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Author Guidelines
Srinakharinwirot University Dental Journal (SWU Dent J)

About the Journal

Aims and Scope:

SWU Dent J is a dental journal of Srinakharinwirot University established since 2005. The online version
has been published since 2022. There is a policy to support the dissemination of knowledge in academic
presentation and research in dentistry and related fields which accept articles from both internal and
external authors free of charge. SWU Dent J. publishes (Online) two issues per year, January-June and
July-December.

Purpose of the Journal:

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

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

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

SWU Dent J publishes the following types of articles:

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 The presented work must not be published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

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

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

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

Manuscript Submission:

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

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

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

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

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



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

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

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

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

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

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

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

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

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

Manuscript format:

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

Title page:
e The title page should contain:

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

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

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

Abstract:
e Up to 300 words.
e Original article : abstract Should include as follows: Objectives, Methods, Results, and Conclusions.

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

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



Introduction:
e Briefly explain the existing knowledge, and demonstrate the problems leading to the main

objectives of the research.

Materials and methods:

e Describe the procedures in detail.

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

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

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

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

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

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

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

References:
e All reference must be written in English.
e (Citations should be numbered consecutively in parentheses as they appear in the text and
they should present after punctuation e.g. text (1,4-7,9,10).
e Examples of reference citation formats:

- Journal article:

Aroonrerk N, Pichyangkul S, Yongvanitchit K, Wisetchang M, Sa-Ard-lam N, Sirisinha S, et al.
Generation of gingival T cell lines/clones specific with Porphyromonas gingivalis pulsed dendritic cells
from periodontitis patients. J Periodontal Res. 2003;38(3):262-8.

- Books/Chapter in a book:

Profit WR, Fields HW. Contemporary orthodontics. 3rded. St. Louis: Mosby; 2000.

Yamada KM. Fibronectic and other cell interactive glycoproteins. In: Hay ED, editor. Cell
biology of extra-cellular matrix. 2nded. New York: Plenum Press; 1991. p.111-46.



- Dissertation:

Kerdmanee K. In Vitro Study of Er,Cr:YSGG Laser in Adjunct to Ultrasonic Root Debridement
on The Attachment of Human Periodontal Ligament Fibroblasts [Master thesis, M.S. (Periodontology)].
Bangkok: Srinakharinwirot University; 2015.

- Journal article on the Internet (Article with digital object identifier)

Lam-ubol A, Rungsiyanont S, Vacharotayangul P, Sappayatosok K, Chankanka O. Oral
manifestations, salivary flow rates and Candida species in Thai HIV-infected patients. J Clin Exp Dent.
2019;11(2):e138-45. doi: 10.4317/jced.55384.

- Database on the Internet

National Statistical Office. The 2013 survey on health and welfare [Internet]. Bangkok:
Ministry of Information and Communication Technology; 2017 [cited 2017 March]. Available from:
URL: http://service.nso.go.th/nso/nsopublish/themes/files/healthy/healthRep56.pdf. (in Thai).

- Scientific or technical report (Issued by performing agency)

Chaiwerawattana A, Laowahutanont P, editors. Hospital based cancer registry annual Report
2013. Bangkok: Information and Technology Division; 2015. ISBN 978-616-11-2581-3. Sponsored by the
National Cancer Institute.

The reference style of the journal follows the format suggested by “International Committee of Medical
Journal Editors Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Sample
References (http://www.nlm.nih.gov/bsd/uniform_requirements.html)”

Abbreviations of journal names should flow the forms in Index Medicus, National Library of Medicine
(NLM)

Tables and Figures:

Tables
e Table design and layout must be plain and simple as possible
e All tables must be inserted in the main manuscript.
e Use explanatory footnotes if possible. In the table or title, indicate the order of footnotes with
lower-case letters in superscript. If needed in footnotes, cite the short form of references in
parentheses.

Figures

e All figures must be inserted in the main manuscript.

e Clearly numbered files containing figures to indicate their placement in the text

e lllustrations, graphs and figures must be provided as TIFF or JPEG files (8.9 x 16 cm) with
a minimum resolution of 600 dpi.

e Radiographic images should be prepared by taking a photo in black and white from original
films, or using digital imaging when applicable. Put magnification markers directly on the
micrographs.

Peer Review process:

All submissions will be subjected to double blind peer-review by at least 3 independent reviewers
from different institutions which are the experts in the field. The article will be accepted for publication
when at least 2 reviewers agree. Please note that the authors agree to transfer copyright to SWU Dent
J on submission, if the manuscript is accepted for publication. Attempts to reproduce parts of the article
may be done with written permission from SWU Dent J.



Address for Correspondences:

Mrs. Kanokporn Sukyanan

Faculty of Dentistry, Srinakharinwirot University,

114, Sukhumwit 23, Wattana, Bangkok 10110, Thailand.
Telephone: (662) 6495790

E-mail: swudentj@yahoo.com

Conflicts of Interest:

Authors must state all possible conflicts of interest in the manuscript, including financial, consultant,
institutional and other relationships that might lead to bias or a conflict of interest. If there is no conflict
of interest, this should also be explicitly stated as none declared. All sources of funding should be
acknowledged in the manuscript. All relevant conflicts of interest and sources of funding should be
included on the title page of the manuscript with the heading “Conflicts of Interest and Source of
Funding”.

Ethical and Legal Considerations and Copyright Transfer:

A submitted manuscript must be an original contribution not previously published (except as an
abstract or a preliminary report), must not be under consideration for publication elsewhere, and, if
accepted, must not be published elsewhere in similar form, in any language, without the consent
of SWU Dent J. Each person listed as an author is expected to have participated in the study to a
significant extent. All authors must sign and submit the copyright transfer letter together with journal
submission.

Notice: Author guidelines is available at the journal website http://ejournals.swu.ac.th/index.php/
swudent;.

The cover letter format
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Effectiveness in Bottle Weaning Towards Early Childhood
(1-2 Year-0ld) Between Using Chathot and Conventional
Oral Health Education: A Randomized Controlled Trial

Pongsiri Ketmut! Jaranya Hunsrisakhun? Samerchit Pithpornchaiyakul2”

Abstract

Objective: To compare the effectiveness of bottle weaning and assess the level of knowledge,
attitudes, skills of bottle weaning in children aged 1-2 years between chatbot and health care providers
groups.

Methods: Randomized controlled single-blind trial was conducted in Nakhon Sawan and
Songkhla provinces, Thailand during October 2023-March 2024. Parents of bottle-feeding children
aged 1-2 years with internet access were allocated into 2 groups. Each group consisted of 56 participants.
Group [: an intervention group received 21-day chatbot-based bottle weaning education namely,
“La Gon Na Jaw Khaud Nom”. Group II: a control group received 5-10 minutes instruction from
trained healthcare providers. Data were collected at baseline and 60 days post-enrollment via interviews,
assessing bottle weaning status, knowledge, attitudes, skills, and chatbot satisfaction.

Results: The participants consisted of 108 parents of children. 3 parents were lost to
follow-up. Follow-up rates for intervention and control groups were 96.3% and 98.1%, respectively.
The average child’s age was 15.9 + 3.2 months. At baseline, there were no significant differences
between the 2 groups in knowledge, attitudes, and skills. In an evaluation phase, there was no
significant difference in bottle weaning rates between two groups (intervention: 44.2%, control:
30.2%, p = 0.137). The intervention group demonstrated significantly higher knowledge levels
(p = 0.009) and daily milk consumption from cups and glasses (2.3 vs. 1.5 times per day, p = 0.003).
Both groups improved in attitudes and skills, with non-significant differences between groups
(p = 0.079 and 0.287, respectively). Chatbot satisfaction was extremely high (4.6 + 0.7/5).

