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Instruction for Authors

The Journal of the Dental Association of Thailand

(J DENT ASSOC THAI) supported by the Dental Assocition
of Thailand, is an online open access and peer-reviewed
journal. The journal welcomes for submission on the field
of Dentistry and related dental science. We publish 4
issues per year in January, April, July and October.

» Categories of the Articles «

1. Review Articles: a comprehensive article with
technical knowledge collected from journals and/or
textbooks which is profoundly criticized or analyzed, or
tutorial with the scientific writing.

2. Case Reports: a clinically report of an update
or rare case or case series related to dental field which
has been carefully analyzed and criticized with scientific
observation.

3. Original Articles: a research report which has
never been published elsewhere and represent new
significant contributions, investigations or observations, with
appropriate experimental design and statistical analysis in
the filed of dentistry.

» Manuscript Submission «

The Journal of the Dental Association of Thailand
welcome submissions from the field of dentistry and related
dental science through only online submission. The manuscript
must be submitted via http://www.jdat .org. Registration by
corresponding author is once required for the article’s sub-
mission. We accept articles written in both English and Thai.
However, for Thai article, English abstract is required whereas
for English article, there is no need for Thai abstract submission.
The main manuscript should be submitted as .doc (word97-
2003). All figures, and tables should be submitted as sepa-
rated files (1 file for each figure or table). For the acceptable
file formats and resolution of image will be mentioned in
8. of manuscript preparation section.

» Scope of Article «

Journal of Dental association of Thailand (JDAT)
is a quarterly peer-reviewed scientific dental journal aims
to the dissemination and publication of new knowledges
and researches including all field of dentistry and related
dental sciences
» Manuscript Preparation «

1. For English article, use font to TH Sarabun New Style
size 14 in a standard Ad paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten.

2. For Thai article, use font of TH Sarabun New Style
size 14 in a standard A4 paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten

with 1.5 line spacing. Thai article must also provide English
abstract. All reference must be in English. For the article
written in Thai, please visit the Royal Institute of Thailand
(http://www.royin.go.th) for the assigned Thai medical
and technical terms. The original English words must be
put in the parenthesis mentioned at the first time.

3. Numbers of page must be placed on the top
right corner. The length of article should be 10-12 pages
including the maximum of 5 figures, 5 tables and 40
references for original articles. (The numbers of references
are not limited for review article).

4. Measurement units such as length, height,
weight, capacity etc. should be in metric units. Temperature
should be in degree Celsius. Pressure units should be
in mmHg. The hematologic measurement and clinical
chemistry should follow International System Units or SI.

5. Standard abbreviation must be used for
abbreviation and symbols. The abbreviation should not be
used in the title and abstract. Full words of the abbreviation
should be referred at the end of the first abbreviation in
the content except the standard measurement units.

6. Position of the teeth may use full proper name
such as maxillary right canine of symbols according to FDI
two-digit notation and write full name in the parenthesis
after the first mention such as tooth 31 (mandibular left
central incisor)

7. Table: should be typed on separate sheets
and number consecutively with the Arabic numbers. Table
should self-explanatory and include a brief descriptive title.
Footnotes to tables indicated by lower-case superscript
letters are acceptable.

8. Figure : the photographs and figures must be
clearly illustrated with legend and must have a high
resolution and acceptable file types to meet technical
evaluation of JDAT that is adapted from file submissions
specifications of Pubmed (https://www.ncbi.nlm.nih.gov/
pmc/pub/filespec-images/#int-disp). We classify type of
figure as 3 types following: line art, halftones and combo
(line art and halftone combinations) The details of description,
required format, color mode and resolution requirement
are given in table below.

Numbers, letters and symbols must be clear and
even throughout which used in Arabic form and limited
as necessary. During the submission process, all photos
and tables must be submitted in the separate files. Once
the manuscript is accepted, an author may be requested
to resubmit the high quality photos.
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» Contact Address «

Editorial Staff of JDAT

The Dental Association of Thailand

71 Ladprao 95, Wangtonglang, Bangkok 10310, Thailand.
Email: jdateditor@thaidental.or.th Tel: +669-7007-0341
» Preparation of the Research Articles «

1. Title Page

The first page of the article should contain the
following information

- Category of the manuscript

- Article title

- Authors’ names and affiliated institutions

- Author’s details (name, mailing address, E-mail,
telephone and FAX number)

2. Abstract

The abstract must be typed in only paragraph.
Only English abstract is required for English article. Both
English and Thai abstract are required for Thai article
and put in separate pages. The abstract should contain title,
objectives, methods, results and conclusion continuously
without heading on each section. Do not refer any documents,
illustrations or tables in the abstract. The teeth must be
written by its proper name not by symbol. Do not use
English words in Thai abstract but translate or transliterate
it into Thai words and do not put the original words in the
parenthesis. English abstract must not exceed 300 words.
Key words (3-5 words) are written at the end of the abstract
in alphabetical order with comma (,) in-between.

3. Text

The text of the original articles should be organized
in section as follows

- Introduction: indicates reasons or importances
of the research, objectives, scope of the study. Introduction
should review new documents in order to show the correlation
of the contents in the article and original knowledge. It must
also clearly indicate the hypothesis.

- Materials and Methods: indicate details of
materials and methods used in the study for readers to be
able to repeat such as chemical product names, types of
experimental animals, details of patients including sources,
sex, age etc. It must also indicate name, type, specification,
and other information of materials for each method. For
a research report performed in human subjects, human
material samples, human participants and animal samples,
authors should indicate that the study was performed
according to the Experiment involving human or animal
subjects such as Declaration of Helsinki 2000, available at:
https.//www.wma.net/what-we-do/medical-ethics/declara-
tion-of-helsinki/doh-oct2000/, or has been approved by

the ethic committees of each institute (*ethic number
is required).

- Results: Results are presentation of the discovery
of experiment or researches. It should be categorized and
related to the objectives of the articles. The results can be
presented in various forms such as words, tables, graphs of
illustrations etc. Avoid repeating the results both untables
and in paragraph =. Emphasize inly important issues.

- Discussion: The topics to be discussed include
the objectives of the study, advantages and disadvantages
of materials and methods. However, the important points
to be especially considered are the experimental results
compared directly with the concerned experimental study.
It should indicate the new discovery and/or important issues
including the conclusion from the study. New suggestion
problems and informed in the discussion and indicate the
ways to make good use of the results.

- Conclusion: indicates the brief results and the
conclusion of the analysis.

- Acknowledge: indicates the institute or persons
helping the authors, especially on capital sources of
researches and numbers of research funds (if any).

- Conflicts of interest : for the transparency
and helping the reviewers assess any potential bias. JDAT
requires all authors to declare any competing commercial
interests in conjunction with the submitted work.

- Reference: include every concerned document
that the authors referred in the articles. Names of the
journals must be abbreviated according to the journal name
lists n “Index Medicus” published annually of from the
website http://www.nlm.hih.gov
» Writing the References «

The references of both Thai and English articles
must be written only in English. Reference system must
be Vancouver reference style using Arabic numbers, making
order according to the texts chronologically. Titles of the
Journal must be in Bold and Italics. The publication year,
issue and pages are listed respectively without volume.
Sample of references from articles in Journals

- Authors

Zhao'Y, Zhu J: In vivo color measurement of 410
maxillary anterior teeth. Chin J Dent Res 1998;1(3):49-51.

- Institutional authors

Council in Dental Materials and Devices. New
American Dental Association Specification No.27 for direct
filling resins. J Am Dent Assoc 1977,94(6):1191-4

- No author

Cancer in South Africa [editoriall. S Afr Med J
1994:84:15
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Sample of references from books and other mono-
graphs

- Authors being writers

Neville BW, Damn DD, Allen CM, Bouquot JE.
Oral and maxillofacial pathology. Philadelphia: WB
Saunder; 1995. P. 17-20

- Authors being both writer and editor

Norman IJ, Redfern SJ, editors. Mental health care
for the elderly people. New York: Churchill Livestone; 1996.

- Books with authors for each separate chapter

- Books with authors for each separate chapter
and also have editor

Sanders BJ, Handerson HZ, Avery DR. Pit and
fissure sealants; In: McDonald RE, Avery DR, editors.
Dentistry for the child and adolescent. 7th ed. St Louis:
Mosby; 2000. P. 373-83.

- Institutional authors

International Organization for Standardization.
ISO/TR 11405 Dental materials-Guidance on testing of
adhesion to tooth structure. Geneva: ISO; 1994,
Samples of references from academic conferences

- Conference proceedings

Kimura J, Shibasaki H, editors. R The Journal of
the Dental Association of Thailand (JDAT): (ISSN 2408-1434)
online open access and double-blind peer review journal
and also supported by the Dental Association of Thailand
advances in clinical neurophysiology. Proceeding of the
10th International Congress of EMG and Clinical Neuro
physiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam;
Elsevier; 1996.

- Conference paper

Hotz PR. Dental plague control and caries. In:
Lang PN, Attstrom R, Loe H, editors. Proceedings of the
European Work shop on Mechanical Plague Control;
1998 May 9-12; Berne, Switzerland. Chicago: Quintessence
Publishing; 1998. p. 25-49.

- Documents from scientific or technical reports

Fluoride and human health. WHO Monograph;
1970. Series no.59.
Samples of reference from thesis

Muandmingsuk A. The adhesion of a composite
resin to etched enamel of young and old teeth [disser-
tation]. Texas: The University of Texas, Dental Branch at
Houston; 1974.
Samples of reference from these articles are only
accepted in electronic format

- Online-only Article (With doi (digital iden-
tification object number))

Rasperini G, Acunzo R, Limirolj E. Decision making
in gingival rec experience. Clin Adv Periodontics 2011;1:
41-52. doi:10.1902 cap.2011.1000002.

- Online only article (without doi)

Abood S. Quality improvement initiative in nursing
homes: the ANA acts in an advisory role. Am J Nurs 2002;
102(6) [cited 2002 Aug 12] Available from: http://nursingworld.
org/AIN/2002/june/WaWatch.htmArticle
Samples of references from patents/petty patents

- Patent

Pagedas AC, inventor; Ancel Surgical R&D Inc.,
assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1.

- Petty patent

Priprem A, inventor, Khon Kaen University.
Sunscreen gel and its manufacturing process. Thailand
petty patent TH1003001008. 2010 Sep 20.

» Preparation of the Review articles and Case reports «

Review articles and case reports should follow the
same format with separate pages for abstract, introduction,
discussion, conclusion, acknowledgement and references.
» The Editorial and Peer Review Process «

The submitted manuscript will be reviewed by
at least 2 qualified experts in the respective fields. In
general, this process takes around 4-8 weeks before the
author be noticed whether the submitted article is
accepted for publication, rejected, or subject to revision
before acceptance.

The author should realize the importance of
correct format manuscript, which would affect the duration
of the review process and the acceptance of the articles.
The Editorial office will not accept a submission i the
author has not supplied all parts of the manuscript as
outlined in this document.

» Copyright «

Upon acceptance, copyright of the manuscript
must be transferred to the Dental Association of Thailand.

PDF files of the articles are available at http://
www.jdat.org

Publication fee for journals: Free for Black and white printing
this article. The price of color printing is extra charged 10,000 bath/
article/1,500 copy (vat included).

Note: Color printing of selected article is considered by editorial
board. (no extra charge)

» Updated January, 2024 «



ANYIFEISNUALLNNYAENS

JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

GUEITY

Uit 75 atiuil 3 nangrau - fueneu w.a. 2568

UNANUUINAY

Effectiveness of Air Polishing in Managing
Peri-lImplant Diseases: A Review

Akkapol Banlue

Sukrit Jaiklaew

5189U U

Resolving Chronic Masticatory Myofascial Pain
in a Bruxism Patient: A Case Report on Effective
Treatment Approaches

Uthai Uma

UNINYIN3

The Effect of Pandan Leaf Extract on Heat-Polymerized
Acrylic Resin: Alteration of Physical Properties and
Reduction of Candida albicans

Kanokporn Teerakiatkamjorn

Nattapon Rotpenpian

The Effect of Herbal Toothpastes on Aged Root
Dentin Surface Roughness After Brushing

Pasika Meenamphant

Rangsima Sakoolnamarka

Issara Wongpraparatana

Kopkrit Hataiareerug

Compressive Strength of Highly Filled Flowable,
Conventional, and Combinations of Flowable as
a Liner with Conventional Resin Composite
Kanokporn Teerakiatkamjorn

Wanthip Plooksawasdi

Nattapon Rotpenpian

119

132

141

153

164

Contents

Volume 75 Number 3 July - September 2025

Review Article

Oral Evaluation and Management in Head and
Neck Radiotherapy Patient

Atapol Yongvikul

Sunya Ruangsitt

Case Report

Resolving Chronic Masticatory Myofascial Pain
in a Bruxism Patient: A Case Report on Effective
Treatment Approaches

Uthai Uma

Original Article

The Effect of Pandan Leaf Extract on Heat-Polymerized
Acrylic Resin: Alteration of Physical Properties and
Reduction of Candida albicans

Kanokporn Teerakiatkamjorn

Nattapon Rotpenpian

The Effect of Herbal Toothpastes on Aged Root
Dentin Surface Roughness After Brushing

Pasika Meenamphant

Rangsima Sakoolnamarka

Issara Wongpraparatana

Kopkrit Hataiareerug

Compressive Strength of Highly Filled Flowable,
Conventional, and Combinations of Flowable as
a Liner with Conventional Resin Composite
Kanokporn Teerakiatkamjorn

Wanthip Plooksawasdi

Nattapon Rotpenpian




ANYIFISNUALLNNYAENS

JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

GUEITLY

Uit 75 atiuil 3 nangrau - fueneu w.a. 2568

UNINYINTT
msthlusunsuriunguinedidaguluuszgndldlu
Tsefeuuszoudnn: nsdifne “iludl Buanla”
WAt Invauy el

A9 30

Ansnsed AanLen)

e Yeysssu

WNANTYEYT FNNELAY

giaas dunning

HNINTAl WUTIA AiFnagsne

175

LA 3 v a = @
ANNNLYAR Lﬂi&l“ﬂﬁ]ﬂiaﬂqmuﬂswmzﬂ3LL§nListEWia~1 185

nsmdaneilnesiiungealsanszeziom 6 hou:
N1INAFIULUUENNINFUAIUAY

Susen Asuddnn

Wi lnsimilasna

quen ATIAA3

AN 550 IRIUIUUT
WIN3 LA3EYaNN

shvun dunild

LAANA A

Contents
Volume 75 Number 3 July - September 2025

Original Article

The Application of a Ready-Made Oral Health
Education Program in Elementary School:

A Case Study “Healthy Teeth, Beaming Smile”
Palinee Detsomboonrat

Patita Bhuridej

Pattraporn Hasadisevee

Kanya Boontham

Keskanya Subbalekha

Supassara Chanpakorn

Pagaporn Pantuwadee Pisarnturakit

Pixel Grey Values of Initial Proximal Caries Lesion
after Silver Diamine Fluoride Application at
6 Months: A Randomized Controlled Trial

Rinrada Pirompak

Chutima Trairatvorakul

Suchaya Pornprasertsuk-Damrongsri
Thipawan Tharapiwattananon
Pornkawee Charoenlarp

Ratichanok Nantanee

Erratum

Front cover image: adapted from Figure 4 Toothpaste abrasive particles: (A) HB1 group, (B) HB2 group, (C) HB3 group,
(D) NHB group. Bar = 10 um. (see Meenamphant et al., page 159 for detail)




Review Article

Effectiveness of Air Polishing in Managing Peri-Implant Diseases: A Review

Akkapol Banlue' and Sukrit Jaiklaew'
'Maha Chakri Sirindhorn Dental Hospital, Faculty of Dentistry, Mahidol University, Nakhon Pathom, Thailand

Abstract

Peri-implant diseases, including peri-implant mucositis and peri-implantitis, are inflammatory conditions
affecting the tissues around dental implants. Effective management of these diseases is crucial to ensuring the
long-term success of implant therapy. Air polishing has emerged as a potential non-invasive treatment modality for
managing peri-implant diseases, offering an alternative to traditional mechanical debridement methods like hand
scaling or using ultrasonic devices. This technique utilizes a pressurized jet of air, water, and abrasive powder to
disrupt biofilm with minimal damasge to the implant surface or surrounding soft tissues. Glycine powder air polishing
and erythritol powder air polishing have gained prominence in peri-implantitis treatment. In vitro studies suggest that
glycine powder air polishing and erythritol powder air polishing are highly effective in reducing biofilm and bacterial
load with minimal damage to the implant surface. However, clinical studies have demonstrated limited benefits in
reducing bleeding on probing and probing depth in peri-implant mucositis and peri-implantitis treatment. Its efficacy
may depend on the stage of the disease, the powder used, and the duration of the treatment. Additionally, peri-implantitis
is a multifactorial disease. Air polishing holds promise as a valuable tool in the management of peri-implant diseases.
Further research is required to determine and improve its clinical outcomes and to compare it with other established

treatment modalities.

Keywords: Dental air abrasion, Dental implants, Peri-implant diseases, Peri-implant maintenance
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Introduction

Dental implants have revolutionized the field of
tooth replacement, providing an alternative to traditional
methods of addressing missing teeth. Dental implants
offer numerous advantages. They help support the
surrounding teeth by preventing them from shifting
into the space. In addition, dental implants are highly
functional and aesthetically pleasing, blending naturally

into the smile of an individual.

Maintaining optimal peri-implant health is critical,
as neglecting it may lead to peri-implant diseases. The
peri-implant conditions can be categorized into three
groups. The ideal state of the peri-implant soft tissue is
typically the absence of signs of inflammation, including
bleeding on probing (BoP), suppuration (SUP), and redness,
and probing depth (PD) of approximately 3-4 mm, a

condition referred to as “peri-implant health”.! As

Banlue and Jaiklaew, 2025 119



peri-implant diseases progress due to the accumulation of
dental plaque around the soft tissue, it can develop into
“Peri-implant mucositis”. It is described as clinical signs
of peri-implant soft tissue inflammation without marginal
bone loss.” The prevalence of peri-implant mucositis
ranges from 27% to 63%.” If the condition deteriorates
and progresses into “Peri-implantitis”, it is defined as a
condition in which clinical manifestations of inflammation
are detectable and the radiographic evidence demonstrates
further crestal bone loss surrounding dental implants.*
The prevalence of peri-implantitis is vary from 7% to
28%.” The progression from peri-implant mucositis to
peri-implantitis remains inconclusive. Many studies
identified bacterial plaque accumulation as a key etiologic
factor, similar to periodontitis. Several contributing factors
also play a role, including smoking, diabetes mellitus,
titanium particle dissolution, excessive occlusal loading,
cement remnants, and genetic predisposition. These
factors can lead to microbial dysbiosis, which further
contributes to the state of the disease.”” Therefore,
prevention through strict plague control and addressing
these contributing factors is essential for maintaining
peri-implant health.

