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Author Guidelines
Srinakharinwirot University Dental Journal (SWU Dent J)

SWU Dent J is a dental journal of Srinakharinwirot University established since 2005. The online version
has been published since 2022. We are pleased to welcome the authors to submit the articles in oral
sciences and other related areas. SWU Dent J. publishes (Online) two issues per year, January-June
and July-December.

Purpose of the Journal

1. To publish the original research articles, literature reviews, case reports in oral sciences and other
related areas.

2. To introduce new knowledge and observations related to the any aspects of oral and dental cares
as well as other healthcare are especially encouraged.

3. To communicate academically between dentists and others in related areas.

Types of Articles
SWU Dent J publishes the following types of articles:

1. Original Articles report results of original research in dental and oral sciences as well as other
related fields (preclinical, clinical, or translational). The presented work must not be published
elsewhere.

2. Review Articles describe and evaluate previously published materials in a given topic, diagnosis, or
treatment in order to suggest new approaches or ideas.

3. Case Reports of rare or unusual cases, or treatment with good long-term follow-up information,
particularly in areas in which good statistics on results of treatment are needed.

4. Miscellaneous Other manuscript that reports useful information could be written in a form of “Letter
to editor” or “Brief communications”.

Manuscript Submission

All abstracts must be submitted in English. Manuscript written in Thai and/or Thai authors need to
include abstract in both languages. Authors of non-native English speakers should consider their work
reviewed by either a native English speaker or academic proofreading services prior to submission.

All submissions must include a cover letter signed by all authors. Cover letters should certify the
research is original, not being simultaneously considered for publication elsewhere, and free of conflict
of interest. The format of cover letter is available at the end of this document.

In addition, title page should be submitted. Title page includes title of the manuscript, name, degree and
affiliation of all authors. Moreover, mailing address, telephone number and email address of corresponding
author should be included.

Submission can be done online via SWU edJournals System (OSJ) at
http://ejournals.swu.ac.th/index.php/swudent;

or the authors can send the manuscript and related document to
email: swudentj@yahoo.com



Manuscript preparation
Manuscripts must adhere to the following instructions or they will be rejected before undergoing peer
review.

e Prepare the manuscript in Microsoft Word (docx) using Cordia new font 16. Leave a one-inch
margin on all sides. Do not right justify.

e Manuscript must be done in plain and simple style format as possible.

e Number all manuscript pages consecutively in the upper right-hand corner (text and references,
followed by illustrations on separate pages).

e Manuscript length (including all references, tables, figures) should be no more than 15 pages
(standard A4 21.1 x 29.7 cm page size).

e All figures, illustrations, graphs, and tables must be provided in the text and should include
title and foot note. In addition, explanation for abbreviation and symbols is required.

e |dentifying teeth by their name, rather than a number or letter. Be consistent throughout the
manuscript. If it is not possible to use the name, use FDI two-digit system after which their
full names have been firstly mentioned in the text.

e Follow internationally accepted rules and conventions: use the international system of units
(SI). If other units are mentioned, please give their equivalent in SI.

e Abbreviation should be explained in the parenthesis when first used. Avoid using abbreviation
in title and abstract.

Manuscript format

Please order the manuscript as follows: Title, Abstract, Introduction, Materials and Methods, Results,
Discussion, Conclusion, Acknowledgements, References, Start each section on a separate page.

Title page
e The title page should contain:

1. Title: a concise and informative title (do not include numbers, acronyms, abbreviations).

2. Corresponding Author must provide: full name, complete address, phone, fax, and a valid
e-mail address, which will be used for all communication with the journal.

3. Author information including;
3.1 Full name of all authors
3.2 Complete mailing address for each author
3.3 Degrees (e.g. DDS, PhD)
3.4 Affiliation (e.g. Department of Stomatology, Faculty of Dentistry, Srinakharinwirot University)

Abstract
e 250 words.
e Original article : abstract Should include as follows: Objectives, Methods, Results, and Conclusions.

All abstracts must be submitted in English. Manuscript written in Thai need to include abstract in both
languages.

Keywords: Up to 3-6 keywords should be provided, and selected from Medical Subject Headings
(MeSH). Information on the selection of keywords: see http://www.nlm.nih.gov/mesh/MBrowser.html.



Introduction
e Briefly explain the existing knowledge, and demonstrate the problems leading to the main
objectives of the research.

Materials and methods

e Describe the procedures in detail.

e |f human subjects or related specimens (including teeth, saliva, tissues) have been involved
in the research, please state evidence of IRB or local ethical committee approval, including
an obtaining of informed consent. When laboratory animals are used, inform the level of
institutional review allowing for human practices, as appropriated.

e Provide names and sources of all instruments or commercial products e.g.

- Instrument e.g. Universal Testing machine (Shimadzu, EZtest, Japan)
- Commercial product e.g. Polyether (Impregum, SMESPE, USA)
e Statistics used in the manuscript should be clearly demonstrated.

Results
e Report data directly with complete statistical analysis.
e Always describe statistic values with standard errors or standard deviations, including
particular degree of probability level e.g. p = 0.026 or p < 0.05
e Tables and figures should be numbered in the order in which they are described and cited
in the text.

Discussion
e Carefully explain and evaluate data.
e Compare with other findings particularly what causes the difference.
e Suggest directions for future research.

Conclusion (if included)
e State shortly the most important finding of the research.
e Do not repeat Results or Discussion.

Acknowledgements (if applicable)
e Inform all assistances from individuals as appropriated.
e Report all sources of grant and other support for the project.

References
e All reference must be written in English.
e (Citations should be numbered consecutively in parentheses as they appear in the text and
they should present after punctuation e.g. text (1,4-7,9,10).
e Examples of reference citation formats:
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Tables and Figures
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ORIGINAL ARTICLE SWU Dent J. Vol.16 No.1 2023

Assessment of Smile Line and Attractiveness in a Group of
Thai University Students

Supranee Benjasupattananan* Papatpong Sirikururat*

Abstract

Objectives: To determine the prevalence of smile line in a group of Thai university students
and to evaluate the attractiveness of smile line combined with tooth shape.

Materials and Methods: Four hundred university students (159 males and 241 females, ages
20-30 years old) voluntarily participated in the study. Maximum smile photographs were taken from
each participant. Smile line was classified as low, average, high and very high smile line. Gingival
display of the high smile line group was measured by using a 2-mm diameter reference dot which
was placed on the middle of the labial surface of the right maxillary central incisor. All participants
were enquired to rate the attractiveness score of twelve photographs which represented smile lines
combined with tooth shapes.

Results: Most of participants exhibited average smile line (57.50%), followed by high (34.25%)
and low smile line (8.25%), respectively. The highest proportions were average smile line for both
male and female, 63.52% and 53.53%, respectively. The proportions of smile line types between
male and female were statistically significant difference (p < 0.05). Among 12 smile types, rating
score of average smile line with square tooth shape received statistically significant highest score
from other smile types (p < 0.05). Whereas, all three bottom scores were square, ovoid and triangle
tooth shape in low smile line.

Conclusions: The average smile line was the most frequently observed in both genders. The

average smile line in combined with square tooth shape was scored as the most attractive.

Keywords: Smile line, Gingival display, Tooth shape, Attractiveness

Received Date: Sep 30, 2021
Revised Date: Nov 24, 2021
Accepted Date: Feb 01, 2022

*College of Dental Medicine, Rangsit University, 52/347 Phahonyothin Rd, Lak Hok, Mueang Pathum Thani District, Pathum Thani
12000
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Introduction

The human smile represents many things
such as sincerity, gladness, personality, and
attractiveness. The smile could break the barriers
among human and increase the beauty of the
human face which makes the impression at first
sight (1,2). Therefore, the general smiles are
the enjoyment smile and the social smile. The
enjoyment smile is involuntary, it is used when
experiencing real pleasure, attain maximum
muscle contraction of the lip, gingival and tooth
display. On the other hand, the social smile is
voluntary and unstrained. It is used in greetings
with moderate lip muscle contraction and attains
a slight number of teeth and gingival display (3).
At present, smiles become one of the main
factors in which people are concerned about
them (4,5). Furthermore, an esthetic smile is
increasingly important in the practice of restorative
dentistry because the facial and smile attractiveness
appears to be strongly connected to each other.
In socialization, one’s attention is mainly directed
towards the mouth and eyes of the speaker. As
the mouth is the center of communication on the
face, the smile plays an important role in facial
expressions and appearances. The smile line is
commonly used as a valid tool to assess the
personal esthetic (2). For this reason, a dentist
should be able to learn how to detect the
smiles and classify each type (6). Smile line was
classified into four categories which are very
high smile line, high smile line, average smile
line and low smile line (7). Very high smile line
reveals 2 mm or more (> 2 mm) of marginal and
attached gingiva visible or more than 2 mm of
root or gingiva apical to cementoenamel junction
(CEJ) visible for the healthy but reduced

periodontium. High smile line presents between
0-2 mm (< 2 mm) of marginal and attached
gingiva visible or between 0-2 mm visibility of
root and gingiva apical to the CEJ visible for
the reduced and healthy periodontium. Average
smile line shows gingival embrasures only visible.
Lastly, gingival embrasure and CEJ are not
visible in low smile line (Fig 1)

The maxillary gingival display is the
one factor that affects to attractiveness. The
photographs with full height of maxillary incisor
and no visible gingival tissue is the most
attractiveness while gingival display showed
more than 2 mm is less attractiveness (8). On
the other hand, the photographs of lip coverage
around 0.5 mm of the upper central incisors and
2 mm lip coverage of the lower incisor crowns
were highest esthetic rating score (9). Moreover,
there were many factors that affect esthetic
smile, for instance, smiles arc (maxillary incisor
in vertical position), maxillary central ratio,
maxillary central symmetry, anterosuperior tooth
proportion, gingival design, gingival exposure,
buccal corridor, midline, tooth angulation, tooth
color, anatomical tooth shape and lip volume
(10).

The aim of this study was to determine
the prevalence of smile line in a group of
Thai University students and to evaluate the
attractiveness of smile line in combined with

tooth shape.
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Fig 1. Four types of smile line. A: Low smile line, B: Average smile, C: High smile line and

D: Very high smile line (These pictures were taken from the eligible participants in the study.)

Materials and Methods

A prospective clinical study was approved
by the Ethical Committee Board of Rangsit
University (39/2559). Four hundred participants
(159 males, 241 females) with excellent health
were enrolled after obtaining their written
informed consent. All participants were within the
age range of 18 to 30 years old. The dentition
was further screened for inclusion criteria as
followed:

- full maxillary and mandibular dentition
including second molar

- no obvious dentofacial disharmonies

- no symptom of facial paralysis or lip
irregularity

- natural anterior teeth present with no
severe maxillary anterior crowding and malposition

- no anterior carious lesion, no evidence

of incisal wear > 1 mm into dentin

- no spacing, no anterior crossbite

- no prosthesis in anterior region

- no history of orthodontic treatment

- clinically healthy gingival appearance

The photographs were taken under tripod
set up by Canon 700D camera (Canon Inc.,
Tokyo, Japan) 100 mm lens and mounted Canon
Macro Ring Lite MR 14EX Il with 1/25s shutter
speed 32 ISO 800, in a controlled environment
and saved in a JPEG format. The camera was
adjusted to the level of the participants’ mouth
at 60 cm apart. The participants were set in an
upright position and the head was held by a
framed wooden board. Three photographs were
taken of each participant including lip in repose,
social smile and maximum smile. The clinical
crown height was measured in case of uncertainty
as low or average smile line. The gingival display

from the maximum smile photograph was
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measured from gingival band between the
inferior border of the upper lip and the most
superior point at the gingival margin of maxillary
left canine to right canine by using a 2-mm

diameter reference dot which was placed on the

middle of the labial surface of the maxillary right
central incisor (Fig 2). The real dimension of
reference dot was compared to the reference

dot in the photograph and the actual distance

was calculated.

Fig 2. Photograph taken in maximum smile. The 2-mm-diameter reference dot (blue circle)

was used to achieve a more accurate determination of each measured dimension.

In the part of attractiveness score rating,
400 volunteers were enrolled to rate the smile
attractiveness. The rating on 5-point numerical
scale by circling, where 1 point illustrated a very
unattractive smile, and 5 points illustrated a very
attractive smile by using 5-point Likert scale (11).
There were three sets of 12 photographs varied
in tooth shape and smile line which were
randomized to be evaluated by each participant.
The sets of photographs were saved as
presentation in Microsoft PowerPoint 2010
(Microsoft Corporation, Redmond, WA, USA).

The presentation was projected as a slideshow

on the computer screen. Tooth color and gingival
margin in every photograph were set in the same
as Fig 3. Chi-square test was utilized to compare
proportions of each smile line type between
gender. Descriptive statistics were used for
explanation among age, gender and type of
smile line. The attractive scores were tested by
using Wilcoxon sign-rank test. The significance
level was set at p < 0.05. Data analysis was
performed using Statistical Package for the
Social sciences 18.0 for Windows (SPSS Inc.,
Chicago IL).
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Smile line
Low smile line

Tooth shape

Average smile line

High smile line |Very high smile line
(Gingival display < 2 mm) | (Gingival display > 2 mm)

Ovoid
Fig 3. 12 smile types that used to rate the attractiveness scores
Results range of participants was 20 to 30 years old. The

Demographic Information

Out of 400 participants, 241 were female
which accounted for 60.25% of the total. There
were 159 male participants or 39.75%. The age

Table 1. Descriptive statistics of age and gender.

average age of respondents in this research was
21 + 1.78 years old. Moreover, the age profile
between male and female was not statistically

significant different. (Table 1)

Gender Number of Proportion of Minimum Maximum  Standard Mean
participants participants (%) deviation (years old)
Male 159 39.75 20 29 1.71 21
Female 241 60.25 20 30 1.75 21
Total 400 100 20 30 1.73 21
Smile type and very high smile line (34.25%). There were

The smile line of participants was categorized
into 4 types: low smile line, average smile line,
high smile line and very high smile line. Overall,
57.50% of the total participants showed the

average smile line, followed by high smile line

only 33 participants (8.25%) who exhibited low
smile line (Table 2). By gender, the ranking of
smile line types was not different from the total

number of participants.
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Table 2. Number and percentage of each smile types among gender.

Smile Line Type of all participants

Low Smile Average Smile High Smile Very High Smile
N % N % N % N %
33 8.25 230 57.50 65 16.25 72 18.00

LyO
70

60

50

40

30

20

low smile

average smile

I Males | Females

™

high smile very high smile

Fig 4. Distribution and percentage of smile line types according to gender

(*Statistically significant p < 0.05)

Regarding to Fig 4, The highest proportions
were average smile line in both male and female,
which were 63.52% and 53.53%, respectively. A
very high smile line ranked secondly, which were
13.21% in males and 21.16% in females. Lastly,
the smallest number of participants showed high
smile line, at 10.69% for males and low smile line
5.40% for females. Nonetheless, it was clearly
shown that the degree of proportions of each
smile line type was different between male and
female participants, even though they revealed
the same order. From these results, males tended
to show the average smile line and a low smile
line. On the contrary, females tended to exhibit

high smile line.

Attractive scores

There were 12 formats of smiles considered
in this research as described in Table 3. They
could be grouped into four main types: low
smile line, average smile line, high smile line and
very high smile line. Each main type composed
of 3 subtypes: oval, triangle, and square tooth
shape. The attractiveness of each smile type was
measured by score, ranged from 1 to 5; the least
attractive to the most attractive. According to
table 3, each smile type has minimum score at 1
and maximum score at 5. However, the average
scores were different. It might be implied that
some smile types were perceived more

attractiveness than the others.
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Table 3. Descriptive statistics of attractiveness score of each smile type.

Smile Type Number of Minimum Mean Standard Maximum
volunteers deviation
Low oval 400 2.54 1.00 5
Low triangle 400 2.58 1.05 5
Low square 400 2.60 1.09 5
Average oval 400 2.78 0.98 5
Average triangle 400 2.74 0.86 5
Average square 400 3.68 1.22 5
High oval 400 2.79 1.03 5
High triangle 400 2.80 0.94 5
High square 400 3.08 1.11 5
Very high oval 400 2.87 1.01 5
Very high triangle 400 3.03 1.01 5
Very high square 400 2.99 1.02 5

Average smile line with square tooth
shape showed the highest attractiveness score
at 3.68, followed by high smile line with square
tooth shape (3.08), and very high smile line with
triangle tooth shape (3.03). On the other hand,
all three types of low smile line were ranked in
the bottom. Their scores were not much different;
2.54, 2.58 and 2.60 from low smile line with oval
tooth shape, low smile line with triangle tooth
shape and low smile line with square tooth

shape, respectively.

The comparison of each smile types with
different tooth shapes was shown in Fig 5. The
average, high, very high smile lines with oval,
triangle and square tooth shapes were more
attractive than low smile line with oval, triangle
and square tooth shapes statistically significant.
Among average smile line, the square tooth
shape was statistically significant more attractive
than oval and triangle. As well as the very high
smile line, the square tooth shape was the most
attractive. The high smile line with triangle and
square tooth shapes were more attractive than
low smile line and average smile line with oval

and triangle tooth shapes statistically significant.
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Low
square

Average

oval

low oval Low
triangle

average
triangle

average

high >=2
oval

high >=2
triangle

high >=2
square

high <2
oval

high <2
triangle

high <2

square square

low oval

Low triangle

Low square
Average oval

_average triangle
average square

high >=2 oval

high >=2 triangle

high >=2 square
high <2 oval

high <2 triangle

high <2 square

Table 4: Comparing the attractive score of 12 formats of smile types with different tooth

shape. (yellow color represented a statistically significant different, white color represented

no significant different)

364 305 304
386 346347

330 337 377 381 335 311
348 400 400

343_283
299

379 381 359

L=}
400 375 361

T
low oval

Low low
triangle square oval

T T T T T T T T T
average average average high ==2 high >=2 high >=2 high <2 high <2 high <2
triangle square

oval triangle square oval triangle square

Fig 5. Box plot scores of 12 smile types (red color indicated median of each smile type)

The boxplot depicted the distribution of
attractiveness score of each smile type (Fig 5).
The distribution of average smile line with square
tooth shape is distinctive from other smile types.
Ilts median was closed to 4, which was higher
than the others. Moreover, very high smile line
with square tooth shape, high smile line with
triangle tooth shape and high smile line with
square tooth shape tended to display the similar
distribution. The median of their attractiveness
scores was around 3. For other smile types,
they seemed to have the same boxplot picture,

including outliers, apart from low smile line with

triangle tooth shape and low smile line with
square tooth shape which their medians were
closed to 2 in the plot.

The most attractiveness tooth shape in
average and very high smile line were square
tooth shape. While the attractiveness of oval and
triangle tooth shape was not different. In high
smile line, triangle tooth shape was more attractive
than oval tooth shape. The attractiveness of
square tooth shape was equal to that of triangle
and oval tooth shape. Meanwhile the attractiveness
of square, triangle and oval tooth shape were

equal in low smile type.
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Discussion

The prevalence of smile types from this
study showed that the low, average, high and
very high smile line for both genders were 8.25%,
57.50%, 16.25%, and 18.00% respectively. Most
of the participants presented an average smile
line followed by very high smile line and high
smile line. However, the results of the present
study revealed few differences from the previous
studies. Tjan et al. 1984 studied on American
youths with 454 full-face photographs of dental
and dental hygiene students with smiles displaying
teeth. The participants included 207 men and
247 women ages ranging from 20 to 30 years
old. The participants were classified 68.94% with
average smile line, followed by 20.48% with low
smile line and 10.57% with high smile line (12).
Another study from Zhang et al. 2015 which
studied two-hundred young Chinese participants
(aged ranging 20-35 years old) (13). The dynamic
smile process was captured using a digital camera
showed that high smile line, average smile line
and low smile line were 45.5%, 45.5%, and 9%
respectively. Moreover, the result of a report
by Al-Juboori et al. 2017, which consisted of a
randomized sample of 238 Malaysian participants
aged between 18-35 years, was used to carry
out this study. Upon screening, the participant
was asked to relax their lip and the lip length
is recorded with a calibrated caliper. Smile line
was then assessed by posed smile. The results
showed that the average smile line is the most
common followed by a high smile line and a low
smile line were present 45%, 38.5% and 16.5%
respectively (14).

According to Peck et al 1992, the
investigation of the smile line of the North American
population with a mean age of 15.5 years old
reported an average (52.2%) and high (32.5%)
smile lines in females but males usually featured
average and low smile line (48% and 33%
respectively) (15). Another study from Sepolia
et al. 2014 reported that Indians trend to have
an average smile line during forced smile (59%)
regardless of gender (16). These findings are
accordance to our study that gender has
tendency to relate to smile line. In our study,
females inclined to show high smile more than
males (at 41.07% for females and 23.9% for
males).

