modeling
Wax, Sirona Dentsply, Milford, USA) were placed over
the splinted-impression coping to create a 2-mm uniform
thickness of impression materials. A custom tray was
fabricated using autopolymerizing acrylic resin (Formatray,
Kerr Corporation, Orange, CA, USA). Five holes were drilled
to provide access to the impression copings, and the tray
was left to sit for 48 hours. A line was marked on the
reference model and on the external surface of the custom
tray for positioning the tray while making the impression.
Tray adhesive (3M ESPE, Saint Paul, MN, USA) was applied
on the intaglio surface of the custom tray and allowed
to dry for ten minutes before making the impression.
Polyether impression material (Impregum Penta Soft;
3M ESPE, Saint Paul, MN, USA) was used for making the
conventional impressions (Fig. 3a). After completely poly-
merizing for 12 minutes, the individual trays were removed
from the reference model. Implant analogs were connected
to the impression copings, followed by cast preparation
using low expansion (0.08%) type IV dental stone (Kromotypo
4; Lascod, Florence, Italy), which was mixed in a vacuum
machine (171971; Wassermann, Hamberg, Germany) for
30 seconds. The working casts were allowed to set for
one hour, following the manufacturer’s recommendations,
before separating them from the impressions. All the
working casts were trimmed, finished, and stored at room

temperature for one week before the measurements. Ten

implant-level conventional impressions were made by the
same clinician to obtain ten working casts (Fig. 3b).
Digital impression

To create each digital-implant impression, a digital
scan body (Non-engaging, 2B-B Elos Accurate 10 Nobel
Biocare scan body, Elos Medtech AB, Gothenburg, Sweden)
was inserted into the dental implants (Fig. 2c). The same
scan body was moved from the correlation position in all
casts to eliminate any potential interference associated
with scan bodies, and then scanned using the intraoral
scanner (Trios3; 3Shape, Copenhagen, Denmark). The
digital scan continued sequentially, starting from the
occlusal aspect of the scan body at the left molar area,
continuing to the scan body at the right molar area, then
to the lingual aspect of the scan bodies, and finally to
their buccal aspect (Fig. 3c). After the scanning procedure,
the STL files of all ten digital impressions were transferred
to a software program (PolyWorks; Hexagon, Stockholm,
Sweden) for measurement (Fig. 3d).
Abutment-level impression

Multi-unit abutments were selected and prepared.
For the median three implants, 0° abutments were prepared
for making abutment-level impressions, whereas two
angulated 30° multi-unit abutments were used for the two
posterior implants (Fig. 2b).
Conventional implant impressions

The open-tray splinted-impression coping technique
was used, similar to the one used for the implant-level
impression. Ten abutment-level conventional impressions
were made to obtain ten working casts.
Digital impression

A digital scan body (Non-engaging, 2C-A Elos
Accurate 10 Nobel Biocare scan body) was inserted into
the dental implants. Then, the same scanning procedure
described for the implant-level impression was performed
to obtain ten STL files (Fig. 2d).

All scans and impressions were obtained by the
first author, who has experience in digital scanning and

conventional impression (more than 40 pilot scans).
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Figure 2 (a) Splinted angulated impression copings in the
conventional technique for an implant level impression.
(B) Angulation of impression copings of two posterior
implants corrected by using multi-unit abutments
during an abutment level impression. (c) A digital scan-
bodly inserted for digital impressions at the implant
level. (d) The angulation of digital scan-bodies of two
posterior implants corrected by using multi-unit abutments
for an abutment level impression

Figure 3 (a) Polyether impression material was used for the
open-tray splinted-impression coping technique. (b)
Conventional working cast. (c) Digital impression scanning

strategy. (d) Digital impression

The m rement pr r

A desktop scanner (Ceramill map600; Amann
Girrbach AG, Koblach, Austria) with a manufacturer-specified
measurement accuracy of 4 um was used to digitize the
reference model and conventional working casts to create
STL files. For digital impressions, the surface scan data

obtained from the intraoral scanner were used. All data

were analyzed using the PolyWorks software program.
The software’s geometric feature was used to determine
the virtual three calibrated spherical balls. Each sphere
was measured three times in order to calibrate the constant
diameter of sphere balls (10 mm) and to create the center
point of the spheres. A horizontal reference plane was
created by connecting the center points of the three
calibrated spherical balls, no. 1 (C1), no. 2(C2), and no. 3
(C3). A reference point was set at the center between
C1 and C2, and the datum axis was created using the
C3 line. Implants were numbered from 1 to 5 from the
posterior right to the posterior left (Fig. 4a). A cylindrical
digital scan body represented the position and angulation
of the dental implants. The central axis of the scan body
and the perpendicular horizontal plane of the top of the
scan body head were identified by the geometric software.
The intersection between the central axis and the top
plane of the scan body was calibrated to create a virtual
implant position point (Fig. 4b). Then, the distances from
each implant position point to the reference point were
measured to determine the 3D-distance values (Figs 4a,
4b). The angulation of the central axis of the cylindrical
scan body to the horizontal reference plane was measured
to determine the angulation values (Fig. 4c).
Statistical analysis

The accuracy assessment formula used to
calculate trueness and precision values was based on
ADA/ANSI Standard No. 132.%

Trueness = |(d -d )
R M

Reference value — Measured value
Precision = |(d -d )|, :
A M

Average of the measured value - Measured value

The mean and standard deviations of the trueness
and precision values of each sample group were analyzed
using descriptive statistics. The Shapiro-Wilk test was used
to check for normality, and this test found that certain
raw data did not have a normal distribution. As a result,
non-parametric statistics were used. Two-way repeated-

measures ANOVA was used to test the differences between
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the level and technique of impression methods and their
interactions. The Bonferroni post hoc multiple comparison
test was used to examine the differences between digital
and conventional impression techniques in comparison to

reference models in each level of impression. A Wilcoxon

signed-rank test was used to compare the median of precision
values between conventional and digital techniques.
The level of significance was set at 0.05 (Cl: 95%). All
statistical analyses were carried out using statistical
software (SPSS 16.0, IBM Corp, Armonk, NY, USA).

B A

Figure 4 (a) Measurement method to analyze the 3D-distance of dental implants. A horizontal reference plane was created by

connecting the center points of the three calibrated spherical balls C1, C2, and C3. A reference point was set at the center

between C1 and C2, and the datum axis was created using the C3 line. The individual implant distance is defined as the

distance from the reference point to the scan-bodly point. (b) The scan-body point was created by the intersection between

the horizontal plane of the top of the scan body (Plane 1a) and the long axis of the scan body (red arrow). (c) Angulation

of implant was measured by the difference between the angulation of the central axis of the scan body and the horizontal

reference plane

The mean values, standard deviation values,
and precision values of the 3D distances and angulation
displacement of the conventional and digital impression
techniques compared with the reference model are
presented in Tables 1 and 2. The Wilcoxon signed-rank
test reported that there was no statistically significant
difference between the precision values of conventional
and digital techniques (P=1.000). The two-way repeat-
ed-measures ANOVA between the groups determined
a statistically significant difference between the level
of impression, the impression techniques, and their
interaction (Table 3). Multiple comparisons using the

Bonferroni post-hoc test shows that a conventional

impression resulted in more accurate trueness values
in 3D-distances than did the digital technique (Table 4)
(P=0.257 and P=1.000). For angular displacement, both
techniques showed significant differences from the
reference model in different positions. Overall, the
digital technique showed superior accuracy in terms of
angulation transfer on the implant level, as there was no
significant difference from the reference model (Table 5)
(P=0.094). At the abutment level impression, there was
no significant difference between the conventional and
digital techniques compared with the reference model
in terms of 3D-distance and angulation displacement
(P=1.000 and P=0.50)
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Discussion

Digital impressions are becoming increasingly
common due to their comparable accuracy to conventional
impressions, as has been reported in many studies. However,
few studies have reported the effects of the level of
impression to the accuracy of digital impressions
compared with conventional impressions in the full
edentulous arch. The results of this study indicate that
the abutment-level conventional open-tray impression
technique has superior accuracy in 3D-distance transfer
compared with the digital impression. With angulated
implants on the implant level, the digital technique is
advantageous. Therefore, the null hypothesis stating
that impression techniques and levels of impressions
would not affect the transfer accuracy of impressions
was rejected.

The level of impression can affect the accuracy
of angulation transfer. The results of this study show that
the abutment-level impression improves the angulation
transfer accuracy of the conventional technique, since it
reduces the angulation of the impression coping with an
angled multi-unit abutment. Moreover, the abutment-
level impression coping connection is different from the
implant level, as its external connection without the
adaptability concern allows easier removal of the tray.
Conversely, without using impression materials and
removing impression coping, an angulation of 30° of two
posterior implants in this study did not affect the angulation
transfer accuracy of the digital impression. The digital
impression shows that the values of angulation transfer
had no significant difference from the reference model
in both implant and abutment level impressions. These
findings are consistent with those of an in-vitro study
which reported that the accuracy of digital impressions
was not affected by implant angulations of up to 30°.%%*
Abutment-level impressions do not provide a definitive
benefit for digital techniques.

According to the impression technique, digital

impressions seemed to be inferior to conventional im-

pressions by showing 3D-distance displacement differences
that were statistically significant in many implant positions
compared with the reference model, both in implant and
abutment level impressions. These findings are consistent
with those of studies for full arch digital impressions.”**
Digital impressions present a typical deviation pattern
in the complete arch scan by increasing deformation
toward the distal end of the dental arch, which is both
the beginning and the end point of the scanning process.””
This deviation is caused by the process of stitching multiple
images together to construct a full arch image using a
software program. This could be the inevitable limitation
of digital impressions unless the software developer can
solve this error. Nevertheless, the results of conventional
and digital impressions in this study were within clinically
acceptable ranges. Jemt et al. stated that a misfit of around
150 um does not statistically correlate with marginal bone-
level changes, and that the multi-unit implant prosthesis
can function for several years under biologic tolerance in
the living bone around dental implants.” The conventional
technique showed a mean 3D-distance deviation of 32-60 um
with the implant-level impression and 21-49 pm with
the abutment-level impression. The digital technique
showed a mean 3D-distance deviation of 23-97 pm at
the implant level and 27-118 pm at the abutment level.
However, a consensus regarding the acceptable angulation
deviation has not been reached. An in-vitro study by Kim
et al. used the conventional open-tray impression and
intraoral digital scans at the implant level in an edentulous
maxillary model with six implant replicas and reported
that angular deviation of less than 1° was not considered
to be clinically significant.”® The findings of the present
study revealed that the deviation with both impression
techniques and levels of impressions were less than 1°.
Different methods may be used in the evaluation of full
arch impression accuracy. A best-fit algorithm or superim-
position technique using software to perform mesh-to-mesh

alignment and data analysis was used in many studies.'*”’
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The superimposition process can be designated by the
software using an implant scan body or reference teeth
as the superimposition point. Then the software superimposes
the overall surface of the master model and scans the
body into the theoretically ideal position. However, virtual
superimposition by the software can create a deviation
error by overlapping the physical limitations position.”
In addition, the superimposition process in completely
edentulous areas with a lack of anatomic landmarks or a
characteristic geometry feature in the models inevitably
creates errors in mesh alignment calculations.” Other
studies employed the “zero method” by identifying the
reference point for true data measurement using the
central point of the scan body through the original CAD
files and obtained the linear and angular deviations of each
implant.”**** The disadvantages of this technique were
the unstable position of the reference body scan and
the immeasurable true position of the reference implant.

The methodology of the present study was refined
by defining the reference point, plane, and datum axis
using three calibration spheres for all the models. This
methodology was adapted from a measurement method in
the engineering industry called “ball plate measurement.”**”*
Spheres are basic geometry shapes that are easy to detect
with the intraoral scanner and can be precisely analyzed
by the CAD software. Additionally, the center point of the
spheres was less affected by the deformation of impression
materials or by the setting expansion of dental stone, unlike
the external surfaces of spheres or another geometry feature, !