Conclusion: Chatbot-based education was comparable to healthcare provider instruction for
bottle weaning, with superior results in knowledge and the frequency of cup/glass feedings. Very

high user satisfaction suggests chatbot viability as an alternative educational tool for bottle weaning.
Keyword: Chatbot, Bottle weaning, Young children, Oral health education
Received Date: Jan 29, 2025

Revised Date: Mar 31, 2025
Accepted Date: Apr 8, 2025

1Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkla, 90112, Thailand.
2Improvement of Oral Health Care Research Unit, Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla
University, Songkla, 90112, Thailand.

(*Corresponding author)

12



SWU Dent J. Vol.18 No.2 2025

Ui (Introduction)

Pamitughudnidndulymganwgsehn
fisddny Tamsdsesnmezgenmeashnuwivend
sp9lnunsfl 8 (w.A. 2560) wazaSsdl 9 (w.a. 2566)
Anugniluyzaviinaty 3 U udpwar 52.9 (1)
Laz3neaz 47.0 (2) MuAGL %@%Lﬁmﬁmmqn
soalsaitunlusnidnzeslssmalneufasiuwli
fiftu wddvoglussduiigefoustaziiulomasie o
fisgrimuasniaad a3 NI WED9LN

NNMIANBINUNIUITIUNTINBEL U
SEUU (3) WUNTlRdE I3 ANUN LAIrT DM IR
nnan 1 1 Tu 6 TadewandvhlviAnlsadiuylu
iWnidnmfuiladofiisfudnsausszanng ady
fiAiumalanens swdiigesihn iegdunid
Tugeuthn wariladvdu ¢ laudinfigeinunannee
fiongasud 1 Tadeie 2 Diuluazdanudss
maiaituylusnidneglugie 2.1-30 whasvidin
filidaunanadeianuideslndidvsiuilady
A 9 (4-6)

1 a.A. 2014 aNTUNINIBAMARIUIBINTM
(American Academy of Pediatrics) uuziiang
fimsdnmiaunde 1 9 (5) INWASIIINENIL
g nwdevinusmfzesdiniunaisnsuge
afoil 9 wa. 2566 wuhnlneiifiony 3 uaz 5 7
fimsgamnuniidongthuatiisanay 380 uay 152
Ay wazmaldifunmeiiinery 3 T defims
grmauNagInniigaAnienas 440 uazmAnay
Wumeiiinery 5 ¥ Segamaunsganniigade
Sowaz 13.7 (2)

Haguilyanusedng (Artificial Intelligence)
e Al lfdnandiunumannlusensunnd 18Tums
Uszananalugwudeyamnalval indansifiien
fnzaniugihelasysznananniugnasauas
omsuanvzasiihelugudayadeivniiiuas
Yszvdandt uenandgefimni Al anldlums
Aladpuazine  leednsldlunsidedanwedne
numsuwndeing ¢ (7) Teeldsunsupaniames

°

N@DILNTUMNYINYBE (Chatbot: UzNUBN)

Wu Al Uszuammiled li3unmshansegnd 14Ty
NNMIUNNE NNNMITIMUITIUNTINDENITUTEUY
Tl w.A 2562-2563 (A.A. 2019-2020) lawidl
Taguszaedieyssifiulsziniam amnuaansa
Tumsldou uazdeadrinzeuenueanlunuas
guaw  wudaudulvgfuseunisineuses
wrnuanuaznguAnuiilduanueninaves
AzuLUNadNSIINNag it d A aifdie
wisuiisuiunauauuluisesananuiaden
anlsnduiaiuazanmyianivas s (89)
feuslazinsfnsuazAruuniininuiy
Tunmsidnzaaunluilagiuusdeeldusesiuiug
yaanslunsuusihmsinzaaunneay (10,11),
Foflaqiudfelitandinisinnaluladusnuen
fansnsadnfedisuazdsungfnssuandithuld
(12) snasaaulunsidneIaul foudafiansan
dafvosurnueniianansavhliszssuaansa
indedoyanne q dafeslaiinazeyd vuf e
wazaansaasdayafuntild  Sevnnusmuan
fiszandwalunsssumaidnziaualafnimse
Biuansnsnnmsasulasuysd  dofunamuen
anadusdisanussewiuayaainslunisasu
dunasaveavianlunsiiniaunlusuianld
Inquszasduosmainmniae welseifiugszamaua
POIUINUDNIUMIEANTIAUN SeAuANNG TiAuAR
waznEeMslangIAuNLIBuIiBUAUNNT LUz
Tagiumyaanshudinery 12 T uaziiiaysziiiu
szauannivnalasanisldouuamuenangld
wsnuanlumalinzanus
JanauUnsaluariBaiiunside (Materials and
Methods)
mafnmiidunmsfnsusunmeasegs
LLUUﬁﬂE\ijUQN (Randomized controlled trial)

v a

Tugmmuﬂn‘ﬂmmdam\mm (Single blinded)
MIITBUHIUNNTATIRNFOLINNAUSNITNANT
Tm\‘imsﬁﬂﬁﬁu‘luwuéﬂmzﬁumLLW%ﬂmm%

WNANENFUEIAUASUNS SRLATINNST EC6510-035

13



2.AUA.LUAD TR 18 aUUA 2 w.A. 2568

nmsAnLdangidTIeUITY
inarimssndzesgiinnnuiTedeiu
funesaveviiinfieglusivengszwing 12-21 e
fsvliidnoauniisnsuusnsfiedidndng an
TsomenunauazanusuLasaifnfianagidnsan
T TludamiaueAsaRssAuasisninavean  law
fuUnasavpastindionyglisinin 18 Tuazawnsn
Wndedunasifinuacivannanduiiazldeu
wsnuansndvazainiiazldsunisfinsonie
nsdwdl iafnmunansdde inusimasneanda
winfidlsadszansn wu lsafenfuszuumadunels
0% szuumlauazvaenidion ssuLNORALENT
ngulsATAE1TaNT L3ANNWUENIINAN 9 uaz

gnfidameuwanmsaRilyan eme stezm
3

TN AANAN W.A. 2566 T SnAN w.A. 2567

FUANANAIDENUALNTFNNANAIDENS
Awuzwangndsglaed1edeainms
#Answev Boonrasmee hazAny (13) laalusunsy
§115330 PS Power and Sample Size W3tuiiiuy
dndiuweay 2 nq’uﬁaaemﬁLﬂuﬁﬂixﬁiaﬁulﬁmmm
nguaz 55 Ay deurneadeteionun 110 Ay
m3udengnfagvazutvnguiativlay
magulaeds Stratified random sampling #idn
PuNATIuIImMIaUATEIIIA 36 AU LAz
927 76 AU Feusazlaaneuaviorausuiaes
WNAZANIINTLANUTDINFHUINUBNUALNGNAILAN
wh 9 fu Tnsmendsmsduluuseuidniineu
Wy f3ideazldfumagueieids Opaque sealed
envelope technique #iazAu Ima@'ﬁ’m"ﬁ&lﬂuﬁ 2
wilnanvaneandinuazgigiindinenidugngs