Several studies on various populations
have reported a higher percentage of women
with high smile line and very high smile line
as compared to men. These results are in
accordance with data reported by Dayakar et al
2015, who showed the variation in periodontal
visibility during natural smile and maximal smile
in both genders (17). More than eighty percent
(81.8%) of females were found to have a high
smile line during a natural smile line whereas
only 18.2% of males were found to have a high
smile line during a natural smile. A similar pattern
was observed during the maximal smile, 76.2%
of females exhibited a high smile line as compared
to 23.8% of males.

Maxillary gingival display did influence
on dental attractiveness ratings. Four hundred
students rated on a five-point numerical scale by
circling, where 1 point illustrated a very unattractive

smile, and 5 points illustrated a very attractive
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smile. In our study of attractiveness from 12
images showed that the average smile line with
square tooth shaped was rated mean score as
3.68 which was the most attractiveness and
significantly higher than other group. While low
smile line with ovoid tooth shape was rated
mean score as 2.54 which was the least
attractiveness. The square tooth shape tended
to attract more attention than any other tooth
shape. The attractiveness among square, ovoid
and triangle tooth shape within low smile line
group were not significant difference. The result
of our study was similar to Sybaite and coworkers
which average smile line, tangent to the zeniths
of maxillary anterior teeth, was found to be the
most attractive gingival amount amongst lay
people, general practitioners and orthodontists
(18). However, Anderson et al 2005 reported that
restorative dentists preferred round incisors for
the female images. Orthodontists preferred round
and square-round incisors for the female images.
Laypeople did not significantly differentiate
between any of the female incisor shapes. The
restorative dentists, orthodontists, and laypeople
shared similarities and displayed differences
when considering esthetic preferences in tooth
shape (19). Hunt and colleagues in 2002 examined
the influence of maxillary gingival display on the
attractiveness rating by 120 university students
(94 females, 26 males) were shown 7 photographs
of a male and 7 photographs of a female subject
each with levels of gingival display raging from
-2 to +4 mm. Attractiveness ratings were record
on 10 points for each photograph. The most
attractive photographs of this study were the
ones with full height of the incisors and no

gingival tissue while gingival display of more

than 2 mm was rated as progressive less
attractive (8).

However, the study of Al Taki et al, 2017
showed the different results. The total of 3 groups
(30 laypeople, 30 orthodontists, 30 general
practitioner dentists) were engaged to rate the
score (1-5) of each picture. The pictures had
different level of gingival display with short face
and long face. The laypeople rated the smile
exhibiting high gingival display in the short face
subject as the most attractive. In contrast, the
orthodontists and general practice ranked the
smile showing average smile line as the most
attractive in short face. For the long face,
laypeople and general practitioner dentists ranked
the smile showing average gingival display as the
most attractive, whilst the orthodontists ranked a
high smile line as the most attractive (20). Smile
line of both short and long face subjects was
found to influence the smile attractiveness rating
by various groups of raters.

It could signify that the knowledge,
educational of dentistry, demographic background
and different social may influence the perception
of smile attractiveness. According to our study,
low smile group could be implied that no matter
what tooth shape you get, attractiveness among
the group was not different. In average and very
high smile groups, square tooth shape was the
most attractive and followed by oval and triangle
which were not different. On the contrary, high
smile line could not be implied that what tooth
shape was the most attractive but only explained
that triangle tooth shape was more attractive
than oval shape. For square tooth shape, it was
not different when compare with triangle and

oval tooth shape. With the limitation of the study,

20
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other factors could be strongly affected to evaluate
esthetic such as tooth color, lip position, lip
curvature and facial type to consider the
attractiveness of smile which are noteworthy
issues to study in the future. To sum up, high
and average smile line associated with square
tooth shape were the most attractive. This might
be used as a reference data for personalized
smile design remarkably in the cases required
interdisciplinary periodontal plastic surgery—
restorative planning. These information may be
helpful in the treatment of complex anterior
restoration. Smile attractiveness characteristic
has dominated clinical applicability for patient

care.

Conclusion

The average smile line was the most
frequently observed in both genders in a group
of Thai University students. Females presented
higher tendency to reveal a high smile line. The
average smile line with the square tooth shape
was the most attractive. Therefore, smile line and
tooth shape should be encompassed to be a

crucial factor for treatment in esthetic zone.
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The Competency Development of Healthcare Practitioners for
Older Adults’ Oral Health and Dysphagia Screening in Wiangkaen
District, Chiang Rai Province

Pilaiwan Kongma*,** Narumanas Korwanich** Kanyarat Korwanich**

Abstract

Objective: Aimed to develop the competency of healthcare practitioners on screening oral
health status and dysphagia condition in older adults.

Materials and Methods: This study was mixed-method research. Samples were 8 healthcare
personnel. The process of developing competencies of healthcare personnel consists of two phases,
1) knowledge, and skills development, including knowledge training, focus group discussion and
training on oral health and dysphagia screening in the older adults, and 2) follow-up and evaluation.
Data were analyzed by content and statistics including Wilcoxon signed rank test and Cohen’s
kappa coefficient. Competency evaluation according to Bloom’s taxonomy was carried out as well.

Results: The post-test score was statistically significantly higher than the pre-test one
(p < 0.05). It was conformed to results evaluated by focus group discussion that showing statistical
difference in consistency of oral health assessment of samples between the first and the four-week
assessment. However at the 6-month assessment, the evaluation score was found lower than it was
at the 4-week assessment but still higher than that found immediately after the training. According
to Bloom’s taxonomy evaluation, the samples’ score on the cognitive domain was ranged from
comprehensive level to synthesis level and the psychomotor domain was ranged from the manipulation
level to precision level.

Conclusions: Health practitioners who regularly assess the general health of older adults can

develop knowledge and skill in basic oral health screening.

Keywords: Screening, Dysphagia, Healthcare Practitioner, Competency, Oral Health

*Dental Clinic Department, Wiangkaen Hospital, 115, Muang Yai, Wiangkaen, Chiang Rai, 57310
**Department of Family and Community Dentistry, Chiang Mai University, Suthep Road, Suthep, Muang District, Chiang Mai
Thailand, 50200
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Table 1. Result of pre-test and post-test score for oral health training.
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Table 2. Agreement of oral health assessment in older adults by samples compared to those

assessed by dentist.
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NYNADENY fuyszns  sehuAe dudss@ng  szhuana  dudssdng  sehuAnw

Talzunadyn  danrdas  laauuAlln  sanAdns

Tataunatln  sannans

WeLNaAud 1 0.69 f 0.83 Axn 0.83 fxn
WeLNRAUT 2 0.76 f 0.90 AxN 0.92 AxN
WeLNaAud 3 0.73 f 1.00 AxN 0.69 f
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paN.AUT 2 0.37 wald 0.89 fan - -
au.AUT 3 0.38 wald 0.34 wald 0.68 A
Aades (%) 0.61 + 0.22 0.80 + 0.22* 0.74 + 0.12

*p < 0.05; afifinasauianandu
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Table 3. The cognitive domain assessment results.
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Table 4. The psychomotor domain assessment results.
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Formulation and evaluation of a water-based oral lubricant
for using in geriatric dentistry

Warayut Chotprakaikiat* Nuchwara Sarasit** Papawi Kerdwanghin** Pratya Yayord**
Panmile Phetpradub** Patcharaphol Samnieng***

Abstract

Objective: The purpose of this study was to formulate and evaluate water-based oral
lubricants for using in elderly patients.

Materials and Methods: Chief components of the water-based oral lubricants were deionized
water, gel-forming agent (Hydroxypropyl methylcellulose; HPMC) and moisturizer. Viscosity was
evaluated by cone and plate Brookfield viscometer. The statistics of Kruskal-Wallis test and Mann-
Whitney U Test were used to determine the relationship between the viscosity and concentration of
hydroxypropyl methylcellulose in the gel formulation and to compare the physical properties with
KY® jelly.

Results: This study showed that viscosity of the water-based oral lubricants was increased
as a concentration manner of gel-forming agent. Viscosity of formula 3 lubricant (2.8% HPMC) was
highest and followed by viscosity of formula 2 lubricant (2.7% HPMC), which was as similar as of
KY® jelly, and formula 1 lubricant (2.6% HPMC), respectively. Viscosity of all lubricants at 25 °C was
higher than at 37 °C. Furthermore, viscosity of all lubricant was decreased at 1 and 3 months after
formulation.

Conclusions: It is possible to develop formula 2 lubricant for using in elders, because
physical character and viscosity are as same as KY® jelly. It may be suitable for using in oral cavity

as expected.

Keywords: Oral lubricant, Oral health, Elderly
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Table 1. The 3 formula of ingredient of water-based oral lubricant.

sulsznay gasi 1 gasi 2 gasi 3
Deionized water (ml) 166.4 166.2 166.0
Disodium EDTA (g) 0.20 0.20 0.20
Hydroxypropyl Methylcellulose (HPMC) (g) 5.20 5.40 5.60
Glycerin (ml) 16 16 16
Propylene glycol (ml) 12 12 12
Potassium sorbate (g) 0.20 0.20 0.20
Ysansrmaavasvasaulugevihn Tasdszano (ml) 200 200 200
HRNEIULDY HPMC 6inU3N05390 (%w/v) 2.6 2.7 2.8
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Fig 1. Graph compared density of water-based oral lubricant and petroleum-based oral lubricant.
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Fig. 2 Graph showing the viscosity of water-based lubricants after

1 month and 3 months of mixing at 25 °C.
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Fig. 3 Graph showing the viscosity of the lubricant immediately after mixing at

1 month and 3 months at 37 °C.
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Fig. 4 Viscosity curve of a water-based lubricant. Immediately after 1 month and 3 months after

mixing at 25 °C.
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Fig. 5 Graph showing the viscosity of the lubricant immediately after 1 month

and 3 months after mixing at 37 °C.
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Fig. 6 Viscosity curves at 25 °C and 37 °C of a water-based lubricant after 3 months of mixing.

Tnefiunuunusufssiinravasvidaduuay
wnuwwsskaavianEiln wiheidy auiwesd
wazimualiisnesiiuansieiy vanefis ngu
NAFDUNAMNUANFAIN AU WNHTBR1ATUNINEDA
(p < 0.05n=23)

NMIINAFBUAITRaDAUTRT T ua A
UsznaumanseiaTasinanuniln mendemanas
3 FeufigamgRuansviy (U7 6) wuhmeanamin
gavansynaiiafigumad 25 uaz 37 aveisalfua
dannuansaiuatvitp A vana (p < 0.05)

uniasal (Discussion)
m3nesn3uluAdedetifieuidaenuai
3 KY® Jelly ilpsnnlifimamasiudmsuldiams
Tugavihn fevuanarsdssmanludssine
p08AILAY (12) uazangawin (13) wushi e
KY® Jelly iusnswanaulugesinvavggeons
nunguadedeldms KY® Jelly dusiuuuuluns
fashsusnsluasell masessummasauninlus
fwsuldlugesihnededl Wasussdusznauwan
nnndudwihanmsfneniges (pilot study)
Womdnaiusovansne o leauasasAnAIN
guiuiivnzay Tasusuwasudasiunswanans
Tnsiannmaasenanassans 10 fadans

Fefinsldmsnaifiomanialansendlusiawdia
waglasludnsiudoas 2, 35 waz 5 lazaa
(%w/w) Woihgasildanane iioealudnsdudonas
2 Topwna fenuwilaiiesduly Wadisutuans
vapAulANbLIaad dugesildmnaidaiealu
dndmdoras 35 waz 5 lnpaiafianuuiiaiaan
viuluvh i ldasnsanasauanamiialaslsiaio
Taanunidaugailadeialauuasuruwiiouls 3y
wasuuasgaslagldmanaidlpaaludnsuosas
26, 2.8 uaz 3 lopana Fewhgasiildasdaiile
waludnddosas 3 lTapana fanamiaiinan
dinluwazldasnsonaasuanuniinlddeiniag
Jarmaviladunann  usnandwuigasiildans
dafloaludadiudovar 26 uay 28 lawwia
fidnwuzmemanmwiilndfssiuamasduany
wad suiudeidenldmanedianaludnsudosay
27 Tapsnawnu iavnndngiudonanadusmnans
sewivinaumsldasre o wadeiianumanzan
fusuthanldmesey wnzasiulunmmaasviise
¥ legnsiifiansnodanaludadiuiona: 26 27
waz 2.8 IsIaNNNMIANEN Ve Pakorn Kraisit LA
A Tl 2017 (14) na gsnewiaiea HPMC
Jusnsnaiiowasiinfsdonnsd  (Junedwes
fwauthuazinisldotrenieenaiisvannidu

46



SWU Dent J. Vol.16 No.1 2023

saidesianisldon dauandflunmssdowniu
fAdn  (film-forming ability) Aanudiuldiy

'
=1 a

LBty

(good biocompatibility) fRuauTREA#A

'
o

ﬁ’mﬁaLﬁanIﬁLLazﬁmmmminlumi@mﬁuﬁw
foru deRasanld HPMC Wusnsnaiaiaas
Tums&v’\aﬁﬁumigﬂ 198 INNNIANBIP8Y Crovetto
wazaue i 2016 (15) wuhansiudslwunades
#asiwaaNIanengns aaluannsidunia Sy
aanufunin-svaevansdiead (Ffeiiudu
aglusheiiansiuiesiadenanausnsangnild
wipnasdewanan1 s Ul ludesn 1wy a3
dnnsouzevitunazmsifnituy 1Hudu uenanil
Tuns@ingihiseldfinamaassnanaiszivalag
Tlaldasiudelnunafonsasiunasly wad
nagaumanudunsa-snanuheglugae 6.0-7.0
usiavannsnanasgyiealaeldlwunaifon
B0 (16,17) W‘udﬁmmwLﬂun‘m—m\‘iagui‘f,uﬁw
40-50 FofuFemsdvinumigUieauazidon
T astuderiaduiimansasengnile luanmasi
Junay wieanlomamsiinwatnsifesonan
msgﬂwaﬁ”’q 3 gns Nanmusymemew
fingneiu Aouea la 1fig Tufinznou lidu
snsuzuany danaduidaiieaiu delndideeiu
gIvapduANELaaa uifinnuuandeiuluEes
nausvAUIENaLTBYE A ALAMELRaE FuA 1h
naeTulansendiafiauwaglas (hydroxyethylcellulose)
ﬂamanﬁﬁungimum (chlorhexidine gluconate)
nglaluuanlau (gluconolactone) tWiaw131Luw
(methylparaben) wazlziienlansanlas (sodium
hydroxide) TausnsnaisleavesavaaauLAe
aafelansandiefiaaglas Feuansireivans
suadi lddvinfudu Tasdarsnaieadslanson
FwsRawiawaglas wilasidouead wazans
wapduAMeRaadummaniy sIvasauANY
wadfidnyuzfuasiunaguituiiuazliay
gt favdsznauiifuansiieuguiufeniizeiu
Tuanuziitlnsidunaa iidulssnavzevssli
anugady issuATIsnAgaiuiiansAa

gutuvifudumsseainsldmstinmamguiu
T8un ndwedu uazlnslniu Inarea wWsvanlay
hludamsilirugududsndiseiu usasihly
gaazaedfilafianumiennn  55eldinslndu
Tnansaduiiliruguduguidioniu weudluides
anuwmilen Tasasivaamnangaduinld us
ndwaugaduihlddnilnslndu Tnasoa T4
2 ghilsmiu Teeldndwesuludasiu Sovas 8 Toy
Usinms wazlwslwdy Inarealudndiudovas 6
TneuSanassmsusmmseauiitihdudusdusznou
Wan e maasudeasavinanamilagdena
WSy iipuaamnamiiaduasusazsinenisd
2unNd 37 puAsaawintiu iflavannfigaumgi
25 avmnwades 13evinanavilaugaiiadeie
TeuuaziauBSey  awnsonasauanunilaldusas
gasndadanunilaldfuiaiasinadnumdia
Ujﬂ?\lﬂﬁ‘ﬁﬁwgu (rotational Brookfield viscometer)
Tnellnsideniaadfianuniadsudionnn vilw
Ulnsidunadgninisvasn Ui usiih
Famagu Felisunsadadanamiinldagnsasi

v
Ao A

uanniifefiedSosuazesindn wazamus
savlumsinfidewasiadn %Torque lapauinzed
dy Cone spindle: CPA-51Z wasmuisITay
3 RPM avhlvmaaauuanls %Torque 28vans
nnﬁaﬁﬁmmwmaauﬁguwaﬁ%ﬂau%’ulﬁ Taeenii
azzaniuldfe %Torque 3nn 50 grunnfizevyn
Tasoteiignenueulaneihieu s liiin
enusvaesgumgiiiiosnniiadoanngumgiias
wndoafiuansneiu Tughenaseiu
Tunsdnesdusiely ovanwinduseiile
A@ pH 1Junse wazaansansliiinAnusze
Wesldniseanuuudulyendndu lusuaad
Foufinsusulile edidunany arswmunes
suwainLAnithanld luneaddn esan
mathanlgmsiunmmasaulaud (preservative
effectiveness test 138 challenge test) N1nAsaY
mim:ﬁmﬁmﬁalﬁaqé’mmﬂ (mucoadhesive test)

waznaaoulugoviinveviiie  wWelssiiiu

47



2.AuUA.LUAD TR 16 aUUA 1 w.A. 2566

UszAndawaessansiudelundndud Useidiuana
winzanlunslinu wazdssfiuanadionalazey
gihesuaziunuwmdannmsldonuluedin usoenels
AmuusihansusmemaniwessansgUeals i
Fhommziumaldoulugasiin  udfinduadne
§194Af F9ArTREinUSULAINAuIDIINs AN
wisnzanlunmsld lugasthnanndy  sssfoufiulu

o ol o

vsyiuindanumnsanuasiesomsldonu

una3l (Conclusion)
PNHANMTNARDINUINANANNNLADBIRT
sUeaddiindumudnsduzasmanaidena Tns
finsglwagasii 3 fmanumilaanniign a1sgues
g3 2 fenamiinsavasin uazanszleagasi 1
fianumiiadoniign  Inenamiavasansmngnsi
25 avAipaidus deannnii 37 svrnisalua
uananilmanamiiavesanangasiinlinanas
fina 1 uaz 3 (Woumendenawas fwmiuas
suiaanie 3 gns Fdnsusmemonwiladeiu fo
Wuea To Gifld Lifiaznou Tldussusivase
fanufuidaiionty  SlndiAvetuarmdedu
wneead  wasianauanseiiluEeenau  dn
ANAMUUULTBYANTFUIRATY 3 gAT Wudans

'
=

pap AU dusgAUsEnaurnaniANNTLI WL
WNAEN F15NAAIAIMNAUILUUTDIRINIA DT

q

napAULANBIRAR 153URagRsh 3 a13sUeages

#i 2 uazansiiainuiieige Ae a13gUlee
gasft 1 udaehslsfimu a1sqiaativ 3 gasiien
anufunin-As aglugng 4.0-50 wmileuiu lay
wuhasgeagasi 2 uazgnsi 3 Seildnduzes
lensondlwsiawiiainaglaaiovas 2.7 uaz 2.8
muady daauravansneidaiealugivdenan
flomawmunssislddmiumaiwinanislu
Hgoeny ifipsnndidnuazmemeniuazanamiln

TndAsviuansnasauANeLaai

Lana15919d9 (References)

1. Ministry of Social Development and
Human Security. The Act on the Elderly, B.E. 2546
(2003 A.D.). Bangkok: Thepphenwanis printing
house; 2010.

2. Foundation of Thai Gerontology
Research and Development Institute. Situation
of the Thai Elderly 2016. Bangkok: Foundation
of Thai Gerontology Research and Development
Institute; 2017. 2559. ISBN 978-616-443-083-9.

3. Aldwin CM, Gilmer DF. Health, illness,
and optimal aging : biological and psychosocial
perspectives. USA: SAGE Publications, Inc. Sage
Publications; 2004.

4. Bureau of Dental Health Department
of Health. Interesting facts about oral health for
the elderly. Nonthaburi: Agricultural Cooperative
Society of Thailand Co., Ltd. printing house;
2011.

5. Benbow M. Ageing & wound healing.
Journal of Community Nursing. 2010;24(5): 36-
40.

6. Turner MD, Ship JA. Dry mouth and
its effects on the oral health of elderly people. J
Am Dent Assoc. 2007;138(Suppl):15S-20S. doi:
10.14219/jada.archive.2007.0358.