In this study, the laboratory reference scanner
was calibrated for this experiment and the accuracy was
confirmed to be 4 um, as specified by the manufacturer.
This is within the range of accuracy of reference scanners
of other studies.'****" Furthermore, the present study used a
reference model with silicone soft tissue to simulate an
actual clinical situation, which contrasts to prior studies
that used models only made of hard material.”*?°#**" A
scanning strategy is also one of several factors that affect

the accuracy of full-arch digital impressions.” The edentulous

scan strategy from the manufacturer (3shape) was used
in this study and considered to be a reliable standard.”

A limitation of this study was that it was an
in-vitro study, in which the digital impression was close to
ideal in the scanning process, creating an optimal impression.
In clinical situations, the angulation of the scan body, a
long-span completely edentulous ridge, movable tissue,
tongue movement, and the presence of saliva may make
digital impressions difficult and can affect accuracy. Artificial
landmarks are required for precise digital impressions in
long-span edentulous areas.

The clinical implications of this study show that
the abutment level-conventional impression is suitable
for complete edentulous arch impression and that digital
impressions have the potential to be an alternative to
conventional impression procedures for implant-supported
multi-unit restorations, as their accuracy is within the clinically
acceptable range. In the future, if digital-impression software
can eliminate image-stitching errors and increase the
efficiency in full-arch impressions, digital impressions will
be able to surpass the limits of conventional techniques.
Due to the COVID-19 pandemic, dental health professionals
(e.g., dentists, hygienists, assistants, and technicians) are
more likely to be at risk due to close contact with patients
and to exposure to biological fluids, aerosols, and droplet
production during dental procedures and laboratory processes.
With a fully digital workflow, the risk of infection is reduced,
as there is no need to disinfect physical impressions,
materials, and instruments., Also, the number of appointments
is reduced so there is no need for transportation. Further
clinical research comparing digital and conventional
impression techniques in clinical conditions are needed

to corroborate the findings of this in vitro study.

Conclusion

Based on the results of this study, the transfer
accuracy was affected by impression techniques and
levels of impression. The abutment-level conventional

open-tray impression technique resulted in more accu-
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rate trueness values than the digital impression overall.
(P=1.000). There was no statistically significant difference
regarding precision between conventional and digital
techniques. However, the displacement values of both

techniques were within clinically acceptable ranges.
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Abstract

A variety of commercial children’s toothbrushes are commercially available with different physical properties.

The aim of this study was to evaluate the physical properties of commercial children’s toothbrushes, toothbrush
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wear, bristle-tip wear, and effect of brushing on primary enamel surfaces using a V8 cross-brushing machine, in vitro.
Primary enamel specimens (2x2 mm?) were mounted in acrylic blocks (n=42) and randomly assigned to 6 groups:
CUdent (7mm), CUdent (8mm), Berman®, Colgate®, Fluocaril®, and Kodomo®. The specimens were mounted and
brushed in a V8 cross-brushing machine for 100,000 strokes. Following brushing, the toothbrush-heads were measured
to calculate the wear index and the bristle-tips were evaluated based on the Thai Industrial Standards (TIS). The
specimens were measured for surface roughness and average mean depth using a profilometer. This study revealed
that the wear index before brushing was 0.035-0.038 with no significant differences between groups. However, the
wear index after brushing was 0.088-0.245 with significant difference between groups (p<0.001) and the post-hoc
analysis revealed that the Fluocaril® and CUdent (8mm) groups had significantly higher index scores than the others.
The percentage of acceptable bristle-tip before and after brushing was 90.67-94.67 and 78.2 -96.00, respectively. The
surface roughness and average mean depth before brushing were 9.054-10.563 and 0.021-0.028 nm, respectively,
and after brushing was 9.638-10.792 and 0.032-0.058 nm, respectively. No significant differences between groups
were found before and after brushing. These findings indicate that the commercial children’s toothbrushes had
similar physical properties. Furthermore, Fluocaril® and CUdent (8mm) groups were the most worn after brushing.
All toothbrushes tested passed the TIS for acceptable bristle-tip before and after brushing. In addition, no significant

abrasion of the primary enamel surfaces was found after brushing with the tested toothbrushes.

Keywords: Wear, V-8 cross-brushing machine, Children’s toothbrushes, Enamel, Primary tooth
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2 3u, Berman® (Rinchokechai, Thailand) $1uau 1 9u, Colgate®
(Colgate-Palmolive, USA) $1uu 1 3u, Fluocaril® (P&G, USA)

715799 1 ﬁa;umwadm/idﬁﬁuﬁ?m"’wﬁﬁmgf 3 - 6 U nhulaluanise

Table 1

113U 13U Uz Kodomo® (LION, Japan) $113u 1 Ju Anseuds
= o d'
YaauUsaEnuRanslun1sen 1

Details of the children’s toothbrushes used in this study

Recommended age

Bristle properties

Bristle Number
Brands (Manufacturer) by the manufacturer  Stiffness Length Diameter
type of tuffs
(Years) (mm) (mm)
CUdent 3-6 Soft Nylon 20 7 0.13-0.14
(The First Thai Brush, Thailand) 3_6 Soft Nylon 20 8 0.13-0.14
Kodomo® 3-6 Soft Nylon 20 9 0.16-0.17
(Lion, Thailand)
Fluocaril® 2-6 Extra soft Nylon 24 10 0.16-0.17
(The First Thai Brush, Thailand)
Colgate® 3-5 Extra soft PBT 24 10.5 0.10-0.11
(Colgate-Palmolive, Thailand)
Berman® 3-6 Soft Nylon 23 9 0.16-0.17

(Rinchokechai, Thailand)
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Figure 2 Attached toothbrush head in the toothbrushing machine mold
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Figure 3 Wear Index measurement by Rawls et al.20

T FLL Ao mnuemvnesnudansuundsadioussaingiudig
BLL fla AnuemvmesufivunUssinfumndsadionss
NAUL9
FFL fle muemynesnulmevuslsadlenasainsumh
BFL fla AnuemvmesufivunUssintumndsadionss
NAUL9
BRL flo AYNETIEEATRIUULUS

Prucksasuwan et al., 2022 481



thiluhusyediunarinisdadi de by
Hunsuthundd 1 93087 2 veswnnsslnsuuntedeiifaitu
Unit laifiseen 50835717 VuAULAY Lasinasinisfneen Ao
iunsrathuniifisesymaiuutuvdesuauilaldduud
anauawyilvikaflusuuiumRorNEMUIeENd 2 Tadluns
vseilTanysae lagmmuaduIuNguMIeg19n1LIATEIUNNNT
NAFEUNSANvRIR oL S9E ISO/TR 14569-1:2007
findumaeuiiovin 6 ndu Nduay 6 3u Heturudemenduas
1 ¥ 52 42 Fu Fuilulaeurluansazanglsuea (Thymol
solution) ANUTNTUSOEAE 0.1

é"mﬁwmmazmmﬂwfmmLLazymﬁaL?jaﬁaU % 99N
ABWenNNeLaY 7 (Spatula NO.7) Tanunuvesiluliizeu
PENTEAENTIBLUBS 1,000 é’amm%ﬁmﬁﬁaq (Polishing
machine, NANO 2000, Pace Technologies, USA) I@&J‘Lﬁagj
udundouity uddirlstiuun 2 x 2 feduns faniesinily
(ISOMET 1000, Buchler, USA) thandadnfutuezasanlsil
Raviiaueiu fntunaaeusemdlndieanes JavuRaiiy
ueduielfuiiisneds Tnedatutumuiieassdemineig
Tifnflugnuusaduiud 1 x 2 fedums fgud 4

2mm

Acrylic : : Enamel

Polyester tape

' Reference area

U4 mawigntusuneunInaeunITanvesiunao Ul

Figure 4 Preparation of the specimens for the enamel wear assay
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Table 2 Mean and standard deviation of the Wear Index compared between brands

Wear Index v Brand

Brand § CUdent

Before After Q ) Berman® Colgate® Fluocaril® Kodomo®
CUdent (7Tmm) 0.037+0.005 0.088+0.014 <0.001* <0.001* 0.924 0.999 <0.001* 0.258
CUdent (8mm) 0.036+0.005 0.160+0.040 <0.001* 0.001* <0.001* <0.001* 0.032*
Berman® 0.038+0.004 0.101+0.018 <0.001* 0.991 <0.001* 0.814
Colgate® 0.037+0.003 0.093+0.021 0.001* <0.001* 0.459
Fluocaril® 0.035+0.003 0.245+0.028 <0.001* <0.001*
Kodomo® 0.037+0.004 0.117+0.020 <0.001*

* Jmnaunne Nee i a AN aai (p < 0.05)
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Figure 5 Images of the bristles after the toothbrushing test at 100,000 strokes
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Table 3 Number and percentage of acceptable bristle tips before testing compared between brands

Brand Number of Acceptable Non-acceptable
testedbristes 1 5 3 4 5 sum@®) 1 2 3 4 5 Sum(%)

CUdent (Tmm) 75 1 12 45 2 9 69 (92.00) 0 0 2 1 3 6 (8.00)
CUdent (8mm) 75 1 9 a2 3 14 69 (92.00) 0 0 3 3 0 6 (8.00)
Berman® 75 8 19 25 13 5 70 (93.33) 1 2 0 1 1 5(6.67)
Colgate® 75 0 0 0 0 68 68(90.67) 0 0 0 7 0 7(9.33)
Fluocaril® 75 1 20 14 13 23 71 (94.67) 1 0 0 2 1 4 (5.33)
Kodomo® 75 14 3 4 8 41 70(93.33) 1 0 0 1 3 5(6.67)

wazdnwuzUangrunlssdlundinisnagouniy
msuUssilugnen3os V-8 cross - brushing machine fivousu
Isteglutnedoras 78.29 1 96.00 Besdvieanilesluinn fe
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Table 4 Number and percentage of non-acceptable bristle tips before testing compared between brands

Brand Number of Acceptable Non-acceptable
testedbristtes ;3 4 5 Ssum@®) 1 2 3 4 5 Sum(%)
CUdent (Tmm) 175 2 52 51 13 a7 165 (94.29) 1 4 3 1 10 (5.71)
CUdent (8mm) 175 2 68 52 16 25 163(93.14) 0 6 1 3 12 (6.86)
Berman® 175 3 62 60 28 16 169(96.57) 0 5 0 1 6(3.43)
Colgate® 175 12 11 32 6 76 137(7829) 0 1 35 1 38 (21.71)
Fluocaril® 175 4 63 40 32 29 168 (96.00) 0 6 0 1 7 (4.00)
Kodomo® 175 12 28 44 27 53 164 (93.71) 7 0 0 3 11 (6.29)
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Figure 6 Bristle tips of before (left) and after 100,000 strokes brushing test (right) compared between brands under 45x stereomicroscope
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Table 5 Mean and standard deviation of thesurface roughness and depth of enamel removed compared between brands

Surface roughness

Average mean depth of enamel
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Abstract

The study aimed to find an optimal concentrations of novel herbal mouthwashes which do not cause cytotoxicity
to human gingival fibroblast-like cells (HGFs), according to ISO 10993-5, and to compare their cytotoxic effect to
CUdent Stevia Fluoride™ mouthwash on HGFs. Three herbal extracts, ginseng (G), peppermint (P), and licorice (L),
were dissolved in 25% v/v diluted CUdent Stevia Fluoride™ mouthwash to find the maximum dissolution. An optimal
concentration of each herbal extract was evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay. The determined concentration was used to formulate the ginseng mouthwash solutions into two
groups, ginseng-peppermint (GP) and ginseng-licorice (GL). Each group was tested once again by MTT assay to compare
its cytotoxicity. One-sample t-test was used to analyze the determination of the cytotoxicity and one-way ANOVA to
compare the cytotoxic effect between each group. The maximum dissolution of ginseng, peppermint, and licorice
extract in CUdent Stevia Fluoride™ mouthwash was 5, 5, and 0.5 mg/mL respectively with no statistically significant
cytotoxic effect (%viability =270%, p>0.05). When the novel mouthwashes were prepared, there was no statistically
significant cytotoxic effect in any formulation (%viability >70%, p>0.05). Therefore, the cytotoxic effects on HGFs of
every formulation were compared with CUdent Stevia Fluoride™ mouthwash, and they showed less cytotoxic effect
(p<0.05). It can be concluded that the optimum concentration of ginseng, peppermint, and licorice extract is 0.5, 0.5,
and 0.05 mg/mL. All formulas of ginseng mouthwashes in this study; pure ginseng solution (Gsol), ginseng-peppermint

(GP), and ginseng-licorice (GL) showed less cytotoxic effect than the CUdent Stevia Fluoride™ mouthwash.
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Introduction

The periodontal disease is an inflammatory disease
that affects periodontium or supporting structures of teeth.'
Oral biofilm is considered the main ethiologic factor for
the development of periodontitis. Thus, plaque control
is an effective method in the elimination of biofim by
mechanical and chemical means.”* However, mechanical
plaque controlis restricted in some specific circumstances,
for example, after oral surgery. In this situation, antimicrobial
mouthwash could be used as chemical plaque control to
delay biofilm accumulation together with tooth brushing
and flossing.” Several antimicrobial chemical agents such as
chlorhexidine (CHX) and cetylpyridinium chloride have
been used. However, these chemical agents have unpleasant
side effects such as taste stimulation and alteration, and
staining on tooth surface and tongue, especially in a prolonged
usage.” CHX is also cytotoxic, as reported for human
gingival fibroblasts and osteosarcoma cells.® Currently,
toxicity for oral cells is of potential concern. Therefore,
nontoxic herbal mouthwashes using various herbs and
plant extract have been introduced.