¥ '

dngnauuanueniangualuaN  LaWNTEaU
dnaeunmangaii 63 Tasgudhsamnuidely
Foniauasmssdgnguiduasenguiiy nguas
18 au dugiismnuideludminasagngs

dunguaz 38 Auwhiuivassngs

lnsdiiaSadiunisutngniiegvlangs
fntviiu 2 ngufe ngIdbuamuen 56 A LAy
NENAILAN 56 AL

v

msunlavaya
Jiivdayansiduasbinmuhidnsineu
Awpegngunaasvlaauninazifivioyaaaiusns
ANIAUNUATANNG TIAUARLAZINEENNTANYIA
wiasaduud  Fsezanansadalwddduiildan
magungumMInaasy dnngidhiaddvedlungs
Ansmasswdnmaunlasusmuen fazfivdeya
pwiwalalunsldouuamusn mnagnanaILAw

& & & & v av
ﬂ%Lm’@ﬁumimumaHm%

nauAnHUINUEN

ngnuznuen azldfumsseuiungodnm
ﬁugmmuﬂnﬁmugﬂmeﬁmaﬂiowmmmmz
anusuapen 4 9w maldsuanudme
wamuen “snouuy haaeu” Sudemluuamuen
aziflumsssunsidnmaundaifiosnaen 21 Ju
Fuaz 2-3 Wil aseuAguidiovEeEAimTEn
AuunMNALaTNaLiEIINMIANANUNTINTIAT
waAnadneun  lnsusmuenazsdonnuniu
Ysznaudedonnn  Bulwnfinuasidvmifias
Qnaiﬁﬂmiﬁumamwmﬁ'aﬁmqﬂmw (Health
belief model) (14) ‘ﬂquﬁ Self-efficacy (15-17)
WAZUUIAAMSUSLWOANTIN 21 T (18) BN
seiuAnag sAuafiuazinszmalinaiaun oy
Huihsasibsiasldnuuamusn shu Application
Facebook messenger Imﬂﬁumqmﬁﬂi%ﬁﬂuﬂumu
AsnslduummuenTiungidsanuide uas
gaanwmdafiiniidoynaulime unsiifam
PoINBMUENIUNIRZIESAIEUMTIdY  Tadatne
ﬂ']‘s“l%muuazl,ﬁamLmuamﬁ\mammugﬂﬁ 1




SWU Dent J. Vol.18 No.2 2025

. (> S & i‘ anpuuE IFeuN %=X |
=) —apa
EL\DSIU Chatbot mmsoiivuaintmiuzay -
E54F 0 avev
uanu QR code —3 ;l‘ l h nAuAulnhinA A '.
oy ’e wivauayuA?
f":oout'tmoolk"“‘mliau X o
==l S
.m,féfo nAufuaswiaz e -
naduMessage/  mviowus dmiaun F L
g e T V- . P
- nBuquiuay : &b
o & J e G ‘ & % ™
WuWd “start” 7 U NN
ua:Guldiasds é:::) Y v S
OQE® D r O b QLD @
Uf 1 fMednisldiuuasilanunnuen
Fig 1. Example of chatbot content.
NYNALAN sraznaumMIAnm

nanAIwAN  azldsunisasuiungadne
NugrumudnAnagUuuuiinsaslsememnauay
SoNUSLLRELAN th o s funguAnEuanUan
Jaiy [Fumsasuuazduushaniunyasing
FoemsianAnuNIINDIn  FeifiToazving ol
WunyaansaaumuglewacgIfeazdnifneidu
modwnsaauliuiiiuayaains  Tasidomms
soulunguamuanazmfisuluuamuen  wazila
Tonal¥gidnsrneuidednaumniyszifui
sdpvianemswiindn  lagldnanlunsaau
dszanal 5-10 Wil uarzeanuTdiagiinsiniae
ynauliinsuwdidomiiuayaainsseunisian
PIUN UNATEIIAUNTITE

nmaiudiayan1side
o ea] v & v

waawsf ldannsiiudaya (Outcome)
WaaWSaNn (Primary outcome) N3LANANLN

n2a (@n/ldan) FTAUALLUUANNS TAUARLAS

insenadnmIauN ansiewe levesyfdouuamuen
WaaW53D9 (Secondary outcome) WAnNTIN

MIANTIAUNG

HereAduasiivdoyansunsdne laeld
wudumsafiifideviiendy  deyavialusevidn
uazFUnAIDY  WoRnIsumagamanuneig o [Fun
pudlumsgaziaun Anadlunsinuimnnaes
v3aut mvdumeeuy Madauniiadn sziy
A3 Sy 17 9o fmeufignazld 1 Az
uazAnauAnazld 0 AzuUY iAuAR Su 12 98
maouiignazle 1 Az uazmasuAnazld 0 Az
uasinsznsAnIIAUN 1w 5 9o masuiignazle

1 ASLUY LLﬂSﬁWmﬂUﬁﬂQSI(;\I 0 AZLLLU

FTHZAHWAINISANKY

azifivdayaidumendudnsaneuidensy
60 Ju laeAgdumuninelnsdwiiienduaniue
msanmaunlasgilansiaunlddiFadoeian
maunldateseilovethaios 7 Fuuazifiudoys
Frudu T AMNLUUFILINLAN waziisfisiiom
druanuienalalumsldnuusnuenlufifisg o
S 14 9o Tawld Likert scale 5 526U AzluU
1-5 ATLUU




2.AUA.LUAD TR 18 aUUA 2 w.A. 2568

NNIAILANAMAINNNIINEY

v

Heavideivimihfisauidnainuaynay
azldsunsiinaauisldnuuemusnuazinnsaau
dnzaaunlasiuayaainslaeligrieidedn
massuldnaunlasdauuumunisasumuaiy
Adienisathenasauldnmeunifideldaedu

NNEEANNTBILUUANABAIRENATDUAN
ANNTiBInTITaYwLLANIBal (Validity) Taeld
FyiANfiBgnsy (Index of item objective
congruence: 10C) %@mmﬂau‘[mﬂﬂm\i@m’gﬁﬁ 3 9N
loalden 10C Tunwsamwihiy 097 uaznasey
amaudadusnsuuuaunsal (Reliability) lag
Tdngusetng 30 Ay wazdmueANNEesiy
vovuuuansallanldgnsdndscaniuaain
(Cronbach’s alpha coefficient; a) [FAas iy

0.86 Ffuszaung

MILATITHNANITINE
NIIATERNRILALATIZHNANAIINNLAL

v v

dayagiininendduaugaaiadu (60 Twily

LY)
v

MnEETINNUITEAUgaTn I TINUITY)
HoyaiugldadiniBonssauwn ugae miady
ANDEIUUINATIIU ASBEAT ANGIER g

a

14 Chi-square test lummaaauaNNAzIU

9 a9

WU EUAINNLANFAINY DS DEAZYBINTINS

LY

v
1

ARPIAUN LAWY ANTINNTANUN LALTDYANUFIU
szwingudnsuazifouiisumeluusazngs
fnn Tasivuaseduiitaadymeaiian p-value

anin 0.05

TummeseuanuAs L BURBUALaaE
918 ATUUUANN fiAUAR  finsemsanIauN
wazawilumstunsgawieun anuiiumshsus
ynnsevdeuty lnewssuisussihengu@ne
14 ttest wazSeudisumelunsacnguld Paired

t-test lneimuaseRiieddumeaiff P-value
taund1 0.05

mMsasnzsidsuauIsen1adiin  (Thai  Clinical
Trials Registry)