7. Srivathsa SH. Oral Ecchymosis in
elderly: Senile purpura. J Indian Acad Oral Med
Radiol. 2015;27(2): 331-3.

8. Jones M Jr, Fleming SA. Organic
Chemistry. Study Guide, Solution Manual. W. W.
Norton & Company; 2010.

9. Janna WS. Introduction to Fluid
Mechanics. 5thed. CRC Press; 2015.

10. Leblanc GE, Secco RA, Kostic M.
Viscosity Measurement. CRC Press; 1999.

48



SWU Dent J. Vol.16 No.1 2023

11. Marchiori E, Zanetti G, Mano CM,
Hochhegger B. Exogenous lipoid pneumonia.
Clinical and radiological manifestations. Respir
Med. 2011 May;105(5):659-66

12. Lewis A, Fricker A. Better oral health
in residential care. Staff Portfolio. Education and
Training Program. Government of South Australia;
2009.

13. Johnson VB. Evidence-based practice
guideline: oral hygiene care for functionally
dependent and cognitively impaired older adults.
J Gerontol Nurs. 2012;38(11):11-9.

14. Kraisit P, Limmatvapirat S, Nunthanid
J, Sriamornsak P, Luangtana-Anan M. Preparation
and Characterization of Hydroxypropyl Methylcellulose/
Polycarbophil Mucoadhesive Blend Films Using
a Mixture Design Approach . Chem Pharm Bull
(Tokyo). 2017;65(3):284.

15. Crovetto A, Scholz D. Increasing the
Preservative Palette: a Multifunctional Active with
Natural Efficacy Against Bacteria, Yeasts and
Moulds. SOFW journal. 2016;142(5):2-7.

16. Gardner A. There’s Potassium Sorbate
in My Food — Is That Safe? [Internet]. New
York: livestrong.com; 2020. [cited 2021 March
8]. Available from: https://www.livestrong.com/
article/353871-adverse-health-effects-of-potassium-
sorbate.

17. Announcement of the Ministry of Public
Health Subject: Preservatives that may be used
as ingredients in cosmetic production B.E. 2560
(2017 22 June). Ratchakitcha Volume 134 Special
Chapter 167 D, p19.

18. Ministry of Public Health. Announcement
of the Ministry of Public Health Subject:
Preservatives that may be used as ingredients in
cosmetic production B.E. 2560 (2017 22 June)
Ratchakitcha [Internet]. 2017 [cited 2021 March].
134 (Special Chapter 167 D):p-19. Available from:
http://www.ratchakitcha.soc.go.th/DATA/PDF/
2560/E/167/19.PDF. (in Thai)

ARFDLNAIN:

IANW.ATNBINA dLile
mMadTiuanITNtloiu  AusiuALWNEAERNS
WNINENaBULIART suavhlng shnediey
FowTamsaylan 65000

Insewii 087-6994897

B patcharaphols@yahoo.com

Corresponding author:

Associate Prof. Dr. Patcharaphol Samnieng
Department of Preventive Dentistry, Faculty of
Dentistry, Naresuan University, Tha Pho, Mueang,
Phitsanulok District, Phitsanulok 65000, Thailand.
Tel: (668) 7699 4897

E-mail: patcharaphols@yahoo.com

49



SWU Dent J. Vol.16 No.1 2023 ORIGINAL ARTICLE

Effect of Grinding Inner Surface on Biaxial Flexural Strength,
Phase Analysis and Surface Roughness of Translucent Zirconia

Chalisa Wongjirasawad* Vibul Paisankobrit*

Abstract

Objective: Zirconia is generally used in dentistry. Grinding zirconia is difficult because of
the high value of its surface hardness. Therefore, specific burs for grinding zirconia were created.
To receive proper marginal fit, sometimes grinding a high spot at the inner surface of zirconia fixed
partial denture was needed. The objective was to assess the effect of grinding inner surface on
biaxial flexural strength (BFS), phase analysis and surface roughness of translucent zirconia.

Materials and Methods: Forty samples, disc-shaped translucent zirconia, were randomly
divided into four groups. CT group: no grinding samples; MD group: samples were ground by
medium-grit diamond burs; FD group: samples were ground by fine-grit diamond burs; and HS
group: samples were ground by heatless stone burs. The burs in MD group were represented as
widespread commonly used burs; meanwhile, the burs in FD and HS groups were specifically for
grinding zirconia. All samples were ground for a half-minute. The BFS was tested by Universal testing
machine and the results were evaluated using one-way analysis of variance Scheffé test were
performed to compare BFS among the groups (p-value < 0.05)

Results: The monoclinic phase were existed in all ground zirconia groups and the roughness
was raised compared with the CT group. The BFS of FD and HS group were not statistically significant
differences from the CT group (p-value > 0.05). However, a significant reduction of BFS was
observed in the MD group in comparison with the CT group (p-value < 0.05).

Conclusions: Clinical inner surface adjustment of translucent zirconia fixed partial dentures
with specific burs (FD and HS group) had no significant reduction of the BFS. Conversely, the BFS
was reduced significantly after translucent zirconia was ground by common diamond burs (MD

group).
Keywords: Translucent zirconia, Grinding, Biaxial flexural strength, Surface roughness, Phase analysis
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Introduction

Due to patient’s demand for esthetic and
tooth-colored dentistry have increased, translucent
zirconia became popular (1). It can mimic the
optical properties of the natural tooth and also
has good mechanical properties (2). Zirconia
consists of changeable crystallographic forms
and occurs in three different phases: monoclinic
phase (M) stable up to 1,170 °C, tetragonal
phase (T) between 1,170-2,370 °C and cubic
phase (C) at above 2,370 °C (3). Conventional
zirconia used in dentistry was added with 3
mol% yttria to stabilize the T-phase at room
temperature called 3YTZP (4). The profit of 3Y-
TZP is excellent flexural strength at 900-1,200
MPa (5), but its light transmission is limited (6).

To improve the translucency of zirconia,
4-5 mol% of yttria (4,5Y-TZP) were added to
increase the quantity of cubic phase called
“Translucent Zirconia” (7). The C-phase of zirconia
is isotropic in different crystallographic directions,
which reduces the dispersion of light that appear
at grain boundaries. Consequently, the cubic
zirconia presents more translucent (4). On the
other hand, the flexural strength of translucent
zirconia was decreased to 600-750 MPa (8).

Under the stimuli, for example grinding
and airborne-particle abrasion, may create
microcracks and trigger T-M phase transformation
at the crack tip. The T-M phase transformation
results in a local volume increase of approximately
4.4% (9), which reduces crack size and also
prevents crack propagation. This mechanism is
called “Transformation toughening” that strengthens

the zirconia materials.

In zirconia fixed partial denture, the marginal
fit should be verified. Even though using a
computer-aided design and computer-aided
machining (CAD-CAM) technology (10), high spots
at the inner surface of restoration may occur in
some cases. Grinding inner surface of zirconia
restoration was needed to achieve a proper
marginal fit between restoration and tooth
abutment (11). Grinding exhibits a counteracting
effect on the flexural strength of translucent
zirconia. Either it produces a compressive stress
layer on ground surface that can increase
flexural strength by transformation toughening
(9) or creates surface flaws that can weakening
the zirconia (12).

To grind or polish zirconia, having a high
grinding efficiency bur is required. Accordingly,
specific grinding burs for zirconia, which have
more diamond particles imprinted, have been
manufactured and are presently in the market.
In these burs, diamond grid is imprinted in the
silicone stone, so raising the grinding efficiency
and decreasing heat generation. High-speed
grinding burs for zirconia are often used to grind
zirconia fixed partial denture. Iseri (13) stated
that when grinding zirconia with the high-speed
bur, the value of flexural strength decrease
become less, along with less heat production.
Recently, low-speed heatless stone burs were
introduced for grinding a zirconia, which claimed
high grinding efficiency with less heat generation.
However, there has been no explicit guideline to
choose a suitable bur for grinding inner surface
of translucent zirconia restoration, therefore the

researcher mimicked the use of grinding inner
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surface in clinical practice by choosing medium-
grit diamond burs, fine-grit diamond burs, and
heatless stone burs for grinding translucent
zirconia. Fine-grit diamond burs and heatless
stone burs represent the dedicated specific
zirconia-grinding burs, while medium-grit diamond
burs are generally used and accessible in the
dental clinic. The aim of this research is to provide
a practical guideline on choosing the proper bur
for grinding inner surface of translucent zirconia
fixed partial denture. The null hypothesis is there
are no differences in biaxial flexural strength of

translucent zirconia ground with different burs.

Materials and Methods
1. Sample Preparation

The sample size was calculated by two
dependent means equation (14) according to prior
study(15), total sample size is at least thirty-
three samples. Forty disc-shaped samples were
manufactured according to 1ISO 6872 (16). The
samples were designed and milled by CAD-CAM
(VHF S2, VHF, Germany) using 4Y-TZP Katana™
STML Zirconia block in A3 color (Kuraray Noritake
Dental, Japan). The zirconia’s properties and
components used in this research are listed

Table1 After that, the samples were sintered

(Sintra Plus, Shenpaz Dental Ltd, Israel) according
to the manufacturer’s instruction (heat rate 1:10 °C/
min up to 1,550 °C; hold for 2 hours, followed
by slow cooling 1:10 °C/min down to room
temperature).

The dimensions of the samples were 15
+ 0.1 mm in diameter and 1.2 £ 0.1 mm in
thickness. The samples were cleaned with
ultrasonic cleaner (5210, Bransonic, Germany)
for thirty seconds. The diameter and the thickness
of the samples were measured using a digital
micrometer (Park tool, USA). Forty samples were
randomly divided into each of the four groups
being three groups for different grinding burs
(Fig 1.) and one control group as follows. CT
group (control group): no grinding samples; MD
group: samples were ground by medium-grit
round shaped diamond burs (grit size 90-106
Mm, Jota, Switzerland); FD group: samples were
ground by fine-grit rugby shaped diamond burs
(grit size 38-45 um, Jota, Switzerland); and
HS group: the samples were ground by flame
shaped heatless stone burs (grit size 44-74 pm,
Jota, Switzerland). The burs in the FD and HS
groups were particularly for grinding zirconia
while the burs in the MD group were represented

as widespread commonly used burs.
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Table 1. Properties and components of Katana™ STML zirconia block.

Properties

Fracture toughness
(MPa(m)12)
3-point flexural strength (MPa)
Modulus of elasticity (GPa)
Vickers hardness
Sintering density (g/cm?3)
CTE (10°%/K)
Translucency (%)

(Sample thickness 0.5 mm)

3.2
784
200-210
1,300
6.4
9.8 £ 0.2

38

Components (Wt%)

Phase composition
ZrO, + HfO,
Y,05 + HfO,

Other oxides

Cubic mainly
88-93
7-10
0-2

Fig 1. Burs.

(A) Medium-grit diamond bur, (B) Fine-grit diamond bur, (C) Heatless stone bur.
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2. Define Grinding Area

A translucent acrylic lid was formed by
CAD-CAM in the same size as the specimen
with a 7 mm diameter space at the center to

pinpoint the grinding area. Using putty silicone

as the base to make a specimen stable while in
the grinding process. Put the acrylic lid on top
of the specimen and mark the grinding area with

a pencil then remove the acrylic lid (Fig 2.).

Fig 2. Define Grinding Area.
(A) Putty Silicone, (B) Acrylic Lid, (C) Grinding Area.

3. Grinding

Grinding was achieved by a well-trained
operator using a high-speed handpiece (Twin-
Power PAR-4HX-O, J.Morita, Japan) at 370,000
rpom under water cooling for MD and FD groups.
For HS group, use a low-speed handpiece
(J.Morita, Japan) at 42,000 rpm without water
cooling. Translucent zirconia discs were ground
with side of the bur aligned parallel to the disc
surface and the bur moved in same direction
for a half-minute under gentle pressure until the
pencil mark were eliminated. To secure stability
during grinding, the samples were set in a putty

silicone and operator’s finger rest on it. Replaced

the burs after grinding of every fifth samples
to preserve a steady amount of grit (17-19). All
samples were ultrasonically cleaned for 10 min-
utes. Randomly pick up one specimen from each
group to observe the surface of zirconia under
the stereo microscope (SZ 61, Olympus, Japan)

at 25x magnification.

4. Surface Roughness Test

The non-contact surface roughness tester
(Infinitefocus SL, Alicona, Austria) was used to
determine the average surface roughness (Sa)
for one specimen of each group at 50x magnifi-

cation.

54



SWU Dent J. Vol.16 No.1 2023

5. Phase Analysis Test

Randomly choose another specimen
of each group to identify the percentage of
crystalline phases of the zirconia, using an X-Ray
Diffractometer (XRD; Bruker, D8, Germany). Data
was collected in a Bragg-Brentano assembly on
20 ranges between 10 to 65 degrees with a step
size of 0.5 degrees in continuous mode for one
minute. The percentage of crystalline phases
were calculated using the method established

by Garvie and Nicholson (20).

6. Biaxial Flexural Strength (BFS) Test

All samples were subjected to a BFS test
by the Universal testing machine (Instron 8872,
Instron, UK) at a crosshead speed of 0.5 mm/
min, the load to failure was recorded for each
disc and BFS was computed using the equations
according to 1ISO 6872 (16).

7. Statistical analysis

The statistical analysis of BFS was
performed by SPSS statistic 23 (IBM®). Means
and standard deviations of BFS were calculated.
After that, the normality and the homogeneity of

variance were tested. The data of the experiments

were statistically analyzed by one-way analysis
of variance. The Scheffé test was used to evaluate
the statistical significance among groups (p-value

=< 0.05).

Results

The stereo microscope (Fig 3.) showed
that all grinding groups created an irregular
surface. MD group; zirconia ground with medium-
grit diamond burs; introduced the most obvious
deep and irregular scratches (Fig 3.B) followed
by FD group; zirconia ground with fine-grit
diamond burs which presented shallow scratches
(Fig 3.C). In HS group; zirconia ground with
heatless stone burs; had no noticeable surface
scratch (Fig 3.D). The values of average surface
roughness (Sa) were presented in Table 2; MD
group had the highest value of Sa (1,635 um)
followed by FD group (807 pm) and HS group
(472 pm). The Sa of all the grinding groups was
higher than the control group (394 pm). XRD, as
follows in Table 2, showed that all the grinding
groups presented the M-phase while there was
an absence of M-phase in the control group

which C-phase was mainly presented.
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Fig 3. Surface of the samples
(A) CT group, (B) MD group, (C) FD group, (D) HS group.

Means and standard deviations of BFS
(MPa) of all groups are presented in Table 3.
The results from the Shapiro-Wilk test showed
that the BFS values were normally distributed
(p > 0.05). Using Levene’s test to examine the
homogeneity of variances. One-way analysis of
variance showed a significant difference among

groups. Scheffé test showed that zirconia in MD

group had the lowest mean BFS (392.05 + 81.87
MPa) with significantly different from the control
group (534.50 + 70.64 MPa) and HS group
(503.86 + 63.55 MPa). Meanwhile, zirconia in FD
group (457.49 + 56.83 MPa) and HS group had
no significantly different BFS compared with the

control group as follows in Table 3.
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Table 2. The results of the average surface roughness (Sa) and phase analysis tests.

Phase Analysis (%)

Group Sa (um) C-phase T-phase M-phase
CT 394 58.75 41.25 -
MD 1,635 38.36 59.11 2.53
FD 807 35.40 62.31 2.29
HS 472 33.63 63.77 2.61
Table 3. The results of biaxial flexural strength (BFS) test.
BFS BFS Mean p-value
Group Mean SD Group Mean SD Difference
CT 534.50 70.64 MD 392.05 81.87 142.45 0.001*
FD 457.49 56.83 77.01 0.119
HS 503.86 63.55 30.64 0.804
MD 392.05 81.87 FD 457.49 56.83 65.44 0.230
HS 503.86 63.55 111.82 0.010*
FD 457.49 56.83 HS 503.86 63.55 46.38 0.526

Post hoc analysis: Scheffé, * = The mean difference is significant (p-value < 0.05)

Discussion

Grinding translucent zirconia is difficult
because of the high value of its hardness.
Nowadays, there is no definite instruction of
grinding zirconia and choosing the burs even
though sometimes grinding inner surface of
zirconia restoration was needed to fit in the
abutment. Medium-grit diamond burs, fine-grit
diamond burs and heatless stone burs were
chosen for grinding translucent zirconia because
these burs are widely used in the practical dental

clinic.

Surface appearance under the stereo
microscope showed that grinding translucent
zirconia with common diamond burs, medium-grit
diamond burs, created deep and sharp scratches.
Meanwhile, grinding with specific burs, fine-grit
diamond and heatless stone burs, presented
shallow scratches. This research showed that all
ground zirconia had higher surface roughness
than the control group in accordance with previous
studies which study in conventional zirconia (3Y-
TZP)(15,17,21). Due to the common use of burs

for grinding zirconia in dental clinic, the different
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shape of burs was chosen in this research.
According to Nadin, et al. (22) stated that polishing
zirconia with different shapes of burs produced
statically similar surface roughness values.
Specific burs for grinding zirconia show the lower
value of roughness; Sa in group FD = 807 um
and HS group = 472 ym, compared to common
diamond burs in MD group; Sa = 1,635 ym
corroborates with Chavali, et al. (23), which stated
that due to the numerous of diamond particles
were imprinted in the specific diamond burs for
zirconia, grinding or polishing 3Y-TZP with specific
diamond burs for zirconia had more efficiently
than common diamond burs for ceramics. Surface
roughness of ground translucent zirconia might
play a crucial role in the strength of materials,
Flury, et al. (24) revealed that surface roughness
has a significant negative correlation with flexural
strength consistent with this research; the higher
surface roughness, the lower flexural strength
(Table 2 and 3). However, Wang, et al. (25)
focused on deep and sharp flaws that effect
flexural strength more than the average surface
roughness, deep and sharp defects act as areas
of stress concentration and can be the weak
point of zirconia materials which may lead to
catastrophic failure during loading.

M-phase was detected in all ground
specimen groups whereas it was absent in the
control group as same as prior studies that used
conventional zirconia (26-28). Kosmac, et al. (29)
revealed that M-phase had a direct variation
toward the decrease of BFS unlike the result
of this research, which showed that the highest
M-phase was found in HS group, but it also had
the highest BFS as well. This may be since only

one specimen was randomly assigned to XRD.

Due to irradiating X-rays beam may impact the
specimen in the core material, which is deeper
than the ground layer. Therefore, the result of
M-phase in each group may not represent its
value in the ground surface. Nevertheless, Gabriel
R. Hatanaka et al. found M-phase in all grinding
groups and the quantity of % M-phase had no
correlation with decreasing of flexural strength
same as this research.

In this research, BFS of grinding translucent
zirconia (4Y-TZP) with specific burs (FD and
HS group) had no significant differences from
the control group (p-value > 0.05). Meanwhile,
translucent zirconia ground with common diamond
burs, medium-grit diamond burs, had significantly
decreased BFS compared to the control group
(p-value < 0.05). Accordingly, the null hypothesis
was rejected. Grinding can create flaws, as
shown in this research, depending on the bur’s
roughness, grinding force, temperature, rotation
speed, and volume of M-phase (30). These flaws
or cracks can spread into the bulk of translucent
zirconia (31), resulting in decreasing its BFS
when the crack level is deeper than the compressive
layer of estimate 15 to 20 um (27,32). Nevertheless,
the BFS of zirconia depends on the equilibrium
between the increased BFS by transformation
toughening mechanism and the decrease in
these properties owing to the grinding defections
(33). In accordance with Kyung-Rok Lee, et al
(28) stated that grinding 3Y-TZP with specific
burs for zirconia does not significantly decrease
BFS compared with the control group while
grinding 3Y-TZP with common burs for ceramics
significantly decreased BFS. Also, there is M-phase
detected in all grinding groups but it was absent

in the control group.
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Conclusion

Grinding inner surface of translucent
zirconia, 4Y-TZP, with specific burs for zirconia
(FD and HS group) did not significantly decrease
BFS. However, BFS of translucent zirconia
ground by widespread commonly used diamond
burs (MD group) was decreased significantly

compared to the control group.
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Effect of Different Mechanical Properties of Core Build-up
Materials on the Root Furcation of A Severely damaged
Primary Molar: A Finite Element Analysis
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Abstract

Objectives: To assess the von Mises stress and stress distribution pattern on the root furcation
of a severely damaged primary molar restored with different core build-up materials and stainless-
steel crown (SSC).

Materials and Methods: The finite element analysis was used to investigate stresses induced
in the tooth structures included a sound primary molar and severely damaged primary molars
restored with four different core-build up materials, including flowable composite core build-up, bulk-
fill resin composite, RMGIC and nano-BRMGIC. The maximum von Mises stress was used to represent
the internal load induced in the model.