CU Dental Innovation Center has developed an
herbal mouthwash containing stevia and peppermint
extract. Peppermint oil has antimicrobial activity with
minimum inhibitory concentration (MIC) ranging from 0.4%
to 0.7% v/v depending on bacterial species.” Furthermore,
it contains many components that have antioxidant activity,
such as phenolic acids (eg. caffeic acid), flavones (eg.luteolin
derivatives), and flavanones (eg. eriocitrin derivatives).”
Stevia used as a sweetener has been extensively reviewed
and approved as a food supplement in several countries.”*
Both peppermint and stevia have been reported to be
associated with improving periodontal health.'"*?

Licorice belongs to the genus Glycyrrhiza. Itis one
of the most popular natural agents in herbal mouthwashes.
This extract has been used in treating gingivitis and periodontal

diseases because of their antimicrobial and antioxidant

effects.”*® In addition, licorice root extract has an antimicrobial
effect on P.gingivalis with MIC of 62.5 pug/ml and MBC of
25 pg/ml and also affects the biofilm formation."’
Ginseng extract is now of interest for many
researchers as it posseses plenty of medicinal values. It
has been used in many forms such as orally or topically,
especially in skin care products.'® Ginseng root and leaf
extract has antimicrobial, antioxidant effects and enhancees
immune response.”?" Lee et al. ** proposed that ginseng
had anti-adhesive effects against certain periodontal pathogens.
Ginseng used as an ingredient in many herbal mouthwashes
and is proven its efficacy by comparing with commercially
available mouthwashes and chlorhexidine.”* Therefore,
ginseng could be used as one of the essential ingredients
in herbal mouthwash to improve periodontal status.
However, the International Standard for Oral hygiene
products-Oral Rinses (ISO 16408) has identified that
compatibility with oral tissues should be in accordance
with ISO 10993-5 when assessing possible biological or
toxicological hazards. Consequently, a compatibility test
using the I1SO 10993 method is required for developing
herbal-containing mouthwash. The cytotoxicity test
through the MTT assay is also a part of the process which
indicates that if the cell viability is less than 70%, there
is a possibility of cytotoxicity.”” Generally, the oral mucosa
comes in contact with the mouthwash when the oral cavity
is flushed. However, in cases of injury, mothwash also
comes in contact with the underlying gingival connective
tissue.” Human gingival fibroblasts are commonly used
to mimic connective tissue exposure to mouthwashes
and to investigate cell-induced stress.”"* The purpose of
this study was to find an optimal concentrations of novel
herbal mouthwashes which do not cause cytotoxicity to
human gingival fibroblast-like cells (HGFs), according to
the 1ISO 10993-5, and to compare their cytotoxic effect

to CUdent Stevia Fluoride™ mouthwash on HGFs.
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Materials and Methods

1. Mouthwash preparation

The following herbal extracts were dissolved
in 25% v/v CUdent Stevia Fluoride mouthwash (CUSF)
(Fig 1) from 0.02% - 2% (w/v) to define the maximum
dissolution: G = Ginseng root extract (Novanat, China);
P = Peppermint powdered extract (Plantextrakt, Germany);

and L = Licorice powdered extract (Plantextrakt, Germany).

Ongma

50 ml 50 l11|
g l

CUdent Stevia
Fluoride®
mouthwash
x‘/-—“

*Phosphate- 50 ml 50 ml 50 m|
buffered CUdent Stevia PBS PBS

saline (PBS) :' :—__ Fluoride® .2 ed
LR mouthwash 50 %

- L 100 % 25%

Figure 1 Preparation of 25% v/v diluted CUdent Stevia fluoride

mouthwash

After the maximum dissolution of each herbal
extract was defined (5 mg/mL of ginseng extract, 5 mg/mL
of peppermint extract, and 0.5 mg/mL of licorice extract),
the solution with less than or equal to the maximum
dissolution was prepared for the cytotoxicity test through
the MTT assay to define the optimum concentration (the
maximum concentration which had no cytotoxicity effects
to HGFs). The solution with an optimal concentration of G,
P, and L was defined as Gopt, Popt, and LOpt

The optimal concentrations were used to

respectively.

formulate 3 mouthwash groups; pure ginseng solution
(Gsol), ginseng-peppermint (GP), and ginseng-licorice (GL).
G with various concentrations was prepared for the
MTT assay in the previous step. GP was prepared in the
following 5 formulations, which were made up of various
proportionsof G andP :0.9G +0.1P ;0.7G +0.3P ;
opt opt opt opt opt opt

0.5G_+0.5P ;0.3G +0.7P ;and0.1G_+0.9P
opt opt opt opt opt opt
prepared in the following 5 formulations, which were made
109G +0.1L
opt opt
; 0.3G. 40.7L ; and

opt opt

. Then GP and GL were prepared for the

.GL was

up of various proportions of GOpt and LOpt
0.7G_ +0.3Lopt; 0.5G +0.5L
opt opt opt
0.1G_+0.9L
opt opt
cytotoxicity test through the MTT assay.
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2. Cell preparation

HGFs were obtained from healthy patients
who underwent impacted tooth removal according to
normal treatment plan at the Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn
University. The necrotic tissue was excluded. The samples
were washed in Dulbecco’s Modified Eagle’s Medium
(DMEM, Sigma-Aldrich Chemie, GmbH, Steinheim, Germany)
supplemented with 1% v/v L-Glutamine (Gibco, Brazil),
and 10% v/v Antibacterial-Antimycotic (Gibco, USA). The
tissues were cut into 0.5x0.5 cm in size and placed in a
new culture plate and then add to the culture media,
DMEM supplement with 1% v/v L-Glutamine, 1% v/v
Antibacterial-Antimycotic, and 10% v/v Fetal Bovine
Serum (FBS) (Gibco, USA) at 37°C, 5% v/v co, and 95%
humidity.

After 5-7 days of incubation, the investigators
examined the tissues under a microscope to ensure that
fibroblast-like cells can be seen outside of the sample
tissue and adhere to the surface of the plate. Culturing
the cells until the 80-90% confluence was reached
(changing of culture media every 3 days). The sample
tissues were removed using forceps. Aspirating old culture
media and washing with phosphate-buffered saline (PBS)
solution were performed. 0.25% v/v Trypsin-EDTA 1 mL
was added and incubated for one minute at 37°C, 5% v/v
CO,, and 95% humidity. The fetal bovine serum (FBS)
(200 pl) was also added to inhibit the activity of trypsin
enzyme. Cells were harvested and transferred intoa 15 mL
centrifuge tube. Centrifuging (Hermle LaborTechnik GmbH -
Z 323 Universal High-Speed Centrifuge) at 3000 rpm for
three minutes was performed. The supernatant was then
aspirated, and the pellet was resuspended in culture
media. Cell suspension was occasionally pipetted up and
down to prevent the cells from settling and to ensure a
uniform solution. Cells were counted and/or divided into
a new culture dish to repeat the subculture procedure
until the appropriate passage was reached.

The study protocol was approved by the Human
Research Ethics Committee, Faculty of Dentistry of
Chulalongkorn University (HREC-DCU 2020-046).



3. Cytotoxicity test

When the third or fourth passage was reached,
cell cultures were taken from the culture flask. Cells
were resuspended in culture media and the suspension
was adjusted to a density of 1x10° cell/mL before being
dispensed into a 96-well tissue culture microtiter plate
with a capacity of 100 pl each and was incubated for
24 hours at 37°C, 5%CO,, and 95% humidity (Fig 2). A
phase-contrast microscope was used to inspect each plate
to ensure that cell growth was relatively uniform across
the microtiter plate. Cell culture media was removed,
and 100 pl of either the appropriate concentration of
sample solution, negative control (culture media), positive
control (non-ionic surfactant and emulsifier, Triton TMX-100),
or blank (culture media in an empty well) was added
according to ISO 10993-5. The sample solution was left
on the cells for one minute before being withdrawn since

the recommended treatment time when using mouthwash

[ Ginseng J
l

was for 30 seconds to 1 minute. The wells were gently
rinsed with PBS and 100 pl culture media was added.

The culture media was removed after 24 hours
of treatment and the plates were re-examined, and 50
pL of MTT solution (1 mg/ml) was added to each test
well. The plates were incubated for another 2 hours
at 37°C, 5%COZ, and 95% humidity. The MTT solution
(1 mg/ml) was discarded, and each well was filled with
100 pl of DMSO (Dimethyl sulfoxide for cell culture),
(Sigma-Aldrich Chemie, GmbH, Steinheim, Germany).
The experiment was done intriplicate. The plates were
swayed and prepared for cell counting with a 570 nm
filter to read the absorbance (OD570). The cell viability
of HGFs of each herbal extract solution was analyzed
quantitatively by an ELISA Reader (Bio-Tek Microplate
Spectrophotometer Epoch I, Winooski, Vermont USA).
All formulations of novel herbal mouthwashes were

also tested and compared to CUSF (Fig 3).

[ Peppermint ’

[ T 0.02% wiv | || T 002%wiv ] | CUSF 25% v/v J
( | 0.0S‘Vlw/v | 111 | 0.05‘3Law/v | )
| | 0.1%‘w/v | | 1| | 0.19{‘:w/v | |
( | 0.2%‘w/v | RN | O.Z%‘.W/v | ]
| | 0.5%}w/v | 1 | 0.5%iw/v | ]
L P ]_ [ : 0.02%w/N | [!Positive controL J |
( 0.05% w/v ] ﬁaTT
[ Negative control ]

Figure 2 The assay layout on a 96-well plate of three herbal extract solutions and in 25% v/ CUdent Stevia Fluoride mouthwash (CUSF)
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[ [
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T sGisP | | 5Gf5L | |
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[ Positive control ]

[i Blank }
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Figure 3 The assay layout on a 96-well plate of the two formulations of novel mouthwash solutions (ginseng-peppermint and

ginseng-licorice)

The reduction of viability was determined based
on the blank (%Viability) and calculated by the following
equation.

Viability % = OD,_

oD

570b

X 100

where

OD, . is the mean value of the measured optical density
of the 100% extracts of the test sample.

0D, is the mean value of the measured optical density
of the blanks.
Statistical analysis

Data analysis were performed utilizing the SPSS
(IBM SPSS Statistic Version 26, SPSS Inc, Chicago, USA).
The mean values of %viability, standard deviation, and
95% confidence interval were calculated for each group.
One sample t-test was used for the assessment of statistical
significance of cytotoxic potential of each group after the
normality of data sample was tested by Shapiro-Wilk test.
Cytotoxicity was defined as test samples with the %viability
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statistically less than 70%. One-way Analysis of variance
followed by Dunnett’s post hoc test was used to analyze
the cytotoxic potential compared to CUdent Stevia
Fluoride ™ mouthwash. A p-value < 0.05 was considered

statistically significant.