Peri-implantitis is treated through a combination
of non-surgical and surgical approaches. Non-surgical
treatment includes mechanical cleaning using ultrasonic
scalers, curettes or air polishing, antimicrobial therapy
with antibiotics or antiseptic rinses, and implant surface
disinfection to remove plaque and bacteria. Surgical
treatment is considered if non-surgical methods fail.
Flap surgery may be performed to clean the implant
and bone. In some cases, bone grafting and guided bone
regeneration can restore lost bone.” Regular professional
mechanical debridement, combined with routine plaque
control, represents the key to long-term success. Although
these approaches have been shown to effectively reduce
clinical signs of inflammation’, hand scalers have been
found to cause damage to the tissues."

Therefore, the purpose of this review is to critically
assess the existing scientific evidence on the effectiveness
of air polishing in managing peri-implant mucositis and

peri-implantitis. The advantages and limitations of

air polishing will be examined in comparison to traditional
mechanical debridement, drawing from both in vitro and
clinical studies. By thoroughly reviewing the current
research, this paper aims to offer valuable insights for
dental professionals in determining the appropriate role
of air polishing in the treatment and maintenance of
peri-implant health.
In vitro studies of air polishing for implant surface
decontamination
Mechanism of air polishing

Air polishing devices utilize a combination of air,
water, and powder particles propelled at high velocity toward
the surface. The primary mechanism is the mechanical
removal of biofilms and debris through abrasive contact.
The choice of powder is crucial for balancing efficacy and
safety, particularly on rough implant surfaces. Different
powders vary in abrasiveness and particle size, influencing
their effectiveness in biofilm disruption and the potential
for surface damage."’
Effectiveness against biofilm

Several in vitro studies have evaluated the ability
of air polishing to remove biofilm from various implant

surfaces.'>®?!

Research shows that erythritol powder air
polishing (EPAP) and glycine powder air polishing (GPAP),
effectively removes biofilms without significantly altering
the surface topography of dental implants compared to
other methods.””* Luengo et al. compared the cleaning
ability of four methods (GPAP, Titanium (Ti) brush, polyether
ether ketone tip ultrasonic, and stainless-steel tip ultrasonic)
on simulated intraosseous defects with Tiimplants. The
study showed that while no single method can completely
decontaminate, GPAP was one of the most effective.®
Similarly, Ichioka et al. found that air polishing using
EPAP outperformed chemical agents, and combining
air polishing with chemical agents did not significantly
enhance efficiency."®
Surface integrity and roughness

Protecting the surface integrity of dental implants
is a key consideration during contamination, as surface
characteristics influence osseointegration and bacterial
adhesion. In vitro studies show that air polishing, especially

with fine powders, causes minimal changes to implant
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surfaces compared to more abrasive techniques like
ultrasonic scaling or mechanical brushing.”** Matsubara
et al. compared the effects of GPAP and EPAP to sodium
bicarbonate on Tiimplant surface roughness, finding that
GPAP and EPAP caused significantly less surface damage,
making them suitable options for routine peri-implantitis
treatment.”® Additionally, GPAP can roughen Ti disks without
negatively affecting fibroblast biocompatibility.”’
Antimicrobial effects and cytocompatibility

In vitro studies have also assessed the antimicrobial
effects of air polishing. Petersilka et al. demonstrated that
GPAP effectively reduced bacterial loads on contaminated
implant surfaces.” Drago et al. and Fernandez et al. found
that combining EPAP with Chlorhexidine (CHX) exhibited
significant antimicrobial and antibiofilm activity.'**’ Stein
et al. studied the effect of air polishing on Ti and zirconium
(Zr) discs, showing that bacterial activity decreased, and
human gingival fibroblasts showed increased viability,
with lower cytotoxicity and apoptosis rates. This suggests
that air polishing is suitable for decontaminating Ti and
Zr implant surfaces.”
Comparison with other methods

Various studies have compared air polishing with
other decontamination methods, such as ultrasonic scalers,
lasers, and chemical agents. These studies consistently
show that air polishing is as effective as or superior to
many traditional methods in biofilm removal and surface
preservation. Air polishing was more effective than citric
acid and ultrasonic scaling in reducing bacterial biofilms
without altering the implant surface structure.” Luengo
et al. and Ichioka et al. demonstrated that ultrasonic and
Ti brushes were similarly effective for cleaning implant

surfaces in simulated intrabony defects."*

Discepoli et al.
concluded that GPAP can be effectively used adjunctly
to ultrasonic debridement.” Stein et al. reported that
both air polishing and ultrasonic devices effectively
inactivated biofilms with favorable cytocompatibility on
Tiand Zr surfaces, while chemical agents posed potential
cytotoxic effects.”
Powder selection and technique

The type of powder used significantly impacts

the results of air polishing. GPAP utilizes glycine powder,

a substance composed of the amino acid glycine with
average diameter 45 microns.>* EPAP employs erythritol,
a sugar alcohol with a mean particle size 14 microns.”**
Both GPAP and EPAP are typically utilized for supragingival
and subgingival cleanings. These modalities are particularly
advantageous for patients with periodontal disease or
dental implants due to their minimal abrasiveness and
efficacy in biofilm removal without compromising the
integrity of the implant surface. Sodium bicarbonate,
while effective, is more abrasive and may alter rough
implant surfaces due to its large particle size (up to 250
microns).® Formulated with sodium bicarbonate, this
powder is primarily indicated for the removal of extrinsic
stains resulting from the consumption of substances
such as coffee, tea, and tobacco. Its non-toxic nature
and ease of use contribute to its efficacy in supragingival
cleaning procedures. Polishing powder is only one factor
in successful decontamination; other factors, such as
air pressure, the angle between the implant surface
and the device, and the depth of the nozzle, also play
a role. Tastepe identified air pressure as a key factor
influencing cleaning efficiency, with increased pressure
extending the cleaning area. Other factors, such as nozzle
depth and excessive powder flow, had less impact,
though cleaning effects reached deeper than the nozzle
physically penetrated.” Tuchscheere demonstrated that
a 60°-90° angle between the device and the implant
surface was more effective than a 30° angle.”
Clinical studies of nonsurgical peri-implantitis
treatment conditions
Non-surgical treatment in peri-implant mucositis
condition

Treatment approaches for peri-implant mucositis
aim to achieve complete resolution of BoP around the
implant, thereby restoring peri-implant health. Various
non-surgical procedures, including mechanical debridement,
air polishing, and laser therapy, are commonly used. Research
has investigated the efficacy of air polishing powder, both
as an adjunct to conventional mechanical debridement
and as a standalone treatment, in comparison to mechanical
debridement. Studies have specifically examined its

effectiveness in reducing BoP’* and bleeding index (BI).”"*
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GPAP has become a widely used technique for
managing peri-implant mucositis. A study by Ji et al.
demonstrated a reduction in Bl one week after combining
GPAP with mechanical debridement, compared to
baseline, with this positive outcome sustained for up to
three months.”” However, using GPAP may not provide
a significant advantage in reducing the Bl compared to
mechanical debridement alone (Table 1). Furthermore,
a greater reduction in inflammation was observed in the
mechanical debridement alone group compared to the
GPAP treatment.” Interestingly, potential benefits of GPAP
were observed in patients with mandibular full-arch
implant-supported restorations after a six-month follow-up.
The study reported negative Bl scores in 86% of the GPAP
group, compared to 60% in the mechanical debridement
group.” Further research by Riben-Grundstrom et al.
compared GPAP with mechanical debridement alone,
showing a decrease in the percentage of BoP and diseased
sites in both treatment groups at the 12-month follow-up
compared to baseline. However, no significant advantage
of GPAP over conventional treatment was observed.”
A recent study using EPAP demonstrated a reduction in
BoP at the six-month compared to baseline. However, no
significant benefit of EPAP over mechanical debridement
alone was observed.” Notably, 30.65% of patients treated
with EPAP achieved complete resolution of inflammation.
A recent systematic review and meta-analysis found
no added benefit of air polishing powder compared to

mechanical debridement in reducing BoP."

Several secondary outcomes were measured to
assess the effectiveness of the air polishing treatment.
Studies show a significant reduction in PD following the
use of both GPAP and EPAP as adjuncts to mechanical

% and six months®

debridement at three months
compared to baseline PD. However, neither GPAP nor
EPAP demonstrated superior benefit when compared
to conventional treatment in terms of PD reduction.”
Numerous studies have documented the efficacy of air
polishing in reducing plaque index (PI). After the use of
air polishing devices, Pl significantly decreased and remained

lower at three months®"*

_six months® and even twelve
months® compared to baseline. A greater complete
reduction in Pl was observed in the GPAP treatment group,
with 80% of subjects achieving this outcome compared
to 33.3% of subjects in the mechanical debridement
alone group.*” However, air polishing treatment did not
demonstrate a significant advantage over mechanical
debridement in terms of Pl reductions.” While GPAP
treatment demonstrated stable buccal keratinized gingiva
and mucosal recession, it did not differ from conventional
treatment. Patient perceptions of GPAP were similar to
those of conventional treatment. Additionally, the perceived
ease of use of GPAP was not significantly different from
that of mechanical debridement.” The available evidence
suggests that air polishing devices do not provide a significant
additional benefit in treating peri-implant mucositis, as
indicated by minimal improvements in BoP, PD, PI, and

patient perception.
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Non-surgical treatment in peri-implantitis
condition

The treatment of peri-implantitis presents a
significant challenge, and air polishing devices are increasingly
utilized in managing this condition. The primary objective
of peri-implantitis treatment is to reduce BoP and PD.
This article focuses on the efficacy of air polishing powder
as an adjunct to conventional mechanical debridement
or as a standalone treatment compared to mechanical
debridement. Comparisons between air polishing and
other modalities, such as ultrasound or laser will also
be explored.

Air polishing is proposed to eliminate inflammatory
reactions by achieving reduced BoP values. Studies by
Sahm et al. and John et al. demonstrated the benefits
of GPAP in reducing BoP compared to treatment with
carbon curettes combined with the application of CHX.
GPAP exhibited a significantly greater reduction in BoP
(51.6+28.6%) compared to mechanical debridement
(24.8+29.8%) at three months. This effect appeared to
be sustained at 12 months (Table 2). However, three
studies did not find any significant enhancement in BoP
reduction with GPAP or EPAP compared to mechanical

debridement alone.***

A recent systematic review and
meta-analysis categorized studies into short-term (<6
months) and long-term (=6 months) outcomes. The air
polishing device demonstrated a significant advantage in
reducing BoP only in the long-term group.” Compared
to other modalities, the benefit of air polishing for BoP
reduction in peri-implantitis appears limited. Studies
by Renvert et al. and Persson et al. compared GPAP to
ErYAG laser™*, while Prosper et al. investigated GPAP
versus ultrasound.”” These studies demonstrated
comparable BoP reduction with air polishing powder
and other modalities.” '

Increased PD around the peri-implant tissue is
a key clinical indicator for diagnosing peri-implantitis.*

Therefore, another pivotal goal of peri-implantitis treatment

is to achieve a shallower PD. Five studies found no additional
benefit of air polishing treatment in a shallower PD
compared to mechanical debridement.”******* A recent
meta-analysis similarly concluded that air polishing devices
offer no additional benefit for PD reduction.* In addition,
air polishing seems to yield similar results in decreasing

% and ultrasound

of PD when compared to Er:YAG laser
treatments.”’

PI, SUP and crestal bone loss (CBL) are proposed
as secondary measures. Studies have shown no additional
benefit of air polishing in reducing Pl compared to
conventional treatment.”*****° Similarly, GPAP demonstrated
equivalent Pl reduction outcomes compared to ultrasound
treatment.”’ Existing research suggests no advantage of
EPAP over mechanical debridement alone in reducing
SUP.“*Additionally, air polishing appears to be equally

effective as laser™”

and ultrasound”’ in reducing SUP.
Three studies compared air polishing to mechanical
debridement using radiographic examination to detect
CBL. These studies found no additional benefit of air
polishing compared to conventional treatment.**
Likewise, no superior effect was observed with GPAP
45-47

compared to other modalities.™" While air polishing

treatment seems to maintain stable buccal keratinized

42,47 42,43,47,49,50

gingiva'~"" and mucosal recession , the results do
not differ significantly from conventional treatment or
other treatment modalities. Consistent with this finding,
a recent meta-analysis reported no additional benefit
of air polishing treatment in Pl and clinical attachment
level (CAL). Nevertheless, GPAP demonstrated a significant
advantage in preventing further CBL compared to
conventional treatment during long-term follow-up.*
In terms of patient perception, there is no significant
difference in discomfort levels between EPAP and ultrasonic

scalers™®

or patient satisfaction.” Conversely, Selimovic
et al. reported significantly less pain with conventional
treatment.* Regarding complications, most other studies

documented uneventful outcomes.
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Clinical studies of surgical peri-implantitis treatment
condition

Peri-implantitis often necessitates surgical
intervention when non-surgical treatments fail to achieve
adequate clinical outcomes. Despite the lack of a gold
standard for surgical peri-implantitis treatment, effective
decontamination of the bacteria-contaminated implant
surface is essential for successful outcomes. Air polishing
devices have emerged as a promising approach to achieving
this objective. This article reviews the effectiveness of air
polishing powder as an adjunct to surgical debridement or
in comparison to other modalities, such as Ti brushes or
implantoplasty.

Similar to non-surgical treatment, the primary
goals of surgical peri-implantitis treatment are to reduce
inflammatory conditions. A study by Toma et al. compared
surgical debridement with GPAP to plastic curettes in
patients suffering from peri-implantitis. GPAP demonstrated
a significantly lower gingival index (GI) (0.31 + 0.37)
compared to surgical debridement alone (0.91 + 0.59)
at the six-month follow-up. This effect appeared to
be sustained at 12 months’* (Table 3). However, two
other studies did not find any additional benefits of air
polishing powder in reducing inflammation compared
to surgical debridement.””” Compared to other modalities,
surgical debridement with the application of a Ti brush
appears to be more effective in lowering BoP (16 + 3.7%)
compared to GPAP (23 + 2.3%) at the six-month follow-up.”
In addition, the combination of plastic curettes with
implantoplasty demonstrated similar BoP outcomes to
GPAP.** When compared to baseline examination, air
polishing powder including sodium bicarbonate55,56
and GPAP*"***" have shown significant reductions in BoP
at the three to 12-month follow-up periods.

Achieving a shallower PD is a key objective in surgical
peri-implantitis treatment. Two studies demonstrated
the additional benefits of GPAP in reducing the PD compared
to surgical debridement alone.”*” Notably, most studies
have not shown a significantimpact of GPAP on PDreduction.”***’
When compared to other modalities, surgical debridement

with the application of a Ti brush appears to be more

effective in achieving a shallower PD (3.98 + 1.43 mm)
compared to GPAP (4.71 + 1.24 mm) at the six-month
follow-up. Additionally, surgical debridement followed
by implantoplasty demonstrated similar outcomes in PD
reduction compared to GPAP.” When compared to baseline
values, all studies have shown significant reductions in
PD with the use of air polishing.”"*****

A composite outcome defined as a PD of 5 mm
or less, absence of BoP or SUP, and no further bone loss
within an acceptable tolerance of 0.5 mm has been proposed
to provide a more comprehensive perspective.” Studies
have reported success rate ranging from 26-56.67% using

. . 2-54,57
this composite outcome.”**?

Interestingly, Luengo et al.
allowed for one BoP site as acceptable for success™, while
other articles required complete absence of BoP.”***
This variation may partly explain the higher success rate
(56.67%).” Overall, these findings suggest that surgical
treatment combined with air polishing powder exhibits
arelatively low success rate. Luengo et al. suggests that
achieving complete resolution of BoP remains a significant
challenge when using air polishing powder as part of the
treatment plan. Furthermore, patient compliance with
supportive periodontal therapy (SPT) may significantly
impact treatment success. Erratic compliance resulted
in a considerably lower implant success rate (30%)
compared to complete compliance (100%).”’
Secondary outcomes, encompassing PI, SUP, CAL,
and CBL, also play a vital role in evaluating treatment
success. Several studies have shown that surgical
debridement combined with air polishing treatment
does not provide additional benefits in improving these
parameters compared to surgical debridement alone.”"™*
However, some exceptions exist, Toma et al. reported
a significant reduction in CAL with GPAP compared to
plastic curette at 6 months post-surgery.” Additionally,
Hentenaar et al. observed a benefit in terms of SUP
reduction when using EPAP.”® Following surgical
treatmentwith air polishing, gingival recession typically
occurs within the range of 0.5-1 mm with a net bone gain

of up to 0.5 mm.”**’
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Complication associated with air polishing devices
in dental implant treatment

Air polishing devices have been associated
with certain complications, including subcutaneous air
emphysema and tissue swelling. This article reviews
four case reports of emphysema documented over the
past decade. Two cases involved routine maintenance
cleaning around healthy peri-implant tissues.”® One case
described the non-surgical treatment of peri-implantitis®,
while the fourth involved the debridement of infected
implant surfaces using an air polishing device following
an open flap debridement for peri-implantitis condition.*
Immediately following air polishing, patients in these
cases reported unilateral facial swelling and crepitus in
the affected area, followed by pain. Some patients also
presented with eyelid ptosis, dysphagia, and dyslalia.”
Radiographic examination was commonly employed
to delineate the extent of the emphysema, which was
observed to spread to spaces such as the submandibular,
retropharyngeal, and buccal spaces, with the potential
to extend to the mediastinum. Management across all
reported cases consisted of prophylactic antibiotic admin-
istration to mitigate infection risk, and analgesics for pain
management. Close patient monitoring was maintained
until the emphysema resolved, typically within four to
ten days. In addition to emphysema, Merli et al. reported
instances of tissue swelling, inflammation, and profuse
bleeding associated with air polishing.*” However, it is
important to note that the majority of studies report

40,43,51-54
uneventful outcomes*****

, suggesting that complications
during air polishing procedures are infrequent.
Concerns have been raised regarding residual
powder following air polishing procedures. Sygkounas et al.
demonstrated that air polishing powders, including
sodium bicarbonate, GPAP, and EPAP, decreased the
viability/density of gingival fibroblasts, periodontal
ligament fibroblasts, and epithelial cells. Currently, this
observed effect remains limited to in vitro studies, with a

lack of corroborating clinical evidence. Further research

is therefore warranted.”

Conclusion

The management of peri-implant diseases
remains a significant clinical challenge. Air polishing
devices, such as those utilizing GPAP and EPAP, have
emerged as promising tools for managing this condition.
In vitro studies have demonstrated the effectiveness of
air polishing in reducing biofilm and bacterial load, with
minimal damage to the implant surface. The use of
biocompatible powders further enhances the safety and
efficacy of this minimally invasive approach. However,
while air polishing has shown potential benefits, its
clinical efficacy requires additional investigation. Several
studies have reported limited success in reducing BoP
and PD in both non-surgical and surgical peri-implant
diseases treatment.