Results: Overall maximum von Mises stresses was the highest in the sound tooth. However,
when focusing on apico-cervical aspect, all restored primary molars showed higher maximum von
Mises stress than the sound tooth. The stress distribution pattern of each group was similar, except
for the nano-RMGIC group that showed high stress concentrated at the tooth furcation and the buccal
aspect of the root furcation. From the ratio of its tensile strength and the maximum von Mises stress,
the nano-RMGIC possessed the highest fracture resistance, followed by bulk-fill composite, RMGIC
and flowable composite core group, respectively.

Discussion: Although nano-RMGIC possessed the highest fracture resistance, it showed an
unfavorable stress distribution pattern, which caused high stress at the root furcation. The bulk-fill
composite possessed not only high fracture resistance but also favorable stress distribution.

Conclusion: The present study introduces crucial information that could lead to an alternative
treatment for severely damaged primary molar. Our findings recommend bulk-fill composite as a

potential core build-up material.
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Introduction

Early childhood caries (ECC) is still one of
the important public health problems among the
Thai children population. According to the eighth
Thailand National Oral Health Survey in 2017
revealed the prevalence of dental caries, 52.9%
of children aged three years old and 75.6% of
children aged five years old (1). The result
showed that the prevalence of dental caries in
primary dentition is still high. ECC has several
negative impacts on a child’s dental and general
health (2). The common treatment option for
severely damaged primary teeth (complete loss
of clinical crown) is extraction, which results in
premature loss of primary teeth. Early loss of
primary teeth might develop morphological,
functional and psychological problems (3).
Although the space maintainer appliance can be
utilized to prevent premature space loss, several
deliberations, such as close monitoring, well
cooperation between patient and parent and
good oral hygiene, are required (4). To prevent
tooth extraction and the adverse consequence,
pulp treatment and a core build-up in severely
damaged primary teeth with stainless steel crown
(SSC) could be an alternative treatment option.

An extensive carious lesion in the primary
molar is challenging for management. The gold
standard treatment option for severely damaged
primary molars is stainless-steel crowns (SSCs).
Several studies reported clinical success of using
SSCs in a pediatric patient (5). It is a cost-effective
treatment, decreases the risk of secondary caries,
and eases handling (6), especially for treatment
under sedation and general anesthesia (7,8).
However, SSCs failures could usually be attributed

to either crown perforation or crown loss as a

result of cement wash out (9,10). Our previous
in vitro study has shown that restoring severely
damaged primary posterior teeth (complete loss
of the clinical crown) with a flowable composite
core build-up (MultiCore®, Ivoclar Vivadent,
Liechtenstein) is possible and help increase fracture
resistance. The fracture load is ten times higher
than the physiologic chewing force (11). However,
the failure mode of prepared teeth appeared to
be a non-restorable fracture at the root furcation.
The failure at root furcation was shown by finite
element analysis (FEA) to be associated with a
high-stress concentration at the floor of pulp
chamber and the root furcation (11,12). These
may be due to the biomechanical nature of the
tooth restored using the high modulus MultiCore®
as the core-build up material.

Core build-up materials have long been
shown to be beneficial for restoring severely
destructed permanent teeth and, to a lesser
extent for primary teeth (11,13,14). These can be
divided into three main categories: 1) metal-based
materials such as amalgam and casting alloy,
2) resin composite materials such as MultiCore®,
and 3) resin-modified glass ionomers (RMGI)
(15-17). For restoring severely damaged teeth,
the mechanical properties of the core build-up
materials is one of the key factors in the success
of the restored tooth (18). To minimize stress
concentration at the root furcation of a severely
damaged primary tooth, a core material used
should have an elastic modulus close to that
of dentin (19). So, the occlusal stress is evenly
distributed on the remaining tooth structure,
particularly the furcation dentine. It has also been
suggested that the mechanical properties of core

material are not the only factor that influences
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the fracture resistance of the restored teeth. Core
build-up material should also be bonded with the
root dentine to obtain stabilized restoration that
helps decrease the risk of dislodging and prevent
root furcation fracture (20). In conclusion, various
properties of the core build-up material above
mentioned participating in tooth resistance to
the fracture.

Consequently, four core build-up materials
that have different biomechanical properties,
including elastic modulus and tensile strength,
were used in this study. Besides different
biomechanical properties, working with pediatrics
patients has unique characteristics which may
need a material that is easy to manipulate, utilize
less clinical chair time and decrease moisture
sensitivity (21,22). Therefore, apart from flowable
composite core build-up (MultiCore®, Ivoclar
Vivadent, Liechtenstein), another three different
types of material, commonly used in a pediatric
clinic, including bulk-fill resin composite (Filtek™
Bulk Fill, 3M ESPE, USA), RMGIC (Fuiji Il LC®,
GC, Japan) and nano-RMGIC (KetacTM Nano,
3M ESPE, USA) were chosen in this study.

Finite element analysis, which is a well-
established numerical method used in engineering
applications, was adopted in this study. In the
finite element procedures for stress analysis, a
solid model of the tooth structures of interest is
discretized into a small domain called “element”,
which is connected to other elements at the nodes.
Boundary conditions which include boundary
constraints and load conditions, are pre-assigned
to the simulated model. Displacement, strain and
stress on the elements can be determined from
the set of algebraic equations and applied boundary

conditions.

To determine the effect of different
mechanical properties of various core build-up
materials on the root furcation fracture of a
severely damaged primary molar, this study
assessed the von Mises stress and stress
distribution pattern of the materials frequently
used in pediatric dentistry. Finite element analysis
of the SSC-restored primary molar, using four
dental materials with different elastic modulus
and tensile strength as core build-up materials,

was performed.

Materials and Methods

In this investigation, stresses induced
in the tooth structures were determined and
compared between each case of the study. The
tooth used in this study included a sound primary
molar and a severely damaged primary molar
(complete loss of clinical crown) with SSC
restorations (11). For the cases of a restored
molar, core-build up materials used in the model
were flowable composite core build-up (MultiCore®,
Ivoclar Vivadent, Liechtenstein), bulk-fill resin
composite (FiltekTM Bulk Fill, 3M ESPE, USA),
RMGIC (Fuiji Il LC®, Ge, Japan) and nano-RMGIC
(KetacTM Nano, 3M ESPE, USA). These core
build-up materials possessed different elastic
modulus (ranging between 4000-16,000 MPa)
and tensile strength (ranging between 40-75
MPa) (11,23-26).

The finite element model was obtained
from the CT-scanned images of a sound primary
molar from previous study (11). The scanned
images were processed and cleaned using Catia
V5 (Dassault Systémes, Vélizy-Villacoublay, France)
and an open-source program Blender (https://

www.blender.org/), which are computer-aided
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design software, to delete and reconstruct the
defective parts of the image. The software was
also used to generate the restored primary molar
model by substituting the upper part of the tooth
with the re-constructed SSC and core-build up
materials. The outer boundaries of the sound
primary molar and the restored primary molar
are identical so that the stress analysis from the
finite element program can be compared.
Complete solid model of sound and
restored primary molars were then converted to
finite element model using meshing function of
the ANSYS v.18 (ANSYS Inc., Canonsburg, PA,
USA) finite element program. Convergence studies
were conducted to ensure that the models were
meshed independently and the obtained stresses
were converged. In this study, a tetrahedron
element was chosen with an element size of 1 mm
in the bone, 0.1 mm in PDL, and 0.3 mm in other

parts of the model. A smaller element was

required in the PDL so that stresses in the PDL
region were accurately achieved. Since models
were comprised of various components, types
of contact between each component must be
identified to acquire a more accurate solution. In
this study, all interfaces were set to be bonded
as described in previous study (11).

All components of the tooth models were
supposed to be isotropic and homogeneous.
Materials properties required in the FEA, including
Young’s modulus and Poisson’s ratio, were shown
in Table 1 (11,23-26).

With the applied 100N static occlusal loads
perpendicular to occlusal surface, and prescribed
boundary conditions described in previous study
(11), mechanical responses in terms of displacement,
stress and strain were determined. In this study,
stress components in the model were of interest.
They were used to calculate von Mises stress,

which is defined as;

O, is von Mises stress

2 2 2, 2, 2
Z) +(0'ZZ —O'xx) }+3(le + 75, +T31)

Oy O, and 0, are the direct stress components at the point of interest

T is the shear stress component

Based on the maximum distortion energy
theory, von Mises stress can be used to repre-
sent the internal load induced in the model. A

model with a higher von Mises stress is likely to

fail before that with a lower value of von Mises
stress. So, in this study, von Mises stress in
the models with different core materials were

compared.

65



2.AuUA.LUAD TR 16 aUUA 1 w.A. 2566

Table 1. Properties of tooth structures and dental restorative materials used in FEA.

Materials Elastic Modulus Poisson’s ratio Tensile strength
(MPa) (MPa)
Enamel 84,100 0.20 -
Dentine 18,600 0.31 -
Pulp 2 0.45 -
PDL 68.90 0.45 -
Cortical bone 13,700 0.30 -
Spongy bone 1,370 0.30 -
Zinc oxide eugenol 2,140 0.28 -
SSC 200,000 0.33 -
Cement 10,860 0.30 -
Flowable composite core (MultiCore®) 16,000 0.26 50.60
Bulk-fill composite core
(Filtek™ Bulk Fill) 13,460 0.18 41.10
RMGIC core
(Fuji Nl LC®) 10,860 0.30 45.00
Nano RMGIC Core
(KetacTM Nano) 4,000 0.44 55.00

Results

In the sound tooth, the overall maximum
von Mises stress was approximately 230 MPa,
and it possessed an evenly distributed stress
pattern (Fig. 1A). However, higher overall maximum
von Mises stresses between 282 and 285 MPa

were observed in severely damaged primary

molars restored with different core-build up
materials and SSC placement (Fig. 1B-1E).
Similar stress distribution in these restored tooth
models was noticed but their distribution patterns
appeared to be less even compared with that of

the sound tooth.
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Fig.1. Finite element analysis showing overall maximum von Mises stress and stress

distribution in the sagittal plan of a sound tooth (A) and SSC restorations using the

following materials as core-build up materials: flowable composite core (B), bulk-fill composite

(C), RMGIC (D) and nano-RMGIC (E). The numbers shown are maximum von Mises stress in

MPa. Color ranged from blue to red indicated the lowest to the highest von Mises stresses.

The results further showed that in the
sound tooth, the maximum von Mises stress
at apico-cervical aspect was approximately 56
MPa. The stress concentration was found at its
linguo-cervical area but not involving its furcation
(Fig. 2A). However, much lower maximum von
Mises stresses were observed in severely damaged
primary molars restored with different core-build

up materials and SSC placement (32-36 MPa)

(Fig. 2B-2E). It is noteworthy that the stress
distribution pattern of the flowable composite
core (Fig. 2B), bulk-fill composite (Fig. 2C) and
RMGIC (Fig. 2D) groups appeared to be similar
to that of the sound tooth group, but the stress
concentration in the nano-RMGIC group was
observed at the linguo-cervical area and involving

the tooth furcation (the red arrow in Fig. 2E).
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Fig.2. Finite element analysis showing maximum von Mises stress and stress distribution

(apico-cervical aspect) in the tooth structure of a sound tooth having similar tooth structure to

other groups (A) and in the remaining tooth structure of the severely damaged primary molar

with SSC restorations using the following materials as core-build up materials: flowable

composite core (B), bulk-fill composite (C), RMGIC (D) and nano-RMGIC (E). The numbers

shown are maximum von Mises stress in MPa. Color ranged from blue to red indicated the

lowest to the highest von Mises stresses.

Stress distribution at the pulpal floor
dentine of each sample was shown in Fig. 3
revealing a clear stress concentration at the
pulpal floor dentine of the nano-RMGIC group.

The results also demonstrated the highest stress

concentration on the pulpal floor dentine of the
nano-RMGIC group (pale orange line in Fig. 3F).
Again, the sound tooth group had the lowest
stress at the pulpal floor dentine (blue line in
Fig. 3F).
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Fig.3. Finite element analysis showing stress distribution (pulpal floor aspect) in the tooth
structure of a sound tooth having similar tooth structure to other groups (A) and in the
remaining tooth structure of the severely damaged primary molar with SSC restorations

using the following materials as core-build up materials: flowable composite core (B), bulk-fill

composite (C), RMGIC (D) and nano-RMGIC (E). Red dotted line showed the area of remained
pulpal roof dentine after cross-sectioning the simulated model at the same level shown in

B-E. In (F), the graph showed equivalent stress along the pulpal floor (white dash lines in A-E).

Color ranged from blue to red indicated the lowest to the highest von Mises stresses.
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Fig. 4 Stress distribution at the root furcation (Fig. 4E), which showed a stress concentrated
of each group possessed a similar, but not line (yellow/orange) connecting (a red arrow) to
identical, pattern. The only clear difference among the stress concentrated lines running from the
all groups was observed at the buccal aspect buccal surface (yellow/orange).

of the root furcation in the nano-RMGIC group

Fig. 4. Finite element analysis showing stress distribution at the root furcation of a sound

tooth (A) and severely damaged primary molars with SSC restorations using the following

materials as core-build up materials: flowable composite core (B), bulk-fill composite (C),
RMGIC (D) and nano-RMGIC (E). Color ranged from blue to red indicated the lowest to the
highest von Mises stresses. A red arrow denoted the stress distribution concentrated at the

buccal root furcation area.
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Maximum von Mises stress and stress
distribution of the dental materials used as core
build-up materials were shown in Fig. 5. Overall,
lower stress was observed in the nano-RMGIC
group (Fig. 5D vs Fig. 5A-5C). Resistance to

fracture of a material of interest correlates with

Strength/Stress = 2.18

Strength/Stress = 2.72

the ratio of its tensile strength and the maximum
von Mises stress (27). In this study, the nano-
RMGIC possessed the highest fracture resistance,
followed by bulk-fill composite, RMGIC and flowable

composite core group, respectively.

Strength/Stress = 3.81

7
6
5
4
3
2
1
0.

Strength/Stress = 4.80

Fig. 5. Finite element analysis showing maximum von Mises stress and stress distribution of

the following materials used as core-build up materials: flowable composite core (A), bulk-fill

composite (B), RMGIC (C) and nano-RMGIC (D). Color ranged from blue to red indicated the

lowest to the highest von Mises stresses. The ratios of the tensile strength and the maximum

von Mises stress of each group are shown.
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Discussion

Following pulp therapy, restoring the
severely damaged primary molars using SSC
with core build-up material is possible. This
supported by the findings in the in vitro model
that the restored tooth being resisted to high
occlusal load (11). Finite element analysis, a
reliable simulated model, has previously been
shown to be correlated with in vitro experimental
fracture resistance (25,28,29). The data obtained
from finite element analysis could demonstrat
the outcome in both qualitative, i.e. von Mises
stresses and quantitative data, i.e. pattern of force
distribution. In the present study, the results
showed, for the first time, that although the core
build-up using nano- RMGIC possessed the highest
fracture resistance, it caused highest maximum
von Mises stress concentrated along the root
furcation, resembling the furcation fracture line
previously shown (11). The bulk-fill composite
appeared to be the most suitable core build-up
material because the material possessed favorably
high fracture resistance and caused much lower
von Mises stress on tooth structures than that
produced by the nano-RMGIC. Apart from short
working time and less technique sensitivity,
bulk-fill composite provided comparable or
superior performance compared to conventional
resin composite (30-32). This composite also
established satisfactory outcomes for laboratory
and clinical research on primary teeth (33-36).
Therefore, bulk-fill composite could be
recommended as core build-up material in
children.

It is noteworthy that metal-based core
build-up materials were not included in the present

study because these materials may not be

suitable for core build-up in children. The use
of amalgam core-build up requires a long final
setting time and raises a concern of mercury
component while the use of metal cast post
needs multiple visits. Moreover, these metal-
based core build-ups cannot generally bind
tightly to the dentine, resulted in dislodgement
of the material, thus initiating fracture of the root
furcation (37, 38). In contrast, both resin composites
and RMGIC, including the nano-RMGIC, are
known to be able to bind to the dentine, creating
the monoblock-like property, which is expected
to prevent fracture of dentine (39-43). These tooth-
bonded materials also have several advantages,
including proper setting time, anti-bacterial
molecules, fluoride release, and inhibition of
tooth demineralization (44-46).

In the present study using finite element
analysis, maximum von Mises stresses in the
dentine of the tooth restored with SSC and any
core-material restoration were significantly lower
than that of the sound tooth. This numerical
result was reasonable since the stiffness of
stainless steel (E = 200 GPa) is much more
than that of human enamel (E = 84.1GPa). When
the SSC is subjected to the applied load, its
deformation occurred less than that of the
enamel in a sound tooth.

So, a smaller amount of stress is transferred
to the core build-up materials and to the dentin
underneath. In other words, the SSC absorbs
more applied load and transfers less load
compared to the case of an enamel.

It is important to note that several other
factors apart from those used in the present
finite element analysis may play an important

part in the success of the restoration of extensively
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damaged primary molars. For treatment of these
carious teeth, the results in the present study
introduced an alternative treatment (to the
routine extraction) and a potential core build-up
material candidate that possesses high fracture
resistance of the root furcation. Tensile strength
and elastic modulus play a significant part, and
modification of mechanical properties of core
build-up materials may be possible. To improve
the mechanical properties of the complete cured
GIC, nano-RMGIC was developed by incorporate
nanofillers. The nano-RMGIC established
comparable bond strength as effectively as
conventional GIC to enamel and dentin. However,
it had considerably less bonding efficiency than
conventional RMGIC (47,48).

The finite element analysis is a mathematical
method analyzing stress on a solid model of
tooth structure. There are several strengths of
using this method. As the FEA technique may
also apply stress point that can be hypothetically
evaluated, it is allowed to create the position,
magnitude, and path of applied force. It is also
not an invasive technique and does not affect
the physical properties of the analyzed model.
Consequently, the repetition of the test can be
easily done multiple times (49,50).

On the other hand, due to it is in vitro
study, based on numerical method, in which clinical
conditions may not be completely replicated. In
addition, FEA in this study was analyzed under
the condition of static occlusal loading. Therefore,
it may not mimic the clinical situation. Further
studies should focus on investigating stress
distributions and fracture resistance under

conditions of dynamic loading force, which would

be close to the actual clinical implication.
In addition, further FEA method should be
supplemented with clinical research

Further clinical studies to identify the most
appropriate core build-up materials and success
rate of this alternative treatment for extensively
damaged primary molars in ECC patients will
undoubtedly be beneficial to improve our patients’
quality of life.

In conclusion, within the limitation of the
study, the following conclusions can be drawn:

1. The nano-RMGIC core build-up material
resulted in the highest fracture resistance but
caused the highest maximum von Mises stress
concentrated along the root furcation.

2. The bulk-fill composite appeared to be
the most suitable core build-up material, providing
high fracture resistance and low von Mises stress

on tooth structures.
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Lacticaseibacillus paracasei TISTR 2688, Isolated from
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Abstract

Objective: This study aimed to evaluate the potential of Lacticaseibacillus paracasei TISTR
2688 to be used in the field of oral health care.

Materials and methods: The strain TISTR 2688 was assessed for its antimicrobial activity
using agar well diffusion assay, ability to suppress plaque formation on prosthetic teeth, tolerance
to lysozyme, antibiotic susceptibility and acute oral toxicity based on Organization for Economic
Co-operation and Development (OECD) Guidelines.

Results: Cell-free supernatant of the strain TISTR 2688 possessed inhibitory activity against
Actinomyces vericosus, Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum subsp.
polymorphum, Porphyromonas gingivalis, Prevotella intermedia, Streptococcus mutans, S. sanguinis,
and S. sobrinus, but exhibited no antifungal activity against Candida albicans. In terms of safety,
TISTR 2688 showed the phenotypic antibiotic susceptibility to ampicillin, chloramphenicol, clindamycin,
erythromycin, gentamycin, kanamycin, streptomycin and tetracycline. The acute oral toxicity assay
in rats with TISTR 2688 at 1 x 10" CFU/kg body weight demonstrated no mortality results. In addition,
no toxicity or evidence of gross pathological alterations was observed.