The optimal concentration of P, G, and L were
found to be 0.5% w/v, 0.5% w/v, and 0.05% w/v with
the mean value of %viability equals to 143.55, 96.30, and
108.70, respectively (Table 1). Moreover, no significant
difference was identified between each herbal extract
solution.

For the cytotoxic potential of novel mouthwashes
formulated in this study, none of the mouthwashes had
a significant cytotoxic effect on HGFs and had significantly
higher %viability than the CUdent Stevia Fluoride™
mouthwash (Table 2).



Table 1 Mean, standard deviation, and 95% confidence interval of %viability of each herbal extract solution in various concentrations

95% Confidence interval Shapiro-Wilk
Herbal extract solution Mean (SD) of %Viability
Lower Upper (p-value)
Peppermint
0.02% w/v 139.54(26.14) © 118.22 160.85 0.371
0.05% w/v 138.95(27.14) ° 116.82 161.08 0.073
0.1% w/v 140.71(25.58) © 119.85 161.56 0.550
0.2% w/v 138.14(24.74) © 117.97 158.31 0.448
0.5% w/v 143.55(24.67) © 123.44 163.66 0.412
Ginseng
0.02% w/v 108.57(27.00) © 86.55 130.59 0.684
0.05% w/v 117.79(21.13) © 100.57 135.02 0.269
0.1% w/v 116.37(21.70) © 98.68 134.07 0.593
0.2% w/v 111.14(24.12) © 91.47 130.80 0.849
0.5% w/v 96.30(7.14) * 90.26 102.34 0.214
Licorice
0.02% w/v 85.21(24.28) © 65.42 105.01 0.366
0.05% w/v 108.70(10.57) © 100.08 117.31 0.313
Control
Positive control 0(0) - - -
Negative control 100.00(5.06) ° 98.00 102.00 0.733

“The %Viability is not significantly lower than 70, which represents no cytotoxic potential. (ISO 10993-5)

Table 2 Mean, standard deviation, and 95% confidence interval of %viability of novel herbal mouthwashes formulated in this studly,
Gsol, and CUSF mouthwash

95% Confidence interval Shapiro-Wilk
Mouthwash Mean (SD) of %Viability
Upper Lower (p-value)
GP mouthwashes
O.9Gopt+0.1POpt 97.27(5.54)*" 93.75 100.79 0.096
O.7Gopt+0.3|:’opt 107.14(5.86)°" 103.42 110.87 0.496
O.SGOpt+045POpt 118.62(5.18)*" 115.33 121.91 0.532
O.B’Gopt+0‘7POpt 127.92(6.05)*" 124.08 131.76 0.724
O'lGopt+O‘9Popt 142.99(6.69)*" 138.74 147.24 0.323
GL mouthwashes
O.9Gopt+0.1Lopt 93.96(7.78)*" 89.01 98.90 0.779
O.7Gopt+0.3LOpt 87.41(5.39)*" 83.99 90.84 0.772
O.SGOpt+O.5LOpt 84.90(4.53)*" 82.02 87.78 0.596
O.3Gopt+0.7LOpt 88.60(4.28)*" 85.88 91.32 0.599
O.lGom+O.9LOpt 85.65(8.67)*" 80.14 91.15 0.558
CUSF 77.39(8.59)° 71.93 82.85 0.628
Control
Positive control 0(0) - - -
Negative control 100.00(8.02)*” 97.47 102.53 0.090

“The %Viability is not significantly lower than 70, which represents no cytotoxic potential. (ISO 10993-5)
UStatistically significant difference from CUSF (p<0.05).
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Discussion

The purposes of the present in vitro study were
to find an optimal concentrations of novel herbal mouth-
washes which do not cause cytotoxicity to HGFs, according
to the ISO 10993-5, and to compare their cytotoxic effect
to CUdent Stevia Fluoride™ mouthwash on HGFs. The
results showed that the three herbal mouthwashes including
Gsm, GP, and GL had no cytotoxic effect more than the
CUSF which is used as a solvent. These findings supported
that addition of herbs containing ingredients increases
antioxidant properties of mouthwash.”** Reactive oxygen
species (ROS) are by-products of normal cell activity that
play a role in cellular signaling. Overproduction of ROS
at high levels induces cellular damage and cell death
under oxidative stress, which is an imbalance between
free radicals and antioxidants. An antioxidant system,
in which antioxidant enzymes remove ROS, is used to
keep ROS at tolerable levels.” In our study, the chemical
substances in CUSF which are similar to commercially
available mouthwashes can cause oxidative stress because
the components not only contain Stevia as an active
compound, but also contain other substances such as
fluoride which promotes cell stress, including endoplasmic
reticulum stress and oxidative stress. As a result of the
stress, ameloblasts that are responsible for the creation
of dental enamel are malfunctioned leading to dental
fluorosis.” Consequently, the addition of the herb extracts
could eliminate ROS, prevent cellular stress, and decrease
cytotoxicity. Moreover, the herbal extracts mixed in CUSF
might have an active effect particularly increasing cell
viability and decreasing cell toxicity of CUSF. Interestingly,
our results demonstrated that peppermint extract may
have some potential effect on cell proliferation based
on GP results. There has been limited data available on
the mechanism of peppermint effect on gingival fibroblast
cell growth, however, Modarresi et al *' stated that Mentha
piperita essential oil might be utilized to accelerate wound
healing in infected mice by lowering bacterial count,
edema, and inflammation while enhancing fibroblast

migration, collagen synthesis, and re-epithelization.
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Therefore, a mechanism of cell proliferation could not
be described clearly because there are many factors
affecting the process, especially inflammatory cells that
play a role in the wound healing. The study implies
that there is an increase in fibroblast cell proliferation,
so it is interesting that it could be further investigated.

It should be noted that oral keratinocytes are
the more appropriate cellular model for testing the
cytotoxicity of mouthwash as they indeed are the cells
that are in contact with mouthwash during usage. However,
the present study aims to investigate the cytotoxicity
according to the standard protocol described in ISO
10993-5 which indicates that fibroblast should be used
as the cellular model. Further investigation regarding the
cytotoxicity in oral keratinocytes is necessitated.

In the present study, the CUSF formulation was
diluted with PBS to 25% v/v CUSF to simulate the oral
cavity condition because PBS has properties like saliva
such as buffer capacity, pH, coefficient of friction, and

28,29

corrosion parameters.”*” Mystkowska et al.”® reported
that solvents including chlorhexidine (CHX), and neem
extract solution were regarded as 100% solutions and
were diluted into 0.1%, 1.0%, 10%, 25%, 50%, and 75%
v/v for experimental purposes as in our pilot study. These
findings supported that both CHX and neem extract
demonstrated the mouthwash’s cytotoxicity, with cells
dying at 50% and 100% v/v concentrations, respectively.
However, our study used 25% v/v CUSF owing to 50%v/v
CUSF that was tested in our pilot study resulted in low
cell viability (less than 70%viability) in some of replicates.
Conversely, 25% v/v CUSF resulted in high cell viability
(higher than 70%viability) in all replicates. The HGFs cells
were also treated with mouthwash for 1 min, 5 mins, and
10 mins. However, treatment time for 30 seconds to 1
minute is the recommended time for mouthwash.
The maximum amount of herbs that can be
dissolved without precipitation immediately after mixing
in our pilot investigation was 0.2 ¢ of herbs in 10 mL of

solvent, the upper limit of the concentration range was



set at 2% w/v. Therefore, the precipitate emerged in
solutions containing more than 0.05% w/v of licorice and
more than 0.5% w/v of peppermint or ginseng. Furthermore,
we chose 0.02% w/v as the lower limit of the concentration
range because 0.02% w/v solution is made by combining
0.002 ¢ of herbs with 10 mL of solvent, and 0.002 g is the
smallest amount we can make with the least amount of
mistake when preparing numerous times. Consequently,
the concentration range was set at 0.02-2% w/v. The
formulations aimed to see whether herbal mouthwashes
had a cytotoxic effect on HGFs at different concentrations,
but the therapeutic effect on the cells was not considered.

Interestingly, a mouthwash formula having only
licorice has a cytotoxic impact that is inversely proportional
to its concentration, which is the same as in a formula
containing only peppermint in this study. It is most likely
because the anti-cell-death components in the herbs are
more concentrated, but the conclusion is unclear because
we only had licorice in mouthwash at two concentrations
in this study. However, the cytotoxic effect of mouthwashes
containing both licorice and ginseng is increased when
extra licorice is added. The cytotoxic effect may have
been amplified by a chemical interaction between the
components of each herb.

The mechanism of combined licorice and ginseng
in the cells is unknown. The evidence of potential interaction
between licorice and ginseng is limited. However, Popovich
et al.” reported that the effects of ginseng and licorice
extract combinations increase hepatocarcinoma cell
viability and there were more cytotoxic than individual
extract. On the other hand, our study showed that the
combinations of extract were less cytotoxic because their
actions were antagonistic rather than synergistic. The active
compounds in ginseng and licorice extract may compete
for the same cellular receptor, which could explain the
antagonistic effect on cell viability. The discrepancy could
be since the effect of combined licorice and ginseng on
each cell were distinct, necessitating further investigation

to validate their effects.’

There is a wide variety of herbal mouthwashes
commonly used in the market. Besides active ingredients
i.e. herbal extract, the other component may also differ
among formulas. Sweetener is one of the key components
to suit the user experience. The CUSF contains stevia
as the sweetener while sodium saccharin is commonly
used in general mouthwashes. In addition, CUSF contains
fluoride which effectively prevents dental caries. However,
the herbal mouthwash in general exhibits antimicrobial
activity which also reduces the potential of caries formation
as the cariogenic related bacteria is reduced. Other chemical
agents are also introduced in the herbal mouthwash
formula for other specific purposes i.e. adjuvant, solvent,
or preservatives. Hence, the effect of a herbal mouthwash
containing similar active herbal extract cannot be compared
to those available in the market as the other components
in the formula differ. According to the results of this study,
although we found the proper concentrations for the
novel mouthwash formulation, our study focused on
cytotoxicity of novel herbal mouthwash, not the efficacy.
The present study was in accordance with the I1SO 10993-5.

The three selected herbs which are ginseng,
peppermint, and licorice in the mouthwash did not
show cytotoxicity to the tested cells, implying the safe
application. These findings are also consistent with
previous studies.”**"* It may be concluded that the
commercially available mouthwash which contains these
active ingredients above the proper concentration could

lead to cytotoxicity.

Conclusion

The optimal concentrations, which show no
cytotoxicity according to ISO 10993-5 regarding the
biological evaluation of medical devices, of ginseng,
peppermint, and licorice extract in our novel herbal
mouthwashes are 0.5, 0.5, and 0.05 mg/mL respectively.
All three formulations of ginseng mouthwash which are
Gsol, GP, and GL show less cytotoxic effect than CUSF.

Further studies should evaluate therapeutic effect of
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novel herbal mouthwashes and compare with commercially
available mouthwashes and CHX for the treatment of

periodontal diseases.
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Abstract

Dens evaginatus (DE) is a dental developmental anomaly with reports of variability in the frequency of the
trait between racial groups and familial occurrences. This study aims to investigate characteristics of dens evaginatus
and associated genomic variants. DNA samples of four patients with dens evaginatus and their fathers and mothers
were taken and whole exome sequencing was performed. For radiographic analysis, ten teeth with dens evaginatus
from six patients were examined and received CBCT. Depending on the clinical diagnosis of pulpal and periapical
status, all teeth received either prophylaxis treatment or endodontic treatment. Participants were categorized as the
exposed pulp group or the non-exposed pulp group. 3D images were evaluated with one volume viewer. Factors
including main pulp canal extension, dens evaginatus-located cusp steepness, size, shape, location and pulp extension
of dens evaginatus cusp were tested for association with clinical pulpal exposure using Pearson’s chi-square or Fisher’s
Exact Test. From the results, genes of genetic interest to 18 genes were narrowed down but a definite pathogenic
variant was not identified in all the participants. From the CBCT investigation, there was a significantly
higher chance of pulpal exposure in a tooth with dens evaginatus with a ratio of less than 0.45 and degree of buccal
cusp inclination of less than 33°. Size, shape and location of dens evaginatus cusp are not statistically related to
pulpal exposure. In conclusion, factors influencing clinical pulpal exposure in a tooth with DE were main pulp canal

extension and dens evaginatus-located cusp steepness (p<0.05).
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Introduction

Dens evaginatus (DE) is a dental developmental tissue. According to the Oehler’s classification in 1967,
anomaly exhibited by an extra cusp or tubercle on the 90% of teeth with DE had pulpal extension within the
occlusal surface of teeth. It is commonly found on the extra cusp.' Due to its protuberance, DE is susceptible
premolars, but sometimes on the molars and incisors. to wear or fracture due to trauma. Once the extending
The DE contains enamel, dentinal core, and usually pulpal pulp is exposed to the oral environment, the oral bacteria
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may evade the pulp cavity causing infection. Many caries-
free premolars have been reported with periapical pathology
due to a fracture of DE.