ATeiiunsansideueuisanie
ARl Thai Clinical Trials Registry lagfiswaau
398 TCTR20241214001

Wan15AnE (Results)

AT Aivnn 112 ey
gnémoon 4 ewdlosnnamaniAlinseiuinud
madad mdsfidhmeniddeiodu 108 au Tag
azgngaiu 2 ngushuauwihiu nguas 54 au loe
denasulasy 60 Yu ffliaansofnmule
3 au wiasgimeudTerionan 105 Ay uaeiiy
nguiimoumsidnmaunlasldusmuen 52 au uay
ngufigeunsidnsaunlaeiuayaains 53 Ay
gﬁﬁ 2)

—




SWU Dent J. Vol.18 No.2 2025

- Excluded
enroliment Assessed for eligibility (n = 112) ”
(n=4)
Randomized (n = 108)

Allocated to intervention (n = 54) Allocated to control (n = 54)
Received allocated intervention (n = 54) Received allocated control (n = 54)
‘ L Follow-up J ‘

Loss to follow up (n = 2) Loss to follow up (n = 1)
-Changed telephone number -Changed telephone number
(n=2) (n=1)

Analyzed (n = 52) Analyzed (n = 53)
Remaining Participants (n=105)

Ut 2 m3udenguistuaznsARANNgNIBEN
Fig 2. Randomization and follow-up of samples.
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a1sef 1 dayan lUuazwgiinssun1sgapaauanaun1sITeIaINgNAIENN (n = 108)

Table 1. Baseline of demographic data and bottle feeding behavior (n = 108).

soxn dugnu / wadnmm nausaulay fla"uaau‘[mﬂ
wEnuan mumqﬁmn‘s 95% CI p-value
215709LAN (1ADY) (Mean * sd) 16.2 + 3.0 156 + 33  -056-1.86 02912
218va9§nATaY ({l) (Mean * sd) 318+72  31.9+100 -348-318 09302
WA (n (%))
- 9y 29 (53.7) 21 (38.9) 0.123
- Wy 25 (46.3) 33 (61.1) 0.85 - 3.90
SMUNMWENTHIDIFUNATDY
(n (%))
- Tan 13 (24) 10 (19) 0.343
-GN 36 (67) 42 (78) 059 - 3.87
- vigh$v/ueniuay 5(9) 2 (3) 0.08 - 3.26
selfsnsaTauaia (n (%))
- ewaLUABLA 34 (63) 29 (54) 0.590
- wasnwe liwdsify 16 (30) 19 (35) 0.61 - 3.19
- Tvewauaziduni 4 (7) 6 (11) 0.45 — 6.84
gauanan (n (%))
- WOLATLN 26 (48) 25 (46) 0.896
- WauazusTINAUAUEY 26 (48) 26 (48) 0.48 - 2.25
- Audu q fililgweus 2 (4) 3 (6) 0.24 - 10.13
wmﬁagmﬁ’ﬂ (n (%))
- ALY 36 (67) 39 (72) 0.531
- L PAYULN 18 (33) 15 (28) 0.34 - 1.75
AAAUNIAATIAUN
(A%9/%1) (Mean = sd) 44 %20 41 +20  -049-104 04722
anud lunshsunannaaswiauii 05+ 0.7 04+09  -025-036 07168
(ﬂ%v'\‘l/’fu) (Mean * sd)
NSHALAIDIAUN (n (%))
14 32 (59.3) 28 (51.9) 0.439
Tai 22 (40.7) 26 (48.1) 0.63 - 2.89
nsANUNEBAN (n (%))
1 37 (68.5) 34 (63.0) 0.543
Tai 17 (31.5) 20 (37.0) 0.58 — 2.84

Pearson Chi-square test, Note: a = Independent t-test
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A5 2 WRANTIHNSANTINUNLAE STALANNS ViAUAR uasiinsznsidnausSeuiisuluudas

N8y ABULATHAINTTINY LALIENINGN BNAaINTIID

Table 2. Comparison of bottle weaning status, levels of knowledge, attitudes, and practices on

weaning between pre-test and post-test within group and between post-test between groups.

WOANIIN/ nausaulasunuan nausaulasiuayAaIns
Ussiau (n = 52) p-value (n = 53) p-value 95% Cl p-valueP
Pre-test Post-test Pre-test Post-test (Post-test) (Post-test)

M3LANTIAUN - 23 (44.2) - - 16 (30.2) - 0.82 - 409 0.137
(n (%))
ﬂ’J’]NﬁIuﬂ’]i@ﬂ 43 +20 15+ 17 <0.0012 46 +20 21 +21 <0.0012 -131-0.16 0.1242
YIAUN (ﬂ%ﬂ/ﬁ’u)
mwﬁiumsﬁuuu 05+07 23+15 <0.0018 04+ 09 15+ 12 <0.0012 027 - 1.33 0.0032
NNADNIDUMN
(ﬂ%\i/iu)
n’ﬁL%Nﬁﬂ 15 (28.8) 42 (80.8) <0.001 16 (30.2) 35 (66.0) <0.001 0.88 - 528 0.088
WANTIAUN (n (%))
NIAAL 31 (59.6) 22 (42.3) 0.078 27 (50.1) 29 (54.7) 0.697 0.28 - 1.31 0.203
AIAUN (n (%))
m‘sﬁuuuﬁaﬁn 35 (67.3) 19 (36.5) 0.002 33 (62.3) 25(47.2) 01419 0.30-1.40 0.270
(n (%))
mm§ 77 +36 111 £36 <0.001 78+ 32 92+ 36 0030 047 - 327 0.0092
(AZLUY = 17) (0-14) (1-16) (1-14) (2-16)
fAUAR 76+23 92+20 0001 73+27 84+23 0027 -090-1.60 0.0792
(AZLUY = 12) (8-11) (8-11) (2-11) (3-11)
finEeNsLaN 05+10 27+21 <0001 0612 22+22 <0001 -0.38-127 0.2872
PIAUN (0-5) (0-5) (0-5) (0-5)

(ALY = 5)

Pearson Chi-square test,

Note: a = independent t-test, b = p-value of Intervention VS. Control on post-test
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AMHRINDIAUBNUEN AINUUL Zhang’s model
(19)

Andaanudanelaluffsne q W 4 JR
fio 46 + 07 Azuuu lepBSpmusmsuaady

v o

AzuLUTINDBUARsRALY foil ngndRvszaunanl

PDI [N 4.6 £ 0.7 AZUUY NENATUNTWIBINT
d0ans 4.6 + 0.7 AzuLY NENRRTIULLIBIMS 1L
45 + 0.8 AziuU LazngudRaSNANNFNNUSIY
W1 45 £ 0.7 Az Taenndarmanuniadszdiu

Azwuuaglugie 1-5 Azuuu (M7 3)

a159fi 3 Azuuuanuiowalalufifde q veefldeuuamuan (insdai)

Table 3. Satisfaction score of chatbot (Mor Kitty) users in each dimension.