Conclusion: Due to its antibacterial activity against some oral pathogens and safety in term
of antibiotic susceptibility test together with no acute oral toxicity, L. paracasei TISTR 2688 tend to

have potential for development as an oral health care product.
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Introduction

Oral diseases, especially dental caries and
periodontal diseases, are prevalent at all ages
and have become a major global public health
burden. An important cause of oral diseases
is an imbalance of microflora in the oral cavity
due to poor oral hygiene. The overgrowth of oral
pathogens causes various pathologies beginning
with the accumulation of plaque on the surfaces
of teeth and gingiva. If untreated, tooth caries
occur, followed by gingivitis, periodontitis and
tooth loss (1). In addition, oral diseases are linked
to some non-communicable diseases (NCDs),
especially diabetes mellitus (DM) and cardiovascular
disease. Despite oral self-care and many commercially
available oral-care products, including mouthwashes,
dental caries and periodontal diseases persist
globally. In addition, the use of oral-care products
containing antimicrobial agents may have undesired
consequences such as side effects, the disturbance
of the oral microflora balance and, notably,
antimicrobial resistance (2). Hence, alternative
methods with greater efficacy and fewer undesirable
effects are still required for maintaining oral
health.

Various lactic acid bacteria have been
isolated and evaluated for their benefits in oral
health. A number of studies have demonstrated
the in vitro antibacterial activities of Lactobacillus
spp. against an important bacterium for early
caries initiation, Streptococcus mutans (3,4), and
the periodontal pathogens (5). Some strains of
L. paracasei were proven to reduce the release
of IL-6, IL-8 and prostaglandin E2 (PGE2) from
monocytes (6). In vitro and in vivo studies of
probiotic efficacy for the treatment of various

oral diseases were summarized by Chugh et al.

(7). The probiotics most commonly used for oral
health include L. rhamnosus GG, L. paracasei
SD1, L. acidophilus, Bifidobacterium adolescentis,
B. animalis, Propionibacterium freudenreichii,
Enterococcus faecalis, E. faecium and
Streptococcus salivarius. All of them were isolated
from conventional sources such as animal milk
(8), human breast milk (9) or caries-free subjects
(4-5). To date, there have been no reports on the
potential of probiotics from non-human sources
to be used for the treatment of dental caries or
periodontal diseases.

L. paracasei TISTR 2688 was isolated
from fermented termite comb, fermented liquid
obtained from 10-days fermentation of termite
comb mixed with cooked sticky rice and water
from washing rice. It was assessed for probiotic
characteristics and safety properties including
hemolytic activity and antimicrobial resistance
according to the Notification of the Ministry of
Public Health Re: Use of Probiotic Microorganisms
in Foods B.E. 2011. It was found that the strain
TISTR 2688 exhibited resistance to simulated
gastric and simulated small intestinal juices,
good adherence to the Caco-2 and HT-29 human
colon cell lines, an absence of hemolytic activity
and susceptibility to antibiotics according to a
disk diffusion assay. Interestingly, TISTR 2688
showed strong antibacterial activity against
Staphylococcus aureus, S. epidermidis,
Escherichia coli, Salmonella Typhimurium, S.
Enteritidis, Listeria monocytogenes and clinically
isolated Helicobacter pylori PT14 (10). Therefore,
TISTR 2688 was selected for the further
investigation of its antibacterial activity against

oral pathogens and safety characteristics.
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Materials and Methods
1. Microorganisms and Growth Conditions

L. paracasei TISTR 2688 was grown in de
Man, Rogosa and Sharpe (MRS) medium (Merck,
Darmstadt, Germany), pH 6.8, supplemented with
0.05% L-cysteine HCI (Merck, Germany). Incubation
was carried out in an anaerobic jar (Thermo
Scientific™, USA) containing an AnaeroPack®
(MCG, Tokyo, Japan) at 37 °C for 24-48 h.

The indicator strains used in this study
were oral pathogens including Actinomyces
vericosus ATCC 43146, Aggregatibacter
actinomycetemcomitans ATCC 700685,
Fusobacterium nucleatum subsp. polymorphum
ATCC 10953, Porphyromonas gingivalis ATCC
3327, Prevotella intermedia ATCC 25611,
Streptococcus mutans ATCC 25175, S. sanguinis
ATCC BAA-1455, S. sobrinus ATCC 27351 and
Candida albicans ATCC 10231. All the indicator
microorganisms were stored at -80°C in 40%
glycerol until use. C. albicans ATCC 10231 was
grown in Sabouraud dextrose broth or agar
(Merck, Germany), while the other indicator mi-
croorganisms were anaerobically grown on 5%
sheep blood agar at 37 °C for 24-54 h.

2. Preparation of Cell-Free Supernatant of
TISTR 2688

A 48 h-old culture of TISTR 2688 grown
in MRS broth, pH 6.8, supplemented with 0.05%
L-cysteine HCI, was centrifuged at 5000 rpm for
10 min at 4 °C. The supernatant was collected,
sterilized through a 0.22 pm filter membrane

(Merck, Germany) and kept at -20°C until use.

3. Determination of Antimicrobial Activity of
TISTR 2688 by Agar Well Diffusion Method
Colonies of the indicator microorganisms

grown anaerobically on suitable media—5%

sheep blood agar or Sabouraud dextrose
agar were suspended in brain heart infusion (BHI)
broth (Merck, Germany) to make the inoculum.
After adjusting the turbidity to match that of a
0.5 McFarland standard, the inoculum was evenly
applied on the surface of 20 mL of either 5%
sheep blood agar or Sabouraud dextrose agar.
Then, 6 mm wells were made in the test agar
using a sterile cork borer. Each well was loaded
with 60 uL of the cell-free supernatant. Normal
saline was used as the negative control. After a
suitable incubation period, the diameters of the
inhibition zones observed around the wells were

measured in millimeters (mm) (11).

4. Inhibition of Biofilm Formation on Prosthetic
Teeth by TISTR 2688

An inoculum of S. mutans ATCC 25175
was prepared by suspending a few colonies
of 48 h-old culture grown on 5% sheep blood
agar in BHI broth. Its turbidity was subsequently
adjusted to match that of a 0.5 McFarland standard.
Each sterile prosthetic incisor teeth were added
into each well of 12-well culture plates (Corning®,
USA). Then, 2 mL of mixture containing 1 mL
of double-strength BHI broth supplemented with
0.5% sucrose and 1 mL of cell-free supernatant
was added into each well. After adding the S.
mutans ATCC 25175 inoculum (100 pL/well), the
plate was anaerobically incubated at 37 °C for 3
days. BHI broth was used as a negative control.
The mixture was changed daily. At the end of
the incubation time, each prosthetic incisor teeth
was gently washed 3 times with Dulbecco’s
phosphate buffered saline (DPBS, Gibco®, USA).
The amount of S. mutans ATCC 25175 presented
on each tooth surface was enumerated by the
standard plate count method using 5% sheep

blood agar as the growth medium.
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5. Tolerance of TISTR 2688 to Lysozyme

Cell pellets were prepared by centrifuging
an overnight culture of TISTR 2688 at 5000 rpm
for 10 min. The pellets were washed twice with
DPBS and subsequently suspended in DPBS to
obtain a cell concentration of 10° CFU/mL. The
resistance to lysozyme was determined by adding
100 pL of TISTR 2688 inoculum to 3 mL of
phosphate buffered saline (Merck, Germany), pH
7.2, containing 1 mg/mL lysozyme (GoldBio®,
USA). After incubation at 37 °C for 180 min, the
numbers of TISTR 2688 at 0 and 180 min were
enumerated by viable plate counts using MRS

agar containing 0.05% L-cysteine HCI (12).

6. Antibiotic Susceptibility of TISTR 2688
Eight antibiotics were used for testing:
ampicillin (AMP), chloramphenicol (C), clindamycin
(CD), erythromycin (E), gentamicin (CN), kanamycin
(K), streptomycin (S) and tetracycline (TE). The
susceptibility of TISTR 2688 to the antibiotics
was measured by determining the minimal inhibitory
concentrations (MICs) using MIC test strips
(Liofilchem, Italy) following the procedure described
in the manufacturer’s instructions with a slight
modification. Briefly, TISTR 2688 inoculum was
prepared by directly suspending colonies from
48 h-old TISTR 2688 anaerobically grown on
MRS agar containing 0.05% L-cysteine HCI
in normal saline solution (0.85% NaCl). After
adjusting the turbidity to match that of a 0.5
McFarland standard, the inoculum was evenly
applied on the surface of 25 mL Hi-sensitive
agar plate (Himedia, India) using cotton swabs.
Each antibiotic strip was gently placed on the
inoculated plates. After incubation, the MIC value

for each antibiotic was read and compared to

the microbiological cut-off values described
by the European Food Safety Authority (EFSA)
(14). L. rhamnosus GG DSM 33156 was also
comparatively tested. MIC values higher than
the microbiological cut-off values were taken as

indicating resistance.

7. Acute Toxicity Evaluation of TISTR 2688

The acute toxicity of TISTR 2688 was
evaluated in rats according to OECD Guidelines
for Testing of Chemicals, Test Guideline (TG) No.
420: Acute Oral Toxicity—Fixed Dose Method,
2001. Five female Sprague Dawley rats (Nomura
Siam International Co. Ltd., Bangkok, Thailand)
aged 7 weeks with initial weights of 188-226 g
were employed. After 1 week of acclimatization
and before experimentation, all the rats were
fasted overnight for 16 h. Then, they were orally
fed with live TISTR 2688 suspended in UHT milk
at a concentration of 1 x 1010 CFU/kg body
weight. Following treatment, the rats were closely
observed for any clinical signs or toxicological
symptoms (such as convulsions, tremors, diarrhea,
salivation, lethargy, sleep, coma and mortality)
during the first 4 h. After that, observation was
performed daily for 14 days. The body weights
of all the rats were recorded shortly before the
administration of TISTR 2688 and at the end
of each week. At the end of the experiment,
the animals were humanely sacrificed by CO,
asphyxiation. Gross pathological examinations
of internal organs were performed. The animal
experiment was conducted in accordance with
the Guidelines for the Care and Use of Laboratory
Animals at TISTR, and the Animal Ethics
Committee at TISTR approved the study protocol
(Approval No. TS-63003).
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8. Statistical Analysis

The experimental results are expressed as
mean * standard deviation (SD). The data were
subjected to analysis of variance (ANOVA) with
Tukey’s honestly significant difference test with
statistical significance at p < 0.05. All the analyses

were carried out using IBM SPSS Statistics 23.

Results
1. Antimicrobial Activity of TISTR 2688 against
Oral Pathogens

The antimicrobial activity of cell-free TISTR

2688 supernatant against nine oral pathogenic

indicator microorganisms was determined via a
well diffusion assay. The supernatant showed
antagonistic activity against eight of the oral
pathogenic indicators tested (Table 1). The
inhibition zones ranged from 11.33 + 0.58 to
18.33 £ 0.58 mm. P. intermedia ATCC 25611
was found to be the most susceptible strain (in-
hibition zone = 18.33 £ 0.58 mm). By contrast,
the cell-free supernatant of L. paracasei TISTR
2688 did not exhibit antifungal activity against C.
albicans ATCC 10231.

Table 1. Antimicrobial activities of cell-free supernatant (CFS) of TISTR 2688 against various

pathogenic indicator microorganisms.

Pathogenic Indicator Microorganisms!

Size of Inhibition Zones (mm)?

CFS? Neutralized CFS3
A. vericosus ATCC 43140 12.33 + 0.58* Not detected
A. actinomycetemcomitans ATCC 700685 11.33 + 0.58* Not detected
F. nucleatum subsp. polymorphum ATCC 10953 13.67 = 0.58 Not detected
P. gingivalis ATCC 33277 11.67 + 0.58* Not detected
P. intermedia ATCC 25611 18.33 + 0.58* Not detected
S. mutans ATCC 25175 14.67 £ 0.58 Not detected
S. sanguinis ATCC BAA-1455 14.00 + 0.00 Not detected
S. sobrinus ATCC 27351 12.00 + 0.00* Not detected
C. albicans ATCC 10231 0.00 £ 0.00* Not detected

TResults are presented as mean + SD obtained from three experiments. Symbol * in a column show
significant differences (p < 0.05) compared with S. mutans ATCC 25175.

2CFS = Cell-Free Supernatant prepared from 48 h-old culture of TISTR 2688 grown in MRS broth, pH
6.8, supplemented with 0.05% L-cysteine HCI as mentioned in materials and methods.

SNeutralized CFS = Cell-Free Supernatant prepared from 48 h-old culture of TISTR 2688 grown in MRS
broth, pH 6.8, supplemented with 0.05% L-cysteine HCI and then neutralized to pH 7 with 1 M NaOH.
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2. Inhibition of Biofilm Formation on Prosthetic
Teeth

After a 3-day incubation of prosthetic
incisor teeth in a mixture containing S. mutans
ATCC 25175 and cell-free TISTR 2688 supernatant,
the concentrations of S. mutans ATCC 25175 on
the prosthetic incisor teeth were compared to
those on control prosthetic incisor teeth grown

in BHI broth. It was found that the concentrations

of S. mutans ATCC 25175 detected on the
prosthetic incisor teeth grown in the mixtures
were less than 10 CFU/tooth (1 log CFU/tooth),
whereas those counted from the control group
were 7.9 + 0.07 log CFU/tooth (Table 2). These
results indicate the ability of TISTR 2688 to
inhibit S. mutans ATCC 25175 biofilm formation

on prosthetic incisor teeth.

Table 2. Ability of L. paracasei TISTR 2688 to inhibit biofilm formation in vitro and to tolerate

lysozyme.

Number of Bacteria Detected

Assays

S. mutans ATCC 25175
(log CFU/Tooth)

TISTR 2688
(log CFU/mL)

Control Cell-Free Supernatant 0 min 180 min
Inhibition of biofilm formation 79 = 0.07* 1* ND ND
Tolerance to lysozyme ND ND 8.05 £ 0.01 8.34 + 0.01

ND = not tested. Results are presented as mean * SD obtained from triplicates. * indicates statistically

significant difference (p < 0.05).

3. Tolerance of TISTR 2688 to Lysozyme

In this study, the resistance of TISTR 2688
to lysozyme was also investigated. After 180 min
of exposure to 1 mg/mL lysozyme, the number
of TISTR 2688 (8.34 £ 0.01 log CFU/mL) did not
decrease from the initial amount at 0 h (8.05 +
0.01 log CFU/mL) (Table 2).

4. Antibiotic Resistance Phenotype of TISTR
2688

Eight types of antibiotics clinically important
for medical treatment were chosen as a basic
minimum requirement for the assay (14). Based
on the microbiological cut-off values, TISTR
2688 was susceptible to all the antibiotics tested
(Table 3).
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Table 3. Antibiotic susceptibility phenotype of TISTR 2688 isolated from fermented termite comb.

Antibiotic susceptibility was interpreted according to microbiological cut-off values specified in

EFSA (14).

Test Bacteria

MIC Values (ug/mL)

AMP c cD E CN K s TE

TISTR 2688 0.38 4 2 0.25 3 24 48 3
(S) S) (S) (S) (S) (S) (S) (S)

DSM 33156 0.38 4 050  0.125 6 48 16 0.25
(S) (S) (S) (S) (S) (S) (S) (S)

Microbiological cut-off value of ampicillin (AMP) = 4 ug/mL, chloramphenicol (C)= 4 ug/mL, clindamycin

(CD) = 1 pg/mL, erythromycin (E) = 1 pyg/mL, gentamicin (CN) = 32 pg/mL, kanamycin (K) = 64 ug/

mL, streptomycin (S) = 64 pyg/mL and tetracycline (TE) = 4 ug/mL; S = susceptible and R = resistant

TISTR 2688 isolated from fermented termite
comb showed the same antibiotic susceptibility
pattern as L. rhamnosus GG DSM 33156, a
commercial probiotic isolated from the human
intestine. The latter has been granted qualified
presumption of safety (QPS) status in Europe
and is used worldwide as a food ingredient and

dietary supplement.

5. Acute Toxicity of TISTR 2688

Conceming the 3 Rs (replacement, reduction,
and refinement) policy of the European Union
(EU) on using animals in toxicity tests, the results
obtained from in vitro cytotoxicity testing suggest
that TISTR 2688 is a safe substance. Therefore,
only a high concentration of TISTR 2688 was

used in this study. The results revealed that the
oral administration of TISTR 2688 at 1 x 10'°
CFU/kg body weight showed no treatment-related
mortality in rats throughout a 14-day observation
period. The physical observation of all the tested
rats throughout this study indicated that none
of them showed signs of toxic effects such as
changes in skin and fur, changes in eyes and
mucous membranes, behavioral changes, tremors,
salivation, diarrhea and coma. The body weights
of individual rats gradually increased. The body
weight gains detected weekly on days 7 and 14
were 45.8 + 1.32 and 62.2 + 3.83 g, respectively.
Gross pathological examinations did not reveal

significant changes in the organs (Table 4).
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Table 4. Body weight gain, mortality, toxicity signs and gross pathological examination of female

rats orally treated with single dose of L. paracasei TISTR 2688 at 1 x 10'° CFU/kg body weight.

Items Day 7 Day 14
Body weight gain (g) 458 + 1.32 62.2 + 3.83
Mortality (%) 0.00 0.00
Toxicity signs None None
Gross pathological examinations Not tested Normal

Note: Results are presented as mean (n = 5)+ SD. Average body weight of treated rats on day 1, 7
and 14 were 206.20 + 13.83, 252.60 + 13.25 and 268.40 + 12.86 g, respectively.

Discussion:

To investigate the possibility of oral-health
applications, L. paracasei TISTR 2688 was first
screened for antagonistic activity against oral
pathogens involved in dental caries, periodontitis
and oral candidiasis. It was found that the cell-
free supernatant of TISTR 2688 could inhibit the
oral bacterial pathogens tested. Some reports
have indicated antimicrobial activity for L. paracasei
isolated from humans against oral pathogens.
L. paracasei SD1 displayed strong inhibitory
effects against S. mutans, S. sobrinus, S. sanguinis,
P. gingivalis and A. actinomycetemcomitans (5).
It was proven that the inhibitory activity of
L. paracasei SD1 was due to paracasin SD1
(16). Rossoni et al. (4) demonstrated that culture
filtrates from L. paracasei 25.4, L. paracasei 20.3
and L. paracasei 11.6 isolated from the oral cavities
of caries-free subjects could decrease the growth
of S. mutans UA159. It was proposed that the
antibacterial activity of the culture filtrates might
be due to metabolites secreted from these
bacteria. To investigate whether the antimicrobial
property of TISTR 2688 was due to bacteriocin

or not, neutralized cell-free supernatant at pH 7

was tested for antimicrobial activity against the
indicator microorganisms. No inhibition zone was
observed. The results imply that the antimicrobial
activity of cell-free supernatant obtained from
TISTR 2688 might be due to organic acids such
as lactic acid or acetic acid (17). In addition,
the cell-free supernatant of TISTR 2688 could
effectively inhibit S. mutans’ formation of biofilms
on prosthetic incisor teeth. Its antagonistic activity
and ability to inhibit biofilm formation indicate
the potential of TISTR 2688 as an antiplaque
agent.

Lysozyme in the oral cavity is responsible
for the antimicrobial function of saliva. Though
salivary lysozyme has shown antagonism to
S. mutans (18), many lactic acid bacteria have
been found to resist lysozyme. L. reuteri and
L. vaginalis isolated from pouliry intestines
showed >90% survival after exposure to 100 pg/mL
of lysozyme for 120 min (19), while five isolates
of L. plantarum obtained from fresh leaves
showed >69% viability after 180 min exposure
to 100 pg/mL lysozyme (20). The lysozyme
concentration in human saliva is generally less
than 100 pg/mL (21-22). In our study, TISTR
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2688 showed 100% viability after exposure to
lysozyme at a concentration of 1 mg/mL, which
is 10 times greater than the concentrations tested
in the other studies. The results indicate the
strong ability of TISTR 2688 to overcome the
severe conditions created by salivary lysozyme
in the mouth.

Based on the recommendation of the
Joint FAO/WHO Working Group on Guidelines
for the Evaluation of Probiotics in Food (23),
TISTR 2688 was also studied for antibiotic
resistance patterns. In the case of L. paracasei,
the vancomycin resistance is considered safe
because it is intrinsic and cannot be transferred
to other bacteria (24). By contrast, resistance
to ampicillin, chloramphenicol, clindamycin,
erythromycin, gentamycin, kanamycin, streptomycin
and tetracycline are regarded as acquired
resistance, which can cause the spread of
antibiotic resistance genes to other bacteria via
horizontal gene transfer (25-26). Therefore, lactic
acid bacteria exhibiting transferable antibiotic
resistance should not be used as starters,
probiotics or ingredients in foods or dietary
supplements. Based on this criterion, TISTR
2688 was found to be safe for use in humans in
terms of antibiotic susceptibility. No phenotype

of transferable antibiotic resistance was detected.