The observation of DE is variable among racial
groups. It is predominantly observed in the Asian population
with an incidence ranging from 0.5 to 4.3%.” According
to the previous study examining 5,696 patients at Chiang
Mai University, an incidence of 1.01% was reported in
the Thai population.” Previous literatures have suggested
that DE is a multifactorial etiology, resulted from both
genetic and environmental factors.*” The finding of DE
inherited in many members of the same family suggests
genetic influence.® To date, available data on genetic
variants associated with DE is still limited.

Several classifications of DE have been proposed,
based on anatomical shape, location, or pulpal content.?
Lau et al,, 1955 classified the tubercle or DE into four
anatomical shapes: smooth, grooved, terraced, and ridged.
Merrill et al., 1964 categorized DE into a drop, nipple,
pointed cone, or cylindrical cone.” Oehlers et al., 1967
classified DE by the histologic appearance of pulp horn
inside the tubercle, comprising wide, narrow, or constricted
pulp horn, isolated pulp hom remnant, and no pulp hom.'
Reichart and Tontiniron, 1975 divided DE by the location
into two types: the tubercle arising from occlusal inclined
plane and the tubercle located in the center of the occlusal
surface. Small invagination or pinpoint cavity type was
also observed that could be the result of DE attrition or
fracture, leading to exposure of dentin and dental pulp.’
However, none of these classifications correlates clinical
findings with radiographic features. They are not applicable
for clinical management and widely used by dentists. A
lack of understanding of the correlation between clinical
and radiographic features of DE results in improper diagnosis,
prognosis, and management of DE.

Therefore, the aim of this study was to investigate
the characteristics of DE and DE-associated genomic variants
and investigate the correlation between clinical appearances,

CBCT images, and pulpal extension of DE.

Materials and Methods

Participants

This study was approved by the Ethics Committee,
Faculty of Dentistry, Chulalongkorn University, Bangkok,
Thailand (HREC-DCU 2019-059). For genetic investigation,
four families, each consisting of a member with a dental
record with DE, their father and mother, were recruited for
examination and blood/saliva sampling. After the dental
examination, we realized that the participants had received
either prophylaxis treatment or endodontic treatment
on their DE teeth and were unable to participate in the
CBCT investigation. Therefore, a new group of participants
were recruited for the CBCT investigation with the following
inclusion criteria: 1. diagnosis of DE 2. DE tooth has not
received any dental treatment. Six participants, comprising
two males and four females at 10-42 years of age with 10
teeth with DE (four participants had two teeth with DE,
two participants had one tooth with DE) were recruited.
Informed consent was obtained from each participant.
Genetic investigation

Blood samples were submitted by each enrolled
patient, the patient’s father and mother. 3 mL of blood
was collected in a blood collection tube with EDTA by
the technician. For patients who did not agree to having
their blood drawn, they were asked to collect 2 mL of
saliva in a DNA collection kit (Oragene DNA®). DNA extraction
from peripheral blood leukocytes was performed by
QIAGen while DNA extraction from saliva was performed
by DNA genotek. Extracted DNA was sent to the Faculty
of Medicine, Chulalongkorn University for next-generation
sequencing (NGS). DNA was captured on the TruSegExome
Enrichment Kit (Illumina) and subsequently sequenced
on the Hiseg2000 Instrument. The raw data per exome
was mapped to the human reference genome hg19 using
the Genome browser. Mutation analysis was performed.
The DNA of the probands and their parents was Sanger
sequenced to confirm the mutation. WES analysis was
performed at Macrogen, Inc. (Seoul, Korea) using Variant-

Studio™ version 3.0.12 (Illumina, Inc., USA).

Nimkulrat et al., 2022 501



CBCT investigation

Six patients received CBCT at the Department of
Radiology, Faculty of Dentistry, Chulalongkorn University.
3D images were obtained with Morita’s 3D Accuitomo 170
with 80 kVp, 5mA, exposure time 17.5 seconds, limited
field of view of 40x40 mm, and voxel size 0.080mm.
Interpretation and evaluation of scans was performed by
a third-year endodontic resident and a 20-year-experienced
endodontist. Reliability and interobserver agreement were
evaluated by Cohen’s kappa coefficient for categorical
variables and demonstrated a kappa value of 1.00, indicating
almost perfect agreement. Intraclass correlation coefficients
(ICC) were used for evaluation of continuous variables and
demonstrated an ICC value of 0.993, indicating excellent
agreement. Sectional images of coronal and sagittal
views were reviewed with i-Dexel One Volume Viewer
software. The coronal plane line was set parallelly to
the tooth long axis and perpendicularly to the occlusal

surface. One sectional image through the midline of each

buccal cusp tip level

pulpal horn level

CEJ level

Figure 1 Dimension measurement
red line; base width,

white line; height

Figure 2 Main pulp canal extension

DE was generated from the sagittal view and another
from the coronal view for measurement.

1. Dimensions of DE consist of DE base width
and DE cusp height (Fig. 1). The DE base width was the
horizontal distance between one side of the base to
another side in coronal view. DE cusp height was the
vertical distance between the tip and base of DE cusp
in coronal view

2. Main pulp canal extension ratio is calculated
by the coronal pulp height divided by the crown height.
Crown height was the distance between the buccal
cusp tip and cemento-enamel junction. Coronal pulp
height was the distance between the pulpal horn and
cemento-enamel junction (Fig. 2).

3. Steepness of inclined plane or degree of
cuspal inclination measured as the angle between the

inclined plane line drawn from buccal or lingual cusp tip

to central groove and the imaginary line perpendicularly

to the long axis of the teeth (Fig. 3)

Figure 3 Degree of cuspal inclination

measurement

red line; crown height,

white line; coronal pulp height

This study classified DE according to shape and
location (modified from Reichart and Tantiniran,1975°)
and pulp extension (modified from Oehlers et al.1967")
Classification of DE shape and location
Type I: cone-like, cone-shaped cusp (flat base with
tapering, pointed apex) with base width at least 2x2 mm
and apex-base ratio of 0.5 or lesser

1a) located at inclined plane

1b) located at central groove
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Type ll: tubercle, dome-shaped cusp with smooth
surface

2a) located at inclined plane

2b) located at central groove
Type lll: pit, a pinpoint hole that can be detected by
explorer no.5, assumed to be the result from a fracture
of the DE cusp.

3a) located at inclined plane

3b) located at central groove



Classification of DE pulp extension (Fig. 4)

For each tooth, sagittal and coronal views of the
CBCT images were evaluated and classified as the following:
Class 1: distinct pulp extension to the DEJ at the level of

base of DE cusp (occlusal table) in at least 1 radiographic view

Class 2: pulp extension in the dentin (but not reaching
DEJ) in at least 1 radiographic view

Class 3: no pulp extension from main pulp canal

Class 1

Class 2

Class 3

Figure 4 Schematic representation of DE pulp extension

If sections from the sagittal and coronal views
were indecisive, the axial view at the level of DEJ was
evaluated to determine whether pulpal content was
present (classified as class1) or absent (classified as class 2).
Treatment

Teeth diagnosed with pulp necrosis received
endodontic treatment while teeth with normal pulp
received prophylaxis treatment. 2% Mepivacaine with
epinephrine 1:100,000 1.0mL was injected. Rubber dam
was applied. The DE cusp was removed by dental burs,
followed by preparation of a class | 1.5mm-depth cavity.
If the pulpal exposure was marked, the dental pulp was
capped with Dycal, subbased with glass ionomer cement
(GIC) and restored with resin composite. If the pulp was
not exposed, the cavity was lined with GIC and restored
with resin composite. Occlusion was checked.
Statistical analysis

Factors including main pulp canal extension,
steepness of DE-located inclined plane, size, location and
shape of DE and classification of the DE pulpal extension
were evaluated. Quantitative variables (pulpal extension,
steepness of inclined plane, size) were converted to
dichotomous variables by splitting the sample at their
means. Associations between each factor and pulpal
exposure were evaluated by the Pearson chi-square test

or the Fisher’s Exact Test. The level of statistical significance

was prespecified at P < 0.05. Statistical analyses were

performed by SPSS Version 22 software.

Genetic analysis

Four probands (two males and two females) were
confirmed with DE by clinical examination. The anomaly
was observed in both mother and daughter of two families.
Mutation analysis and whole exome sequencing was
performed. All variants passed the quality filters including
(1) quality score of at least 20 (2) read depth of at least 10
(3) location in the coding regions (4) less than 1% minor
allele frequency in the database of 1,000 Genomes
Project Consortium, SNPs, Exome Variant Server, and our
in-house database of 1,800 Thai exomes. We were able
to narrow down the genes of genetic interest to 18 genes
(ABCA5, ADAT3, BCORL1, DDR2, ERCC2, HTT, KAT6A,
KMT2A, KMT2C, LGI4, MIA3, PLEC, PTCH1, RAI1, TGIF1,
TRIP11, WRAP53 and ZIC2). However, a definite patho-
genic variant was not identified in all the participants.
CBCT analysis

10 teeth with DE from six participants (four
participants had two teeth with DE and two participants
had one tooth with DE) were analyzed. There were two
teeth classified as type 1 (clinical appearance of type 1
DE tooth shown in Fig. 5A), six teeth classified as type 2
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(clinical appearance of type 2 DE tooth shown in Fig. 6A,7A)
and two teeth classified as type 3 (clinical appearance of
type3 DE tooth shown in Fig. 8A). For DE pulp extension,
there were two teeth classified as class 1 (3D images
shown in Fig. 5C-D), four teeth classified as class 2 (3D images
shown in Fig. 7C, 7D) and four teeth with class 3 (3D images
shown in Fig. 6C-D, 8C-D). Patient tooth number, sex, age,
location and shape of DE, main pulp canal extension, and
measurement values were shown in Appendix Tables 1
and 2. Mean values of continuous variables are 0.45 for

main pulp canal extension ratio, 33° for degree of buccal

cusp inclination (steepness), 26° for degree of lingual
cuspal inclination, and 2.2 for size of DE cusp base width.
Quantitative numbers were converted to dichotomous
variables and listed in the first column of Table 1. Data
of factors tested for association with pulpal exposure
and statistical results are shown in Table 1. There was
a significantly higher chance of pulpal exposure in a DE
tooth with a ratio of less than 0.45 and the degree of buccal
cusp inclination of less than 33°. Size, shape and location

of DE cusp are not statistically related to pulpal exposure.