To establish definitive clinical practice guidelines
for the incorporation of air polishing into peri-implant
disease management, further research is necessary to

evaluate its clinical efficacy and impact on patient outcomes.
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Case Report

Resolving Chronic Masticatory Myofascial Pain in a Bruxism Patient:
A Case Report on Effective Treatment Approaches

Uthai Uma'
'Department of Occlusion, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

Chronic myofascial pain, often caused by trigger points in the masticatory muscles, results in significant
muscle soreness due to factors such as muscle overuse, injury, poor posture, stress, and parafunctional habits.
A 21-year-old woman presented with persistent pain in the right cheek and temple, rated 8 out of 10 on the numeric
rating scale (NRS), exacerbated by bruxism and stress. Clinical examination revealed tenderness in her masticatory
muscles, trigger points, restricted mouth opening, and altered occlusion. She was diagnosed with myofascial pain.
Treatment included patient education, self-care strategies, occlusal splint therapy, trigger point injection, and low-level
laser therapy. After 10 months, her pain score was reduced to 1 on the NRS, with improved occlusion and decreased
muscle soreness. This case highlights the effectiveness of conservative and minimally invasive treatments,
including education, occlusal splint therapy, trigger point injection, and low-level laser therapy, in addressing chronic
masticatory myofascial pain related to bruxism. Identifying and addressing the underlying causes are essential for

successful management.
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Introduction

Myofascial pain syndrome is often caused by injury, muscle spasm, pain originating from the central
trigger points within the masticatory muscles, which are nervous system, and poor posture for extended periods.
the primary sources of muscle soreness and pain."”*Several Dentists should understand the causes of this condition
theories explain the formation of these trigger points?, to effectively plan and implement treatment strategies.

including masticatory muscle overuse, masticatory muscle
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Treatment for patients with masticatory myofascial
pain can be divided into 2 categories based on reversibility.**
Reversible treatments include jaw exercises, occlusal
splint therapy, massage therapy, muscle stretching,
pharmacotherapy, acupuncture, other physical therapies
such as transcutaneous electrical nerve stimulation (TENS),
ultrasound therapy, iontophoresis, and biofeedback.
Irreversible treatments include occlusal adjustment
or equilibration, and surgical procedures. Although
occlusal adjustment can help reduce muscle activity,
distribute occlusal forces, and alleviate myofascial pain
in patients with masticatory myofascial pain who also
have altered occlusion®, reversible treatments should
be initially recommended to start managing this group of
patients.’ Irreversible treatments should be considered
only if additional treatment is necessary.

Occlusal splints are a widely recognized conservative
treatment for masticatory muscle pain, commonly used
to alleviate symptoms. However, their effectiveness for
chronic muscle pain remains uncertain, with studies reporting
variable results.’ To enhance therapeutic outcomes, occlusal
splints are often combined with other treatment
modalities. One such intervention is trigger point injection
(TPI), a procedure in which a local anesthetic is administered
to inactivate trigger points, thereby reducing muscle tension
and providing significant pain relief.” Additionally, low-level
laser therapy (LLLT) has gained attention as a non-invasive
option, known for its painless application and potential
to promote tissue healing and reduce inflammation.*

In patients with masticatory myofascial pain and
bruxism, studies using electromyography have found
that the muscle activity in bruxism patients is higher
than that in normal individuals during bruxism and at
rest.'’ This suggests that bruxism may contribute to or

W2 Therefore, dentists should

exacerbate myofascial pain.
address bruxism and myofascial pain simultaneously to

achieve optimal treatment outcomes."” The objective of

this case report was to present the methods for disease
assessment, diagnosis, and conservative treatment for a
patient with masticatory myofascial pain, bruxism, and

altered occlusion.

Case Report

A 21-year-old Thai woman sought treatment at the
Chulalongkorn Dental Hospital for persistent right cheek
and temple pain, rated 8 out of 10 on the numerical
rating scale (NRS). The pain, a dull ache with sharp bursts,
had lasted for about 2 years and caused difficulty in
speaking and using her jaw. She had habits of gum chewing,
bruxism, and frequent stress. Previous acupuncture,
acetaminophen, and pregabalin treatments were ineffective.
Magnetic resonance imaging of the brain and trigeminal
nerve demonstrated no abnormalities.

Upon clinical examination, the face of the patient
appeared symmetrical (Fig. 1A). Trigger point was identified
in the right masseter, specifically at the insertion of the
muscle (Fig. 1B). Palpation revealed muscle tenderness
with spreading pain noted in the masseter and temporalis
muscles (Fig. 1C). Other masticatory muscles were also
tender when palpation was performed (Fig. 1D and 1E).
Additionally, clicking sounds were observed in the left
and right temporomandibular joints (TMJ). Intraoral
examination revealed that the patient could open her
mouth 39 mm. With finger assistance, mouth opening
increased to 45 mm. During the occlusal examination
with a thin metal foil strip in the intercuspal position,
only 3 pairs of teeth made contact: 17/47, 16/46, and
27/37 (Fig. 1F-1H). Right lateral excursion showed working
contacts at teeth 14/44 and 13/43, as well as non-working
contact at teeth 27/37, while left lateral excursion revealed
working contact at teeth 23/33 and non-working contact
at teeth 17/47. The patient reported pain in the masseter
muscles on both sides during mouth opening, lateral

excursions, and protrusion.
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Figure 1 Preoperative images: A) Frontal facial profile depicting a symmetric face, B) Trigger point location marked on the relevant

area by the patient, C) Diagrams illustrating muscle pain spreading within the boundaries of each muscle, D) Sites of muscle

tenderness during extraoral muscle palpation: red plus signs indicate tenderness at the temporalis (anterior, middle, and

posterior fibers), masseter (superficial and deep parts), sternocleidomastoid, and trapezius muscles, E) Sites of muscle tenderness

during intraoral muscle palpation: red plus signs indicate tenderness at the temporalis tendon, medial pterygoid (insertion

part), and lateral pterygoid (insertion part) muscles, F) Frontal view of occlusion in the intercuspal position (ICP), G) Right

view of occlusion showing a crossbite at teeth 17/47, and H) Left view of occlusion.

The diagnosis for this patient, based on the Diagnostic
Criteria for Temporomandibular Disorders (DC/TMD)’,
comprised 1) Myofascial pain, 2) Disc displacement with
reduction, and 3) Sleep bruxism. The contributing factors
identified were habits of gum chewing, stress, bruxism,
and occlusal instability.

The patient received dental care that included
explaining the disease, its causes, and contributing factors.
She received self-care instructions, including avoiding
chewing gum and hard or sticky foods. The patient was
advised to manage stress by practicing gratitude, engaging

in conversations with others, and taking deep breaths.

Training was provided to help her maintain a resting jaw
position by placing her tongue tip against the palatal rugae,
particularly when teeth grinding was felt during the day.
Warm compresses using moist towels were recommended
for 15-20 minutes daily. A Michigan-type hard occlusal
splint was made for nightly use (Fig. 2A), with cleaning
instructions provided. This appliance aimed to reduce
muscle activity, relax the masticatory muscles, and prevent
the adverse effects of sleep bruxism."* Furthermore, it
reduced intra-capsular pressure in the TMJs, facilitating
the return of the articular disc to its normal position."

Then, TPl with 3% mepivacaine (without epinephrine)
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was administered into the trigger point within the right
masseter muscle (Fig. 2C). The trigger point was fixed with
2 fingers (flat palpation technique)' and injected with a
30-gauge needle. The needle was inserted into the trigger
point in multiple directions without withdrawal from the
skin.'® After the injection, the patient’s muscles were
stretched through passive hand stretching. The mechanism
of TPl involves the mechanical disruption of the trigger
point with a needle to terminate nerve endplate dysfunction
and relieve prolonged pain.'” Moreover, dual-wavelength
low-level laser therapy (Multiwave Locked System (MLS),
Mphi D model, ASA, Arcugnano, Italy), which combined
905 nm pulsed emissions with 808 nm continuous emissions,
was applied to both masseter muscles under the supervision

of a physiotherapist. The laser protocol was configured

TMD & Craniofacial Pain

13 TMD Static Protocol
3 TMD Dynamic Protocol
Cervical Arthrosis
Edema/Hematoma
Muscle Contracture
'Wound

Mrigger Point

Sl=rara

in trigger point mode with continuous pulsed wave
(CPW) modulation, a modulation frequency of 10 Hz, a
duration of 1 minute, and an intensity set to 100% (Fig.
2D). This selected protocol was divided into 2 phases.
Firstly, the scanning phase was conducted by positioning
the MLS laser probe perpendicular to the treated area
and moving it along the masseter muscles for 2 minutes
per side. Secondly, the trigger point phase, the MLS laser
probe was positioned perpendicular and in contact
with the trigger point of the right masseter (Fig. 2E). The
probe was moved to 4 points around the trigger point,
with 1 minute for each point, totaling 4 minutes for the
trigger point phase. Regular follow-ups were conducted

to monitor treatment progress.

Figure 2 Treatment modalities: A) A Michigan-type hard occlusal splint was placed on the upper arch, B) Wear facets on the occlusal
splint were marked with a pencil, C) Trigger point injection technique: The trigger point was stabilized with 2 fingers. The
facial skin was disinfected with iodine and 70% alcohol. A 30-gauge needle was used to inject 3% mepivacaine without
epinephrine into the target trigger point. Multiple injection directions were used without withdrawing the needle from the skin,
D) Laser protocol: The treatment was performed in trigger point mode with continuous pulsed wave (CPW) modulation, a
frequency of 10 Hz, a duration of 1 minute, and an intensity set to 100%, and E) Low-level laser therapy applied to the trigger

point at the right masseter muscle.
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The patient consistently wore the occlusal joint clicking sounds had disappeared on this visit (Fig.
splint daily, despite significant wear on it (Fig. 2B). After 3Q). Treatment included a session of LLLT and encour-
2 months, although she wore the splint every night and agement to continue using the splint. At the 10-month
her pain level had decreased to 5 out of 10 in NRS (Fig. 3A), follow-up, her pain level was down to 1 out of 10 on
she still had muscle pain which interrupted her life. NRS (Fig. 3A), with only mild tenderness in the masseter
So, during this visit, she received an initial TPI, with a muscles. There were no clicking sounds from TMJs (Fig.

follow-up scheduled for 1 month later. At the 3-month 30), and she could open her mouth 45 mm (Fig. 3B and

follow-up, she reported a 70% reduction in pain and 4A). The occlusion had improved, with 7 pairs of teeth
received a second TPI. At 6 months, she was pain-free contacting in the intercuspal position (Fig. 4B and 4Q),
at times and occasionally did not wear the splint but and no occlusal adjustment was needed.

still experienced minor muscle soreness. In addition, her

Treatment Splint  Splint Splint  Splint  Splint Splint
Modalities TPI TPI LLLT
Duration (month) 0 1 2 3 6 10
A
) 8 7
Numeric 5
Rating Scale 3
(0-10) ! !
B
a2 43 a5 a5
Unassisted 39 40
Mouth Opening
(mm)
TMJ Clicking M Rright M right [ Right I Right [ Right [ Right
Mieft Mieft Mieft Miet Oieft [ Left

Figure 3 Treatment outcomes: A) Numeric rating scale (pain score) reported by the patient at each visit, B) Unassisted mouth opening,
measured as the interincisal distance when the patient opens their mouth without assistance, and C) Joint clicking, indicated

by a marked box if the patient experiences a clicking sound.

C 7654321 1234567
Before |
7654321 234567
ICP
7654321 1234567
ten 7654321 234567

Figure 4 Post-treatment: A) Measurement of unassisted maximum mouth opening using a ruler after treatment (45 mm), B) Intraoral
photographs showing frontal views of dental occlusion before (top) and after (bottom) treatment, and C) Occlusal contacts
measured by the thin metal foil strips (8 micrometers) in intercuspal position (ICP) before and after treatment, illustrating
changes in occlusal contact distribution. Red marks indicate contact points.
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Discussion

The chronic myofascial pain in this patient is primarily
attributed to unawareness of how bruxism impacts her
symptoms.'® Bruxism directly affects the masticatory muscles,
leading to significantly increased muscle activity compared
with unaffected individuals."" This dysfunction from muscle
contraction can alter occlusion, and conversely, changes in
occlusion can further increase masticatory muscle activity.”
Additionally, the patient’s psycholosical state, including
depression, anxiety, and stress, exacerbates the muscle
pain.”*”' Despite previous treatments, such as acupuncture
and medication, the condition of the patient condition
persisted because the underlying causes and contributing
factors of the masticatory muscle pain were not addressed.
Therefore, it is crucial for dentists to identify and manage
the diverse underlying causes of this condition in each
individual.

The diagnosis of masticatory muscle pain as
myofascial pain based on a detailed pain history and
muscle palpation.”” The patient typically reported pain
in the jaw and temple, modified by jaw movement.’
During palpation, the patient confirmed pain location,
reported similar pain, and described pain spreading
within the muscle boundaries.” This case, with multiple
sites of muscle tenderness, should be differentiated
from fibromyalgia. According to the American College of
Rheumatology criteria, fioromyalgia requires widespread
pain in all 4 quadrants (both the left and right side of the
body, above and below the waist) and tenderness in 11
or more of 18 tender points.”>* Since this case involved
only orofacial pain, she was diagnosed as myofascial pain,
not fibromyalgia. Accurate diagnosis is essential for
proper treatment.

Counseling and patient education for self-care can
effectively reduce masticatory muscle pain and increase
jaw range of motion.” The benefit of counseling and
education is cost-effectiveness, reducing risk behaviors
that exacerbate pain and improving treatment outcomes
for patients with psychological issues.” This patient had
suffered from chronic pain for over 2 years, leading to

frustration and emotional distress. Despite multiple treatments,

no significant relief was achieved, affecting her daily life.
A thorough evaluation is essential, but equally important
is the compassionate approach of the dentist —actively
listening and understanding the concerns of the patient
to develop an effective, patient-centered treatment
plan. Recommendations should be tailored to address
the specific problems and contributing factors of each
patient.

Occlusal splint therapy is commonly used for
patients with masticatory muscle pain. This treatment helps
increase mouth opening, reduce pain intensity, and alleviate
joint pain.”* Occlusal splints have been shown to decrease
the electromyographic activity of the masticatory muscles
during rest, swallowing, and clenching.”” This helps the
muscles stay in a more relaxed state. Additionally, splint
use can improve sleep quality in patients with myofascial
pain.” Systematic reviews have demonstrated that occlusal
splints offer multiple benefits and are often recommended
for treating masticatory myofascial pain.”®

Fujii et al. compared changes in occlusion after
occlusal splint therapy between patients with and without
myofascial pain.”” The study found that the number of
occluding teeth either increased or remained unchanged in
both groups. Specifically, 30% of patients with myofascial
pain experienced an increase in the number of occluding
teeth and improved occlusion.”” Comparing the 2 groups,
patients with myofascial pain showed more significant
changes in occlusion following splint therapy than those
without pain. This case revealed occlusal instability as
a contributing factor. Initiating treatment with occlusal
equilibration instead of a conservative approach could
lead to irreversible and potentially harmful outcomes.
Instead, muscle pain was managed first, allowing for a
re-evaluation of occlusion. This approach ultimately
demonstrated that occlusal adjustment was unnecessary,
emphasizing the importance of conservative management
before irreversible procedures. Notably, occlusal instability
improved after muscle pain was addressed, indicating that
it was not the initiating factor but rather a perpetuating

effect of muscle pain.
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TPIs can be performed by dentists using a dental
syringe to inject anesthetics directly into the trigger point.
The use of anesthetics may be optional. TPIs involve
administering substances such as anesthetics, botulinum
toxins, corticosteroids, or even saline to inactivate trigger
points, reduce muscle tension, and alleviate pain.”*’ Okeson
reported that anesthetics alone may not effectively eliminate
trigger points.' However, he recommended using anesthetics
with the injection, as they provide immediate pain relief
during the procedure and aid in diagnosing the condition.
After localized anesthetic injection, referred pain should
also decrease.'® Blasco-Bonora et al. found that TPIs in
patients with bruxism and myofascial pain effectively
reduced pain and improved jaw range of motion.” Moreover,
TPlis considered the gold standard treatment for myofascial
pain syndrome, effectively relieving muscle tension and
pain.” In particular, TPl with local anesthesia has shown
superior effectiveness in treating masticatory myofascial pain
compared to dry needling, acupuncture, botulinum toxin-A,
granisetron, and platelet-rich plasma.” Contraindications
for TPIs include active bleeding, bleeding disorders, acute
muscle tears, allergies to the injection solution, and open
wounds.”

LLLT has gained increasing attention as a
non-invasive and safe treatment modality, however,
its effectiveness is uncertain.”” Several studies support
the use of LLLT to manage pain in the masticatory muscles™”,
suggesting it can be used as an adjunct to other treatments.”
When low-level laser is applied to the myofascial trigger
point region, it enhances microcirculation within the
muscles, improves the oxygen supply to hypoxic cells,
and removes metabolic waste products. This process
helps disrupt the muscle pain cycle. Although LLLT is
widely used to manage myofascial pain and has shown
effectiveness with no reported side effects™, the high cost
of laser machines makes it less accessible for general
dental clinics. Moreover, further research is needed, as
there is no consensus on the optimal wavelength, energy
density, and treatment protocol.”” *

Other treatment options include soft tissue
mobilization™, ischemic compression®, medications

such as analgesics, anti-inflammatory drugs, and muscle

relaxants", as well as acupuncture®, TENS®, ultrasound
therapy™, injection of botulinum toxin type A*”, and in-
jection of platelet-derived growth factors.” Despite the
range of available treatments, no single method has proven
to be markedly more effective than others, largely due
to the incomplete understanding of the pathogenesis of
masticatory myofascial pain. Therefore, this case report
provides insight into the effectiveness of treatments in
one patient, and further studies are needed to explore

these interventions in other patients.