Conclusion:

L. paracasei TISTR 2688 isolated from
fermented termite comb has been proven to
possess antagonistic activity against oral pathogenic
bacteria and to prevent plaque formation by
S. mutans on prosthetic incisor teeth. In addition,
TISTR 2688 was susceptible to antibiotics clinically
important for medical treatment and showed no
sign of acute oral toxicity in female rats at the

concentration of 1 x 1010 CFU/kg body weight.
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Growth inhibitory effect of tannin extract from Garcinia
mangostana L. peels and chlorhexidine on Streptococcus
mutans

Sirirat Boondireke* Paramaporn Chiewpattanakul Kaewmanee* Nuttaphon Kittikundecha* *
Napat Bunnag*** Danuthida Saket**** Siriluck Tiranathanagul*

Abstract

Objective: To study the effect of tannin, extracted from Garcinia mangostana L. peels, on
growth inhibition of Streptococcus mutans, compared to 0.12% chlorhexidine gluconate.

Methods: Tannin was extracted from the Garcinia mangostana L. peels by using 95% etha-
nol as a solvent. Then, the type of tannin was examined using chemical reactions and the amount
of tannin extract was determined using radial diffusion assay. Thereafter, the effect of different
concentrations of tannin, i.e., 2, 4, 6, 8, 16 mg/ml, and 0.12% chlorhexidine gluconate, on the growth
inhibition of S. mutans was studied using disk diffusion assay.

Results: The extractant from Garcinia mangostana L. peels was the condensed tannin,
with its concentration of 18.69 mg/ml. It was found that the growth inhibitory effect of S. mutans
increased, along with the increasing concentrations of tannin. Though, tannin at 16 mg/ml showed
the most inhibitory effect against S. mutans according to its highest inhibition zone (19.1 £ 0.9 mm),
it was lower than that of 0.12% chlorhexidine gluconate (19.9 + 1.2 mm)

Conclusion: Tannin, 16 mg/ml, from the Garcinia mangostana L. peels had the growth
inhibition effect of S. mutans but not statistically significant different from that of 0.12% chlorhexidine

gluconate at 95% confidence level.

Keywords: Chlorhexidine, Disk diffusion, Garcinia mangostana L. peel, Streptococcus mutans,

Tannin
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Uil 1 wansneasaumziinzasunuiiumeiimaaiilasnsiyfiseniv

A) Wasinaaalsdiouas 1, B) ﬁﬂgu'[st uaz C) LilAnssnasay (VaAAILAN)

Fig. 1 Chemical test results for the determination of tannin by using

A) 1% ferric chloride, B) lime water and C) without reaction (control).
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B) anwuzaaviiindulumsAnsySanaasann wnuiunnilfendvan

Fig. 2A) The standard curve of tannin showing the increasing concentrations and ring diameters and

B) the formed rings of tannin extracted from Garcinia mangostana L. peels.
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Fig. 3 Inhibitory effect of tannin from Garcinia mangostana L. peels at concentrations
of 2 mg/ml (A), 4 mg/ml (B), 8 mg/ml (C), 16 mg/ml (D), 0.12% chlorhexidine
(E) and 95% ethanol (F) on S. mutans.
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Growth inhibition of S. mutans
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Fig. 4 The mean diameters (mean * SD) in S. mutans inhibition by tannins from Garcinia

mangostana L. peels at various concentrations, compared to the 0.12% chlorhexidine.
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Amalgam usage tendency and dentists’ opinion on amalgam
phase down policy at Dental Hospital, Faculty of Dentistry,
Srinakharinwirot University

Kwanchanok Youcharoen* Pattaratorn Krajangsawatdi** Tanchanok Tiankanon**
Montita Towattakawanit** Napat Kitisriworapan** Worawachara Kongsakul**
Nirada Dhanesuan***

Abstracts

Objective: To study amalgam usage trend in Dental Hospital, Faculty of Dentistry,
Srinakharinwirot University and dentists’ opinion on phase down/ phase out of amalgam.

Materials and Methods: The first part was a retrospective study from patients’ record
between 2014-2018. Frequency and percentage of filing materials used were collected and
analyzed. In part 2, a survey was conducted regarding dentists’ usage of amalgam or other filling
materials as well as their opinions on amalgam phase down policy.

Results: The declination of amalgam usage was found both in primary and permanent teeth.
Amalgam usage percentage was 19.07, 18.71, 15.11, 12.85 and 11.95 during 2014- 2018, consecutively.
Most dentists reported the reduction of amalgam usage although they agreed that amalgam was
still necessary in case of difficult moisture control, case of financial concern and cases with high
caries risk.

Conclusions: Between 2014-2018, there was a declination of amalgam usage in Dental
Hospital, Faculty of Dentistry, Srinakharinwirot University. Most dentists reported the reduction in

amalgam usage but gave opinion that amalgam was still necessary in certain cases.

Keyword: Amalgam, Mercury toxicity, Usage tendency, Filling material.

*Department of Pedodontic and Preventive Dentistry, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23,
Wattana, Bangkok 10110, Thailand.

**Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23, Wattana, Bangkok 10110, Thailand.
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Fig 1. Data showed the usage of filling material in a dental hospital, Faculty of Dentistry,

Srinakharinwirot University, 2014-2018.

(A) Data showed the number of teeth filled with amalgam.

(B) Data showed the number of teeth filled with tooth-colored materials.

(C) Data showed the percentage of amalgam compared with tooth-colored materials.
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Fig 2. Data showed the total restorations in primary and permanent teeth between 2014 -2018

(A) Showed the number of teeth filled with amalgam.

(B) Showed the number of teeth filled with tooth-colored materials.
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Table 1. Data showed the usage, usage trend and opinions towards the use of amalgam among

dentists with different working experiences.

Uszaun1saliuaunng

UG IRUN (AW Topaz)

e <101 11-20 7 >20 7 T

1. maldfagesiaiulutgiu 1 21(63.63%) 29(93.55%) 29(90.63%) 79(82.29%)
Tald 12(36.37%)  2(6.45%)  3(9.37%) 17(17.71%)

2. unltumsldianosiadn iy 0 0 0 0
NigltaH 3(9.10%) 10(32.30%)  9(28.10%) 22(22.92%)

anay 30(90.90%) 21(67.70%) 23(71.90%) 74(77.08%)

3. amwiAsfulong Wiudg 20(58.50%) 11(32.40%) 22(61.10%)  53(51%)
anmi3ldianezlaiy Taduiudhe 7(20.60%) 18(52.90%) 12(33.30%) 37(35.60%)
Iiflanandiu - 7(2060%)  5(14.70%)  2(5.60%) 14(13.40%)

4. asldanzdaiusialy 309D 2(5.90%)  3(8.80%)  7(19.40%) 12(11.54%)
vnsdl 32(94.10%) 31(91.26%)  29(80.60%) 92(88.46%)

Timsldil 0 0 0 0
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Table 2. Dentists’ opinion on the problems if there is no amalgam in various cases among

dentists with different working experiences.

Uszaun1salnuauwng é"\u’;uﬂﬁﬂg“ﬁﬁmu (Au/ Sp8182)
i <101 11-20 I >20 7 ety
1. winlififangnaviain Al 22(64.70%) 30(88.20%) 33(91.70%) 85(81.73%)

il 12(35.30%)  4(11.80%) 3(8.30%) 19(18.27%)

2. wnligsnsamuaueanduld Sl 19(55.90%) 25(73.50%) 26(72.20%) 70(67.30%)

Taififloyn 15(44.10%) 9(26.50%) 10(27.80%) 34(32.70%)
3. nsdllwseiufizvnalva) flloyn 4(11.80%)  2(5.90%) 9(25%) 15(14.40%)
Taififloyn 30(88.20%) 32(94.10%) 27(75%)  89(85.60%)
4. natddpamaanuuduss Al 5(14.70%)  5(14.70%) 12(33.30%) 22(21.15%)
Taifistym 29(85.30%) 29(85.30%) 24(66.70%) 82(78.85%)
5. n‘mi@’ﬂ’mﬁﬂq;mﬁawiﬂ%ﬁﬂ Al 8(23.50%) 15(44.10%) 17(47.20%) 40(38.46%)
lifitlgmn  26(76.50%) 19(55.90%) 19(52.80%) 64(61.54%)
6. natifaunsmnemslinutag  Jlam 1(290%)  2(5.90%) 10(27.80%) 13(12.50%)
fitnaunu Lififymn 33(97.10%)  32(94.10%)  26(72.20%) 91(87.50%)
7. nadifighedanudes Aoy 4(11.80%) 11(32.40%) 13(36.10%) 28(26.92%)

siamsiauge lifilgmn 30(88.20%) 23(67.60%) 23(63.90%) 76(73.08%)
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Fig 3. Dentists’ opinion on the appropriate filling materials for various cavity types

(A) Primary teeth, (B) Permanent teeth.
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Masking Ability of CAD/CAM Lithium Disilicat Ceramic on
Various Tooth-Colored Resin Substrates

Withita Acaraekjit* Vibul Paisankobrit* Nateetorn Plukwatchalakul*
Nuttaphon Kittikundecha*

Abstract

Objective: The purpose of this study is to evaluate the masking ability of medium translucent
CAD/CAM lithium disilicate ceramic with difference thicknesses on various tooth-colored resin substrates.

Materials and methods: Ceramic slides were prepared from the A2 shade IPS e.max CAD MT
blocks in 4 different thicknesses (0.5, 1.0, 1.5 and 2.0 mm), which further divided into four subgroups
according to the shades of tooth-colored resin substrate (ND3, ND5, ND7 and ND9) (n = 5). After
glazing and firing, the cementation process was done using dual-cured Variolink Esthetic cement in
a neutral shade. The color of each specimen was measured with a spectrophotometer. The color
differences (AE,,) between specimens and the reference block were calculated. The data were
analyzed with one-way ANOVA and the Tukey HSD test (p = 0.05). The perceptibility threshold and
acceptability threshold were also used.

Results: There was a significant decrease in AE,, value as the ceramic thickness increased.
The group of 0.5 mm thickness demonstrated the highest AE, value while the lowest value was
obtained from 2.0 mm thickness. The ND9 shade had the greatest influence on AE_, value, followed
by ND3, ND5 and ND7 respectively. None of the groups on the ND9 substrate had AE_, below the
acceptability threshold.

Conclusion: The ceramic thicknesses and substrate shades significantly influenced the
resulting optical color of the medium translucent CAD/CAM lithium disilicate ceramic. Most experimental

groups have AE, values beyond the acceptability threshold.

Keywords: CAD/CAM, Lithium disilicate, Masking ability

*Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23
Rd Wattana, Bangkok, 10110, Thailand.
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Fig. 1 Demonstrated the cementation method.

(A: Silicone block, B: Put the tooth-colored resin plate into the block,

C: Put spacers at 4 corners, D: Cover with ceramic plate)
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Fig. 2 Demonstrated the color measurement method.

(A: Put specimen into the black box, B: Insert spectrophotometer tip into the hole on the box lid)
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a1 il 1 uaasdagiildlunuide

Table 1. The materials used in the study.

Commercial name Batch number

Composition

IPS e.max CAD Z00D3S SiO, 57-80%, Li,O 11-19%, K,O 0-13%, P,O5 0-11%,
(Ivoclar Vivadent) ZrO, 0-8%, ZnO 0-8%, Al,O5 0-5%, MgO 0-5%,
coloring oxides 0-8% by weight
IPS Natural Die Material NDG3: Y48142 Polyesterurethanedimethacrylate, silicon dioxide,
(Ivoclar Vivadent) ND5: X50488 paraffin oil, copolymer, initiators, stabilizers and pigments
ND7: Y07854
ND9: W90046
Variolink Esthetic DC Z01MKB Monomer matrix: urethane dimethacrylate,
(Ivoclar Vivadent) methacrylate monomers
Inorganic fillers: ytterbium trifluoride, spheroid
mixed oxide
Additional contents: Initiators, stabilizers, pigments
N-Etch Z012CT 37% Phosphoric acid
(Ivoclar Vivadent)
IPS ceramic etching gel ZOOXFP 5% Hydrofluoric acid
(Ivoclar Vivadent)
Monobond N Z01B66 Alcohol solution of silane methacrylate, phosphoric
(Ivoclar Vivadent) acid methacrylate, sulfide methacrylate
Tetric N-bond Universal  ZO1FLF HEMA, 10-MDP, Bis-GMA, MCAP, D3MA, ethanol,

(Ivoclar Vivadent)

water, highly dispersed silicon dioxide, initiators,

stabilizers

wisusuaedsszninengulasldnig
AANZIANNLUILTIUINNLGY (One-way ANOVA)
nniuFeuifisuanuuanseszringulaems
Jugngwn (multiple comparison) wuuyie (Tukey
honest significant difference test) uaziU3auLiiay
ARAssavusaznguiuinusinuAaIaLAfau
mpalifnmmaaauil (One sample T-test) MuUA

o

AlpsAunNalANTsAUANNLIENUSoRY 95

(@ = 0.05) wimisnuadfacls lsunsuead
LB&LEE\IL’JB%‘ﬁLu 20 (SPSS statistics 20, IBM) T
ivualien AE, 7 1.2 Wurmawdsuuday
°1|a\1ﬁﬁmmm%’ujﬂﬁﬁwmuguﬁ (Perceptibility
threshold, PT) wazel AE, 7 27 udms
Wasuuavzesdfianansouansuls (Acceptability
threshold, AT) muM3ANEYAY Paravina LLaLAMUS
Tudl 2015 (11)




SWU Dent J. Vol.16 No.1 2023

WamsAnET (Results)
PNMFIATNRANNLYTUTIUNaLFRE Y
Lwiasna;uﬁﬁ?uwé’qLiﬁuﬁmﬁauﬂuwmwm AE,,
TuwsazANNrUNYD9 L BIANTAMN LANFATY
RN ER QLR 397 2) waraInnTIaTIeH

ANNuUstTIUNREluusaznguanaiinges
wmfinnurhen AE,, Tuusasiimmassdusiniiowi
femuuansnuiiupensilitisAy Ewf 3) vhlw
Ufiasaunfgiuing swAdeded 1 uaz 2 muady

A15199 2 uﬂmwamfs’im‘mzﬁmmuﬂ‘sﬂs’mmaLﬁﬂ'ﬂmwiaznsg:uﬁﬁuwﬁoLsﬂﬁuﬁma‘iauﬁu

Table 2. One-way ANOVA of averaged AEab in each tooth-colored resin substrate shade.

Tooth-colored resin F Sig. Partial Eta Squared
substrate shade
ND3 1024.368 0.000 0.995
ND5 1880.847 0.000 0.997
ND7 258.788 0.000 0.980
ND9 3396.240 0.000 0.998

One-way ANOVA, p = 0.05, n=5

AT 3 uaAINaNISIATIZEANNLLsUTIUNAEluusasnguAMaugsasdin

Table 3. One-way ANOVA of averaged AEab in each ceramic thickness.

Ceramic thickness (mm) F Sig. Partial Eta Squared
0.5 3649.650 0.000 0.999
1.0 1734.861 0.000 0.997
15 1595.879 0.000 0.997
2.0 887.747 0.000 0.997

One-way ANOVA, p = 0.05,n =5
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A15197 4 usasARdBuasaIuDBUUNIATEIUDEY L* a* b* Tuudasngunimaass

Table 4. Mean and standard deviation of L*, a*, b* in each experimental group.

Ceramic thickness ND shade L* a* b*
0.5 3 77.93 £ 0.10 -0.04 + 0.05 22.26 £ 0.26
5 77.31 £ 0.23 -0.06 £ 0.05 25.60 £ 0.36
7 76.81 £ 0.23 0.18 £ 0.04 17.83 + 0.31
9 60.31 £ 0.17 -0.72 £ 0.16 12.03 £ 0.53
1.0 3 79.05 £ 0.24 -0.28 + 0.08 17.73 £ 0.27
5 7822 + 0.21 0.44 £ 0.09 17.87 £ 0.20
7 78.46 + 0.09 -0.31 + 0.09 15.64 £ 0.24
9 68.89 + 0.40 -1.82 + 0.05 10.21 £ 0.07
15 3 7891 £ 0.12 -0.58 + 0.04 15.75 £ 0.10
5 78.56 + 0.10 -0.32 + 0.08 15.67 £ 0.12
7 78.60 £ 0.30 -0.92 + 0.05 14.23 £ 0.10
9 73.08 £ 0.16 -2.12 + 0.04 10.59 + 0.07
2.0 3 78.85 + 0.11 -0.84 + 0.05 14.77 £ 013
5 78.85 £ 0.16 -0.66 + 0.05 14.61 £ 0.14
7 78.83 £ 0.19 -1.00 + 0.07 14.23 £ 0.15
9 75.87 + 0.26 -2.10 £ 0.00 11.47 £ 0.08

a1397 5 uanvAedsLazauL s IUNIATgIUDEY AE,,

Table 5. Mean and standard deviation of AEab.

Ceramic thickness (mm)

Tooth-colored resin substrate shade

0.5 1.0 1.5 2.0 ND3 ND5 ND7 ND9
10.86 527 3.43 2.56 3.42 4.51 2.48 11.69
+ 5.99 + 4.26 + 3.02 +1.91 + 2.61 + 3.97 +1.25 *+ 5.56

iy AE, fmanasieanumines
wfindindu Taefianumn 05 Jadwnsiien
lAngefigawiniu 10.86 sevavNABANIMLN 1.0
WAy 1.5 Aafwaswiniy 5.27 way 3.43 Muan
wazanavin 2.0 fadwnsiidnedieniigade
2,56 lnpAtuvdvisBuindeuiiud ND9 feady
AE,, g\‘lﬁqmwhﬁu 1169 uanseniduatng

Faau luzusfiddufidiais Foemusduannunn
Tuvipnld doil ND5 Wity 4.51 ND3 whity 3.42
uay ND7 whifl 2.48 (997 5)
NNNFUATEANTTGNENUUUYA TN
gAML 05 uay 1.0 Hadwasianied
AE,;, vuiumdaisdudmilouiiui 4 fuansheiu
atheifushdn lunsfinguanavn 1.5 waz 2.0
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AR NATHINEYUUE ND9 WuunNdAm s uaneng WawSsufisuanialy AE,, vevusiazngs
NADU q LazNDTBUABLANNLANAINTEAIN fuinusiauAaIntAdsudaiuaifnimaaayd
nanurasBuimiiouiiunuhings ND9 fenafis wudmanguddladsuandwaininus PT uaz

AE,, uanssatviitsddnlunnnguanamn AT aeefiteddty vhivufissaunfguhedei 3
wnfin Tuwnzfings ND3 uaz ND5 deednly  laswudmnnguiidedeannndinaet PT uas

NgNANAVI 0.5 uay 1.0 Fadwasuansdieiy  Suessengaiiidiededosniunast AT Tdun
WazuAnAINEN 2 ngueavndivAe wazly  nadwAaMETEn 1.0 fadwnsuuiunasisdu
ngx ND7 azflufieiimamunissfin 05 fadwns  Swlauitud ND7 waznduaamn 1.5 uaz 2.0
whlfuﬁ'ﬁﬁhLaﬁﬂLmﬂ@i’mﬁnnnajuﬂfnwmﬁu q fafwnsuuiunaaisdufiniouiud  ND3, ND5
pnedtua A (M7 6) uaz ND7 (131971 6)

a1597 6 usavAnRdBuassudaswuInsgures AE, luudasngummasns

Table 6. Mean and standard deviation of AEab in each experimental group.

Ceramic Tooth-colored resin substrate shade
thickness (mm) ND3 ND5 ND7 ND9
0.5 7.68 £ 0.27 A2 11.05 £ 0.33 Ba" 456 + 0.17 & 20.15 £ 0.21 b"
1.0 3.05 £ 0.25 Ab* 3.71 £ 027 B 195+ 0,13 CP 12.36 + 0.33 P
15 154 + 0.15 A° 1.86 + 0.12 Ac 1.80 + 0.30 AP 8.51 £ 0.12 B
2.0 1.41 £ 0.11 Ac 1.44 £ 0.13 A° 1.62 £ 0.11 Ab 5.76 + 0.24 B

Tukey honest significant difference test, p = 0.05, n =5
Different uppercase superscript letters represent statistically significant differences between tooth-
colored resin substrate shades, and different lowercase superscript letters represent significant differences

between ceramic thicknesses. * represents the group which has AEab exceed AT.