Figure 5 Clinical appearance of patient no.5, tooth 15: Type 1a
A - before treatment, B - after cavity preparation
(Arrow indicates pulpal exposure)

CBCT section, C - sagittal view, D - coronal view. Class 1

Figure 7 Clinical appearance of patient no.3, tooth 35: Type 2b
A - before treatment, B - after cavity preparation

CBCT section, C - sagittal view, D - coronal view. Class2
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Figure 6 Clinical appearance of patient no.3, tooth 34: Type 2b
A — before treatment, B — after cavity preparation

CBCT section, C - sagittal view, D - coronal view. Class3

B (C

Figure 8 Clinical appearance of patient no.4, tooth 45: Type 3a
A — before treatment, CBCT section, B - sagittal view,

C - coronal view. Class 3



Table 1 Factors tested for association with pulpal exposure

Factors Total Pulp exposure Not exposed p-value

Ratio, n (%) 10 0.033"
<0.45 6 (60) 0(0) 6 (100)
=20.45 4.(40) 3(75) 1(25)

Cuspal inclination (B) 10 0.033"
<33° 4.(40) 3 (75) 1(25)
=33° 6 (60) 0(0) 6 (100)

Cuspal inclination (Li) 10 1.000°
<26° 4.(40) 1(25) 3(75)
226° 6 (60) 2(33.3) 4(66.7)

DE base width 10 1.000°
<2.2 8 (80) 2 (25) 6 (75)
22.2 2 (20) 1(50) 1(50)

Shape 10 0.240°
cone-like 2 (20) 1(50) 1(50)
tubercle 4.(40) 0(0) 4.(100)
pit 4.(40) 2 (50) 2 (50)

Location 10 1.000°
inclined plane 6 (60) 2(33.3) 4(66.7)
central groove 4.(40) 1(25) 3 (75)

CBCT classification of DE pulp extension 10 0.197°
I 3(30) 2(75) 1(25)
I 4.(40) 1(25) 3 (75)
1] 3 (30) 0(0) 3 (100)

P< 0.05

@ Fisher’s exact test

®Pearson chi-square

Discussions

Genetic inheritance

Previous literature had reported DE in many

members of the same family, suggesting possible genetic
inheritance of the anomaly.”® In the present study, the
anomaly was observed in both the mother and the
daughter of two families. Blood or saliva samples taken
from two generations in each family were subjected
for exome sequencing. Genetic analysis was performed
according to the gene list associated with abnormality of
the dentition (HP:0000164) The genes of genetic interest

were able to be narrowed down to 18 genes. However,

a definite pathogenic variant was not identified. Of note,
the limitations of this study are 1) There is a limited
number of participants with definite phenotypes of DE
as the DE is usually worn down before the participants
are seen by a dentist., 2). There is a minimal number of
affected family members that are available for genetic
tests., 3) The causative variant of DE has never been
reported, leaving the genetic identification difficult. The
causative gene of DE could be a new gene and to determine
anew gene as the cause of disease requires many affected

and unaffected people within the same family. This would
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enable genotype-phenotype segregation to be efficient.,
4) Exome sequencing used in this study obtains the data
only from the exons coding protein. There is a possibility
that the causative variant could lie in the non-coding
region of the gene or it can be large gene deletion that
requires whole genome sequencing or long-read sequencing,
respectively. Based on the above arguments, more samples
with definite tooth phenotypes are required that would
lead to more possibility to determine the genetic cause
of DE. In addition, it was observed that one participant
in this study had developmental anomalies comprising
supernumerary teeth and brachydactyly. Again, the
pathogenic variant was not identified based on the
above stated reasons.

CBCT evaluation

Though DE can be easily detected by clinical
examination, pulp extension into a DE cusp is not easily
gauged. Periapical radiographs had been used in previous
literature to confirm pulp hom extension.”"” However, the
anomaly is difficult to examine by intraoral radiograph
due to overlapping of the lingual cusps. The extension of
the pulp might be inconclusive. CBCT enables three-di-
mensional investigation of DE and its pulpal content.
The data gained from evaluating CBCT sections can be
used to identify correlation between pulpal extension
and clinical pulpal exposure and confirm the preciseness
of periapical radiographs for DE evaluation.

Previous literature had reported cases with
pulpal infection resulting from traumatic occlusion and
fracture of DE.*'""*** To prevent apical periodontitis,
prophylaxis treatment by removal of tubercle followed
by cavity preparation and filling with resin composite
under rubber dam application was suggested.'*"® Pulpal
depth of 1.5 mm from the central groove was required
to resist occlusal forces and prevent composite filling
from fracture.”

The present study examined radiographic mor-
phology of DE teeth and assessed correlations between

CBCT findings and clinical pulpal exposure. A field of view

506 J DENT ASSOC THAI VOL.72 NO.2 April - June 2022

of 40x40 mm and the smallest voxel size of 0.080 mm
were selected to obtain good quality 3D images for pulp
extension evaluation. In this study, the ratio between
coronal pulp height and crown height was used to evaluate
the main pulp extension of each tooth. From the results, if
the coronal pulp height extends above half of the crown
height (ratio > 0.5), there is a high chance of pulpal ex-
posure after tubercle fracture or after prophylaxis cavity
preparation. Main pulp extension is related to the degree
of development of the tooth since during maturation
secondary dentin is continuously deposited causing narrowing
of the dental pulp cavity. The age of the patient at the
time of tubercle fracture or receiving prophylaxis cavity
preparation is one of the factors influencing pulpal
exposure. Therefore, if DE is detected by the dentist
while the main pulp canal extension ratio is greater than
0.5, other prophylaxis treatment such as grinding of the
tubercle to encourage the deposition of secondary dentin'
or resin sealant over the tubercle” could be alternative
treatment options to avoid pulpal exposure.

Steepness of buccal cusp is also associated with
pulpal exposure, especially when the tubercle is located
at an inclined plane. The degree of cuspal inclination
represents the steepness of an inclined plane. The results
of this study show that pulpal exposure occurs in the
teeth that have the degree of buccal cuspal inclination
at 33° or less. The higher the degree, the lower risk of
pulpal exposure is due to the longer distance between
pulpal horn and external tooth surface.

DE located at the buccal inclined plane of the
lingual cusp is reported as a variation.”" In this study, DE
cusp of all recruited participants were found at the
lingual inclined plane of the buccal cusp or at the cen-
tral groove. Hence, the statistical relationship between
lingual cusp steepness and clinical pulp exposure was
not established.

Fracture of tubercle, which leads to pulpal
exposure, is related with interfered occlusion of DE cusp

with the opposing tooth upon the cusp-like elevation.**'**?



On the other hand, location of the tubercle is unlikely
related to pulpal exposure. Alignment and axis of the
tooth define whether the tubercle is in contact with
the opposing tooth, causing traumatic occlusion during
function followed by fracture or wear of the tubercle or
not. In one patient who had DE of teeth 35 (mandibular
left second premolar) and 45 (mandibular right second
premolar), DE were observed at the same location and
both appeared in the form of a circular-based flat surface.
Tooth 45 had a deep pit and was diagnosed with pulp
necrosis while tooth 35 had a smooth occlusal surface
with a dentinal core. From radiographic findings, tooth
45 had an immature root apex with wide open apical
foramen. Therefore, pulp necrosis might have occurred
while the root was incompletely formed. It can be assumed
that the cause of the pulpal disease for tooth 45 was due
to a sudden fracture of the tubercle, forming a deep pit
that enhanced bacterial accumulation followed by tooth
decalcification and pulpal inflammation. On the contrary,
tooth 35 had normal pulp tissue with mature root apex.
Tubercle was assumed to be grinded and worn, forming
a flat surface with dentin deposition.

The relationship between the original shape
of DE and pulpal exposure has not been reported in
previous literature. From the results, the original shape
is not directly associated with pulpal exposure. However,
if the tubercle is fractured and DE appears in the form of
a pit, the tooth is more prone to caries leading to pulpal
disease since the pit can enhance bacterial accumulation
and tooth decalcification.

In another patient with DE of teeth 14 (maxillary
right first premolar) and 15 (maxillary right second premolar),
after receiving cavity preparation for prophylaxis treatment,
tooth 14 showed smooth dentinal core while tooth 15
showed pinpoint pulpal exposure. From radiographic
evaluation, the main pulp canal extension ratio of tooth
14 was lower than that of tooth 15 (0.44 and 0.52 respectively),

and the degree of the buccal cusp inclination of tooth

14 is higher than tooth 15 (49° and 30° respectively). In
addition, in the patient with DE of teeth 34 (mandibular
left first premolar) and 35 (mandibular left second premolar),
tooth 34 with normal pulp had a lower main pulp canal
extension ratio than tooth 35 with necrotic pulp (0.43
and 0.57 respectively). Furthermore, the degree of the
buccal cusp inclination of tooth 34 was higher than tooth
35 (32° and 20° respectively). These results suggested
that main pulp canal extension ratio and degree of
buccal cusp inclination are influencing factors for pulpal
exposure of a fractured DE.

The examination of DE using CBCT in this study
enables three-dimensional investigation of the radiographic
appearance of DE and its pulpal content. The ratio of main
pulp canal extension has been proven to be associated
with clinical pulpal exposure after DE fracture or prophylaxis
cavity preparation. The CBCT in clinical practice is
recommended for treatment of dens evaginatus using
regenerative endodontics procedures.” Periapical radio-
graphic films can be used to estimate the main pulp canal
extension, assisting clinicians to determine the best treatment

for each patient.

Conclusion

Factors influencing clinical pulpal exposure in
the teeth with DE are the main pulp canal extension and
DE-located cusp steepness. Radiographs can be used to
estimate chances of pulp exposure if prophylaxis cavity
preparation is required. More samples with definite tooth
phenotypes of DE are required to precisely determine

the causative genetic variants of DE.
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Abstract

This research aimed to compare the amount of voids in different resin cements and different film thicknesses
in endodontically treated tooth restored with fiber reinforced prefabricated post. The research studied the voids
in different types of resin cements, which include Maxcem Elite (Kerr, USA), Rely X Unicem (3M ESPE, USA) and
Superbond C&B (Sun Medical, Japan) at 200 and 400 micrometer film thicknesses. After the sample were complete
polymerization, cut with the diamond disc, cleaned by ultrasonic and examined under scanning electron microscope
at 350X magnification. Maxcem Elite, RelyX Unicem, and Superbond C&B resin cement had significant difference in
the amount of void formation (p< 0.05). The resin cement with the most amount of void was Maxcem Elite, followed
by RelyX Unicem, and Superbond C&B respectively. Maxcem Elite and RelyX Unicem had large amount of small

size voids. Superbond C&B usually had large, interconnected voids. However there was no significant difference in
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the amount of voids under different film thicknesses of the resin cements. Different types of resin cements had

different amount of void formation significant difference; the amount of voids in different film thicknesses of the

resin cements was no significant difference; After the sample were complete polymerization. Unfilled resin, total

etch resin cement had less amount of void formation, yet the voids had multiple lobules and were interconnected.

Self-etch and self-adhesive resin cements with fillers had smaller voids with greater distance in between.

Keywords: Film thickness, voids, resin cement
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Kuraray, USA) siafasneslading (Multilink automix®, lvoclar

Vivadent, Liechtenstein) fafdsdoalafindidu (Multilink
automix N®, Ivoclar Vivadent, Liechtenstein) wagisdu
Fuudiialndlunguilfie Sladdndiidu (RelyX™ Ultimate,
3M ESPE, Germany) Faidusdudiuuiviinlminiinisiiuans
nsEAUUNIeNUTIAINIES (dark cure activator) lagng
a o o L2 U a a 2 a 4 alal
vienuurlldiuiuiaiaveudgdiesuvawonggn
(Single Bond Universal Adhesive, 3M ESPE, Germany) 11
Tigufaveunglinesuwatond@iinUjisewediuelswdu
aaa ) Y | 15 a a
nufisenaiilaleglifesaneuanau® ssuuiiany 5
Faumslawanuanddn (Self adhesive) sUULMInTUADY
TunsuSuanmiiuiniy WeananuRnnaInluwAazIun oy
a o o ~ o X A o v
WSHUTY AdsITnaz LT UANSE LA Wiadnsigniu

16,17

ANLULEIY9UTEN ! welivangn1sAnwiInuIndeiin1sly

L v a = 3 (3 aa a
InsiesnaunsidisTudiuus svuuwaniensdn avilnaly

172 | squdiudly

A o W = a v X
AMSRAUANAILITAVDUTTUTLUA AU NV
1 13 aa dy wa U a = a %
NaNaNLeATN IINAMENUAUITUANMEIANNINEARANY
L A | ) P a 5% 9] o
Wadavasilusiuiunisunsnduveasdulaglidesltnsana
dyj a = d’l [ £2 = = £
NuRwedeufiukasiieiy wazludasldszuunisin@ngn