Aladuanaiiswals
e (ASUUULAN 5 ATLUY),

Mean(sd)
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The Perspective of Health Professionals and Caregivers on
Oral Health Care in Dependent Older Adults Maemoh Subdistrict
Maemoh District Lampang Province: A Qualitative Study
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Abstract

Objectives: This qualitative study explored the viewpoints of two stakeholder groups health
professionals at Mae Moh Hospital’s primary care unit and caregivers involved in long-term care for
older adults in Mae Moh Subdistrict, Lampang Province regarding oral health care for dependent
elderly individuals.

Methods: Data were collected through semi-structured interviews with 24 participants,
categorized into three groups: healthcare staff (n = 10), formally trained caregivers who had
completed a 70-hour elder care program (n = 9), and family caregivers (n = 5). Interview transcripts
were subjected to content analysis to identify recurring themes, followed by domain analysis to
organize patterns within the data, and analytic induction to develop overarching conclusions.

Results: Analysis revealed three central themes common to all groups: 1) Oral health was
perceived as important, albeit secondary to general health concerns; 2) The oral cavity was
regarded as a private and difficult-to-access area, requiring patient cooperation and thus posing
challenges to care delivery; and 3) Barriers included the exclusion of oral care from routine care
plans and a lack of trust from family members in non-professional caregivers’ oral care competence.

Conclusions: Understanding the perspectives of caregivers and relevant healthcare personnel
is essential for developing an elderly oral healthcare system that effectively supports team-based

care. This approach could enhance the existing care framework beyond traditional methods.
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The Role of Dental Personnel in Tobacco Control Research
During 2020-2023

Sunida Preechawong® Siriwan Pitayarangsarit2*

Abstract

Objective: 1. to explore the issues and assess the quality of tobacco control research, both
national and international, conducted by dental professionals, and 2. to identify research gaps to
complete the policy cycle for smoking cessation and prevention.

Materials and Methods: By scoping review, we examined research articles published from
2020 to 2023 in journals listed in the Thai-Journal Citation Index Centre (TCI) and international journals
indexed in PubMed and Scopus.

Results: Forty-three research studies were analyzed and categorized aligning with the World
Health Organization Framework Convention on Tobacco Control (FCTC) and the MPOWER policy.
Among these, 10 were Thai-language articles, which were consistent with the National Tobacco
Control Action Plan, Phase 3 (2022-2027). Most articles from international and domestic journals
focused on the assessment of knowledge, awareness in smoking cessation counseling, and smoking
cessation services. In terms of research quality, 70.59% were of high quality, and 23.52% were of
moderate quality.

Conclusions: The role of dental personnel in research on the model development and
effectiveness of smoking cessation treatment has been clearly seen, followed by monitoring and
evaluation of FCTC article 14, 20-22, and 12. There are research gaps in designing dental personnel’s
work to be integrated with other public health aspects. This includes the use of modern technology
to help reduce workloads and develop dental personnel’s skills in creating motivation for smoking
cessation, and research on policy processes, especially the policy-making process and scaling up

of interventions.

Keywords: Scoping review, Tobacco control, Dental personnel
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n=10 n=233 (5omaz)
VTG DYIGT
ﬁumgﬂmﬂi \flu first author/ corresponding author 10 22 32 (74.42)
uayaansituasdivinendeuaciinansdssavdiyanien 5 17 22 (51.16)
umyeansiduind@nmssdudiyanienviiendsiyan 0 5 5 (11.63)
Tm\'imsﬁszqdﬂﬁ%unu 5 12 17 (39.53)
ﬁ’umqﬂmniﬁlﬂuﬁfnﬁé’a fdyfny 10 1 11 (25.58)
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fuil 2 WitiadssiAunsITen1emMsAmuANgY

diafinsanyszfiumside nanusanado
AUNTUBURYNINMIBMIAILANENGY BIANT
pusialan (WHO FCTC) ulgune MPOWER uay
ANNEBAAADINUUNUUFTANNIAUNTAIUAN
ENFU UG aifufiany 2565-2570) WU

- @pAAADYNUNTBUBYIINAINNNT
MUANEEY BvAmIawsislan (WHO FCTC) 3 fu
shail WHO FCTC snee 12 s1uan 7 aif WHO FCTC
WM 14 MU 23 QiU uar WHO FTCT 1nam
20 21 22 1w 8 atfu ueniu Lifieadeeiy

WHO FCTC 371U 5 aijy

- @ammdpeiuuluuneg MPOWER 3 ¢nu
Ao funsmugn mMiunsuilnaeguussulene
i’]mﬁ’un’mu’%‘[nﬂmgu (Monitor) 24 a1y LazAu
mﬂﬁmmﬁ’mmﬁaﬁﬁﬁmmmﬁngw (Offer) 16 a1
waniiu Tiiiendaeiouloute MPOWER 3 atfu

- dmsuunenaiTemsing w10
Fouwiu danusenndoiuunudfuansfiu
M3AIUANENGUUMITNA 21Ul 3 W.A.2565 — 2570
Tu 3 ymsmansavil gnsenanii 1 a$oasuany
WnudeuazenszdudnannaInisanIsnIua
guaesUszing gnseansi 2 msiloeiufily
Wadawergussivaduazilnszfegsiaengy
(ens35 2.1) Luazqmmam%ﬁ 3 ﬂﬂﬂ’ﬂ%’nm@ﬂw‘iﬁ
Lansl%mggu (535 3.2) NuavBuaFIm TN 2

A1 2 Ussiumsive uunmuanuisddiseiy WHO FCTC, MPOWER uasunuljianissiiu

NMSAILANENGUUIING aifuiisny 2565-2570

Table 2. Research areas by the relevance to the WHO FCTC, MPOWER and the National Tobacco

Control Action Plan, Phase 3 (2022-2027).

WHO #3112 ses1 14 aesn Lifisadas s ewizasansine
FCTC (ailv) (21lv) 202122 AU FCTC (a1u) fign9denanu
(211V) (ativ) ADAARDINULLNY
MPOWER UHiAnIg
Uszinalne (i)
- Monitor 6 8 8 2 24 8
- Offer 1 15 0 16 2
- Tshvfiendoeny 0 0 0 3 3 -
MPOWER
EREY 7 23 8 5 43 10
LU fadviidnasransliuimsidnyms (49-51) uaz

iiafinsanangaiuauidsluidades
wuh umenashulvajaziului mstismsdnyyd
(11-29) T29avaApUILAU AN ANuATEMN
Tumﬂﬁeﬁﬂ%nuuﬁnqw%‘l (30-41) wardulias
wulud ﬂizlﬁqu%‘ﬁuqmmwﬁmmn (43-48)

msi"lmf'fuﬁngwﬁ'ﬂmi (52-54) (MW 3) faya
fenanuanslsifiuummaesiunyAansiTaLa
TuidTedugduuunazdsz@ndnalusdiunis
Thadnmneaelianyys sevassnfumsfiana
YiziluNannT 14 31A51 20-22 uazanas 12
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Table 3. Number of research studies by focus areas within sub-topics.