ND3 ND5 ND7 ND9

0.5 mm

1.0 mm

1.5 mm

2.0 mm

Ul 3 uaneatBusuluusdazndunisnaans

Fig. 3 Demonstrated the example from each experimental group.
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Warhurusduimisuiunindudn
Aensianulslnunaidmluusazngy L* a*

b* uaz AE, wuheedsiildfianuuansieiu

A o

sgilady  Iaemadugnanuuunidwud

A1 L* uaz a* Tungn ND5 uaz ND7 laiuansheniu
wiuAnANaINdn 2 naufindsatvdvsdA
Tususiidr b* uaz AE, femuuansheiuagng

Ao o o

uuﬂmﬂcﬂuvgnmju (M99 7)

A1INf 7 usavAledsuazsudasiuuInsgIuTes Lt a* b* uaz AE,, savufandedeuasuu

LsBudiniiauny

Table 7. Mean and standard deviation of L*,

colored resin plates.

a*, b* and AEab of reference block and tooth-

Sample L* a* b* AEab
Reference block 80.23 -0.70 14.97 -
ND3 71.80 £ 0.17, -1.20 + 0.06, 37.80 £ 0.10, 2435 £ 0.05,
ND5 71.13 £ 0.32, 0.50 = 0.10, 45.37 £ 0.06y, 31.76 £ 0.08y,
ND7 70.73 £ 0.17}, 0.63 = 0.06p, 35.53 + 0.15, 22,69 + 0.21,
ND9 43.20 + 0.25, 5.80 + 0.10, 18.13 + 0.15d 39.84 £ 0.17d

Tukey honest significant difference test, p = 0.05, n

=20

Different lowercase superscript letters represent statistically significant differences between tooth-

colored resin substrate shades.
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The Effect of Eight Types of Denture Adhesives on Retention
of Milled Denture Base Acrylic Resin

Papatsara Veerapol* Mali Palanuwech*

Abstract

Objective: The retention of removable dentures is a primary concern for patients. Accordingly,
this in vitro study aims to compare the retention strength of four commercial brands (eight formulations),
offering cream type denture adhesives that can be brought in Thailand, on milled denture base
acrylic resin.

Materials and methods: Eight milled acrylic resin molds were fabricated according to
ISO10873:2021 and the retention strength of eight denture adhesives [Fittydent (Ft), Fixodent Original
(FxO), Fixodent Microseal for Partials (FxM), Fixodent PLUS Best Foodseal Technology (FxFS), Fixodent
Plus Best Hold (FxBH), Fixodent Ultra Max Hold (FxMH), Olivafix (O) and Polident (P)] were measured
in each milled mold for ten times. All the data were analyzed independently by one-way analysis of
variance (ANOVA) and post hoc test with a Least Significant Difference (LSD) multiple comparison
test at a 95% level of significance.

Results: The study found statistically significant (p < 0.05) differences in mean retention
strength between groups of denture adhesives. The Ft, O and P groups showed statistically
significant (p < 0.05) differences to every other group. There was no significant difference between
Fixodent groups (FxO, FxM, FxFS, FxBH and FxMH). The lowest and the highest retention strength
were found in the Ft and the FXFS groups respectively.

Conclusions: According to ISO 10873:2021, the retention strength of denture adhesive
should be more than 5 kPa. All tested adhesives have reached this threshold. All Fixodent groups
have higher retention strength than Fittydent, Olivafix and Polident adhesives. There are no significant
differences within the Fixodent group. Authors recommend Polident because it offers the best
efficiency measured in kPa/THB or Fixodent Original because it offers the lowest cost per gram

solution in the highest retention group.
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Introduction

Dentists and the dentistry industry have
tried for a long time to improve denture adherence
by inventing a variety of “glues” with widely
varying compositions and efficacy (1). Denture
adhesives have been around since the late
eighteenth century, although the American Dental
Association first acknowledged them and
characterized them in the literature in 1935 (2).
It has been characterized as a substance used
to make a denture attach to the oral mucosa
through chemical and physical interactions in a
glossary of prosthodontics terminology (3). The
International Organization for Standardization
describes such adhesives as a dental agent is
applied onto the intaglio surface (fitting surface)
of a removable denture to temporarily enhance
its retention to soft supporting tissue (4).

Wearers of dentures have utilized denture
adhesives to improve retention (5-7), stability
(5-7), oral health-related quality of life (QOL),
masticatory efficiency and general health (8).
According to I1ISO 10873:2021 (4), the denture
adhesives are categorized into two type. Glue
ypes are water-soluble polymers, further classi-
fied into three classes based on form: powder,
cream or sheet/tape. The other denture adhesive
type consists of liner type adhesives which are
non-aqueous forms. Accordingly, commercially-
available denture adhesives are available in a
variety of forms (5). While the particular ingredients
in these denture adhesives may differ, they all
include the same general elements that perform
the same purpose (9). Among these, cream-types
are the most recommended denture adhesives

by dentists due to their ease of use (10,11). This

is confirmed by Chowdhry, et al. and Kalra, et al.,
as they concluded that cream types were found
to be more effective and retentive (12,13).
Unsurprisingly, a variety of cream type
denture adhesives are now marketed and there
have been many studies on the retention efficacy
between types of denture adhesive. For example,
Sato, et al. 2008. used a novel gel-type denture
adhesive to evaluate denture retention and ease
of removal from the oral mucosa. They discovered
that creams have a higher adhesion force than
the gel, but the gel is simpler to remove from the
oral mucosa than cream (14). In 2011, Manes,
et al. studied the retention of three commercial
cream type adhesive (Fittydent, Benfix and
Supercorega) in removable complete mandibular
dentures. The findings revealed that cream-type
denture adhesives greatly improve denture
retention, with Fittydent (1095.17 grams) topping
the list, followed by Benfix (846.56 grams) and
Supercorega (560.11 grams) (1). In 2017, Yegin,
et al. conducted an in vitro study about the
retention force of denture adhesives for complete
dentures, focusing on three commercial brands.
Fittydent had the highest retention force (7.37 N)
followed by Protefix (5.11 N), while the lowest
retention was achieved by Corega (4.43 N). The
adhesive strength of Fittydent and Protefix was
rather strong, which might be related to their
carboxymethylicellulose (CMC) component. CMC
hydrates in the presence of water, resulting in
ionic adhesion to dentures and mucosa (15).
Fittydent was shown to be the most effective,
which is consistent with many other studies
(1,11,13,16,17). This can be explained by its

higher viscosity and polyvinylacetate component,
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which is a sticky and insoluble substance (16).
According to Albaki, Fittydent’s greatest adhesive
strength value is attributed to its insoluble
characteristics that protect the material from
saliva or liquids (18). Koppang, et al. similarly
found that Fittydent exhibited higher retention
force than Super Poli-Grip adhesives followed by
Fixodent (19).

Retention was one of the most important
requirements for both removable partial dentures
and complete dentures. Maximum tensile load
(peak load dislodgement) measurements had
been created in laboratories to search for retention
forces (20). Retention of the denture could also
be referred to as peak load-to-dislodgement,
maximum tensile load (21), adhesion force (4),
or retention force (20). The retention test was
set up in laboratory to determine adhesion force
of the denture adhesives. This laboratory design
was fabricated to the standard testing with ISO
10873 that evaluates adhesion strength of denture
adhesives. The International Organization for
Standardization recommends the procedure to
measure dental adhesive strength in ISO 10873:
2021 and that denture adhesive strength should
not be less than 5 kPa or 5000 N/m? (4).

Shay reported the mechanism of action of
adhesives in 1991, stating that in the presence of
water, the materials expand 50 to 150 percent in
volume, filling the gaps between the tissue and
the prosthesis. Current adhesive characteristics
are determined by a combination of chemical
and physical factors; saliva increases the viscosity
of the adhesive thus also increasing the force
required to detach the prosthesis from the tissue
surface (22).

Computer-aided design and computer-aided
manufacturing (CAD-CAM) denture base fabricating
is a subtractive process, and polymerization shrinkage
is not an issue anymore (23).

Because total tooth loss has grown
among the elderly, the number of persons who
wear full dentures will definitely increase as
the senior population grows (24). Retention of
removable dentures is a primary concern for a
patient’s first impression. There were many studies
that compared the retention forces between
different denture adhesives available in their
respective countries, but there was no similar
study in Thailand. Furthermore, milled denture
base acrylic resin (the newest denture processing
by CAD/CAM technology) showed higher retention
than conventional dentures (25) but there is no
study on comparing the retention strength of
denture adhesives in milled denture. Moreover,
although implant overdentures showed higher
retention force than conventional dentures (26-30)
and denture adhesives (13,15-17,20,31), denture
adhesive is still worthy of consideration due to
low cost, non-surgical procedure, and higher
retention force than conventional dentures (9,11,
15,32,33). Therefore, the results of this study
will be mainly used to update the literature on
the retention strength of denture adhesives
available in Thailand, which can be used as a
clinical guideline to improve the quality of life of
Thai people. In addition, it can be applied for
usage in a wider context as well.

The purpose of this in vitro study was to
compare the retention strength, in milled denture
base acrylic resin, of four commercial brands
(eight formulations) offering cream type denture

adhesives that can be bought in Thailand.
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Materials and methods

Sample preparation

Eight cream-type denture adhesives
(Fittydent (Ft), Fixodent Original (FxO), Fixodent
Microseal for Partials (FxM), Fixodent PLUS Best

Foodseal Technology (FxFS), Fixodent Plus Best
Hold (FxBH), Fixodent Ultra Max Hold (FxMH),
Olivafix (O) and Polident (P) were used in this
study. Table 1-2 provides detailed information on

the components of these materials

Table 1. Group in this study, the manufactures, denture adhesive ingredients of the eight groups

of denture adhesives.

Group Adhesives Manufacture Ingredients
Ft Fittydent Fittydent International Sodium Carboxymethylcellulose, Polyvinylacetate,
GMBL, Pinkafeld, Austria Alcohol, Paraffinum,Triacetin, Liquidum, Silica
FxO  Fixodent Procter & Gamble Paraffinum Liquidum, Calcium/Zinc PVM/MA
Original Manufacturing Co., Copolymer (33%), Cellulose Gum (20%), Silica,
Ohio, USA Petrolatum, Menthyl Lactate, Aroma, Menthol,
Limonene, ClI 45410
FxM  Fixodent Procter & Gamble Paraffinum Liquidum, Calcium/Zinc PVM/MA
Microseal Manufacturing Co., Copolymer (35%), Cellulose Gum (20%), Petrolatum,
for Partials Ohio, USA Silica
FxFS Fixodent Procter & Gamble Paraffinum Liquidum, Calcium/Zinc PVM/MA
PLUS Best Manufacturing Co., Copolymer (33%), Cellulose Gum (20%), Petrolatum,
Foodseal Ohio, USA Silica, Cl 45410, ClI 15985
Technology
FxBH Fixodent Procter & Gamble Paraffinum Liquidum, Calcium/Zinc PVM/MA
Plus Best Manufacturing Co., Copolymer (33%), Cellulose Gum (20%), Petrolatum,
Hold Ohio, USA Silica, Cl 15985, CI 45410

FxMH Fixodent Ultra Procter & Gamble

Calcium/Zinc, Mineral Oil, PVM/MA, Cellulose Gum,

Max Hold Manufacturing Co., Petrolatum, Silica, Red 27 Lake
Ohio, USA
P Polident GlaxoSmithKline, Carboxymethylcellulose, Poly (Methylvinylether/

Philadelphia, USA

Maleic Acid) Sodium-Calcium Mixed Partial Salt,
Petrolatum, Mineral Qil, Spray Dried Peppermint,
Spray Dried Spearmint, Propyl Hydrobenzoate,
Erythrosine Cl 45430.

(0] Olivafix Bonyf AG, Vaduz,

(0] Liechtenstein

Calcium/Sodium PVM/MA Copolymer, Cellulose
Gum, Citrus Limon Peel Qil, Olea Europaea (Olive Fruit)
Oil, Hydrogenated Soybean Oil, Trihydroxystearin,
Menthol, Silica, Lecithin, Menthyl Lactate
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Table 2. The common components of denture adhesives are listed, along with their purpose (9).

Material

Purpose

Methyl vinyl ether-maleic anhydride copolymer

Karaya gum

Tragacanth

Acacia

Pectin

Gelatin

Carboxymethylcellulose

Mineral oil

Antimicrobial agents (for example sodium
borate, sodium tetraborate, ethanol,
hexachlorophene)

Flavoring agents (for example
wintergreen oil, peppermint oil)

Non-toxic additives

High molecular weight copolymers with adhesive
and cohesive properties

Thickener

Water-soluble mixture of polysaccharides that
absorbs water to become a gel

Preservative

Gelling agent

Gelling agent

Viscosity modifier/thickener

Suspending and levigating agent

Antimicrobial

Improves taste

Wetting agents and plasticizers

Adhesive strength measurement

The adhesive strength test | (for type 1
class 2 adhesive) was measured according to
ISO-10873:2021 recommended procedures (4).
The study used a Class 2 denture adhesive to
slightly overfill the hole of the sample holder,
diameter 22.0 £ 1.0 mm and depth 0.5 £ 0.1 mm
(Fig 1), flatten the surface, and then immerse
the sample/sample holder assembly in 300.0 +
10.0 ml of water for 1 minute in a water bath
maintained at 37.0 £ 2.0 °C. The sample/sample
holder assembly was removed and shaken once
to remove any water that may have accumulated
on the surface. The sample/sample holder
assembly was placed on the adhesion test

instrument’s sample stand, with the load applied

to the sample’s center (Fig 2). Using milled
acrylic resin with diameter 20.0 = 0.5 mm (Fig 3)
attached to the pressure sensitive shaft of the
Universal Testing machine (Shimadzu, EZtest,
Japan), a load was applied on the sample up to
10.0 £ 0.2 N at a cross-head speed of 5 mm/
min. The load was held in place for 30 seconds,
and then it was pulled in the opposite direction
at a cross-head speed of 5 mm/min (Fig 4). The
maximum force was detected and recorded by
the pressure sensitive shaft and the adhesion
strength was calculated as force per unit area.
Each adhesive was tested ten times (instead of
the five times required by 1ISO-10873:2021), with

the average values being compared.
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0.5£0.1 mm

§

Fig 1. The sample holder made of 50.0 x 50.0 mm milled acrylic resin with a hole

diameter of 22.0 + 1.0 mm and a depth of 0.5 * 0.1 mm.

Fig 2. The sample/sample holder assembly was placed on the adhesion test
instrument’s sample stand, with the load applied to the sample’s center

up to 10.0 £ 0.2 N at a cross-head speed of 5 mm/min.
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Fig 3. Milled acrylic resin, which was attached to pressure sensitive shaft of universal testing

machine to detect compressive and tensile force, has a diameter of 20.0 * 0.5 mm.

Fig 4. The pressure sensitive shaft was held with the load in place for 30 seconds,
and then pulled in the opposite direction at a cross-head speed of 5 mm/min.

The maximum tensile force was used for retention force testing.
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Statistical analysis

In this investigation, we found a significant
difference in the test’s statistical power with
80 subjects (10 subjects per group) (G*Power
3.1.9.6; Department of Psychology, Christian-
Albrechts-University, Kiel, Germany). The normality
of all data was confirmed using the Shapiro-
Wilk normality test. One-way ANOVA analysis of
variance was used for the comparison among
the groups, followed by a pairwise comparison
using Least Significance Difference (LSD) as a
post hoc test. The significance level was set at
p < 0.05. All analyses were computed with IBM
SPSS Statistics for Windows (IBM SPSS Statistics
22, IBM Japan Corp., Tokyo, Japan).

100.00
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60.00
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40.00
30.00
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0.00

Retention strength (kPa)

Ft (0] P

Results

A total of 80 samples of eight formulations
of denture adhesives were tested in this study.
Figure 5 showed descriptive statistics of all eight
groups. Ft showed the lowest mean retention
strength (32.55 kPa), followed by O (44.86 kPa),
P (66.29 kPa), FxO (77.92 kPa), FxM (80.51
kPa), FxXMH (84.50 kPa), FxBH (88.40 kPa) and
FxFS which showed the highest mean retention
strength (90.56 kPa).

FxO FxM FxMH FxBH FxFS

Denture adhesives

Fig 5. Retention strength (kPa) of denture adhesives [Fittydent (Ft), Olivafix (O), Polident (P),
Fixodent Original (FxO), Fixodent Microseal for Partials (FxM), Fixodent Ultra Max Hold (FxMH),
Fixodent Plus Best Hold (FxBH) and Fixodent PLUS Best Foodseal Technology (FxFS)].

Error bar indicates standard deviation.
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Table 3 showed the one-way ANOVA
statistics in which a statistical significance
among all the eight groups (p < 0.05). To evaluate
which group comparison yielded the statistical
significance, a post hoc test (LSD test) was
performed. Furthermore, table 4 showed mean

retention strengths and 95% confidence intervals

Table 3. Summary statistics of one way ANOVA.

of means with statistical summaries of denture
adhesive groups. The Fixodent groups (FxO, FxM,
FxMH, FxBH and FxFS), were no significantly
different. But Ft, O and P group were significantly
different from the others groups. In addition, the
retention strength per 1 THB (kPa/THB) of each

denture adhesive group was shown in Table 5.

Source of variation Sum of Squares df Mean Square F p-value
Between Groups 31889.847 7 4555.692 154.214 0.000
Within Groups 2126.974 72 29.541

Total 34016.820 79

Table 4. Mean retention strengths and 95% confidence intervals of means with statistical

summaries.

Denture Adhesive group

Mean (95% CI of mean)

Ft

0

P
FxO a
FxM ab
FxMH bc
FxBH cd
FxFS d

32.555 (30.472 — 34.638)
44.858 (41.236 — 48.480)
66.288 (63.984 - 68.592)
77.922 (73.341 - 82.503)
80.509 (76.009 - 85.008)
84.503 (80.192 - 55.814)
88.402 (86.137 — 90.668)
90.559 (84.795 — 96.324)

Fittydent (Ft), Olivafix (O), Polident (P), Fixodent Original (FxO), Fixodent Microseal for Partials (FxM),
Fixodent Ultra Max Hold (FxMH), Fixodent Plus Best Hold (FxBH) and Fixodent PLUS Best Foodseal

Technology (FxFS).

*Results of Least Significance Difference (LSD) post hoc comparisons are shown as superscript letters,

and values having same superscript letters were not significantly difference (p > 0.05).
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Table 5. Average Retention strength (kPa) of denture adhesives, cost of denture adhesives

per gram (THB) and retention strength per 1 THB (price update on April 2022).

Group Average Retention strength Cost per gram  Retention strength per 1 THB
(kPa) (THB) (kPa/THB)
Ft 32.555 7.00 4.65
O 44.858 4.98 9.00
P 66.288 4.75 13.96
FxO 77.922 8.30 9.39
FxM 80.509 11.00 7.32
FxMH 84.503 11.54 7.32
FxBH 88.402 10.75 8.22
FxFS 90.559 10.13 8.94
Discussion strength (kPa) which was calculated by dividing

The null hypothesis that the denture
adhesives are all the same in aspects of
adhesive strength was rejected as some of them
showed statistically significant differences. While
all groups of the Fixodent denture adhesives
showed not statistically significant difference, Ft,
O and P group were found to be statistically
different.

The International Organization for
Standardization (ISO) 10873:2021 suggested that
one should apply a load up to 10.0 £ 0.2 N, at
cross-head speed of 5 mm/min, by the pressure
sensitive shaft to the sample (4).

The retention strength of Fittydent in this
study was 32.56 kPa, whereas Manes, et al.
found that the highest retention force in clinical
study of Fittydent on removable denture was
1095.00 N (1). In addition, a clinical trial study
of Ibraheem, et al. was found that the retention
forces was increased with the use of the denture
adhesives and the retentive force of Fittydent
was 1024.20 N (32). These previous studies

showed retentive force (N) instead of retentive

the force at dislodgment with the total surface
area of each prepared sample. Therefore, our
study shows more meaningful data which can be
compared with minimum requirement of having a
5 kPa retention strength (4).

The mechanism of action of denture
adhesives is 50-150% materials swelling from
water absorption (22). They increase the adhesive
and cohesive characteristics as well as the
viscosity of the medium between the denture
and the basal seat, reducing spaces between the
denture base and the basal seat (22). A major
adhesive component may be found in all types of
adhesives (5-60% by weight), a water-insoluble
component (20-70% by weight), viscosity index
improvers (1-20% by weight), plasticizing agent
(1-10% by weight), gallant agent (1-10% by
weight), and taste and scent additions that may
be medicinal and sensual (34). The major adhesive
component (mostly alkyl vinyl ether-maleic
anhydride-AVE-MA salts) is mucoadhesive,
hydrophilic, and water-soluble, and expands

when wet (34). Because it swells less than 10%
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in water, the water-insoluble component (primarily
waxes, petrolatum, oils, silicone, PolyVinylAcetate)
adds to the product’s cohesiveness. The viscosity
index improver (PolyMethylAcrylate, acrylic resins,
PolyVinylChloride, nylon, polyesters) controls
the product’s overall viscosity, allowing it to act
appropriately in the mouth as temperature
changes. Plasticizing agents (polyols, glycerin,
propylene glycol, xylitol) are water-insoluble and
are employed to soften the product. Cohesive
forces are increased by molecular cross-linking
to further extend the action of the products (long-
acting polymers), enhancing the total adhesive
qualities of the materials and the resistance to
denture removal (35). From this study, all groups
of Fixodent (FxO, FxM, FxMH, FxFS and FxBH)
were of the highest retention strength group and
no statistically significant differences could be
observed between them because their ingredients
were mostly the same.