1 = a Y v = . .
sunalnnsinfne1denusyyauail (chemical bonding)
P fala | Iz . a H
PguaURILD NN lendu (functional group) Aveutuay
& o ¢ = o Y aa a
Jueyiusveinsatainnihfifian (Chelate) upaiexlonsu
(Calcium ion) vedlansonduenniluv (Hydroxyapatite)
89U wardn1swWnINTUVIATUBUARYIN LAANISEARE
a = a = & a 13 aa :/I = 6 a I3 v
WaAlistudunrdawanwendtrazanetualesiisaantoy
Tnemanaiosnan luidaviailefunarliazanediadofluida
T bmaansdeilu neialusTudiuuisis wanuwenddw
a ~ Ay ' a o ¢ a ¢ ¢ ¢
590N Uo8NINSTUTLUUATLA I NNDALENTLAL AN DN
dgl a = 2 a 3 aa 1 1 v
wazuenINt 15TUTNUA staaLenddwaulny sntlu
p=| ¢ & a a <, ' o o a
Sladngdwuiirnaudunsndig (pH) luszdusinad
danavdena N15EARATUITUAERLIUS (Cementation) ANS
Hsudiuusutinwdnuandtnisdudaady usana wWisli
Ainnsdulafiuuuiign (Maximum contact) S¥winasduTiumd
& % a Y A A A a U =
wagiilotiy vaudafndesdinsnIuANAINTY B INANN1S T
YDIVBIMEIVAZITULIIGH (Initial setting) denaLdesionmnm

Y99IN5EARAVDUSTUTLUUALA 7122

a = 6 1 3
LSPUTLLUANGUTAN
aa dgld a L% dy Y I a 25 a o L% = =
LLQ@@%WUH@W@ﬂULuaﬁu‘lﬂ@ﬂ?qwﬁﬁu UNTAILINYALRBDU
(shear bond strength) AMaausadnf (tensile bond strength)
o ~ a o A &
LAZAULTILTS (hardness) ﬂ?ﬁUﬂWﬂIU%ULﬂaQUﬁULLﬁ3Lu€]'ﬁu

23,26-29

° ' '3 5 3 PA A s
@Wﬂ’J’]ﬁS‘U‘UI‘VW]@ﬁL@W%LL@%L‘UﬁWL@W”U bhR LN@@JﬂWﬁHﬂWiLN@ﬁ

(primer) SanfusTuuuiednilazgoiuanuidusdadou
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(shear strength) lat insnglnsiuesiianumila (Viscosity) teanin
LSTUYLUUA
A a ¢ a I3 PPN X =V va
Waannstudussiawanondtndldnedslag
NN LAMENTRN19NE (mechanical properties)
Mdausenn (flexural strength) AL (hardness) wagLityl
Uiseniuieiiu inliAniuselesstin (onic bond) MRsswing
4 = 4 d’l 30 U 1
Inswesuaziradeuvuroaanaubilivasveailoilu® faea
voawaludngdsTuduns wu Sladndefdy (RelyX Unicem®,
3M ESPE ,Germany) wiinuu (Maxcem?®, Kerr cooperation,
USA) Taudu (Biscem®, Bisco, Schaumburg IL) Safasd
auaun (Multilink splint®, lvoclar vivadent, Liechtenstein)
A (G-Cem®, GC,USA) almiaial (Speed CEM® voclar vivadent,
Liechtenstein)®* 10udu
TS BUBLURLFALTTUUALTANUNUNURITUTAANNT
LNSENUTENINBITULALL U (resin-dentine interdiffusion
zone (RDIZ)) wi3eisennduleusa (hybrid layer) uananeiu
Tnenueumanniantusduiwudeialdnseinuazdneen
Uszanaw 5-7 lulasuns® sesasunevinwanevriuseun
0-2 luasou walunulusTudwudvinwaiuondgn® vinla
| a = a a | a PP ¢ g
lLiAansiafndena waaziialunsaniglnsiuesiasuauma
ApuNs MwanonFTWsBUT AT wagaznuuIniladl
MINIANATNUIINAIE> NSNEUSTUTUUA faeile (Hand-
. v a ' | < A A o
mixed) sinianasaneluaunadldouduiiaienu d
HaveRmaNTRnIsenmuasian avsvesBinnea1n A
Ao v a PR Al 1% Y] 2
MdhfydnUsznsvii Al msitiomaluwnsndseningduay
= 6 = Qy £ % a = 6 a =
wazduavuzatuinuy nsltsduduuiinialym Ao
AnuhramalaveINSITau W NSMSEUNURITUIULAY
HunaunsinfnlmumingauiusIuiuuisiazsin ITunauy
nsUSuan LD fensauae/3e nsweskaznisruauey
pnauveiuudlmmngay Insanzlusenlddnmaeiiy
ﬁ’lL%ﬁ]g‘iJLﬁ%ﬂWLU@% (prefabricated composite fiber rein-
forced post) MAABITINAUTLIAMYUTIUABDITINTUN
v o a a a ¢ al a ' v a
AMerindanuruveastudiuudnruniull neldianes
. a e aa ¥ e e X
21N AL YA UN AL U VS D I UTUTENING BuanuloHuLay/

3537 1159720 UYBIN IR NA L UTUVD IS TU

MIBTUNUY T
Faunaansaybiiansddluseaulalasle (microleakage)
lnginmzresemeninszviafesiudisaguazdudune®
0§ ¥ a o a a saa 38-47
MiAnnvanvessesituldlusduiiunaniinnumiinn

felviiinneso1MALazINTUTEINaHAd AMALTAINSNEAIN

(Physical properties) warensidauvesianiilosanmes

ooy A Ao o | A a ¢ & & N
g mavilviasiui dulaserhastudiuud uasilehudugaiuves
a % o < A Y
M3inse83717 (Crack initiation) waztlugniilinsavauaaAy
(Stress concentration) HNUINTU Y AaAALLT SIS TY
Fruunas®™ Pedreiratazamz’ WUIMSHRUNIAlYSA
(Centrix syringe) NaLLSRUTLUAGINNTOYIBNSIAAYBIBINA
TusBuBuudle
= a Q‘ = 6 1
annmiadiusgrsuaziailiuseendseninalsene
(International Union of Pure and Applied Chemistry: IUPAC)
Suuniaseniaeanidy 3 Ussansnuvuinvasasainelaunn
1lulaswes (Micropores) fvunaidurnaudnansiesndn 2
Wl 2.8ilenes (Mesopores) Buunawdurngudnatssening
2 wiluwes 89 50 wilumes 3.uualaswes (Macropores)
AdENALENa1NNNT 50 wiluns®™* Milutinovik-Nikolic
o USZVL Ya I a [ o
warane” ldenunasenideanu 3 ¥hn AUaNwULYD4
Wose1nAdall 1. Wese1nAviinln (Closed pores) Wotana
a dgl 1 dl 1 v 1 dyl 1
yiatlveavaliiaunsardourunaeINAle kidananis
UNINPUYDIOUUAI 2. Wase1nAsiinuen (Blind pores) Wos
A Na = | a A < A
91NATUALIANNANNINNINNBIDINAvEATUALUNEL ALY
& o a v a U = by a
wouuaFelamniiansiTurestiunuysae 3Mlese1nevin
Mzak (Through pores) ialugorinmegsewinaesilives
FusTuTA Wewomeaesstinfoviauen wazvearuilu
NasMandanwaueln Ylvewrailugeslin wuanisey
a a a 1 ¥ = dy a dy
LATANTNYVBILUATISY dnunsan 1wl sNuR Wy
Unoen (Unprotected dentin) 16 wanandidenuingie
=l = = = 4 a = 6
WSsuWgun1sEnm s ulagATaUN U8 TURLLUANU
a & a A A a ¢ a v A
Fauavindue sTuTudianeeNalesgn waznes
a @ 1 v :/I = 1 U a = 2
2IMATVUIAENNIT 20 UNTLLUAT A9IUFINAIAINITDUT LA
a a a a ) U = |
TUsyans N R hun1steaiun1ssiduvesueamallugaslin
LUATISEY LAZANSNYVRILUATISY
NNSANYIVD Mansur kagAniz® A7 AN
FAUVRIsTUTUURATNALAEATINAINANSITLELE1IN9ARTN
(Long-term clinical success) WagAUNUITELVBASTUTLIUAT
vNIgaan1siinnesoIMA™ nudeAnaInuiuug JUse
= o o . = | P a o s
rnuviinvesiandaunsn (Filler) nasennumiinidudiuns
s sudeiniinanennuniduvonsTuTinug eidedu 9
FanuTunauluns IS TUTUUAKAE NISUARI L UVUIUAIS
2 o . . . ~ I o
w9613 (polymerization shrinkage) HiNaABI1UIUNDIBINA
Ly oA s e s e .
FENINTUTBATTUTLWA ™ Tagerg o rantillamuuansnei
panlumunszuIunIHanvesAazUIEn Jgymaeensld
A a a -
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Badteeiludsogunonlndnaiulv-wues (Fiber reinforced
composite posts) lusnily tiesniRessiafinariinliuuy
funtisnaassnitu lneanizlusenuiiinasssingnihany
| a a .
NNIBERVUIAME Hn15veenaesTIniunAuly (Over-in-
strumentation) {innsas ek TisAaee TN lauy 0l e
T9sunsnsENUNsEiausErnIneNsiaL Tassasavassinilu
= v v PR = .
y3awslANIsHanwurAaaIsINIuNses (ovoid canals)
Tumasasnilunddnwazanad inbmdnstudusnunly

5657 AIHALNYRTING

AL AU TTIINLADYNULALHIIAABIIIN
a e a o ¢ a o &
ANMUTUNTALVDUITUTLUUS LaelanzisTuduunniglunis

= = v a a 1 v
Pavmeeilu dndanununusnunanasInily d@rumu (coronal
third) 11NNIUSHMEY FeniianaseINIAUSIMRana 1
LANFIIIINAITNAABIVD Silva kazanz™ AnNuI1 Nesa1ne
dniinusnunasssIniludiutane (apical third) 11001
A I A oA ¢ a Koy 60 |
Weannmisldstuduuduinuibilaen® sUsvednass
SINAUNLANANTUAINARDUSUI UL NITNTLINLAIVDASTY
Fuslupaesnituazenatuamsliianisaiimlesenia™
warluvrldvesflulinasanisiineseniadnlulurass
1nfu” FevilmAnnesorn1AnIetesineserInuilely
= a = 2 61 1
LRENULALLTTUTLIUA 115189109 Gomeskaz A WU
TuAaaIsINHUNTANUHIENUANUAUNVBISTUTLUUA LAR LG
341.9-653.3 lulasiums uazlupasasnifimstadiositudisagy
0 75.2 - 653.3 llAsiuns Eduardo A hagane 2 wuin A5y
Janmeulndnsdunindesiuliuaslutuneunsiameisdu
= 6l 1 a v 1o [~ v ;24
Fuwstinatiglunisasnisiianaseniels nglidndudasls
- I a1 ~ av .. 42
A3098an lwlargluNsEn 91nUITeURS Vichi hazAny
wut msldlaunlsalusea (lentulo spiral) TutumeunisBnian

YsnutIuanIuIueIo Al Ut TuTLuAlA

A15099 1 I50I3HAN §I5UTENOUUALERAMITUTLIUATIT NI 5nY)

= S aw ¢ a a a

MIANIUNLIRQUITAANDLUIBUBUUIIN UL
UNANDIDINAITULSTUTLUA 3 Bie NHeuuNSaRoey
diFaguneulvdnasuliuestiun guesusuadueudd (Sun
Medical, Japan) ulniiudan (Kerr, USA) uaz3ladidnde iy
(3M ESPE, USA) finnuviunildy 200 way 400 Tulasiuns @4
Duanumnilduionanuldlunsiadiesitudisgulueaes

aa = A Yo a

SINATANMURIBUINAI DARBITINALFSUNISVE8uLAULY
Tneguiasuaundueund (Sun Medical, Japan) dusumusdu
Fuudvinlnneadnduindudan (Kerr, USA) iusuniuisdu
Fudwiawanond wazladdndedidy (3M ESPE, USA) u
LY a I3 aa v a 1
funuvesrinwdriuanstn meldausfgminiinamesenniea
TusBuduus 3 ¥iaAnUmun 200 wag 400 lulaswuns 1T