anuiulssiaumsise UNANMHARNN  UNANNARNW 9 71UUTIW
FEAUBIR SEAUUIUNBIRA (n = 43)
(n = 10) (n = 33) DVIGT
(a1iv) (a1iu) (5omaz)
m{lﬁu%ms@nqw% 2 17 19 (44.18)
ANy Anwmszinluns a3 Lﬁnqvﬁ' 1 11 12 (27.90)
qw‘%ﬁu@mmwﬁmﬂm 3 4 7 (16.28)
matlesiuinguviilval 2 1 3 (6.98)
fladviifnasomsWimsianys 2 0 2 (4.65)

'
=

NnyaiuiidiihmingegaAanislvuinisianyv
ﬁi:mamnmsmummﬁmﬂﬁuﬁ%QEUGTGTI

1. WsunwgeFnemwuh ;guw‘%amamﬁnﬁaﬂ
11309 (11), 1A0l& 4 AUIN 15 AU (27%) 1 1309
(12) ﬁﬁﬂd’ﬂﬁm'ﬁ'Lr”fmimﬁ’unmﬁnqu% @An 1)
mﬁuﬁwaLﬁﬂﬁLﬁﬂﬁuﬁiaiwmwmmum\i 2) NiFuAR
uazAnasdlafiezian 3) msuayunnyARady
was 4) ﬁ']LLuzﬁﬁﬁnnﬁnﬁnmﬁumLwaéLﬁmrTuﬂngm
gunwgaviin

2. mﬂﬁuﬂimilﬁnw‘%mu Tobacco Cessation
Center (TCC) Tuinsnansiuaunwndaans v
Aiunsin 8 U (18) 35msldAuSnmdviae
stuuy g nelidmuSnsudunge Aanssuuuy
FUHaNWus (interactive sessions) fonmuazides
fnmsfinlégihensagosiindisauiesdonald
AuFnnudazate guhedldsuduunidums
USungfinssuuazmsldensinde wenanfiims
Tﬁﬁﬂﬂ’%nmmﬂqﬂﬂa fiaviay 12 A%y Wuna
4§ wavan 1 U wuhdanmadnenguaisa

a

wihfu$eway 57.6 uivifugiianldioaniosay
432 uazifiinansldnguas fovay 14.4

3. nslu3nsianywilassiununnddy
K1UNIBUSHLATING Japan Smoking Cessation
Training Outreach (25) nauflatdugn
wuanssa 74 ey SeldSuduusnhlianyminn
unuwdnoufmuafindngy 2 daik Inelugae
8 damavlusunan wasgiheenaléiunswangious
flafunaunmsnndesms wuh SanmsiEnguyys
Tasmstusuneduadl ludeudl 6 uay 12 Wiy
Jouay 34.4 1Ay 32.8 AMNAIAL

HANI3IILUNIIUATE AN TURBUD DY
nszvrunsWaulaune wudi dulvaidelu
Fupoufi 1 namwuadum way Junsuil 5
madszfiunadnsilasoms Ssunudpefinsive
Tudumoud 3 marmuaduulouy uasduneud 4
MIANINULATIBNENE  we liwunsAnenTuy

Fumpumamuuaduuleune (e 4)
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Table 4. Number of research studies at each stage of the policy cycle.

Usziiunsive mslwusms mailasniu 393
Lﬁna{n‘é dnguwiiluad  (n = 22)
(n=19) (n=23)
1. %umaumiﬁmumﬂ@m (problem identification) 6 2 8
2. %umﬂuﬂ'ﬁﬂﬂﬂl;l;ﬂu‘vn\ﬂaaﬂLL@ZU?SLﬁuWﬂNWC‘]?ﬂW?
TuRuiinaaneneus v (policy formulation) 6 1 7
3. %umaum‘sﬁmumﬂuui&lmﬂ (policy adoption) 0 0 0
4. FumpuNIRTILULAZDENEHS (policy implementation) 0 0 0
5. %umaumsﬂszLﬁuwaé’wﬂm\ams (policy evaluation) 7 0 7

a1l 3 QUMWY

MsUszluAMAW  LBNAINULLNTITY

Yazimeie o loedssimenddeiinvusnniign Ae
WITEEsiIN 39 1309 I9VRNNNABNIUATY

av aa

L%\‘iﬂ'mﬂ’]w 3 1599 WAvuIRATWEN 1 1589

97 5) fsUIATEBeSina woeidums
Fneuuudan ussene esune S 27 Gev
Gopay 62.79) MIANBILULVIANDILALTNNAREY
S 5 1399 maFneuuubinaassievnilady

a wva

MWL 6 1589 wazmMATBIUGTRNMIUUY

' °

AFWTWUIU 1 1589 NI BeUTuno

a9

dulva ddoyadgugd Yssmnadwaineuay
ngusnevaulna) TudfianFuimameiunnssu
(Forwdeiguywiaadamlugesinuazioe
wny) - sevasidunsfnenlunguiununnd/
Wumyea1ns  wastin@nsiunuwmg dndpeiiu
USETNTUNGNIANT 121 SNLUS UazyANINTIUNET

waMIUszIluAUMWNIITE WU MWTw
ANy oway 58.14, 34.88 uay 6.98 X
AN Nany wazsn ey Tudnu 25 aify
fifinunwsziuge Aailunsansumnma 23 afy

LAZINTENTISAUYNA 2 Aty
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Table 5. Number and percentage of research articles by research design.

N1528NLLUUNISIE

UNANMNANNN  UNAMNANNN EPtY
SEAUBIR FEAVUNUBIRA (n = 43)
(n = 10) (n = 33)

U (508az)

U (32882) U (o)

- MAIeNAIILDVENLATIngNAILAN 0 2 (6.06) 2 (4.65)
- mAdeimesey wunguiAen Yawna 1 (10.00) 2 (6.06) 3 (6.98)
NOU-NAY 1130 NAININARDIDENLALA
- mifnuuulineass Wemiladeviune/ 2 (20.00) 4 (12.12) 6 (13.95)
pBUNIANNRNAUS
- MsAnELUUENTI9 UIIENy asuny 6 (60.00) 21 (63.64) 27 (62.79)
(Observational study: cohort study,
case-control study, longitudinal or
cross-sectional study)
- MBI TRnswuuidm 1 (10.00) 0 1 (2.33)
- MYRBBALNW 0 3 (9.09) 3 (6.98)
- MPIBWINID 0 1 (3.03) 1 (2.33)

un3919al (Discussion)

wamsfnunil  auieumstidusonmasiiun
yaanstusidde Fiuih Muayaanstiomm
shdnlumseuauengy  esneseualusnnni
WHO FCTC snasn 14 fifideuuzivinyaanns
Ardwgrnwasliduushlunmsidnyviathodu
wigzuuinslaslvidudunidssosannigiums
gua  Bniliinafamudssifiunastvashiane
(52) enelUfis WHO FCTC 1@s1 12 mslnng
Anwn msdeans msfinausn uazmsasanaiin
sevasnITy Selstifuiionaasaziiouummuns
Miunuwndaeseunneumsaasn iantd
wanFuTiengulUsedumsdasngumwuas N3

o °

taviulsa wagesiauulisnn wananil Sewuin

ey 4 Gev esdadumAfauiansm
msﬁwmmimzwﬁnﬁﬁr:ymmigqu%mmum,n‘
Taaldnszuruns photovoice (50) dulusnulseme
finafinen1sldaunsnl Knoxlabs V2 cardboard
VR headset w¥an clip VDO #1u3u 2 1309 99
oonuuumuAMswsanfiazanmys swlaligguyns
suzSuusmImdaiuinans (15) Tufsaamnea
fimawmunlusunsums@nypdamsuihewvmu
wiald lundiindiunnssn  Guwmundiniusening
uawwng fiumAna wazgihewnvnu (19) uas
m3itnufralnd3nuifioldnymivasinAnm
Funwwngduuunelng (virtual smoking cessation
counseling) Tugvmsszunazeelain-19 Tusniaide

(22) Hudu
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ﬁﬂ‘szﬁm%wagoﬁw‘lﬁlﬁnqﬁlﬁlﬁu 17 (18,25)
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a '3
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a o
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=) eS¢

a
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0a)
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Fausznaudie Ask Advice Assess Assist AT
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Inhibitory Effects of Mulberry (Morus alba) Ethanolic Extract
on Streptococcus mutans Biofilm Formation
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Abstract

Objectives: To evaluate the susceptibility of S. mutans (ATCC 25175) and three S. mutans
clinical isolates from Thai children to three concentration of mulberry extract and to analyze the
inhibition effect on biofilm of each strain using confocal scanning electron microscopy (CLSM).