The retention strength per 1 THB (kPa/THB)
of each denture adhesive group was shown in
Table 5. The P group had the greatest retention
strength per 1 THB, followed by FxO, O, FxFS,
FxBH, FXxMH, FxM, and Ft group was the lowest.

Conclusions

Within the limitations of this in vitro study,
the following conclusions were drawn:

1. The results showed that all the tested
denture adhesives, in milled dentures, have
passed the minimum requirement of having a 5
kPa retention strength.

2. The lowest and the highest retention
strength were found in Ft and FxFS groups

respectively.

3. The Fixodent groups give a greater
retention with milled denture base than the other
groups and there are not significant differences
within this group based on product brand.

4. Authors recommend P because of the
highest kPa/THB and FxO because of the lowest

cost per gram in the highest retention group.
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Effect of Thickness of Lithium Disilicate, Cement Color and
Implant Abutment Materials to Final Restoration Color

Thanachot Phayoongrat* Mali Palanuwech*

Abstract

Objective: The purpose of this in vitro study is to investigate the final color of medium
translucent lithium disilicate on implant materials with resin cement.

Material and Methods: Seven specimens of ceramic (1.00, 1.50, 2.00 and 2.50 mm in thickness),
types of implant abutment materials (Ti, Zr, ATi40, ATi50, ATi60 and ATi70) and Nexus llI resin
cement (white, white opaque and yellow) were allocated by simple random sampling method.
Ceramic specimens were placed over implant abutment specimens with resin cement specimen
in between. The spectrophotometer used for measurements, data recorded as CIE L*a*b* color
co-ordinates and calculated into AE value. The statistical analysis was performed with ANOVA and
Tukey’s HSD test (a = .05).

Results: All examine parameters can statistically significant effect on the final color. The lowest
AE was thickness of 2.50 mm on Zr with white opague and yellow cement (1.41 + 0.07 and
1.36 + 0.13, respectively) and on titanium with white cement (2.03 £ 0.16).

Conclusion: Zirconia and 50-voltage anodized titanium, which could mask the implant
abutment at a clinical acceptable level (AE < 5.50) when using the at least 1.50 mm ceramic with

white, white opaque and yellow Nexus Il resin cement.

Keyword: Lithium disilicate, Cement color, Implant abutment material, Total color difference

*Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23
Road, Bangkok, 10110, Thailand.
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alloy abutment material; Material, China
99% Ti, 0.3% Fe
Filtek Z350XT Dentine A2  Nanohybrid composite resin 3M ESPE, USA
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Figure 1 Implant abutment materials (A) Zirconia (B) Titanium (C-F)

Anodized titanium at various voltages (40-70 V).
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winvdannlzfindunar 10 Wil udnhaudh
wisseanuiiasemmasey

mMsesENunasaudIaus

Aadudiundad 3 (Nexus ll) slaLnee
LALLALFALEY (Dual cure) 10U 3 & laud fwides
(n = 49) &1 (n = 49) WazRY AU (N = 49) TINAU
Uanednveasudtasluusiuuunaainudedla aune
WUENUAUENA1Y 11.00 FARNAT UaTANNVLN 0.20
fadwnsfingszwinwsiuuila Deviusaogndy
dwitin 2 Alansu udmeuaseAIava B ULaYT
26U 750 NaRIndsemviuRmes ez 20 il
udnhlumeldiedeviaids (Incubator ENOSS,
NUVE AS., Izmir, Turkey) figaumfl 37°C + 1°C
Junan 24 Hlavisliiiewedmslsizduatiig
auysnl
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NMsNAFDUINE (Spectrometric analysis)
madisuieddawdavawnnsiwlnfives
Juish 5% 1am woaud W (vita Easy shade
Advance V, Vita Zahnfabrik, Bad Sackingen,
Germany) laagnaaauwievinu Serwualifiuvas
ﬁﬂLﬁmLLa\‘immgmﬁﬁ 65 (D65) LazyNNIEaU
Lﬁﬂui’mﬁﬁLw\iuﬁmfsdaun'ﬁﬁ’\aaunnﬂ%\a
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Fufidaspuduacluwiugy udlavudiedu
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yntuhdsenessuzesiaiovaninslulafnes
Talugnaasuludumisienarvsoviunaaoy
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Fuudaund wardunasouigadnauaNNr
seiiguatnedny
ANNUAIANNLANFNTONALER 1D Lasd
(*L, *a and *b) laeiu/Sau Fioueaasfusunagoy
ATLANLEIAUIUAIANNULANANIDIRAIE GRS
4lad 76 (CIE76); lmurvumd Perceptability
threshold < 2.6 LLag Acceptability threshold < 5.50

AE - [(L*cement_L*air)2+(a*cement_a*air )2+(b*cement_b*air)2]1/2

TeidayansnITNeLULYNAMIENNT
NAsUYETLS-Iaf (Shapiro-Wilk test) intfu
NEFDUANNLUTUTIURUL 3 8 (Three-way ANOVA)
iianasauBnBwazesiagyimandannifion Fuev
Faud UATANNVIUNZBNEIAN UATNATBLAN
uanedunugdieiinaaaueyi (Tukey’s

' :
a o P

multiple comparison) NTeAUANMNIEANU 0.05
FILANUIUANINAED AP ETZUUADNNILADSARY
TUsunsuteaiaaLas SPSS U 17 (SPSS 17.0 V;

SPSS Inc., Chicago, IL)

WaMNAaay (Results)
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pzlulad 50 waz 60 Tadswdudiwudfianiiu
LAZIABNAAIAMNLANA1NTDIR N LA AU
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AN 2 uEAYANANLANANTaYRLATAMNLUSUTIUlRaRsanAMNENRUSSE RN AMNUILEIIEN
Jaavimandasniiisanuazisdudiusifan
Table 2 Mean and standard deviation of total color difference, classified according to type of

ceramic thickness, implant abutment materials and white resin cement.

Ceramic thickness 1.00 mm 1.50 mm 2.00 mm 2.50 mm
implant
abutment material Ae
Zr 8.00 £ 0.11 511 £ 0.14 3.44 £ 0.22 3.01 £0.19
Ti 6.35 £ 0.19 3.71 £ 0.33 231 £0.12 2.03 £ 0.16
ATi40 12.94 £ 0.20 7.45 £ 0.10 5.02 £ 0.19 3.45 £ 0.11
ATi50 5.73 £ 0.22 3.80 £ 0.13 3.07 £ 0.11 268 £ 0.12
ATi60 723 £ 0.22 4.73 £ 0.34 3.54 £ 0.29 3.55 £ 0.18
ATi70 12.73 £ 0.10 7.59 £ 0.11 4.90 £ 0.09 3.94 + 0.10

MSN 3 UARIAANHLANANDBVRLAZAMN Ltﬂiﬂi‘lutﬂ g3 ﬂ’J’]NﬁN‘ﬁuﬁi CHINANKUNBIIHN
JagvhuandasiniiisuuazisBudinundenidiv
Table 3 Mean and standard deviation of total color difference, classified according to type of

ceramic thickness, implant abutment materials and white opaque resin cement.

Ceramic thickness 1.00 mm 1.50 mm 2.00 mm 2.50 mm
implant
abutment material A
Zr 9.38 £ 0.07 3.06 £ 0.23 0.77 £ 0.07 1.41 £ 0.07
Ti 11.82 £ 0.25 391 £0.15 3.17 £ 0.24 1.43 + 0.08
ATi40 14.36 £ 0.10 5.40 £ 0.10 4.70 £ 0.09 2.07 £ 0.06
ATi50 10.17 £ 0.11 4.06 £ 0.18 3.03 £ 0.04 1.50 £ 0.12
ATi60 10.37 £ 0.20 3.10 £ 0.15 3.16 £ 0.09 1.64 + 0.14
ATi70 12.10 £ 0.20 4.37 £ 0.07 484 £ 017 242 £ 0.11
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AT 4 LEAIANANNLANANIBIRRALANNLUSUTIULABRIITUNANNTNAUSTEHINAMNRLLYEIIRN
'5'ﬂqv‘|'mé’n§mﬁmﬁﬂuLtaztiﬂﬁuﬁtuuﬁﬁmﬁm
Table 4 Mean and standard deviation of total color difference, classified according to type of

ceramic thickness, implant abutment materials and yellow resin cement.

Ceramic thickness 1.00 mm 1.50 mm 2.00 mm 2.50 mm
implant
abutment material AE
Zr 5.57 + 0.37 463 + 0.29 141 £ 0.12 1.36 £ 0.13
Ti 7.33 £ 0.26 6.57 £ 0.12 3.79 £ 0.17 1.84 + 0.08
ATi40 10.99 £ 0.24 6.85 £ 0.55 3.39 £ 0.14 2.09 £ 0.16
ATi50 6.62 + 0.34 522 + 0.17 2.82 + 0.06 1.88 £ 0.18
ATi60 6.96 £ 0.22 571 £ 0.20 3.25 £ 0.09 1.86 + 0.09
ATi70 10.10 £ 0.23 729 £ 0.13 3.84 £ 0.20 2.01 £ 0.05

wenni s NETENTRsi 250 NG
i audimvassuazanfvldrinnuuanee
sesdlndidssiusmauay uenmntnuhuduius
2RANNVUUEIAN Fpedinud wariagyiman
gasniiuudBnEnafaA1ANLANANYDIRAY
M3d 5 lapnnanavnassianiinuazfaes
Fuudianuuandiusge e dymeadif
52U 0.05 widagrwdndasiniialinuaiw

uanaeiupgvisdfwszninsiesiladluuas
Tmmddsnfiwiunszuiunsezlulad 50 Taad,
Tnmiflsauaznndesnfidunszuiunsezlulad
60 Tad waslnmdlesfiniunssuiumsezlulad
40 uaz 70 laad wadwsnnnguzevAiadseve
AN UANFANTDIFINNTTINAUTDIANNAUIDD
wAn fvesBuud uaziagimandanniioni
wanFiUENUAILISNAFaUYBINA
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A13N7 5 uaasljfuwudssninedindsanavunzaassdin Jagvimanganndisy uasdvesdiauua

PBINTISILATIZHAIAN AN D DT

Table 5 showed interaction among ceramic thickness, implant abutment materials and cement

color in analysis of total color difference.

Source df Mean Square F P
Ceramic thickness 3 1216.58 6741.54 0.00
Implant abutment material 5 107.03 593.10 0.00
Cement color 2 16.64 92.20 0.00
Ceramic thickness x implant abutment material 15 16.11 89.27 0.00
Ceramic thickness x cement color 6 71.78 397.74 0.00
Cement color x implant abutment material 10 13.96 77.33 0.00
Ceramic thickness x implant abutment 30 2.98 16.48 0.00
material x cement color
Error 432 0.18
Total 503

AANNLANANTRYATBENIN 2.60 wWulu
ANNMNIEAN 2.00 Radwnsiniulnmidlog
uasdwudae,  wosladluuazduuisnfivuas
F1A8DY LAZANNRUILEIIEN 2.50 HaRNATIINGY
wosladlsuasBuuddaniuuaczdmass, nmndlp
uasdlauddonn  fonfivuasfvies, nndle
finunszuauezlulad 40 Thaduasduuddanfiu
uazdwidey, numdlenfrnunssuaueslulad 50 Tad
wazduffrnfuuazdmiey, mmidsadiniu
nszvuezlulad 60 Taduasdwuddnifivuay
fdny, nmiloadfidunszuuezlulad 70 Thad
uarduaieniivuasfiiog

ANANNLANANTBIRY BN 5.50 wulu
ANMAVNIDBTRNNINNINWID WAL 1.50 HaANAT
TINUBNUMING sniiurnannsin 1.50 SRAWAT

safulnndpaiinunsziueslulad 40 waz 70
Taduasfuuddan, nmdey nndeufinn
nszuuazlulad 40 waz 70 Tadsaniud g
RINVGEN

un3919al (Discussion)

WNANTINARDIWLIT  ANNNUNYDILEIINN
nandfienladang fuoeduud waziagimanda
NnfisniinanaAANNLAnaveed (AE) e
fpshdneadd Feufisaanfgiuine laedna
nMafnEUNEIUTEAATITURABNUITINAUKTI
aglafimudolifdunuffenfutiadosin ¢ 49
wafiansefniuAnnnBmmaans Jagiidenls
uaziA3aviiawfisuind (Spectrophotometer) (16,
18, 29)
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mM3An Ul 2021 Paken G HAZAMSWLN
fooeduudiiuiadeseanndannasasifivudiu
(try in paste) ToefibilalFFaavlnwmes (primer)
salunmanaasy duiunsmasseiiseiansanld
wuEFudiiuiadlaefinsanlld Fasbaba
WA primer s9uA78 (30) wanMNfimsAne ey
Tafinazgnasnuuunimaassliasneadeiuih
faTaSeudisuwansAns lunuifeansae
Wenmuld msldasunansielifinanuuuuaiin
Fofwadomainmuazasiounss  Sniethamdn
nInsiavzenaald  lasamizansAunaeis
AATINTNIALEY (refractive index) TnatAsaiy
Wusysnmd (16.29) Tummasavildanldansazay
naesurdaladussdunarvssuindunagey
Fogansheuazonldhouas v lddunasey
donanw wn3ssfiafisuiadifdenldmeiunnssy
fignihanldluewdded 2 Yszam Toud awnlns
TWlnfimasuasuaaniaines (4,15,16,18,29,31)
Tnuunas3finasdnisazviousavuasianysal
FoinanuaaaAdauaIMTiaAfisud  (edge
loss error) snnnawnlaslafines (16,32)

nansAnElwB i memauanehy
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wuludanuuandvzesdaessniinnguiiiian
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Wiawniy 2,50 fadwasiiuiusdudmudunda
3 f17 efivuazivRasuuiaginvangasiniiies
fvaneslady ey nmdendiniu
nszurumseslulad 40, 50, 60 war 70 lad

lurnuziidanuuand1veeeifisansuls
MARINAE < 5.50) wulumanuuanaNzeY
fravninnguaiisaladinesialysuasiu
naNfifianumnnnnimsawiiy 1.50 Aadwns
FwisduBuudunds n3fsnuuiagyiwands
Pnifipaiivhanesladly Inmdes Inmde
finunszuaumsesluled 50 war 60 Taad e
ANNLANAvavETDsETIAnngNifianagaing

yiinlusvuaviiunarvfifinuvuininninusa
Wiy 1.50 fadwasuiuisdudmudunda n3
Awdasuutagyhmdndasnifisnivihaniweslaie
Tnndleaiinunszuaumsezlulad 50 Taduas
menuuansvzesizenfinnguaiienlading
yiinlUgvuavrunaviifinunuininniinge
Wiy 2.00 fadwasnniuidudwudunds n3
fonfvuuiasyihvandannifiosivihanisasTais
Tnndles Inndpaiinunszuiumsesluled 4o,
50, 60 WAz 70 1Iaf
nwansdnslusddedusasiiiiui
anavnzeviendnduifieiifinasedveeiunuy
visysy  Weisnfindanumnifintudonaliien
anuuansiveevilugnngunaseudranas &9
daAARNAUMIANENNDUNIN(15-20,22,31,33-36)
TnmsAnmzee Shorky uazaniy Tutl 2006 wuh
AT ANTI RIS IHA AT (6" Tuszuy
Flodfeanniu  lkenfindamafiuuasnniu
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AANNLANANTEYELARANNIABLLUAY
fitanulugniniifianumuniseuinniiaiu
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AANNUANANDBYATEH IS I ANNgNTTAY
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analusvuavuazdvavsninduiladoiinase
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AnNuansaaedluszaufisensuldmendin e
sanndasiunsfnendildisninlefies euwas
(IPS Empress) fwualavzosviunaslifina e
ANNAUNLGTRNNINNINIBWINAL 1.50 HRFLNAT
(33,39,40)
nmaysuzasauiuigndnuuvandadniu
Favitistuduudiduanstnin nmsfnsiaunth
(14,19,21,22,40-42) wuindveediwudiduilade

'
oo '

NANAFDAIANNLANFNTDIRNIEALTIRNTINAY

o [J L=

Taghwanganniiensndudeeldduudiduas
fafn  lasduwudezdenaliiinanuidudiden
luszuy CIELab mnﬁﬁumwa‘fomiLﬁm‘ﬂﬁﬁ%m
woRlualaistu lduesdusumdnysusiuunlt
wWasuly  Feemumunaasiudumsvldanang
AnafiuTudiraisnansollafoosiumas [FHsetu
MsAn2ey Niu WEl 2014 WU ANNWNDee
Fuuud 100 waz 300 luAspuTINALIERNEINNIA
Yndvaviunasldliuansoiustheiileddayne
gof  wsiermavuzesfiudiandy dowalil
AnuuSusszasdinudanay (14) lunmsinmni
viuaAAVINDEeE UG 200 [nAsauEiuaamn
ﬁﬁugﬂlﬁdm Funaaeududianuudeussuay
ulugumgidaning ewaz 100 uiledlaviudu
nagauLinaudn  nmsAnmwuIiagivan
Samnipzeslady nmdlesdisunszuiums
pzlulad 50 waz 60 Madsniududundans
frmfivuazdwmdavidrianuuans1eeedanii
Fuuddonn Touduudfanfvldnadwsfiindd
fwmdey  wdlsuandreiusteildaddumeatia
waziagrhwanganniies nmiflsnsiniuwnds
MarmuazsmiuldfnihSuuddvies  msFnm
289 Chaiyabutr wazane Wl 2011 wuihduud
fondfuniuinlefied duna wad via
Tswuasdoeldmamnuuanssoaviuuiunaefia
fuulddnifunadeiiddgeusteiveddunie
a0 (19) uannnigauARnumaDY (Warm) &350
Ypdiundoifiddulaminnalnuaine (Light) wio
g1 lUsenay (Translucent) (18,21,41) wasdiaud

frnfiuswniuirninanmsssiouseedRuvaes
Taviz Anovld (4.41) SnviosBududdonanunsn
YndvavRunasdlansladininguuda iy (14)
pthelsAmumsAnsaey Bacchi uavamuy il
2019 WUANMNNUNDAILTINEN 1.80 TAAINAT
Tufuduuddfugeladisenalunsannsasiau
saviiundslanslioglusdviivonsuldnmenadn
(42) sanndveeduudihiidiinaseaauuanse
gavadandiofisusuaunuirevisfinuay
NUNAY (18,19,40) LASWNAYDIAIAINNLANGN
yavinaedwud luudaseuidoiountih linad ld
gonndoviunnaudaziu suddif e iuia
ndveneed g
nsRnuefidadiiaieafusinainu
Tusousvspaizmiin sUhostumeRey AN
ivadudiduiladefifinademanuuanseoeed

=2

Fomneswmsumsdnmsalusuan

‘iJ‘VISﬁgJ (Conclusion)
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Comparison of the finite element analysis and in-vitro
biomechanical analysis in orthognathic surgery

Narissaporn Chaiprakit*,** Siripatra Patchanee*** Kampol Boonsiriseth****
Sorathon Sunthornphornprapa**** Awiruth Klaisiri**,*****

Abstract

In the field of orthognathic surgery, various surgical techniques had been developed for
decades. In order to get a successful outcome, the intensive validation method is necessary to
improve healing process and decrease complication after treatment. Finite element analysis (FEA)
was introduced in oral and maxillofacial surgery to evaluate biomechanical behaviors at osteotomy
site. It also had been reported widely used of FEA for evaluating stress and strain in simulated
virtual models by its simplification and noninvasive to subjects. On the other hands, the in-vitro
biomechanical analysis method could have advantages of plausible and solid values but this method
is required more expense and time consuming. The objective of this review article is to review and
discuss between two methodologies of mechanical analysis in orthognathic surgical behavior of
mandibular osteotomy. This review article is aimed to focus on advantages as well as limitations
between finite element method and in-vitro biomechanical analysis that has been used in area of

orthognathic surgery.

Keywords: Bilateral sagittal split osteotomy, Biomechanical analysis, Finite element analysis,

Orthognathic surgery
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