AMLANANAURY 1T E ALY

YanaunsaluazisnIs

AN591A8IANUNUTANVDUSTUTLUUA 200 Wag 400
laulasiuns vlaenmsimssuanunuilausainainleainnes
NsNaNiznsInaduEnANnae 5.5 Tadluns Fdmnumu
200 laulpsiuns Anasunuriunia (Glass Slab) @aunisasisiuy
furiauvun 400 lulasiuns vlaensthadnnesnsanaud
snsananngeuiulined 2 FundRnamuuLYiuLALSEY
Fuusiaia 3 via loun gUiUasuauaBuaudd (Sun Medical,
Japan) uinudam (Kerr, USA) uag3ladidnde iy (3M ESPE,
USA) aan15197 1 HANATUA UL VDIEHER a¥adunadey
LSTUTLLIUA 3 B0 aqgﬂwsdﬂamﬁumquéﬂaw 5.5 laaluny
Fiflaamn 200 ua 400 Talasims 10 Fu e md 1 oy
UUYDISTUT RS nAMUS AU BRI 2 Su B3
fiwin 500 ¥y

Table 1 Mixing technique, composition and manufacturers of the resin cements used

Resin cement Mixing technique

Composition Manufacturers

Superbond C&B Hand mix Monomer: 4-Methacryloxyethyl trimellitate anhydrate Sun Medical, Shiga,
(4-META), Methyl-methacrylate (MMA) Japan
Catalyst: Partially oxidated tributylborane (TBB)
Powder: Polymethylmethacrylate

Maxem Elite Automix Liquid: Methacrylate phosphoric ester, Dimethacrylate, Kerr, Orange CA,

Acetate, Stabilizer, Initiator USA

Powder: Glass powder, Silica, Calcium hydroxide, Pigments,

Substituted pyrimidine, Peroxy compound, Initiator, 67% wt

fillers (3.6 um)
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Table 1 Mixing technique, composition and manufacturers of the resin cements used

Resin cement Mixing technique

Composition Manufacturers

Rely X Unicem Automix

methyl-1,1[1-(hydroxymethyl)-1,2-ethanediyl] ester, reaction

Base: Silane-treated glass powder, 2-propenoic acid, 2-

3M ESPE, St. Paul
MN, USA

products with 2-hydroxy-1,3-propandediyl dimethacrylate and

phosphorous oxide, TEDGMA, silane-treated silica, soium per

sulfate, glass powder, tert-butyl peroxy-3,5,5-trimethylhexanoate,
72% wt. filler (size <9.5 um)

Catalyst: Silane-treated glass powder, substituted

dimethacrylate, silane-treated silica, 1-benzyl-5-pheyl-barbic-

acide, calcium salt, sodium p-toluenesulfinate, 1,12-dodecane

dimethacrylate, calcium hydroxide.

[Superbond C&Bj

=5
TN

200 um 400 pm 200 pm
10 9u 10 $u 10 3u

™.

Light
cure 40S

( RelyX Unicem )
N

—

N

400 um 200 pm 400 pm
10 3y 10 3u 10 #u

Room temperature 24 hrs

JUN 1 meSeungud e BudLsTin NI 200 Uay 400 lulasiuns iefinwTiuau uazvuiavlesemanelindesdiangseuaensin

meldndesganssaidiannsoudeinsIniiniaivere 350 i

Figure 1 Sample preparation of resin cement at thickness 200 and 400 micron to examination the number and size of void under

SEM at 350X magnification

msnszsuliAnndwelswdulaeulindudan (Kerr,
USA) uagsladiandefiiu (3M ESPE, USA) HIUNNIR18UES
fpuasidunueAaY 425 ulumms Seniesansuas
LED (Demi LED light curing system, Kerr, USA) 40 3un#i
suuy dugliesueuadiound (Sun Medical, Japan) Usey
Tudales sl aaungiivies 24 Hlus Mevdadunustudiuus
VLﬁtJ’mmaUmﬁqmmﬁﬁadmv 24 $Tus Fusy nedeuth
Wfautsusnafanans Ingldidunseindouninineszuanu
(Diamond disk, NTI-Kahla GmbbH, Germany) uuaeslilasuowmes
(Micromotor, Perfectz 300 W&H, Austria) bazyinanudsane

soinsesdans-lednfianud 42 kHz (Prosonic ultrasonic
clear model 300MT) ¥utan 10 uri %umumaauﬁmums
wlguudnhunadeunes neufnwinieldnassganssaml
Blanmspudninsm (Scanning Electron Microscope: JEOL
JSM-5610 LV, Japan) fifdavens 350 wih ussduluii 15
Alalavt Tnenmthdinguanilivuufuitusiu mntuham
fif&svene 350 wh mﬁ’mumﬁuﬁgﬂﬁm?{ama%’mmm 100
lulasins Ausnadiunatwesduny PRI
mwmaﬁluﬁyuﬁ?%m?iw%'@%’ammm 100 lallasiums Wanfnsiewa
5 lulaswas 91wy 20 ﬂiaﬂuumé‘?qLLazLLmﬁJ’mﬁqgﬂﬁ 2
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Ceater of the sample super
imposed with 5 micro grid

Ui 2 nmdendesganssmidiannsouseinsInTisumiNna 19U 10 9TIMae e 350 g5 1vIe 5 Lulpsimsiie Inuum

wurhguenanyeanase N Al TUTIALG

Figure 2 SEM image at 350X magnification, at the center of the image was selected for examination and 5 micrometes grids were

drawn to measure the diameter of the voids in resin cements.

sUfirumMsAIMNahinrnasazhiuaueseIna
Tngduununadurinaudnanseales nniAesnidu 3 nqu
il ndudl 1 vunasewing 15 lalasiums nauil 2 uasearing
6-10 lulasiuns nguil 3 yuinsesing 11-15 lalasiuns

NaN1SAN®EN

nnsaneniglindasganssaudianasoudes
N0 (A5797 2)

nutlustuiuiieedamuiiadeiuioneina
Tunguil 1 Ae Tuwnardushaudnans 1-5 lulasiuas indige
Tnglupumun 200 lailasims wuswiumesoniadsil
guiesuaundeudd (Sun Medical, Japan) 23.80+5.37
wundudlavi (Kerr, USA) 148.80+23.01 uae Sladidnde o

(3M ESPE, USA) 114.40+9.67 wagluaiuvun 400 laulasiuns
guiesuaundiaudd (Sun Medical, Japan) 22.80+8.05
wunuy- Blavi (Kerr, USA) 158.20+13.91 uaz Sladidnde e
(3M ESPE, USA) 111.80+11.68 feg1sdnwaizneseniad
sl Audiusin 3 ladirnumun 200 uas 400 laulasiums
ﬁwmsdaaﬁamﬁaa@amiﬂﬁ%Lﬁﬂmaudaaﬂimw’fluéﬁ’agﬂﬁ 3

nmslSeudisuaedesuvesiesoinianigly
naufieavLid 200 wag 400 laulasiuns voustudiamd
ylasueurduound ulinudan uavilad nd eldudmeada
Krusal Wallis wuiily is8ufmudnsanuvdndstiniumn

o w

Afnaiy Aedgduiurasenalusnsiusgelivedneay

o

(p-value>0.05)
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Table 2 Number and size of voids for each type of resin cement in film thickness 200 micron and 400 micron

Resin cement 200pm (n=10) 400um (n=10) Mean
Group1 Group 2 Group 3 Group 1 Group 2 Group 3
(1-5um) (6-10pm)  (11-15pm) (1-5um) (6-10pm)  (11-15pm)
Superbond C&B 23.80+5.37 7.60+1.26 12.80+2.10 22.80+8.05 7.40+3.60 17.40+7.97 14.71+8.91
(Sun Medical, Japan)
Maxem Elite 148.80+23.01  0.80+0.63 1.00+0.47 158.20+13.91 2.20+1.03 1.40+1.17 49.67+71.89
(Kerr, USA)
Rely X Unicem 114.4049.67  3.20+0.74 0.80+0.63 111.80+11.68  4.00+£1.33 0.60+0.52 39.57+£53.62

(3M ESPE, USA)

U3 dredunmarendosanssabianasousensinveastudiuusindses 350 wh A) ulmduanaumniay 200 lulaswes B) Slad
1809 giudunumuiilau 200lulasiuns C) guiesueuddueudd A wuritdu 200lulpsies D) udndudanaarumunilay 400
lulpsins ) Sladl wnd giliGunanmaitay 400lulasiuns F) suiesvewdduoust nrumuiilsy 400lulnsiuns

Figure 3 Sample of SEM image of resin cement under 350X magnification A) Maxcem Elite resin cement at 200 micrometes film

thickness B) Rely X Unicem resin cement at 200 micrometes film thickness C) Superbond C&B resin cement at 200 micrometes

film thickness D) Maxcem Elite resin cement at 400 micrometes film thickness E) Rely X Unicem resin cement at 400 micrometes

film thickness F) Superbond C&B resin cement at 400 micrometes film thickness

A15999 4 N1SSHUTIUAREE SIIVIN DI AT IS TUTR 9T damTiaImmT 200 lulAsns 6agadi Jonckheere-Terpstra Test

Table 4 Comparison mean number of voids between different resin cement at 200 micron film thickness by Jonckheere-Terpstra test

Resin cement Mean+SD Sig.
200pm

Superbond C&B (Sun Medical, Japan) 14.33+8.22 0.00

Maxem Elite (Kerr, USA) 50.07+71.87

Rely X Unicem (3M ESPE, USA) 39.43+54.20
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A5 5 N5IUSeUgUANRAEITINYEINE8 A FTEAINISTUTILLG NI NTdnauinu) 400 lulpsiuns #ieaid Jonckheere-

Terpstra Test

Table 5 Comparison mean number of voids between different resin cement at 400 micron film thickness by Jonckheere-Terpstra test

Resin cement Mean+SD Sig.
400um

Superbond C&B (Sun Medical, Japan) 15.87+9.27 0.00

Maxem Elite (Kerr, USA) 53.93+75.39

Rely X Unicem (3M ESPE, USA) 38.80+52.93

PNANTT 4 waz 5 wuhidlevhmsuSeuiieussiing
naweNsTUTLILTS 3 ¥lin FauadR Jonckheere-Terpstra
Test wudnfiaumun 200 uaz 400 lulesiams fanneves
Anadevas Suuesatne egditudfty (o-value<0.05)
serisguiesuoud § uewus O uwindiuda uaxilad ond eildy

saTInmMsneRestanasnagUléh finamuniidu 200
uaz 400 lilasiwnslustudiudusingudan fenadednau
Waqmmmaumﬂﬁqm (49,67+71.89)IﬂEJWUWaﬂmmﬂﬂEjmﬁ 1
dushaudnanssswin 15 lasimsunniign Tuimumuitdy
200 lulasiuns (148.80+23.01) wag 400 lulasiuns (158.20+
13.91) egalstmuluarununiidy 200 lulaswnszny
wesenAngui 3 vuneidushaudnansseying 11-15 lalasims
(1.0040.47) 593891 UaznunlasoIMANGLT 2 usausnany
sevini 6-10 lalasmsiioniian (0.80+0.63) ssmiriluaaismun
400 lailasiuns agwuesennangud 2 éusnaudnans 6-10
lailasunmnnidiuduiuges (2.20+1.03) uagnurlasenniangud 3
dushaudnanaseying 11-15 lalasiunstiosiian (1.40+1.17)

studuiladidndgliduiidedsinaunleserne
sunnnidiuduiuans (39.57+53 62) laeits luaamun 200 wag
400 lailasiuns wuresernianguil 1 dushgudnansseming
1-5 luiﬂimmmnﬁqﬂ (114.40+9.67,111.80+11.68) 5898931
Aovlesennianguil 2 vunmdusigudnans 6-10 lulasiuns
(3.20+0.76,8.00+1.33) uagwlasermenguil 3 vunmiduriaudnany
11-15 lulaswnsiisunudestian Tuisassnumniidy
(0.80+0.63, 0.60+0.52)

duistuduudeUasusudfueuddyiiduinnade
ﬁwmuWaﬂmmﬂimﬁaaﬁqm (14.71+8.91) Tuanumun 200 uay
400 lailnsiuns wumlesermAnguTl 1 dusngudnansseying 1-5
lalAsiamsanniian (23.80+5.37,22.80+8.05) sesaunionguil 3
AdURgugnas 11-15 lulasiuns (12.80+2.10,17.40+7.97)
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