Conclusion

Although there are various methods for treating
masticatory myofascial pain, understanding the underlying
causes of pain is crucial for effective treatment. Conservative
approaches, including patient education, occlusal splint
therapy, trigger point injection, and low-level laser therapy,
have proven effective in managing chronic masticatory

myofascial pain associated with bruxism.
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The Effect of Pandan Leaf Extract on Heat-Polymerized Acrylic Resin:
Alteration of Physical Properties and Reduction of Candida albicans
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Abstract

This study investigates the antifungal activity of a cleaning solution containing pandan leaf extract against
Candida albicans (C. albicans) in a laboratory setting and evaluates its effect on the color and physical properties
of a denture base material. Cleaning solutions with pandan leaf extract at concentrations of 8, 16, and 24 mg/ml
were tested for their inhibitory effect on C. albicans and their impact on the physical properties of the denture
base material including color change, surface hardness, surface roughness, and flexural strength. C. albicans counts
(CFU/ml) were measured across test groups, including controls. Extracts at 16 and 24 mg/ml showed the greatest
reduction in fungal presence, which is comparable to 0.5% sodium hypochlorite. After immersion in cleaning solutions
for two 10-min cycles and seven days, the solution with pandan leaf extract showed no significant color change
within the same group. Surface roughness and surface hardness changes were also insignificant within the same
group and across groups after immersion for two 10-min cycles (t1) and seven days (t2). Similarly, flexural strength
showed no significant difference among groups compared to the control group. A cleaning solution with pandan
leaf extract at 16 and 24 mg/ml effectively inhibits C. albicans without impacting the color or physical properties

of a denture base material, suggesting its potential as a safe and effective cleaning solution for denture bases.
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Introduction

Polymethyl methacrylate (PMMA) has been used
as a denture base material since the 1930s due to its
low cost, ease of use, simple manufacturing process, and
aesthetic qualities. However, PMMA is highly susceptible
to colonization by C. albicans due to its surface porosity,

roughness, and hydrophobicity, which promote fungal

adhesion and biofilm formation. It lacks intrinsic antimicrobial
properties and absorbs salivary proteins that facilitate
fungal attachment. Over time, microcracks increase
colonization sites, while oral cavity conditions further
support fungal growth." These factors contribute to denture-

related infections, such as denture stomatitis, emphasizing
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the need for improved hygiene and antifungal modifications.”
These infections can result from inadequate cleaning
by the patient or cross-contamination during dental
procedures such as repairs or adjustments, which involve
movement between the clinic and laboratory.” This creates
potential for infection transmission among patients, dentists,
and laboratory technicians. The presence of C. albicans
on denture surfaces not only poses a risk for oral infections
but can also lead to denture stomatitis, affecting up to 65%
of denture wearers." This condition can impact the quality
of life and oral health of patients, making effective
denture cleaning protocols crucial for both patient care
and infection control.

Denture cleaning methods include mechanical
and chemical approaches, with chemical solutions being
particularly important for eliminating microorganisms in
areas that mechanical cleaning might miss. Various chemical
agents have been employed to clean dentures and prevent
the spread of infections. Studies have reported that 0.5%
sodium hypochlorite (NaOCLl), while effective at eliminating
fungi after 10 minutes of immersion,” may damage denture
materials, depending on the immersion time and concentration.
Specifically, peroxide-based cleaners have been shown to
reduce the color, surface roughness,” and surface hardness
of the material, and cause corrosion to metal components.’
Additionally, these chemicals may cause tissue irritation
if they come into direct contact with oral tissues or are
left on the dentures for extended periods.’

Given these concerns, the research team is interested
in developing a more effective cleaning solution incorporating
natural herbal extracts. The growing global interest in
natural products has led the research team to explore
plant-based alternatives to conventional chemical
cleaning agents. This approach aligns with the current
trend toward sustainable and biocompatible dental
materials and treatments. Medicinal plants have long
been used in both medical and dental treatments due
to their accessibility, cost-effectiveness, and minimal side
effects compared to synthetic drugs, which can contribute
to drug resistance and other complications. Many herbs
have antimicrobial properties, and their local availability

can reduce production costs while promoting agricultural

practices and job creation within communities. One such
herb is pandan (Pandanus amaryllifolius), which has been
traditionally used for oral care. Pandan leaves contain
phenolic compounds known for their antibacterial
properties. Previous studies have shown that ethanol
and water extract of pandan leaves (in a 70:30 ratio)
exhibit inhibitory effects on various oral pathogens
including Streptococcus sanguinis, Streptococcus salivarius,
Streptococcus mutans, and Porphyromonas gingivalis,
with minimum inhibitory concentrations (MIC) of 31.25,
62.5, 3.9, and 125 pg/ml, respectively.’

Pandanus amaryllifolius also known as pandan
leaves are a plant in the Pandanaceae family that is
found in Southeast Asian countries. Pandan leaves have
a distinctive fragrance due to the presence of volatile
compounds, 2-acetyl-1-pyrroline (2AP). This compound
includes alcohols, aromatics, carboxylic acids, ketones,
aldehydes, esters, hydrocarbons, furans, furanone, and
terpenoids.’” Pandan leaves are generally used in the
food industry for color and aroma. The pandan leaf extract
contains bioactive compounds with antioxidants, antivirals,
antihyperglycemics, anticancer and antimicrobial properties,
moreover, it has antifungal property in C. albicans. ' However,
the inhibitory effect of pandan leaf extract against C. albicans
has shown a MIC (minimum inhibitory concentrations) of 8
mg/mlin our laboratory studies using ethanol extraction.
Despite this promising result, no research has yet explored
the use of pandan leaf extract as a denture cleaning
solution. Pandan leaf extract offers a novel solution for
denture cleaning by combining antimicrobial properties
with sustainability. Understanding its effects on both
C. albicans and denture base materials is crucial for
developing evidence-based cleaning protocols. Therefore,
the objective of this study is to investigate the antifungal
activity of pandan leaf extract against C. albicans in a
laboratory setting, as well as to evaluate its effect on the

color and physical properties of denture base material.

Materials and Methods

Preparation of pandan leaf extract
The process begins with the preparation of fresh

pandan leaves (Pandanus amaryllifolius) from plants aged
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for O-five years. The leaves are first cleaned with distilled
water to remove contaminants. After cleaning, the leaves
are chopped into small pieces, air-dried, and then dried
further using hot air at 45-75°C for at least 30 minutes.
The dried leaves are ground into a powder to increase
the surface area. In the extraction process, 50 grams of
the powdered leaves are mixed with ethylene glycol in
concentrations of 95% (v/v). The mixture, totalling 450-
750 ml, is stirred at 10-150 rpm, either manually or with
a magnetic stirrer, and then filtered at least three times
to remove solid residues. The filtered solution undergoes
centrifugation at 7,000-15,000 rpm for 20-40 minutes to
separate light precipitates, ensuring the temperature does
not exceed 10°C. The clear solution is then filtered through
0.5-micron filter paper and concentrated by evaporation
using a rotary evaporator at 50-100 rpm for 15-40 minutes.
Finally, the extract is dried in a hot air oven at 45-75°C
for 24-36 hours, maintaining a temperature below 10°C to
preserve the extract. The process for producing pandan
leaf extract has received a pretty patent application number
from the Department of Intellectual Property of Thailand
as request number1- 2403003729 by Nattapon Rotpenpian.
Moreover, pandan leaf extract was used at concentra-
tions of 8,16 and 24 mg/ml because the inhibitory effect
of pandan leaf extract against C. albicans has shown a
MIC of 8 mg/ml in our laboratory studies using ethanol
extraction. However, the dose of MIC has not been
elucidated in the solution for experiment and tested
the dose dependence.
Preparation of specimens

Acrylic resin specimens were fabricated using
Polymethyl methacrylate (PMMA) (Vertex™ Rapid Simplified,
Vertex dental by 3D system; Netherlands), a material
commonly used for making removable denture bases.
The specimens were shaped from a wax model (dental
wax, pink wax no. 1, Prominent Co., Ltd., Thailand) and
cut to dimensions of 64 mm in length, 10 mm in width,
and 3 mm in thickness. These were then placed into
a denture flask (Hanau™ Varsity Ejector Type; Hanau
Engineering Co., Inc., USA) and filled with plaster (stone-10
dental plaster type Ill, Knauf Plaster Co., Ltd., Thailand).

After dewaxing the acrylic resin was mixed according to

the specifications of the manufacturer with 0.95 grams
of monomer and 2.3 grams of polymer. This mixture
was poured into the mold in the denture flask and
cured with heat in water at 100°C for 20 minutes After
curing, the specimens were polished to remove excess
material using a carbide bur and sanded with silicon
carbide paper (grits 240, 600, and 1,000, respectively)
using a rotary polishing machine (Buehler, Metaserve,
Buehler Ltd., USA) to achieve the specified dimensions
(64 mm long, 10 mm wide, and 3 mm thick).

To evaluate the antimicrobial efficacy against
C. albicans, the specimens polished with silicon carbide
paper were cut into smaller squares (10 mm x 10 mm
X 3 mm) using a specimen cutting machine (Buehler,
ISOMET 1000, Buehler Ltd., USA), yielding 50 pieces. These
specimens were soaked in distilled water at 37°C for 12
hours to remove any residual monomer. Afterward, they
were cleaned in an ultrasonic cleaner for 20 minutes and
sterilized with ultraviolet radiation for another 20 minutes.’

For physical property tests, which included
color change, surface roughness, surface hardness, and
flexural strength, fifty polished specimens measuring
64 mm x 10 mm x 3 mm, conforming to ISO 1567:1999
specifications, were used. The specimens were polished
with one-micron diamond paste (MetaDiTM monocrystalline
diamond suspension; Buehler Ltd., USA) using a grinding
and polishing machine (JeanWritz, Phoenix 4000, Germany)
on one flat surface and cleaned in an ultrasonic cleaner
using distilled water for 20 minutes."
Antifungal testing

The C. albicans strain was cultured on Sabouraud
dextrose agar (SDA; Becton Dickinson, Sparks, MD) and
incubated at 37°C for 48 hours. Following this incubation,
a suspension containing 106 C. albicans/ml was prepared in
sterile saline using a spectrophotometer (Shimadzu Corp.,
Kyoto, Japan) set to a wavelength of 530 nm, with an
optical density of 0.284, corresponding to an absorbance
that reflects 106 CFU/ml. Each specimen was placed into
a sterile tube containing 2 ml of the fungal suspension and
incubated at 37°C for 90 minutes." After incubation, the
specimens were randomly divided into three experimental

groups (n = 10) based on the concentration of the pandan
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leaf extract (8, 16, 24 mg/ml) cleaning solutions, along
with the negative control group (n = 10) immersed in
sterile distilled water and the positive control group
(n = 10) immersed in 0.5% sodium hypochlorite. The
specimens were immersed at room temperature for 10
minutes for each group. Following this, each specimen
was transferred to tubes containing 10 ml of sterile saline,
and the adhered cells were dislodged by vertexing.
Serial dilutions of 10, 10%, and 10 were then prepared
in sterile saline, and 0.1 ml aliquots were plated onto
SDA. After 48 hours of incubation at 37°C, the number
of colonies were counted and expressed in CFU/mL.
The reduction in microbial population was calculated
by comparing the number of cells adhering to the test
samples with those in the control group."*

Testing of Physical Properties

Fifty polished specimens measuring 64 mm x10
mmx 3 mm were grouped into sets of ten and randomly
assigned into five groups:

1. Control group (not immersed in any solution)
for baseline flexural strength.

2. Test group immersed in 0.5% sodium hypochlorite.

3. Test group immersed in pandan leaf extract at
8 mg/ml.

4. Test group immersed in pandan leaf extract at
16 mg/ml.

5. Test group immersed in pandan leaf extract at
24 mg/ml.

Each specimen was labeled at its terminal end
on the unpolished surface (without diamond paste
polishing) for comparing physical properties before and
after immersion in different solutions at the specified
intervals:”

+ Time t0: Specimens were immersed in distilled
water at 37°C for 48 hours, simulating a first patient
follow-up appointment after two days of denture
use. Color, surface roughness, and surface hardness
measurements were recorded.

« Time t1: Specimens were subjected to two cleaning
cycles. Each cycle consisted of immersion in
cleaning solutions for 10 minutes, rinsing with

distilled water, and drying. This protocol simulated

a clinical denture disinfection procedure performed
when receiving dentures from patients and before
delivering adjusted dentures back to patients.
Color, surface roughness, and surface hardness
measurements were recorded.
» Time t2: Specimens were immersed in cleaning
solutions for seven days (168 h) and blot-dried
without distilled water rinsing to assess potential
long-term exposure effects on denture base material.
Measurements of color, surface roughness, and
surface hardness were recorded.
Color Change Testing

Color change testing was conducted using a
spectrophotometer (HunterlLab, ColorQuest XE, Hunter
Associates Laboratory Inc., USA) to measure the color
of 40 specimens in each experimental group. The
polished surface of each specimen, prepared using
diamond polishing paste, was positioned towards the
device's measuring center with a measurement aperture
size of 0.375 inches, against a black background. Color
measurement was conducted using the ClELab color
system, recommended by the Commission Internationale
de L’Eclairage (CIE), employing standard light D65, a
10-degree observer angle, and a light source covering the
visible wavelength range (400 to 700 nanometers). The
RSEX (reflectance specular exclude) value was recorded
for each specimen. This measurement system includes
the gross value of materials, similar to what the human
eye sees. Materials of the same color but with different
surface textures or gloss levels will yield different color
measurements. Measurements were taken three times
per sample at specified time intervals, both before and
after immersion in various cleaning solutions. The color
difference (AE) for each specimen was then calculated
automatically by comparing the color values at time t0
with those at time t1 and at time t0 with those at time
t2, within the same specimen. The color value measured
at time t0 served as the baseline for determining the
color difference in relation to the values at t1 and t2.

To relate color change (AE) to the clinical
environment, the data were converted into National

Bureau of Standards (NBS) units using the formula: NBS
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units = AE x 0.92, and then categorized according to the
following scale: 1) Indicial from 0.0-0.5, 2) Slight from
0.5-1.5, 3) Noticeable from 1.5-3.0, 4) Considerable from
3.0-6.0, 5) Very from 6.0-12.0, and 6) Excessive for +12.0.°
Surface Roughness Testing

Surface roughness was measured using a
profilometer (Surfcorder, SE2300, Kosaka Laboratory Ltd.,
Japan) with a tracing length of 5 mm and a cutoff value
of 0.8 mm. The diamond stylus moved at a speed of 0.5
mm/second. Measurements were taken on the polished
surface of each specimen before and after immersion
in various cleaning solutions at specified test intervals.
The measurements were performed at the center of
each specimen in both length and width of the sample.
Three measurements were taken at positions spaced
1 mm apart across the width of each specimen.'® The
average roughness (Ra) values were calculated for each
group at each testing time, and the changes in average
surface roughness (ARa) from t0 to t1 and t0 to t2 were
statistically analyzed.
Surface Hardness Testing

Surface hardness was evaluated using a micro-
hardness tester (Mitutoyo, HM-211, Mitutoyo Corporation,
Japan) with a square-based pyramid indenter, applying
a load of 10 grams for 15 seconds. Measurements were
taken on the polished surface of each specimen, marked
1.5 cm from the center along the length. Three indentations
were created at different positions along each specimen,
and the Vickers hardness number (VHN) was recorded
for statistical analysis.”
Flexural Strength Testing

Flexural strength was assessed using a universal
testing machine (Lloyd Instruments, LRX-Plus, AMETEK

Lloyd Instruments Ltd., UK) on rectangular specimens

measuring 64 mm x10 mm x 3 mm, adhering to ISO 1567:
1999 specifications.” Ten specimens from the control
group (not immersed in cleaning solutions) were tested,
alongside 40 specimens previously immersed in different
cleaning solutions. Specimens were positioned with the
polished surface facing upward on a 50 mm support span,
and a vertical load was applied at a rate of 5 mm/min
until fracture occurred. Flexural strength was calculated
using the formula S = 3NL/2bd?, where N is the maximum
load applied, L is the span length, b is the width, and d
is the height (thickness) of the specimens. A digital vernier
caliper was used to measure the dimensions of each
specimen. These measurements were then applied in
the formula for further calculations.
Statistical analysis

Data were analyzed using the Statistical Package
for Social Sciences (SPSS, v15.0; Chicago, IL) and are presented
as means + standard deviations (SDs). Antifungal activity
between groups was determined by normality and
homogeneity test by the Shapiro-Wilk test so that its
normality was non-normal distribution and consequently
compared using the Kruskal-Wallis test, followed by Dunn’s
post hoc test. The effects of different tested solutions
and treatment periods on color, surface roughness,
and hardness of the specimens were assessed using
analysis of covariance (ANCOVA). For comparing changes
in color, surface roughness (ARa), and Vickers hardness
(AVHN) from t0 to t1 and from t0 to t2 across different
cleaning solution groups, the t0 measurements for each
group were used as covariates. The flexural strength
test was analyzed using one-way ANOVA followed by
Tukey’s honestly significant difference (HSD) post hoc
test. Differences were considered

statistically significant at p < 0.05.
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Acrylic resin specimen 64 x 10 x 3 mm polished with silicon carbide paper 240, 600, 1000 grit

Antifungal testing

v

Cut into 10 x 10 x 3 mm square 50

Soak in distilled water 37°C for 12 h

Ultrasonic clean
20 min in distilled water

v

UV sterilization 20 min

v

Culture C. albicans 37°C for 48 h

v

Prepare Fungal Suspension 10°
CFU/ml incubate 37°C for 90 min

v

Divine into 5 groups (N=50, n=10)
- Pandan extract (8, 16, 24 mg/ml)

- Controls: distilled water (-) and 0.5% NaOCl (+)

v

Dilutions prepare and plate
Serial dilutions 10 to 103, plate on

v

Count and Calculate
Count colonies and calculate

Physical properties testing

v

Keep at 64 x 10 x 3 mm 50

Polish with 1-micron diamond

v

Ultrasonic clean 20 min in distilled

v

Divine into 5 groups (N=50, n=10)
control for flexural str. test (no immersion)
- 0.5% NaOCl
- pandan leaf extract 8, 16, 24 mg/ml

Initial measurements t0 (4 test group)
immersed in distilled water 37°C for 48 h
measure: color surface roughness hardness

v

Cleaning cycles t1 two cleaning cycles
each cycle: 10 min immersion, rinse, dry
measure: color surface roughness

v

Long term exposure t2
immersed in test cleaning solutions for
7 days
blot-dry without rinsing

v

Control for flexural str. test

(n=10)

Statistically analysis ANCOVA
compare measurement across
time point and difference group

Statistically analysis
Kruskal-Wallis test, followed by Dunn's

Figure 1 Flow chart showing the steps of antifungal and physical test
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Effect of cleaning solution with pandan extract as an
antifungal test

The C. albicans count (CFU/ml) for different test
groups was compared, including the control and various
cleaning solutions with pandan extract. The C. albicans
count (CFU/ml) of pandan leaf extract at 16 mg/ml is
0.8 CFU/ml, for pandan leaf extract at 24 mg/mlis 0.16
CFU/mL, and for 0.5% sodium hypochlorite (positive
control) is 0.2 CFU/ml. The C. albicans count (CFU/
ml) of pandan leaf extract at 8 mg/ml is 2.5 CFU/ml

and for distilled water (negative control) is 3 CFU/mL.

3.5
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i ] i

C.albicans count (CFU/ml)

fay

B
0.5

O 7

negative control
distilled water

positive control
0.5% NaOCL

The pandan leaf extract at 16 and 24 mg/ml, exhibits
antifungal properties comparable to those of 0.5% sodium
hypochlorite. There was no significant difference between
0.5% sodium hypochlorite and pandan leaf extract at
16 and 24 mg/ml. The results show that 0.5% sodium
hypochlorite and pandan extract at 16 and 24 mg/ml
were the most effective at eliminating the fungus, while
the sterile distilled water and pandan extract at 8 mg/
ml groups showed varying levels of fungal presence as

shown in Figure 2.

i

pandan leaf
extract 8 mg/ml

1

pandan leaf pandan leaf
extract 16 mg/ml  extract 24 mg/ml

Figure 2 Comparison of Candida albicans colony-forming units (CFU/ml) across different test groups.