Materials and Methods: Obtained S. mutans clinical isolates from children (aged 3.5-10-years)
who came to the Pediatric Dental Clinic, Faculty of Dentistry, Chulalongkorn University, Bangkok.
Three concentration of mulberry extract were tested (125, 250, 500 mg/ml). The Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were carried out. Incubated
all S. mutans strains for 5 and 10 hours to form biofilm suitable for the susceptibility tests. The
biofilm inhibition effect of mulberry extract also further evaluated using CLSM. Data was expressed
as mean * standard deviation (SD). The Kruskal-Wallis Test was used to compare the experimental
and control groups (significance at 95%).

Results: The MIC of mulberry extract was not able to visualize due to the darkness of the
solution and precipitations. The MBC were in the range of 125-500 mg/ml. All strains tested were
sensitive to all mulberry extract concentrations (> 99.88%) when compared to the controls. All strains
pre form biofilm at 5 and 10 hours were inhibited after 5 and 10 minutes exposure to the mulberry
extract at the concentration of 500 mg/ml which showed the percentage of inhibition at > 99.96-
100% and > 99.93-100% compared to the control, respectively. All concentrations of the mulberry
extract inhibited biofilm formation of all strains visualized by CLSM. The effects were dose-dependent.
The 500 mg/ml concentration exhibited a significant inhibitory effects on S. mutans (ATCC 25175)
(p = 0.013), S. mutans clinical isolate N006, N029 and N113 (p = 0.016) when compared to the
control group.

Conclusions: Mulberry extract at the 500 mg/ml concentration showed excellent antibacterial
activity
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Introduction

Dental caries still remains the most prevalent
disease in the world. It can initiate pain, distress,
and diminish the quality of life (1). It is a multifactorial
disease and no simple causation pathway (2).
This disease has a complex cause involving
genetic, microbial, environmental, and social and
behavioral factors (3). Dental caries is anticipate
by the disbiose caused in biofilm due to frequent
sugar intake (2). It is a diet-driven, biofilm-mediated
illness that is directly influenced by an individual’s
intake of fermentable carbohydrates and has
unique microbial compositions linked to its onset,
progression, and arrest (4). The acids released
into the aqueous part of the biofilm provoke the
enamel/dentine demineralization (5,6).

The oral cavity contains dental plaque,
also known as biofilm, which is made up of
about 800 different types of bacteria coexisting
(2). More than 800 aggregated microorganisms
that adhere to a surface and are encased in an
extracellular matrix make up a complex microbial
community known as a biofilm (3). Studies focusing
on chosen acidogenic and aciduric caries involved
species, which are important caries pathogens,
may be determining for caries risk assessment
and prevention. Evidence suggests that Streptococcus
mutans, a bacterium frequently isolated from dental
plaque, is one of the microorganisms that cause
dental caries (6-9). S. mutans is able to colonize
the oral cavity and survive in an acidic environment
and specific interaction with other microorganisms
colonizing the ecosystem (10). Following the
cleavage of sucrose molecules by the enzyme
glucosyltransferases (Gtfs), the glucose component
is polymerized into adherent glucans (6). According
to earlier research on Thai children, children with

Early Childhood Caries (ECC) have greater levels

of S. mutans in their plague (7-9). Reducing the
adherence of S. mutans to tooth surface or inhibit
S. mutans biofilm formation might be an important
method to prevent dental caries.

Alternative medicine using natural products
proven to have anti-cariogenic properties is of
great interest in caries research (10-12). Previous
studies have been reported for its effectiveness
against bacteria implanted within the biofilm (10-
12). Mulberry is a deciduous tree of the genus
Morus in the family Moraceae. It was originated
in China and has been growing throughout
Southwest Asia, Europe and South America
(13). The antimicrobial activity of Morus species
is mainly associated with the stem bark of the
mulberry plant (14,15). The antibacterial and
antifungal properties of a number of chemicals
that have been isolated from different portions
of the Morus plant and their crude extracts
have been investigated (13). According to the
investigation, the majority of the bioactive
substances found in Morus plants, including
terpenoids and flavonoids, have strong antibacterial
properties (16-19). One of the most widely used
remedies in traditional Chinese medicine is mulberry
leaves (Morus alba). It is used to treat obesity
and diabetes mellitus. Mulberries include bioactive
substances called polyphenols, alkaloids, flavonoids,
and polysaccharides (20). Studies have examined
mulberry leaves in a variety of forms, including
ethanol extract, powder, and aqueous extract, all
of which indicate beneficial effects on enhancing
physiological conditions (20-22). Human volunteers
with diabetes and those in good health were
used to examine the effects of mulberry leaf on
blood glucose response. The results showed that
mulberry leaf consumption considerably decreased

blood glucose levels (20).
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It has been demonstrated that mulberry
components enhance nerve protection and
cognitive function. Mulberry leaf extract and
mulberry milk have been found in numerous
clinical investigations to enhance cognitive
function in middle-aged and older persons (20).

Mulberry extracts have demonstrated
antiviral activity against several viruses, including
influenza virus, SARS-CoV-2, herpes simplex
virus type 1 (HSV-1), murine norovirus, and feline
cupripoxvirus (13,21,22).

The objectives of this study were to evaluate
the susceptibility of S. mutans and three clinical
isolations from Thai children to different
concentration of the Mulberry extract (125, 250,
500 mg/ml) and to analyze the inhibition effect
on biofilm of each strain using fluorescent dyes and

confocal scanning electron microscopy (CLSM).

Materials and Methods
Essential Oil Preparation

Purchased materials and reagents was
described in the previous study (23). C3G in
mulberry fruit extract powder was measured
using an HPLC-extracted sample, as previously
mentioned (23). A 0.20-um nylon filter was used
to filter the stock solution of C3G W, which was
made with 0.1% phosphoric acid in water and
acetonitrile (50:50, v/v) at 30°C in an ultrasonic
bath to achieve a concentration of 100 pg/mL.
Main components in the mulberry fruit extract
(MFE) in this study are polysaccharides, flavonoids,
and phenolic acids. Anthocyanin is the major

constituent (23).