Uppercase letters (A,B) Indicate statistically significant differences.

Effect of cleaning solution with pandan extract on
physical properties of the denture base

After immersion in the cleaning solution for
two 10-minute cycles (t1) and seven days (t2), the color
change of the specimens within the same group showed
no significant differences. After immersion for either two
10-minute cycles or seven days, the color change of
the specimens showed significant differences between
groups. The 0.5% sodium hypochlorite group showed
significant differences compared to pandan leaf extract
at 8 mg/ml and 24 mg/ml. The pandan leaf extract at 8

meg/ml group showed significant differences compared

to the pandan leaf extract at 24 mg/ml. Meanwhile, the
pandan leaf extract at 16 mg/ml showed no significant
differences compared to the other groups, as shown
in Table 1. However, the mean AE tO-t1 and AE t0-t2
values of all groups quantified by NBS (National Bureau
of Standards) were classified as slight with 0.981 and
0.751 for the 0.5% sodium hypochlorite group, 0.802
and 0.881 for the pandan leaf extract at 8 mg/ml group,
0.914 and 0.676 for the pandan leaf extract at 16 mg/ml
group, and 1.217 and 0.816 for the pandan leaf extract
at 24 mg/ml group, respectively.
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After immersion in distilled water at 37°C for
48 hours (t0) followed by immersion in the cleaning
solution for two 10-minute cycles (t1) and seven days
(t2), no significant differences (p > 0.05) were observed
in surface roughness within the same group of cleaning
solutions or among groups of different cleaning solutions

as shown in Table 2.

10-minute cycles (t1) and seven days (t2), no significant
differences (p > 0.05) were observed in surface hardness
within the same group of cleaning solutions or among
groups of different cleaning solutions as shown in Table 3.

After immersion in the cleaning solution for seven
days (t2), flexural strength for the test group showed

no significant differences (p > 0.05) compared to the control

After immersion in distilled water at 37°Cfor 48 h group as shown in Table 4.

(t0) followed by immersion in the cleaning solution for two

Table 1 Mean and standard deviation of color change (AE) and NBS units in denture specimens after immersion in different cleaning solutions

Group Mean AE at t0-t1 NBS units at AE at t0-t2 NBS units at t0-t2
(two 10-min t0-t1 AEX0.92 (7 day) AEx0.92
cycles) +SD (category) +SD (category)

0.5% sodium hypochlorite 1.066 + 0.423° 0.981 (slight) 0.816+ 0.416° 0.751 (slight)

Pandan leaf extract at 8 mg/ml 0.872+0.436" 0.802 (slight) 0.958+0.628" 0.881 (slight)

Pandan leaf extract at 16 mg/ml 0.993+0.445° 0.914 (slight) 0.735+0.407° 0.676 (slight)

Pandan leaf extract at 24 mg/ml 1.323+0.614° 1.217 (slight) 0.887+0.408° 0.816 (slight)

Different lowercase letters (a,b,c) indicate statistically significant difference by the Tukey’s test (p<0.05)
Bureau of Standards (NBS) units using the formula: NBS units = AE x 0.92, and then categorized according to the following scale: 1) Indicial from
0.0-0.5, 2) Slight from 0.5-1.5, 3) Noticeable from 1.5-3.0, 4) Considerable from 3.0-6.0, 5) Very from 6.0-12.0, and 6) Excessive for +12.0.5

Table 2 Mean and standard deviation of surface roughness in denture specimens after immersion in different cleaning solutions

Group t0 mean+SD (um) t1 mean+SD (um) t2 mean+SD (um)
0.5% sodium hypochlorite 0.017+0.075 0.013+0.035 0.017+0.038
Pandan leaf extract at 8 mg/ml 0.013+0.035 0.013+0.035 0.01+0.030
Pandan leaf extract at 16 mg/ml 0.003+0.018 0.003+0.018 0.00+0.000
Pandan leaf extract at 24 mg/ml 0.003+0.054 0.033+0.053 0.033+0.054

Table 3 Mean and standard deviation of surface hardness in denture specimens after immersion in different cleaning solutions for

the evaluated group

Group t0 (VHN) t1 (VHN) t2 (VHN)

14.890+ 1.260
14.823+ 1.341
14.38+ 1.3712
16.083+0.482

14.533+ 1.055
14.806+ 1.251
14.32+ 1.116
15.693+0.4322

14.176+ 1.346
14.77+ 1.318
14.053+ 1.073
14.62+1.1966

0.5% sodium hypochlorite
Pandan leaf extract at 8 mg/ml
Pandan leaf extract at 16 mg/ml
Pandan leaf extract at 24 mg/ml

Table 4 Mean and standard deviation of flexural strength in denture specimens after immersion in different cleaning solutions for
7 days (t2)

Group flexural strength mean+SD (MPa)

76.09+5.1899
72.23+5.694
73.964+4.914
76.721+6.168
75.311+4.854

Control group (not immersed)
0.5% sodium hypochlorite
Pandan leaf extract at 8 mg/ml
Pandan leaf extract at 16 mg/ml
Pandan leaf extract at 24 mg/ml
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Discussion

The current study evaluated the antifungal
efficacy of pandan leaf extract against C. albicans and
its impact on color, surface hardness, surface roughness,
and flexural strength of denture base material. The
findings indicate that pandan leaf extract, particularly at
concentrations of 16 and 24 mg/ml, exhibits antifungal
properties comparable to those of 0.5% sodium hypochlorite.
Since sodium hypochlorite may cause irritation and has
a strong odor’®, using pandan leaf extract, which is a
natural and edible plant, is likely to be a safer alternative.
This suggests its potential as a safer and more natural
option for denture cleaning solutions.

The antifungal properties of pandan leaf extract
against C. albicans are largely attributed to its bioactive
compounds, including alkaloids, flavonoids, and phenolics,
which have demonstrated antifungal activity in prior studies.
At concentrations of 16 and 24 mg/ml the pandan leaf
extract significantly reduced C. albicans colony-forming
units (CFU/mL), achieving a comparable antifungal effect to
0.5% sodium hypochlorite. The antifungal test in pandan
leaf extract solutions for 10 minutes was compared to
0.5% sodium hypochlorite, as according to dental safety
goals and guidelines 2023 from the Dental Council
of Thailand who recommend immersing resin acrylic
dentures in 0.5% sodium hypochlorite for 10 minutes
in clinical settings for disinfection.”® Active compounds
in pandan leaves, such as flavonoids, terpenoids, and
phenolic compounds, may weaken the cell wall and
membrane structure by altering its permeability, leading
to leakage of intracellular components and cell death.”
Secondly, pandan leaf extract may inhibit C. albicans
biofilm formation, which contributes to its resistance
against antifungal treatments, by interfering with signalling
pathways or disrupting the protective matrix of the biofilm.*
Additionally, the antioxidant properties of the extract, rich
in polyphenols and flavonoids, may neutralize reactive
oxygen species (ROS), reducing fungal growth and inducing
oxidative stress that damages fungal cells.” Pandan leaf
extract could also inhibit protein synthesis by binding
to ribosomes or interfering with enzymes necessary for

protein biosynthesis, disrupting cellular functions critical

to C. albicans growth and reproduction.”” Furthermore,
it may alter the activity of enzymes like proteases,
phospholipases, and lipases, which are essential for C.
albicans pathogenicity, thus preventing fungal adhesion
and tissue invasion.” Lastly, pandan leaf extract might
modulate gene expression in C. albicans, down regulating
genes involved in virulence, biofilm formation, and drug
resistance, thereby reducing the overall pathogenicity.”
The similarity in efficacy suggests that pandan leaf
extract at these concentrations could serve as a natural
alternative to traditional chemical disinfectants, especially
given the risks associated with prolonged use of sodium
hypochlorite, such as tissue irritation and denture material
degradation. Interestingly, the 8 mg/ml concentration
showed inconsistent antifungal results, indicating that
lower concentrations may lack the potency required for
effective fungal inhibition. This dose-dependent response
aligns with other studies on plant-based antifungals,
where effectiveness is often linked to concentration.”

In terms of material properties, pandan extract
showed a favorable profile, with no significant impact on
the color, surface roughness, or surface hardness of the
denture base material. The color changes of all groups
were classified as ‘slight’, which is undetectable to the
human eye.” The human eye can distinguish color differences
when the NBS (National Bureau of Standards) unit is greater
than 1.5 (noticeable), and differences above 3.0 NBS unit
are considered as clinically unacceptable. This finding is
crucial for denture aesthetics, as color stability is a key
consideration for denture maintenance.® Previous research
has shown that denture cleaning agents can cause color
changes over time, with sodium hypochlorite known to
cause slight discoloration in certain materials due to its
oxidizing properties.”” The absence of significant color
alteration with the 16 and 24 mg/ml pandan extract
solutions indicate that it can maintain denture aesthetics
while offering antifungal benefits. Moreover, the color
stability observed with pandan extract suggests that its
bioactive compounds do not interact negatively with
the pigment molecules in the denture base material.

This result is encouraging for patients who prioritize
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both the functional and aesthetic aspects of denture
cleaning solutions, as pandan extract provides a balance
between antifungal efficacy and color stability.

Surface roughness is another critical property
for denture cleanliness, as increased roughness can
promote biofilm adherence, making the denture more
susceptible to microbial colonization.” After immersing
the denture base in distilled water for 48 hours (t0), and
then in the pandan leaf extract solution for two 10-min
cycles (t1) and seven days (t2), the surface roughness
measurements remained comparable to the baseline
(t0). This outcome suggests that pandan extract does not
induce surface degradation or microscopic abrasions in
the denture material. The stability in surface roughness
supports the notion that pandan extract is gentle on
denture materials. Maintaining smoothness on denture
surfaces is essential to reduce microbial accumulation and
plaque formation, which can lead to denture stomatitis
and other oral health issues.” Therefore, using a natural
extract that preserves the surface integrity of the dentures
provides an advantage in terms of both functionality
and hygiene.

The study also investigated surface hardness,
a property critical to the ability of a denture to resist
wear and deformation. Pandan leaf extract at the tested
concentrations did not cause significant changes in surface
hardness. This suggests that the bioactive compoundsin
pandan leaf extract do not compromise the structural
integrity of the material. Maintaining surface hardness
is important to ensure the long-term durability and
resistance of the denture to daily mechanical stresses.
Previous studies have shown that some natural extracts
may soften polymer-based materials due to their acidic
or chemical nature.*® However, the lack of such an effect
with pandan extract is promising for users seeking to avoid
material degradation often associated with traditional
denture cleaners. These findings align with research on
plant extracts used in dental care,”* which have shown
minimal interaction with synthetic materials, making them
suitable candidates for bio-friendly dental applications.

Flexural strength is essential for the functional

reliability of dentures, as it determines their ability to

withstand masticatory forces without fracturing. The
results demonstrated that flexural strength was unaffected
by immersion in pandan extract solutions, even after
prolonged exposure. This is a favorable outcome, as
some cleaning agents, especially those containing strong
oxidizing agents, can weaken denture materials over time,
increasing the risk of fractures. The stability in flexural
strength aligns with the objective of developing a gentle yet
effective cleaning solution.” By retaining flexural strength,
pandan extract allows the denture to perform its intended
function without compromising material integrity. This
property could enhance the longevity of denture materials,
reducing the need for frequent replacements and thereby
providing economic benefits to denture wearers. > When
comparing the effects of pandan leaf extract on the
physical properties of the denture base in this study
with previous research, no prior studies have explored
this aspect. Therefore, there is no available data for
direct comparison.

Sodium hypochlorite is widely used for its potent
antimicrobial properties; however, its prolonged use
poses risks such as material degradation and potential
adverse reactions in sensitive patients.”” Pandan leaf
extract, particularly at the 16 and 24 mg/ml concentration,
provides a comparable antifungal effect without these
risks, suggesting its suitability as a safer alternative for
regular use. The gentle action of pandan extract may
also be advantageous in terms of patient compliance,
as it minimizes the risks associated with daily denture
cleaning. Previous studies have found that using a sodium
hypochlorite denture cleaner caused color changes and
reduction in surface roughness and surface hardness of
denture base material when immersed for an extended
period.*™ In contrast, this study did not find that 0.5%
sodium hypochlorite altered the physical properties of
the denture base, possibly due to the shorter immersion
time used in the experiment.

The clinical application of pandan leaf extract
could serve as an alternative to chemical denture
cleansers, particularly for patients with hypersensitivity
to sodium hypochlorite or concerns about its long-term

effects on denture materials. Its use may include
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disinfecting dentures after receiving them from the
laboratory before patient try-in or after retrieving used
dentures from patients before making adjustments.
Limitations of this study such as variations in
pandan leaf extraction methods might influence bioactive
compound concentration, the extraction process of pandan
leaf which involves such as the mixture volume ranging
from 450-750 ml, mixing speed, centrifugation, evaporation
process, as well as the temperature and time required
for drying the extract. These variations may affect the
antifungal efficacy against C. albicans. Therefore, further
research is needed to standardize the methods to ensure
consistent results. Additionally, this study simulated
nocturnal immersion ("overnight soaking"), where each
24-hour period corresponded to three immersions of
8-hours per day. Over a total of 21 days, dentures were
continuously immersed without removal for seven days,
which is equivalent to nightly 8-hour soaking for 21 days
(7 days x 24 hours / 8 hours = 21 days). However, this
duration is still relatively short. Extending the immersion
period beyond this study, such as simulating long-term
soaking for one to three years, would better reflect
real-life conditions in patients who use denture soaking
solutions daily. This would allow for an assessment of
whether the extract affects the physical properties of
the denture base over prolonged use. Therefore, further
research is recommended to explore the inhibitory effects
on C. albicans in more detail to confirm whether pandan
leaf extract can effectively inhibit C. albicans. Additionally,
studies should investigate the effects of immersing
dentures in pandan leaf extract for extended periods
beyond those used in this study or under conditions
simulating daily use. Additionally, since this study was
conducted in a controlled laboratory setting, clinical trials
are needed to evaluate its effectiveness in real-world
scenarios, where factors such as saliva, dietary habits,

and regular wear may influence outcomes.

Conclusion

Within the limitations of this study, a cleaning
solution containing pandan leaf extract at 16 and 24 mg/

ml was found to be effective against C. albicans and did

not compromise the color, surface roughness, surface
hardness, or flexural strength of denture base materials.
This indicates that pandan leaf extract could serve as a

viable, natural alternative to sodium hypochlorite.
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The Effect of Herbal Toothpastes on Aged Root Dentin Surface Roughness
After Brushing

Pasika Meenamphant', Rangsima Sakoolnamarka', Issara Wongpraparatana', Kopkrit Hataiareerug'
'Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

This study aimed to evaluate the impact of toothbrushing with herbal toothpaste on the surface roughness
and loss of aged dentin following toothbrushing with herbal toothpastes. Buccal root dentin specimens were prepared
from molars of patients > 60 years old. Specimens were allocated into four groups (n=10) according to the toothpaste
used: three herbal toothpastes, HB1, HB2, HB3, and one non-herbal toothpaste, NHB. After undergoing 10,000 cycles of
toothbrushing, the surface roughness and surface loss of the specimens were investigated using a contact profilometer.
Toothbrushing resulted in a statistically significant increase in surface roughness relative to baseline measurements
for all groups (p<0.001). Among these groups, the HB2 group exhibited the highest final surface roughness (Raf) value
(9.81 + 0.86 pm), while the NHB group demonstrated the lowest Ra, value (0.78 + 0.10 pm). Statistically significant
differences in Raf values were observed among all groups (p<0.001). The highest surface loss of dentin was found
in the HB2 group (0.047 + 0.012 mm?), then HB3 (0.039 + 0.012 mm3), NHB (0.029 + 0.009 mm?), and the HB1 group
(0.0197 + 0.005 mm?). SEM revealed a scratched dentin surface of all specimens indicative of toothbrush bristle
abrasion. Among the groups, dentin in the HB2 group exhibited a more pronounced concave area compared to the
dentin in the other groups. Analyses of the toothpastes demonstrated variations in shape of their abrasive particles.
In conclusion, the use of herbal toothpastes resulted in significantly greater dentin surface roughness compared to
non-herbal toothpaste. These findings suggested that abrasive particles in herbal toothpastes may contribute to

increased tooth surface wear.
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Introduction

The prevalence of oral health conditions such as contributors. One such condition is the non-carious
tooth wear and gingival recession increases with advancing cervical lesion (NCCLs), consisting of pathological tooth
age in the elderly population.! The combined effects surface loss occurring at the cemento-enamel junction
of mechanical factors, such as excessive toothbrushing (CEJ). The prevalence, severity and progression of NCCLs
force, and chemical factors such as dietary acid, are likely increases with age.”” The etiology of NCCLs is multifactorial,
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toothbrushing being among them. Factors related to
toothbrushing are, for example, brushing horizontally,
using a large brushing force, brushing many times a day,
and using highly abrasive toothpaste as well as the
stiffness of the toothbrush bristles used.*’

In Thailand, herbal products, including herbal
toothpaste, are widely used by elderly people.®’ Herbal
toothpastes are formulations that incorporate various
natural plant-based ingredients such as herbs, spices and
plant-derived substances. Toothpastes may incorporate
herbal ingredients with potential therapeutic benefits.
Examples include streblus asper bark (toothbrush tree)
and guava leaf extract, which are believed to exhibit
antimicrobial and anti-inflammatory properties. Borneol
camphor and licorice extract are also utilized for their
antimicrobial effects. Furthermore, essential oils such
as pepper mint, eucalyptus, and clove contribute to
antimicrobial and antibacterial properties. Additionally,
these toothpastes typically contain abrasive substances,
which may lead to tooth surface roughness. A few studies'"
have investigated enamel surface roughness after using
herbal toothpastes, but not in geriatric patients who have
root dentin surfaces exposed due to gingival recession.
Moreover, most of these studies evaluated surface
roughness after brushing with herbal toothpaste over
a short period of time such as one month."

Therefore, the aims of this study were: 1. to compare
the root dentin surface roughness before and after toothbrushing
within the same toothpaste group; 2. to compare the root
dentin surface roughness and surface loss after toothbrushing

among different toothpastes. The null hypotheses were: 1.

-

—] 3 mm
<
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Buccal root dentin surface

Figure 1 Specimen preparation

Plastic mold

Side view face down

There is no difference in surface roughness of dentin before
and after toothbrushing within the same toothpaste
group; 2. There is no difference in surface roughness
and surface loss of dentin among different toothpastes

after toothbrushing.

Materials and Methods

Sample size calculation

The sample size was calculated using G*Power
(Version 3.1.9.6) with a power of 809 and a 95% confidence
level according to data from Korsuwannawong et al.”
The estimated sample size was three per group. To
compensate for error (10%) and due to a previous
study,10-12 the total sample size per group was 10.
Specimens preparation

Forty extracted molars were obtained from
patients aged 60 years or above, who underwent tooth
extraction due to periodontal reasons. Prior to the study,
ethical approval was granted by the Human Research Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand (HREC-DCU 2023-018). The
teeth were stored in a 0.1% thymol at 4°C and used
within three months after extraction. Only teeth without
caries and cracks were included. Teeth were cleaned
with an ultrasonic scaler. The crown of each tooth was
removed at the cemento-enamel junction. The buccal
root dentin of dimensions 5 mm mesiodistally x 3 mm
cervico-apically x 3 mm deep was obtained using a low-speed
cutting machine under water irrigation (Isomet 1000;
Buehler, Lake Bluff, IL).

Polyester resin

Polyester resin

T

Buccal root dentin surface

Buccal side

Top view Side view
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The dentin sample was placed at the bottom
of the plastic mold (12 mm wide x 19 mm long x 8 mm
deep) with the buccal side face down. The mold was
filled with polyester resin (RA-700; Rungart, Bangkok,
Thailand). After 24 hours, all specimens were removed
from the mold and the dentin surfaces were plane
polished using sandpaper of 600, 800 and 1,000 grit
sequentially for 60 s each using a polishing machine

(Minitech 233; PRESI, Eybens, France) to remove the

Table 1 Toothpastes (data from manufacturers)

excess polyester resin. Specimens were stored in 37°C
distilled water until used (Fig. 1).

Specimens were randomly allocated into four
groups (n=10) according to the toothpaste used. The
toothpastes utilized in this study were carefully selected
based on their popularity within the Thai market and
their unique formations containing a variety of herbal

ingredients. The active ingredients of each toothpaste

are shown in Table 1.

Group Product name Manufacturer Ingredients Abrasive
HB1 Tepthai concentrated Tepthai product Co.,  Water, calcium carbonate, sodium lauryl Calcium
herbal toothpaste Ltd. (Songkhla, sulfate, cellulose gum, sorbitol, Camphor, carbonate
original flavor (HB1) Thailand) Borneol, menthol, sodium benzoate,
peppermint Oil, clove Oil, Licorice extract,
sodium fluoride, Eclipta prostrata leaf
extract, Psidium guajava leaf extract,
Streblus asper bark
HB2 Dokbuaku original Twinlotus company Sorbitol (natural origin from cassava), Calcium
herbal toothpaste limited (Bangkok, calcium carbonate (mineral Abrasive), carbonate,

(HB2) Thailand)

Cuttlefish bone, Toothbrush tree,
Clinacanthus nutans, sodium lauryl
sulfate (natural origin from coconut oil),
hydrated silica (mineral thickener), Orange
jessamine, peppermint oil, menthol,

eucalyptus oil, sodium benzoate

hydrated silica

HB3 Viset-niyom herbal Viset & | Co., Ltd. Dicalcium phosphate, water, sorbitol, Dicalcium
toothpaste (HB3) (Bangkok, Thailand) glycerin, saccharin, salt, menthol crystals, phosphate
peppermint oil, clove oil, cinnamon oil,
Glyceriza extract, benzoic acid, sodium
benzoate, sodium lauryl sulfate (natural origin
from coconut oil), carboxymethyl cellulose,
Borneol flakes, Camphor
NHB Colgate maximum cavity —Colgate-Palmolive Dicalcium phosphate dihydrate, water, Dicalcium
protection (NHB) (Thailand) sorbitol, sodium lauryl sulfate, hydrated phosphate
Limited (Thailand) silica, arginine, sodium monofluorophosphate, dihydrate,

flavor, cellulose gsum, phosphoric acid,

tetrasodium pyrophosphate, sodium saccharin,

Cl 77891 (titanium dioxide)

hydrated silica

Initial surface roughness and surface evaluation
The initial surface roughness (Rai) of each specimen

was measured using a contact profilometer (Talyscan 150

Taylor Hobson, Leicester, UK). A 2-um diameter diamond

stylus was used at a constant speed of 0.05 mm/s with

a 0.7-mN force and a 1.25-mm scan length (0.25 x 5 mm
cut-off length)."”® To reproduce the measurement
location, all specimens were marked on the sides with

a permanent marker.
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The data were analyzed by TalyMap software
(Taylor Hobson, Leicester, UK) which demonstrated surface
profile and surface roughness. All specimens were required
to have a Rai value below 0.1 pm, as per the guidelines of
ISO 11609:2017", to ensure a uniform starting point for the
toothbrushing. To evaluate the initial surface morphology,
two specimens, excluded from the experimental group,
were dehydrated, coated with a thin layer of gold using
a sputter coater (JFC-1200 Fine coater, Jeol Ltd, Tokyo,
Japan) and examined undera scanning electron microscope
(Quanta 250; FEI, Hillsboro, OR) at an accelerating voltage
of 20 kV and a magnification of 1,000x.
Toothbrushing

The specimen surface was covered with transparent

tape (Scotch® Magic™ Tape 810; 3M, Bangkok, Thailand)

V-8 cross brushing
machine

except for a 2 x 2-mm window to expose the surface
to toothbrushing.” Toothpaste slurries were prepared
according to I1SO 11609:2017 by mixing 25 ¢ of each
toothpaste with 40 mL of distilled water."*

The specimens were put in holder and brushed
with the toothpastes using a soft nylon bristle toothbrush
(311 GUM® classic toothbrush; Sunstar Singapore Pte.
Ltd, Singapore) with a toothbrushing simulator (V-8 cross
brushing machine; Sabri Dental Enterprises, Downers
Grove, IL) (Fig. 2). The brushing machine was set up with
150 ¢ brushing force, the motion was back and forth at
the speed of 100 cycles per minute for a total of 10,000
brushing cycles. A digital push-pull force gauge (SH-100;
Wenzhou Sundoo Instruments Co. Ltd, Wenzhou, China)

was used to validate the brushing force.

Compression

spring

Toothbrush

. holder
- *Validation brushing
/ force location™

Specimen:

Toothpaste
slurry

Figure 2 Toothbrushing: (A) The V-8 cross brushing machine and brushing stations and (B) The experimental setup before undergoing

toothbrushing

Specimens were cleaned in an ultrasonic cleaner
(VGT-1990QTD; Guangdong GT Ultrasonic Co Ltd, Shenzhen
City, China), and kept in distilled water at 37°C in an incubator
(MEM-1-IF160; Memmert, Schwabach, Germany).

Final surface roughness, surface loss and surface
evaluation

The transparent tape was removed, specimens
were placed on the contact profilometer and Raf values
were measured at the same reference point. The surface
loss was determined by analyzing the 3D surface profiles

of the brushed and unaffected areas using the contact

profilometer, which calculated the volume difference
between the unbrushed and brushed surfaces, providing
a quantitative measure of surface loss. One specimen
from each experimental group was randomly selected to
evaluate the final surface appearance using the scanning
electron microscope at 1,000x as described above.
Toothpaste abrasive evaluation

Slurries of each toothpaste were formulated by
adding 25 mg of toothpaste to 40 mL of distilled water
and applied as a thin layer to filter paper using a spatula.
The filter paper was dried in a desiccator cabinet (Dry-70;
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Twosome Trading Corp, Taipei City, Taiwan) for 24 hours
and cut into 10-mm squares. The dried toothpaste smear
was gold-coated using the sputter coater and examined
under the scanning electron microscope using 20 kV at 3,000x.
Statistical analysis

The data were analyzed using SPSS (IBM®SPSS®
Statistics for Mac, Version 29.0.1.0, Chicago, IL). The significance
level was set at p<0.05 and the normality test was examined
using Shapiro-Wilk test. Paired t-test was used to analyze
the difference in mean surface roughness before and
after toothbrushing. One-way ANOVA followed by the
Games-Howell post-hoc test was used to analyze the
difference in mean surface roughness and surface loss

between groups after toothbrushing.

Surface roughness and surface loss measurement
The mean surface roughness before and after

the toothbrushing and tooth surface loss are presented in

Table 2. Following toothbrushing, all specimens exhibited
a significantly higher surface roughness compared to the
initial measurements (p<0.001). The difference in means
of final surface roughness (Raf) between groups was
statistically significant for all groups (p<0.001). The HB2
group demonstrated the highest Raf values (9.81 + 0.86 um)
and the NHB group showed the lowest Raf values (0.78
+ 0.10 pm). Regarding the surface loss measurement
after toothbrushing, the HB2 group exhibited the highest
surface loss (0.047+0.012 mm?), while the lowest surface
loss was observed in the HB1 group (0.019+0.005 mm?).
A statistically significant difference was detected between
the HB1 group and both HB2 and HB3 groups (p<0.01
and p=0.003, respectively), except for the NHB group
(p=0.05). Concurrently, no significant differences in surface
loss were detected between the HB2 and HB3 groups
(p=0.434) or between the HB3 and NHB groups (p= 0.246)
(Table 2).

Table 2 Dentin surface roughness before and after toothbrushing, and surface loss after toothbrushing

Surface roughness (um)

Surface loss (mm?)

Group Initial (Rai) Final (Raf) Mean 4 SD
Mean £ SD Mean £ SD
HB1 0.048 + 0.004° 5.76 + 0.67" 0.019 + 0.005°
HB2 0.056 + 0.007° 9.81 = 0.86" 0.047 + 0.012°
HB3 0.059 + 0.010° 2.70 + 0.34° 0.039 + 0.012"%
NHB 0.051 + 0.041° 0.78 + 0.10” 0.029 + 0.009%

Different lowercase letters within rows of surface roughness measurement represent significant differences between before and after toothbrushing
with the same toothpaste (p <0.01). Different uppercase letters in columns of final surface roughness measurement indicate significant differences

in final Ra among toothpastes after toothbrushing (p <0.01). Different lowercase letters in the column of surface loss measurement signify significant

differences in surface loss value among groups (p <0.05). Rai = Initial surface roughness value, Raf = Final surface roughness value.

Surface appearance

Initial surface characterization, as illustrated in
Figure 3A, revealed smooth polished dentin surfaces.
Following toothbrushing, SEM images obtained at a
magnification of 1000x (Fig. 3B-E) displayed dentin

surfaces with scratch marks indicative of toothbrush

bristle abrasion. Additionally, SEM analysis identified the
presence of toothpaste particles adhering to the surface
of the specimens, as indicated by white arrows (Fig. 3).
The HB2 group showed a deeper concave groove from

toothbrush bristles compared to other groups (Fig. 3C).
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Figure 3 Dentine surfaces: (A) Initial surface, (B-E) Final surface after toothbrushing (B; HB1 group, C; HBZ group, D; HB3 group,

E; NHB group). White arrows showed toothpaste particles adherent to the surface of the dentin. Bar = 25 um

Toothpaste analysis

The toothpaste analysis revealed distinct abrasive
particles in all groups (Fig. 4A-D). The HB1 group exhibited
a uniform distribution of fine particles with particle

sizes below 10 microns (Fig. 4A). Conversely, the remaining

groups illustrated angular shaped particles. These particles
appeared irregular and exhibited variations in dimension,
including particles both smaller and larger than 10 pm
(Fig. 4B-D).
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Figure 4 Toothpaste abrasive particles: (A) HB1 group, (B) HB2 group, (C) HB3 group, (D) NHB group. Bar = 10 um

Discussion

This study aimed to evaluate the impact of herbal
toothpastes on the buccal dentin surface morphology.
Prior to brushing, a polished dentin surface presented
a smooth appearance. After brushing with different
toothpastes, alterations in surface roughness and morphology
were observed. The final surface roughness values (Raf),
measured after the toothbrushing, were significantly
higher than the initial surface roughness (Rai) in all groups
(p<0.001), therefore the first null hypothesis was rejected.
The Raf values in the herbal groups (HB1, HB2, and HB3)
were significantly higher than in the non-herbal group
(NHB) (p<0.001) (Table 2). These findings are consistent

112 \which examined mean surface

with previous studies
roughness after toothbrushing with various herbal
toothpastes of enamel specimens. Furthermore, as

the differences in Raf values between the groups after

toothbrushing were statistically significant (p<0.001), the
second null hypothesis was rejected.

In the present study, the Raf values in all groups
were higher than those reported by Korsuwannawong
et al."’ This discrepancy was attributed to differences in
the experimental setup. The prior study evaluated changes
in enamel surface roughness after brushing with herbal
toothpastes, whereas the current study focused on dentin
specimens, which have lower surface hardness than
enamel.'® Additionally, the brushing force and the total
number of brushing cycles in the present study were higher.

The HB2 group exhibited the highest final surface
roughness value and the greatest surface loss among all
groups (p<0.001). This finding can be attributed to the
components of this toothpaste, which include calcium

carbonate and hydrated silica as abrasives, in addition
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to cuttlefish bone. These components have higher Mohs
hardness values compared to dentin (dentin = 2-2.5,
calcium carbonate = 3, hydrated silica = 2.5-5, cuttlefish
bone = 7)', which explains why the HB2 group sustained
greater surface roughness and loss than in the other groups.

In the HB1 group, which exhibited the second-highest
final surface roughness, the toothpaste contained calcium
carbonate as an abrasive particle. Calcium carbonate
has a higher Mohs hardness than dentin'®, potentially
contributing to the increased surface roughness observed
in the HB1 group compared to the HB3 and NHB groups.
Conversely, the HB3 group used dicalcium phosphate
as the abrasive while the NHB group utilized dicalcium
phosphate dihydrate. The Mohs hardness of these
particles is 2.5. The relatively lower Mohs hardness of
dicalcium phosphate and dicalcium phosphate dihydrate
(compared to calcium carbonate) may contribute to the
observed lesser effect on the dentin surface in the HB3
and NHB groups compared to the HB1 and HB2 groups.
Interestingly, the HB1 group displayed the lowest level
of surface loss despite containing calcium carbonate, an
abrasive material with a Mohs hardness exceeding that
of dentin. This observation suggested that the particle
size and distribution within the toothpaste formulation
play a significant role. In accordance with the previous
study’, the characteristics of the abrasive particles,
including hardness, shape, size, size distribution and
concentration, all impact on the surface of dental hard
tissues. Furthermore, the study by Baig et al.'’ found
that the spherical abrasive particles resulted in a lower
volume loss of enamel compared to angular abrasive
particles. Additionally, larger particles were associated
with greater damage to the tooth surface. The SEM image
of toothpaste (Fig. 4) revealed round shaped particles of
similar size in the HB1 group. In contrast, the other groups
exhibited particles with irregular shapes. Our morphological
observations of the HB1 are consistent with the findings
reported by Suriyasangpetch et al." This observation of
HB1 particles may lead to the finding that HB1 toothpaste
resulted in the lowest surface loss.

Johansen et al.”” investigated the relationship

between surface roughness and volume loss of acrylic

plates after brushing with various toothpastes. The results
indicated a weak correlation between these two parameters.
Notably, the study found that toothpastes which induce
greater volume loss may result in a smoother dentin
surface compared to other toothpastes. The hardness
and shape of the particles can influence the resulting
surface roughness and depth of surface loss. Spherical
particles with higher hardness may lead to increased
surface roughness. However, due to their shape, they
may cause less severe subsurface damage.

The NHB group, exhibiting the lowest final surface
roughness value among all test groups, contained hydrated
silica and dicalcium phosphate dihydrate as abrasives in
toothpaste. The Mohs hardness of hydrated silica ranges
from 2.5 to 5, while dicalcium phosphate dihydrate
possesses a Mohs hardness of 2.5. In contrast to the NHB
group, the dentin in the HB3 group exhibited a significantly
higher final surface roughness value. The HB3 toothpaste
used anhydrous dicalcium phosphate as its abrasive, while
NHB used the dihydrate form. Vranic et al.”’ reported
that the dihydrate form exhibits softer properties and
a milder abrasive effect compared to anhydride form.
Consequently, the HB3 group, containing the anhydride
form, could potentially have resulted in higher dentin
surface roughness compared to the NHB group. Furthermore,
the HB3 toothpaste formulation also contained herbal
ingredients, which may have contributed to increased
dentin surface damage.

The herbal toothpastes contained various other
beneficial ingredients. Streblus asper bark, commonly
referred to as the toothbrush tree, was incorporated into
the herbal toothpastes due to its recognized antimicrobial
properties.”! Cuttlefish bone powder has been suggested
as a potential abrasive agent for calculus removal in
toothpastes. However, this claim lacks scientific evidence,
as no clinical studies have investigated its efficacy.”
Salt has been traditionally used in oral health practices,
exhibiting both calculus removal and anti-inflammatory
properties.”

In addition to those previously mentioned, the
herbal toothpastes contained various other beneficial

ingredients. Menthol was included to provide a refreshing
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and clean taste. Borneol camphor, orange jessamine, and
clove oil were incorporated for their antimicrobial properties.
Guava leaf and Clinacanthus nutans were selected for their
combined antimicrobial and anti-inflammatory effects.”
Furthermore, certain essential oils such as peppermint oil
and eucalyptus oil were added to enhance antimicrobial
activity, provide a refreshing sensation, and impart a
cooling effect. However, the abrasiveness of many herbal
ingredients remains largely unknown due to a limited
number of studies investigating their specific effects on
tooth surfaces. The potential influences of these herbal
ingredients on dentin surface roughness necessitate
further investigation to clarify the precise effects.

However, the dentin in the NHB group did not
exhibit the lowest surface loss. This observation could
be attributed to the irregularity in the shape of the
abrasive particles.

Another factor influencing surface roughness
during toothbrushing is the abrasive concentration in the
toothpaste. A direct correlation between the abrasive
concentration of toothpaste and its impact on surface
roughness has been reported.” Toothpastes with higher levels
of abrasive particles tend to exhibit greater abrasiveness
on tooth surfaces. Unfortunately, the specific concentrations
of the abrasives in the toothpastes used in this study
were not disclosed by the manufacturers. This lack of
information may contribute to the observed variations
in the final surface roughness following toothbrushing.

Relative dentin abrasivity (RDA), a measurement
derived from radioactivity methods, is the standard parameter
for evaluating the abrasive potential of toothpaste
on dentin. Enax et al.”® demonstrated a positive correlation
between higher RDA values and increased surface
roughness. While the RDA values of toothpastes were not
revealed for most groups, the NHB group was reported
to have an RDA of 68 according to manufacturer’s data,
which falls within the medium abrasive range. The absence
of RDA data for the other herbal toothpastes limits our
ability to fully explain the observed variations in surface
roughness. Further investigations into the abrasive properties

of these toothpastes, including the determination of their

RDA values, would provide more understanding of their
impact to dentin surfaces.

The present study investigated the effect of
different herbal toothpastes on aged buccal root dentin
surface roughness. Specimens were obtained from extracted
human molars of geriatric patients. This approach aimed
to mimic the clinical scenario of gingival recession
commonly observed in the elderly population. Aged
root dentin exhibits a higher concentration of calcium,
increased hardness, and a greater elastic modulus
compared to young dentin. As aged root dentin has
different properties, herbal toothpaste may affect its
surface roughness differently compared to young root
dentin. Further investigation is needed to determine the
impact of herbal toothpastes on young dentin surface
roughness.”’

This study focused solely on the effect of toothpaste
on surface roughness and loss. However, dental hard
tissue loss during toothbrushing is a multifactorial process
influenced by various factors beyond the scope of
this investigation, such as brushing force and brushing

6 %32 The International Organization for

technique.
Standardization (ISO) recommends a force of 150 g for
evaluating toothpastes using toothbrushing (ISO 11609:2014).
Abrushing force of 150 g was employed in this experiment,
which aligns with the recommended range for optimal
toothbrushing force. Furthermore, the toothbrushing
technique used in this experiment was a horizontal
brushing motion. Several studies demonstrated an
association between horizontal toothbrushing techniques
and increased tooth wear.*® On the other hand, some

studies®™

reported that a horizontal toothbrushing
technique may not be significantly associated with tooth
wear. Nevertheless, it is important to acknowledge that
the horizontal technique used in this study may not fully
represent the real toothbrushing movements in daily life.
This study aimed to provide crucial information regarding
the abrasiveness of these herbal toothpastes. People
who prefer herbal toothpastes can benefit from these
findings by practicing proper brushing techniques, such

as avoiding excessive force and horizontal brushing
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motions, to minimize the risk of NCCLs. Moreover, this
research can provide valuable insights for individuals
considering the use of herbal toothpastes, aiding them in
making informed decisions about their oral health care.

To ensure the accuracy and reliability of the surface
roughness measurements, the contact profilometer
underwent a calibration procedure prior to data collection.
This study performed 10,000 cycles of toothbrushing which
simulated one year of brushing time.” These findings
warrant further investigation to elucidate the long-term
impact of these toothpastes on dentin in a more clinically

relevant setting.

Conclusions

This in vitro study investigated the impact of
various toothpastes on root dentin surface roughness
and surface loss after toothbrushing. While the dentin in
all experimental groups exhibited increased roughness
following toothbrushing, herbal toothpastes were associated
with significantly higher roughness compared to the non-
herbal control group. Among the toothpastes, the HB2
group exhibited the highest surface roughness and loss,
while the NHB group showed the least surface roughness.
Notably, the HB1 group showed the lowest surface loss,
but which was not statistically significant compared to

the NHB group.
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Abstract

This study aimed to compare the compressive strength of highly filled flowable resin composites,
conventional resin composites, and combinations of flowable resin composite liners of different thicknesses with
conventional resin composites. One hundred and twenty-one cylindrical specimens (3 mm diameter, 6 mm height)
were fabricated from eleven different material combinations, including two highly filled flowable resin composites,
three conventional resin composites, and six combinations of flowable resin composite liners (1.5 mm and 3 mm
thicknesses) with conventional resin composites. After 24-hour storage in distilled water at 37°C, specimens
underwent compressive strength testing using a universal testing machine. One-way ANOVA and Tukey’s multiple
comparison test were used for statistical analysis, with significance set at P < 0.05. Results revealed significant
differences in compressive strength among the groups. Clearfil AP-X Esthetic Flow demonstrated the highest mean
compressive strength (251.80 MPa), while G-aenial universal injectable 3 mm with G-aenial Posterior showed the
lowest (155.62 MPa). No significant differences were found between highly filled flowable resin composite groups or
among conventional resin composite groups. The combination groups showed comparable compressive strength to
conventional resin composites, regardless of liner thickness. However, 3 mm thick flowable resin composite liners
exhibited significantly lower compressive strength than Clearfil AP-X Esthetic Flow alone. The study concluded that
highly filled flowable resin composites demonstrate promising compressive strength and can be considered for
stress-bearing areas, noting that their combination with conventional resin composites as liners neither enhances

nor compromises strength significantly.
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Introduction

Resin composite restorations have gained
popularity in dental practice due to their aesthetic,
tooth-colored appearance, ability to bond directly to
teeth using an adhesive system, requiring minimal need for
tooth structure removal,' and used to replace amalgam
fillings due to concerns about mercury toxicity. These
materials also reinforce the remaining tooth structure.
Dental resin composites consist of an organic resin
matrix and organic/inorganic fillers. Resin composites
are classified into two main categories based on their
viscosity: conventional resin composites and flowable
resin composites. Conventional resin composites, known
for their high viscosity and moldability, are suitable for
load-bearing areas requiring strength and durability.
Flowable resin composites, with reduced filler content
ranging from 37% to 53% by volume compared to 50%
to 70% in conventional composites resulting in lower viscosity
and enhanced flowability. This improved flowability allows
for better adaptation to tooth cavities, especially in areas
with irregular surfaces.”” However, despite their ease of
use, flowable resin composites have limitations. They
exhibit reduced mechanical properties, including lower
strength, wear resistance, and increased polymerization

shrinkage,””*

restricting their application in load-bearing
areas. Conversely, conventional resin composites have
more strength and durability, making them suitable for
both anterior and posterior restorations. The performance
of these materials in the oral environment is often
assessed through key mechanical properties, including
compressive and flexural strength, which reflect their
ability to withstand forces during mastication. Studies
have shown that conventional resin composites consistently
outperform flowable resin composites in these aspects,
offering greater longevity and reliability in restorations.”
Resin composite materials are used for the restoration of
both anterior and posterior teeth, particularly conventional
resin composites, which offer great strength and durability.
One of the factors affecting the success of restorations
is the strength of the restorative material. Compressive
strength are key indicators of the durability of a material

under the forces present in the oral cavity. Numerous

studies have tested the physical properties of conventional
resin composites, revealing that these materials exhibit
high compressive strength, particularly when compared to
flowable resin composites which offer better flowability
and ease of use but have lesser strength.

The use of conventional flowable composite
resin as a liner beneath conventional composite resin
has gained attention due to its ability to improve dental
restoration outcomes. This liner layer effectively distrib-
utes stress and minimizes the formation of air bubbles
during the restorative process, because of its superior
flowability. Such properties enable the material to fill
gaps and adapt to tooth surfaces more effectively than
conventional composite resin, which is more viscous.’
Research indicates that a flowable resin liner with a
thickness of 0.8-1.2 mm can substantially enhance the
fracture resistance of the overlying conventional composite
resin layer.” This improvement is attributed to the stress
reduction within the restoration layer. Additionally, the
liner provides greater flexibility in restorations, especially
in regions with uneven tooth surfaces, thereby reducing
the likelihood of gaps forming between the material
and the tooth structure.? These benefits are crucial for
ensuring the long-term success of dental restorations.

Recently, advancements in resin composite
technology have aimed to address the growing demands
of more complex dental treatments. The development of
highly filled flowable resin composites feature increased
filler content exceeding 50% by volume,” along with
improved surface coatings and reduced filler particle sizes."
Such improvements, as claimed by the manufacturers,
make these composites both strong and aesthetically
suitable for anterior and posterior restorations.

Studies have shown that highly filled flowable
resin composites exhibit good flexural strength compared
to conventional resin composites.'' However, concerns
persist regarding their mechanical strength compared to
conventional resin composites, which are more viscous
and known for their superior durability and load-bearing
capacity. There are no comparative studies of the

compressive strength of this group of materials. The
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compressive strength of materials remains a critical
parameter for evaluating their long-term performance in

restorations."!

? Compressive test determines the sustained
resistance (strength and modulus) of a material against
to longitudinal heavy load (mastication)."” Compressive
strength relates to the ability of the material to withstand
the forces of mastication, when chewing, teeth experience
significant compressive forces, particularly in the posterior
teeth due to the higher occlusal forces, and a resin composite
with sufficient compressive strength can withstand these
forces without breaking or chipping, making it a crucial factor
in determining the longevity and success of a dental restoration,
as a composite with higher compressive strength is less likely
to fracture or fail under biting pressure. Strength as well as
adhesive properties play an important role in preventing
microleakage, secondary decay and filling dislodgement.
This assessment helps determine the most effective and
suitable materials for various restorative purposes.
Consequently, this study aims to compare the
compressive strength of three types of resin composite
materials: 1. highly filled flowable resin composites, 2.
conventional resin composites, and 3. combinations of
flowable resin composite as a liner in different thickness
layered with conventional resin composite. The findings
will provide dentists with evidence-based insights to select
the most appropriate materials for specific dental restoration
scenarios, enhancing the efficiency, durability, and success of
restorations over time. The null hypothesis states that no
significant differences exist among: 1. highly filled flowable
resin composites, 2. conventional resin composites, and
3. combinations of flowable resin composite as a liner in

different thicknesses with conventional resin composite.

Table 1 Resin composites used in this study

Materials and Methods

This is an in-vitro laboratory study. Six resin
composite materials (Table1) were used in the experiment
and were divided into the following groups:

1. Highly filled flowable resin composites group

1.1 G-aenial Universal Injectable® (GC, Japan)

1.2 Clearfil AP-X Esthetic Flow® (Kuraray Noritake

Dental, Japan)

2. Conventional resin composite group

2.1 G-aenial Posterior® (GC, Japan)

2.2 Clearfil AP-X ® (Kuraray Noritake Dental, Japan)

2.3 Filtek Z350 XT® (Solventum, USA)

3. Combinations group of flowable resin composite in
different thicknesses layered with conventional resin
composite

3.1 G-aenial universal injectable® 1.5 mm thickness

with G-aenial Posterior® (GC, Japan)

3.2 G-aenial universal injectable® 3 mm thickness

with G-aenial Posterior® (GC, Japan)

3.3 Clearfil AP-X Esthetic Flow® 1.5 mm thickness

with Clearfil AP-X © (Kuraray Noritake Dental, Japan)

3.4 Clearfil AP-X Esthetic Flow® 3 mm thickness

with Clearfil AP-X © (Kuraray Noritake Dental, Japan)

3.5 Filtek Supreme XTE® Flowable 1.5 mm

thickness with Filtek Z350 XT® (Solventum, USA)

3.6 Filtek Supreme XTE® Flowable 3 mm thickness

with Filtek Z350 XT® (Solventum, USA)

Groups 3.1 to 3.4 were combinations of highly
filled flowable resin composite and conventional resin
composite. While groups 3.5 to 3.6 were combinations of
conventional flowable resin composite and conventional

resin composite.

Materials type % of filler Compositions shade Manufacturer Lots
G-aenial highly filled 69% by weight UDMA, Bis-MEPP, A2 GC, Japan 2406201
Universal flowable resin 50% by volume TEGDMA, silanated

Injectable composite

barium glass, silanated

silica (0.15 pm)
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Table 1 Resin composites used in this study (cont.)

Materials type % of filler Compositions shade Manufacturer Lots
Clearfil AP-X highly filled 75% by weight TEGDMA, hydrophobic A2 Kuraray Noritake 810444
Esthetic Flow flowable resin 59% by volume aromatic dimethacrylate, Dental, Japan

composite silanated barium glass,
silanated colloidal silica
(0.18-3.5 um)
G-aenial conventional 7% by weight UDMA, dimethacrylate A2 GC, Japan 2402051
Posterior resin composite  65% by volume comonomers, pre-
polymer silica,
lanthanoid fluoride
fluoraaluminosilicate,
silica (16-17 pm)
Clearfil AP-X conventional 85% by weight Bis-GMA, TEGDMA, A2 Kuraray 6R0172
resin composite  70% by volume camphorquinone, Noritake
barium glass, colloidal Dental, Japan
silica (3 pm)
Filtek Z350 XT  conventional 78.5% by weight Bis-GMA, PEGDMA, A2 Solventum, 11104544
resin composite  63% by volume BIS-EMA, UDMA, USA
silica (0.02 um),
zirconia (0.004-0.11 pm)
Filtek conventional 65% by weight Bis-GMA, TEGDMA, A2 Solventum, 10951722
Supreme XTE flowable resin 46% by volume Bis-EMA, ytterbium USA
Flowable composite trifluoride (0.1-5 um),

silane-treated ceramic,

silica (0.02 pm), zirconium
oxide (0.6-1.4 um)

UDMA: urethane dimethacrylate; Bis-MEPP: 2,2-Bis (4-methacryloxypolyethoxyphenyl) propane; TEGDMA: triethylene glycol dimethacrylate;

Bis-GMA: bisphenol A glycidyl methacrylate; Bis-EMA: ethoxylated bisphenol A ¢lycol dimethacrylate; PEGDMA: poly (ethylene glycol) dimethacrylate

Specimen Preparation

Cylindrical resin composite specimens with a
diameter of 3 mm and a height of 6 mm were fabricated
using a brass split mold." Prior to specimen preparation,
the mold was assembled and coated with a separating
medium to facilitate removal. The mold was then completely
filled with resin composite material, with a 1mm clear
acrylic plate serving as the base, and the top part of the
mold was secured in place. Light curing (Demi™ Plus,
Kerr, USA) was performed from both the top and bottom
surfaces of the mold for 40 seconds each. After initial
curing, one half of the split mold was carefully removed,
leaving the other half attached to the specimen. The
exposed lateral surface of the specimen was subsequently

lisht-cured for an additional 40 seconds. The fully cured

specimen was inspected for voids with a magnifying glass
and dental explorer no.5. The specimens with voids,
those that are not homogeneous, or those with incomplete
resin composite materials will be discarded. Any excess
material, such as fins, was trimmed using a No. 11 blade
to ensure uniform dimensions of all the specimens.
For the test groups of a combination of flowable
and conventional resin composites, the procedure began
with the placement of conventional composite resin into
the mold. A plastic instrument and an amalgam plugger
marked at 1.5 mm and 3.0 mm depths were used to
condense the material to achieve the desired thicknesses
of 4.5 mmand 3.0 mm, respectively. Once the conventional
resin composite was in place, flowable resin composite

was injected to fill the remaining space in the mold. Light
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curing for these combined specimens followed the same
protocol as described for the other groups. Specimen
dimensions for single and combination materials are
illustrated in Figure 1.

A total of 121 cylindrical specimens (3 mm in

diameter and 6 mm in height) were prepared, with 11

C

6 mm

@

A
v

3 mm

Single material

Figure 1 Specimen dimensions

Compressive strength test
A universal testing machine (Lloyd Instruments,

LRX-Plus, AMETEK Lloyd Instruments Ltd., UK) was used
to test the cylindrical specimens by applying a vertical
cylindrical load of 5 kN at a rate of 1.0 mm/min, according
to ADA Specification No.27-1993, using a load unit with
a 15 mm diameter until a fracture occurred." In the
combination groups, the specimens were placed with
flowable resin composite side down on the base of the
testing machine. A digital vernier caliper was used to
measure the dimensions of each specimen. Compressive
strength values were calculated from the force applied.
The compressive strength was calculated using the
following formula.™

Compressive strength in Megapascals (MPa) = %
Where F = maximum force in Newtons exerted

on the specimen

d = diameter of the specimens in millimeters

.
e -

L/ A
v o composite

specimens assigned to each material group. Following
fabrication, all specimens were immersed in distilled
water at 37°C for 24 hours to simulate oral conditions.
After immersion, the specimens were blotted dry and

subjected to compressive strength testing.

e 44
1.5 mm 3 mm
flowable flowable
\_,/ ¥  composite

combination materials

Statistical Analysis

Data were analyzed using the Statistical Package
for Social Sciences (SPSS, v15.0; Chicago, IL) and are
presented as means + standard deviations (SDs) One-way
ANOVA and Tukey’s multiple comparison tests were used
to compare the compressive strength values among the
eleven groups of materials. Differences were considered

statistically significant at p < 0.05.

There was a statistically significant difference
in compressive strength among the 11 experimental
groups. Therefore, the null hypothesis was rejected. The
mean and standard deviation are shown in Table 2, and
the differences between groups are illustrated in Figure 2.
Clearfil AP-X Esthetic Flow had the highest mean compressive
strength (251.80 MPa), while G-aenial universal injectable
3 mm with G-aenial Posterior group had the lowest
(155.62 MPa). Clearfil AP-X Esthetic Flow had the highest

compressive strength, significantly higher than G-aenial
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Posterior, Clearfil AP-X, G-aenial universal injectable
1.5 mm with G-aenial Posterior, G-aenial universal injectable
3 mm with G-aenial Posterior, Clearfil AP-X Esthetic Flow
3 mm with Clearfil AP-X, and Filtek Supreme XTE Flowable
3 mm with Filtek Z350 XT. G-aenial Universal Injectable
had a mean compressive strength (226.46 MPa) that was
significantly higher than G-aenial universal injectable 3 mm
with G-aenial Posterior (155.62 MPa) and Filtek Supreme
XTE Flowable 3 mm with Filtek Z350 XT (160.20 MPa).
There was no significant difference between the highly

filled flowable resin composite groups (G-aenial Universal

Injectable and Clearfil AP-X Esthetic Flow). Similarly, there
was no significant difference among conventional resin
composite groups (G-aenial Posterior, Clearfil AP-X, and
Filtek Z350 XT), Additionally, there was no significant
difference among combinations group of flowable resin
composite in 1.5 mm and 3 mm thicknesses layered with
conventional resin composite. There were no significant
differences in compressive strength between the conventional
resin composite groups (G-aenial Posterior, Clearfil AP-X,
and Filtek Z350 XT) and combinations of flowable with

conventional resin composite groups.

Table 2 Mean and standard deviation of compressive strength for all groups

Groups

Mean + SD (MPa)

1.1 G-aenial Universal Injectable
1.2 Clearfil AP-X Esthetic Flow
2.1 G-aenial Posterior

2.2 Clearfil AP-X

2.3 Filtek 2350 XT

3.1 G-aenial universal injectable 1.5 mm with G-aenial Posterior

3.2 G-aenial universal injectable 3 mm with G-aenial Posterior
3.3 Clearfil AP-X Esthetic Flow 1.5 mm with Clearfil AP-X

3.4 Clearfil AP-X Esthetic Flow 3 mm with Clearfil AP-X

3.5 Filtek Supreme XTE Flowable 1.5 mm with Filtek Z350 XT

226.46+41.88°
251.80+58.57"
176.22+43.60%
182.09+44.57%
212.83+63.40%
177.94+50.07%
155.62+31.67%
190.17+18.95"°
185.58+35.17%
199.21+38.78"C

3.6 Filtek Supreme XTE Flowable 3 mm with Filtek Z350 XT 160.20+43.91%
Difference superscript letters (A, B, C, D) indicate statistically significant difference by the Tukey’s test (p<0.05).
Compresive strength (MPa)
400.00
350.00
A
300.00 AC ABCD
ABCD
250.00 BC BC BC ABCD BC
BD

200.00 EDb
150.00
100.00

50.00

0.00

M Clearfil AP-X Esthetic Flow

Clearfil AP-X
W G-aenial injectable 1.5 mm with G-aneal Posterior
B Clearfil AP-X EstheticFlow1.5 mm with Clearfil AP-X
M Filtek Flowable 1.5 mm with Filtek Z350 XT

W G-aenial Universal Injectable

W G-aenial Posterior

W Filtek Z350 XT

B G-aenial injectable 3 mm with G-aenial Posterior
W Clearfil AP-X EstheticFlow 3 mm with Clearfil AP-X
W FiltekFlow 3 mm with Filtek Z350 XT

Figure 2 Compressive strength of all groups
Difference letters (A, B, C, D) indicate statistically significant differences by the Tukey'’s test (p<0.05).
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Discussion

Within the limitations of this study, the null
hypothesis is rejected that the compressive strength of
the highly filled resin composite is the same as that of
the conventional resin composite and the combinations
of flowable liner with conventional resin composite. This
study demonstrated differences in compressive strength
among highly filled flowable, conventional resin composite
materials and combinations of flowable resin composites
layered with conventional resin composites. Common
causes of composite failure include recurrent caries and
bulk fracture, with at least 5% experiencing bulk fracture
and 12% significant wear within ten years. Advances in
dental composites include low shrinkage monomers,
antibacterial monomers, and enhanced fillers to improve
performance and longevity.' Compressive strength, one of
the key measures of a material's strength under different
force conditions, is particularly important due to chewing
forces. An increased value indicates greater strength
of the material.’” However, available standard resin
composites restorative materials do not have certain
values of compressive strength meanwhile, the flexural
strength of resin composite materials should be higher
than 80 MPa according to 1SO 4049 standard.'® Compressive
strength was influenced by several factors in composite
materials, including type of resin matrix, degree of
crosslinking and polymerization, in addition to type, size
and amount of filler loading.""™®"” Generally, increased
filler loading of the conventional resin composites
enhances both the material strength and elastic modulus.
However, this study did not find the pattern mentioned
when comparing the results of highly filled flowable
resin composites and conventional resin composites.
Highly filled flowable resin composites’ compressive
strength showed the highest among all groups, especially
the Clearfil AP-X Esthetic Flow. The compressive strength
of highly filled flowable resin composite was high despite
having lower filler load than conventional resin composite.
This finding is consistent with the study by Rajabi et al.
(2024), which reported that highly filled flowable composites
showed significantly lower wear and higher flexural strength

compared to conventional flowable and paste resin

composites. Previous studies suggest that factors such as
filler size, distribution, bonding to the resin matrix, and
the type of resin matrix used may influence differences
in mechanical properties.”” The smaller filler size in
highly filled resin composite (Clearfil AP-X Esthetic Flow
0.18-3.5 um) compared to conventional resin composites
(Clearfil AP-X 3 um) may contribute to its higher compressive
strength. Additionally, these differences may be due to
filler modification through silanization, as previous studies
found that silanization of filler can significantly improve
mechanical properties (compression strength, angular
flexural strength, flexural strength, and elasticity modulus).'®
Different resin matrices vary in molecular weight,
viscosity, and backbone structure. The Bis-GMA
(bisphenol A glycerolate dimethacrylate) monomer was
the first dental dimethacrylate resin and is known for its
high viscosity and rigid backbone. The extremely high
viscosity of Bis-GMA limits the degree of conversion
and decreases the possibility of filler incorporation.
The viscosity of Bis-GMA can be lowered by admixing
low molecular weight dimethacrylates. Oligoethylene
glycol dimethacrylates may be used for this purpose,
of which TEGDMA (triethylene glycol dimethacrylate)
is the most popular. The lower the viscosity of the mixture,
the higher the degree of conversion and the more filler
can be incorporated. There was a need to enhance
flowability, and low viscosity, flowable resin composites
have to contain a much lower molecular weight resin
monomers such as TEGDMA to dilute the matrix.”" In
response to Bis-GMA flaws, UDMA (urethane dimethacrylate)
monomers were developed. These monomers have
similar molecular weights to Bis-GMA but are less viscous.
Due to the good mechanical properties of the UDMA,
it is the only dimethacrylate that can be used alone in
resin composites. It can also be combined with Bis-GMA,
acting as a viscosity reducer.”” The study by Imai et al.
(2019) suggested that the resin matrix composition, rather
than filler content, is the primary factor influencing
the flexural properties of flowable resin composites.”
The study by Pfeifer et al. (2009) found that the strong

crosslinking of the polymer chains affects the fracture
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resistance of the material and results in minimal degradation.
Dental resin composites containing TEGDMA as a monomer
promote the highest degree of polymer crosslinking,
followed by UDMA and the combination of TEGDMA with
UDMA, respectively.” In this study, Clearfil AP-X Esthetic
Flow exhibited the highest compressive strength, which
contains TEGDMA in its resin matrix. G-aenial Universal
Injectable showed the second highest compressive
strength which contains UDMA and TEGDMA. The
result of previous studies highligshted the possible
suitability of these highly filled flowable composite
resins to be used in occlusal load-bearing areas.”” This
can be implied that this material can be applied in
any cavity classification, including stress-bearing areas.
These areas are subject to various directions and
magnitudes of force. The use of highly filled flowable
resin composites in these high-stress areas is desirable,
as they can provide the necessary strength and adaptability
to withstand the loading conditions. The ability of these
materials to flow or be injectable and adapt to the
cavity shape, while maintaining adequate compressive
strength. The adaptability of flowable composite to cavity
shapes enhances the durability of the restoration and
reduces voids, as demonstrated in earlier studies.® This
aligns with previous research by Basheer et al. (2024)
that highlighted the improved mechanical properties of
high-strength injectable dental composites." The higher
compressive strength of highly filled flowable composites
compared to conventional composites can be attributed
to several material properties and factors. Highly filled
flowable composites are designed with a higher filler
content (>50% by volume) compared to conventional
flowable composites. The high filler content provides
enhanced mechanical properties, including improved
compressive strength, as fillers bear the majority of the
applied forces during mastication. Fillers also reduce
polymerization shrinkage, which could otherwise weaken
the material under load. Optimized filler size and
distribution, advances in manufacturing processes for
highly filled flowable composites have led to reduced
filler particle sizes and uniform distribution of fillers

within the resin matrix.”> A study by Ludovichetti et al.

(2022) suggested that filler type also contributes the
difference between compressive strength, as each filler
material has different mechanical and physical properties
and may influence material behavior differently.” This
optimization contributes to better load distribution
within the composite, enhancing its ability to withstand
compressive forces. Other factors may be due to material
homogeneity. This is a limitation of the study in the specimen
preparation process, as flowable resin composites are
designed to have better adaptability and flow, ensuring
fewer voids or defects during placement. Reduced porosity
and a more homogeneous structure contribute to the
ability of the composite to resist compressive stresses.
Conventional resin composites that exhibit slightly lower
compressive strength may be due to their higher viscosity.
The lack of flowability in conventional composites might
limit their adaptability to cavity surfaces, potentially
introducing structural inconsistencies that reduce overall
compressive strength.

The study revealed that the combination of a
3 mm thick highly filled flowable with a conventional
resin composite from the same manufacturer resulted
in a decrease in compressive strength compared to
using the highly filled flowable resin composite alone.
This result highlights a potential trade-off when using
highly filled flowable resin composites as liners, while
they improve marginal adaptation and reduce voids,
the overall mechanical strength may be compromised
if the thickness of the highly filled flowable composite
exceeds optimal levels. A previous study discussed how
different composite layers can create stress concentration
points, particularly in restorations.” Micro-gaps or interfaces
between flowable and conventional composites may
create areas of mechanical weakness, variations in
polymerization shrinkage between different materials,
leading to reduced overall compressive strength. In this
study, the compressive strength of the highly filled flowable
resin composite was higher than the conventional resin
composite. When layered, the overall mechanical properties
tend to be dominated by the weaker material.

Additionally, it was found that the compressive

strength of the conventional resin composite and the
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combination groups from the same manufacturer showed
no significant difference, regardless of the flowable resin
thickness being 1.5 mm or 3 mm. This study conducted
experiments with a flowable resin composite layer thickness
greater than previous studies, which were typically around
1-1.2 mm. Previous research recommended testing at
thicknesses greater than 1 mm, leading to the idea of
investigating layer thicknesses of 1.5 mm and 3 mm in
this study. The results of this study are consistent with
the study by Gémec et al. (2005), which found that the
compressive strength of the group with a conventional
flowable resin composite liner of no more than 1.2 mm
was not significantly different from that of the group using
only conventional resin composites.” These findings also
align with an earlier study by Cavalheiro et al. (2018),
which reported that the use of flowable liners does not
consistently enhance the compressive strength of Class I
restorations.” Furthermore, they are fairly consistent
with the study by Ozglnaltay & Gortct (2005), which
found that using a 1 mm thick flowable liner does not
significantly affect fracture resistance.”” This could be
interpreted to mean that flowable resin composite can
be used as a liner layered in restorations combined with
conventional resin composite without reducing or enhancing
the compressive strength of conventional resin composite.
Nevertheless, flowable resin composites still offer clinical
advantages, such as improved cavity adaptation, particularly
in areas with complex geometries.

The sample dimensions used in this study were
3 mm in diameter and 6 mm height, ensuring clinical
relevance of the experimental design. The dimensions
were carefully chosen to match the depth of the cavity
in natural teeth, which the depth from the tip of the cusp
to the roof of the pulp chamber is typically around 6 mm.
The depth from the tip of the cusp to the bottom of
the pulp chamber can be measured up to 8 mm, while
the height of the normal pulp chamber ranges from
1.5to 2 mm.*

The current study supports the potential of highly
filled flowable resin composites as a viable option for
dental restorations, particularly in areas requiring both

strength and adaptability. A clinical study by Kitasako et al.

(2016) showed that a highly filled flowable composite
demonstrated comparable clinical effectiveness to the
conventional paste composite in posterior restorations
over 36 months. The study highlighted several benefits
associated with using injectable composites, including
easier handling, improved cavity wall adaptation, and
reduced time required for placing the restoration.”
The research also supports previous observations about
the role of flowable composites as an intermediate
layer in restorations. While these materials can serve as
effective liners, they may not necessarily enhance the
overall mechanical performance of the restoration.*”
However, for large restorations requiring layering, careful
consideration should be given to the liner thickness
to avoid reductions in mechanical performance. The
application of flowable resin composites should be
considered by their intended clinical function. For areas
requiring superior adaptation and minimal voids, thin
flowable liners remain a valuable tool. Conversely, in
restorations where compressive strength is important,
materials such as highly filled flowable composites or
conventional composites should be prioritized. Overall,
this study provides evidence that supports material
selection strategies in restorative dentistry, helping to
optimize clinical outcomes and the longevity of restorations.
Future research should explore the long-term clinical
performance of these materials under dynamic loading
conditions to better simulate oral environments. Moreover,
selecting dental filling materials must also consider other
material factors such as elastic modulus, flexural strength,
wear resistance and surface roughness, polymerization
shrinkage as these impact microbial plague formation
and potential tooth decay.' Materials with high wear
resistance maintain their structural integrity and aesthetic
properties over time, reducing the need for frequent
replacements. However, this study has limitations as
it was conducted in a laboratory setting and may not
fully replicate real clinical conditions that could affect
polymerization and material strength. Factors such as
light curing that does not precisely mimic clinical practice,
bulk filling techniques, and the effect of bonding agents

were not fully simulated. Therefore, the findings should
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be considered as preliminary guidelines for material

selection rather than definitive clinical recomnmendations.

Conclusion

Highly filled flowable resin composites demonstrate
promising compressive strength. Dentists may consider
these materials for restorations in stress-bearing areas, with
the understanding that the combination with conventional
resin composites as liners does not significantly enhance
or compromise strength. However, the selection of materials
in terms of strength should also consider their flexural
strength, elastic modulus, and other mechanical properties.
Further research should evaluate other mechanical properties

as well as the clinical performance of these materials.
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Abstract

The study aimed to evaluate the effectiveness of an oral health education (OHE) program that utilized
ready-to-use lesson plans in elementary school students. A total of 145 students participated in the program, which
was delivered using from the "Healthy teeth, Beaming smile" lesson package over the course of one month. This
package includes ready-to-use lesson plans, a teaching manual for teachers, and supplementary learning exercises

for students. To assess the impact of the OHE, the knowledge of early (Grades 1-3) and late (Grades 4-6) elementary
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school students was evaluated before and after the program using 40 multiple-choice questions. Additionally, teachers'
satisfaction with the ready-to-use lesson plans was measured using a self-administer questionnaire on a 5-point
Likert scale. The results indicated a statistically significant increase in post-test knowledge average scores (Standard
Deviation) (Levell 19.40(6.93) and Level2 21.50(5.30) more than their pre-test scores (Levell 11.46(3.76) and Level2
11.72(4.03)) among both early and late elementary students (p<0.001) as determined by a Paired T-Test. Satisfaction
rating from 26 participating teachers showed a high level of satisfaction (score>4) with the various aspects of the
lesson plan, including contents of the lesson plan, activities, exercise for learning enhancement, configuration, and

overall satisfaction. The findings suggest that ready-to-use lesson plans can effectively assist teachers in delivering

Oral Health Education, thereby improving oral health knowledge among elementary school students.

Keywords: Active learning, Schoolchildren, Oral health education, Elementary, Learning book
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Demographic background Frequency Percentage
Child's gender
Boy 83 57.2
Girl 62 42.8
Education level
Grade 1-3 57 39.3
Grade 4-6 88 60.7
Grade
Grade 1 29 20.0
Grade 2 9 6.2
Grade 3 19 13.1
Grade 4 40 27.6
Grade 5 16 11.0
Grade 6 32 22.1
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A. Comparison of average scores by lopic (Grade 1-3)

[ Pretest [ Posttest

Scores

Xx|419
321
(202 x
3
27e |24
* 218
P 196 1.84
1.54
1.28 = 135
* 111 * *
105
1 | 081 | b
065
1]
1. Organ in the oral 2. Tooth decay 3. Impertance of 4. Gingivitis (3) 5. Oral dsease 6. Management of 7. Cariogenic food 8. Dental
cavity (6) process (4) oral health care (2) prevention (12)  tooth avusion (5) (5) attencance (3)

4K Paired T Test: p-value <0.05

Topics (The numberof questions on each topic)

B. Comparison of average scors by topic {Grade 4-6)

] pretest | posttest

Scores
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105 21
:
0

*406

X276
[zt . xp* x|z=2
207 *1.52
e 107 103 .2

1.Orgen nthe oral 2. Tooth decay 3. Importance of 4. Gingivitis (8)

cavity (2) process (7)  oral health care (3)

4 Paired T Test; p-value <0.05

JUT 1 psuuueMuInouLaraINITaoue UL TULGAL YN

5. Oral disease 6. Management of 7. Cariogenic food 8. Fake brace and

prevention (8)  tooth avusion (3) (4) dental attendance (4)

Topics (The number of questions on each topic)

Figure 1 Knowledge scores before and after the program in each topic
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A Difference of the scores (Grade 1-3)
Topics
8. Dental attendance

7. Cariogenic foods

6. Tooth avulsion management
5. Oral disease prevention

4, Gingivitis

3. Importance of oral health care
2. Process of tooth decay

1. Organs in the oral cavity

0 10 20 30 40 50 60 70 80 0 100

I Decrease [ Nochange [ Increase Percentage

B. Difference of the scores (Grade 4-6)
Topics

8. Dental attendance and Fake brace
7. Cariogenic foods

6. Tooth avulsion managament

5. Oral disease prevention

4. Gingivitis

3. Importance of oral health care

2. Process of tooth decay

1. Organs in the oral cavity

T T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100

B Decrease |l Nochange [l Increase Percentage

FU1 2 msdguuvaseguuunuiainisaeumneguniEeuluusazvian

Figure 2 Knowledge scores change after the program in each topic

3T 2 uamsazuuuanufimolavesmsliundey azuuumwiaweleeglusedufionelasn (Azuuuou 4-7
mnfldgaundousiungeinudmivindouiussondoy  Suly) eluudiveadomluununisaou Anssmesundou
mousu (U.1-U.3) uay gaunSewiunguinudmivinGey uwuuiinvinaiunisBens Uy uaza1nsi
Fuvszoufinwmouans (U.4-U.6) S 26 auwuh Auade

a = P o
A1599 2 pzuuunuitanelavesnglunsliusnisaou 91uau 26 Ay

Table 2 Satisfaction scores of the lesson plans from 26 teachers

ltem Level 1 Level 2

Mean SD Min Max Mean SD Min Max

Content in exercise book
- There is enough content for the teacher

in the lesson plans to teach 43 0.48 4 5 a3 0.48 4 5
- The exercise book content is appropriate

for the student 4.0 0.00 4 a4 a.4 0.51 [ 5
- The presentation of content in the exercise

book covers the objectives 4.2 0.55 3 5 4.3 0.48 4 5
- The presentation of content in the exercise

book is step-by-step and continuous 4.2 0.55 3 5 a4 0.51 4 5
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A15799 2 pzuuunuitanelavesnglunsliusinisaeu $1uau 26 A (Ma)

Table 2 Satisfaction scores of the lesson plans from 26 teachers (cont.)

Item Level 1 Level 2
Mean SD Min Max Mean SD Min Max
Activities or exercises in the exercise book
- The activities or exercises in the exercise book
are interesting and have a variety of formats 4.3 0.48 4 5 4.4 0.51 [ 5
- The activities in the exercise book are suitable
for the student 4.2 0.44 4 5 4.2 0.44 [ 5
- The exercises are illustrated and well laid out 4.5 0.52 4 5 a4 0.65 3 5
Figure and font
- Pictures are beautiful and suitable for students 4.2 0.60 3 5 a4 0.51 [ 5
- The font size is suitable 4.3 0.63 3 5 4.2 0.83 3 5
Overall
- Overall satisfaction with these lesson plans 4.0 0.41 3 5 4.2 0.44 [ 5
- Overall satisfaction with this exercise book 4.3 0.48 4 5 4.4 0.51 [ 5
- Benefits that students will receive from this
exercise book a4 0.51 4 5 4.5 0.52 [ 5
- This exercise book helps students to have a
positive attitude towards their oral health care 4.5 0.52 4 5 4.2 0.73 3 5

The scores raged from 1 to 5; 1 = highly not satisfied, 2 = not satisfied, 3 = neutral, 4 = satisfied, and 5 = highly satisfied
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Abstract

This randomized split-mouth controlled clinical study aimed to examine the mean pixel grey values of
early proximal caries lesions after the application of silver diamine fluoride (SDF) by digital subtraction radiographic
analysis in 30 participants with at least two initial non-cavitated active proximal lesions of permanent posterior teeth

in different quadrants, aged 13-30 years old. At baseline, the participants underwent digital bitewing radiographic
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examination using a radiographic positioning device combined with bite registration material. Participants received
temporary tooth separation for two days. Following the removal of the orthodontic separators, the lesions were
randomly assigned to SDF or sterile water (control group) application groups. All participants received oral care
instruction (modified Bass brushing technique and dental floss). After a 6-month follow-up period, participants
received digital bitewing radiographs using their individual positioning devices and bite registration materials, using
the same equipment and settings as at baseline. There was no statistically significant difference between the SDF
and control groups in the mean pixel grey values of initial proximal caries on the subtraction image of the baseline

and 6-month radiograph (p>0.05). Therefore, the use of SDF has no additional effect compared to home oral care

on initial proximal caries in permanent posterior teeth at 6-month follow-up.

Keywords: Pixel Grey Value, Silver Diamine Fluoride, Digital Subtraction Radiography, Proximal Caries
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Table 1 Distribution of carious lesions in the present study
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