Subject Selection and S. mutans Clinical
Isolation

The Ethical Human Research Committee
of Chulalongkorn University’s Faculty of Dentistry
in Bangkok, Thailand, gave its clearance to this
study (approval number: 42/2010) (24). Consent
forms were signed by all kid parents and legal
guardians. Every participant was free to leave
the research at any moment. S. mutans clinical
isolations were obtained from child subjects.
Detail method was described in the previous study
(24). Biochemical tests verified that every isolate
was S. mutans. The standard strain of S. mutans
(ATCC 25175) was cultivated on BHI agar or
broth and incubated for 48 hours at 37°C. For 18

hours, it was supplemented with 5% CO2.

Bacteria and Culture Conditions

S. mutans (ATCC 25175) aliquot stocks
should be grown at -20°C on BHI. 48 hours of
incubation at 37°C with 5% CO, added. Three to
five colonies were chosen to suspend in Todd-Hewitt
broth (Difco, USA) and then incubated for a full
day. Three aliquot stocks of S. mutans clinical
isolates (NO06, N029, and N113) were chosen at

random and cultivated at -20°C.

Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)
The broth macrodilution method was used
to determine the MICs of mulberry extract. Stock
solutions of oils were initially dissolved in tween
80 and 95% ethanol then a series of twofold
dilutions of the mulberry extract was prepared in
Brain Heart infusion broth (BHI). MIC and MBC
of all strains were performed. Three to five colonies

of each strain was picked and suspended in
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BHI broth for 24 hours. Bacterial suspensions
that had recently been cultivated in BHI were
adjusted to around 10° CFU/mL. 100 uL of
seeded broth and 100 pL of mulberry extract
were added to each of the eight wells for the
MIC determination. 100 PL of the seeded broth
for eight wells was placed in the first test well.
To increase the volume to 200 YL, 100 PL of the
mulberry extract solution was added to the first
well, and then 100 pyL was moved to the next
well. To get a two-fold serial dilution, repeat the
procedure. Sterilized 96-well polysterene plate
in the UV sterilization for 1 hour. Inoculated
S. mutans into each well then vortexed for 5
mimutes and incubated for 24 hours at 37°C,
supplemented with 5% CO,. The first assay well,
with no microorganism growth which contained
the lowest dilution of the mulberry extract
representing the MIC. Determined MBC by
removed samples from the wells that showed no
turbidity and dropped onto BHI plates. Incubated
at 37°C for 24 hours, the minimum concentration
without any visible growth was reported as the
MBC.

Biofilm Susceptibility Test

To examine the effects of various
concentrations of the mulberry extract on 5 and
10-hour-old biofilm and to determine whether
different strains had different susceptibilities to
the bactericidal activity of each concentration
of the mulberry extract, a biofilm susceptibility
test was performed. Todd Hewitt broth mixed
with 10% (w/v) sucrose was used to dilute all
strains. The starting cell density was 108 CFU/
mL. Transferred 2 mL of diluted cells into a new

tube and incubated it (please delete) for 5 and

10 hours. Following incubation, planktonic cells
were eliminated by three rounds of sterile water
washing. Then, 2 mL of mulberry extract were
added into the same tube. After one minute
exposed to the mulberry extract this was washed
out. Added two milliliters of regular saline solution
and ten 2x2 mm sterile beads, and vortexed for
a minute. 20 mL of the fluid was pipetted and
then put over BHI agar. Plate counting was used
to determine the CFU counts. Every experiment
was carried out in triplicate for every concen-
tration of mulberry extract. Positive control was
chlorhexidine gluconate (0.12% CHX mouth-
wash). Negative control was no adding antibac-
terial solution. The colony was calculated as a
percentage compared to the control. The effec-
tive bactericidal effect was significant, at more

than 99.9% compared to the control.

Saliva-Coated 24-Well Plate for Biofilm Inhibi-
tion Assay and Fluorescence Staining using
Confocal Laser Scanning Microscope (CLSM)

Three volunteers (dental students who are
a part of the research team) who abstained from
tooth brushing for at least 6 hours prior to saliva
collection. Chewing paraffin enhanced the
production of saliva. The saliva samples from the
3 volunteers were pooled, centrifuged and then
diluted to 1:10 with phosphate buffered saline
(PBS) and filtered through a 0.22-micron membrane
(filter paper, Millipore, St Louis, MO). Since
S. mutans clings to the glycoprotein in saliva, the
stimulated pooled saliva was utilized to cover
the wells of a 24-well polystyrene plate (Corning
Inc., Corning, NY) in order to start the biofilm
formation process. Each well containing 500 pL

of diluted saliva was incubated at 37°C for 24
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hours and then the saliva was rinsed off. For
Fluorescence Staining using Confocal Laser
Scanning Microscope (CLSM) following the

method as described in the previous study (10).

Statistical analysis

The mean * standard deviation (SD) was
used to display the data. Determined live (the
green emission at 530 nm) and dead cells (the
red emission at 630 nm) by measuring and
calculated ratio. Each well was measured in
triplicate. Calculated mean and SD. from the
experimental and control groups were compared
using the Kruskal-Wallis Test (also known as the

Bonferroni and Dunn Test) (significance at 95%).

Results
Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)
The MIC of mulberry extract was not able
to visualize due to the darkness of the mulberry
extract solution and precipitations. However, the
MBC of all strain tested were in the range of
125-500 mg/ml (Table 1). The MBC of three
clinical isolations were higher than the standard
strain. Although the MIC was not able to identify,
the MBC indicating a bactericidal action of the

mulberry extract.

Table 1. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal concentration (MBC)

of mulberry extract to different strains of Streptococcus mutans.

S. mutans Strains

Mulberry extract concentration (mg/ml)

MIC MBC
S. mutans (ATCC 25175) N/A 125
S. mutans (NOO6) N/A 500
S. mutans (N029) N/A 500
S. mutans (N113) N/A 500

N/A=non applicable.

Biofilm Susceptibility Test

All strains of S. mutans tested in this study
were sensitive to all concentrations (125, 250
and 500 mg/ml) of the mulberry extract (>99.88%)
when compared to the controls. Highest concentration
of the mulberry extract was used to demonstrate
antibacterial effects on 5-hour and 10-hour-old

biofilm. For 5-hour-old preformed biofilm, all strains

were inhibited after 5 and 10 minutes exposure
to the mulberry extract solution at the concentration
of 500 mg/ml (>99.96-100%) compared to the
control (Table 2, 3). Similarly, for 10-hour-old
preformed biofilm, all strains were inhibited after
5 and 10 minutes exposure to the mulberry extract
at the concentration of 500 mg/ml (>99.93-100%)

compared to the control (Table 4, 5).

60



SWU Dent J. Vol.18 No.2 2025

Table 2. Inhibition of 5-hour-old preformed biofilm of all S. mutans strains after 5 minutes

exposure to the Mulberry extract (concentration of 500 mg/ml).

. Control Biofilm (colony 5 minute exposed to Reduction (%)
S. mutans strains
forming unit (CFU) mulberry extract biofilm (CFU)

S. mutans (ATCC 25175) 3.45 x 106 2.75 x 102 99.99%
S. mutans (NOO6) 9.0 x 104 ND 100%
S. mutan (N029) 3.0 x 10% ND 100%
S. mutans (N113) 1.65 x 10% 2.0 x 102 99.88%

ND= not detect

Table 3. Inhibition of 5-hour-old preformed biofilm of all S. mutans strains after 10 minutes

exposure to the Mulberry extract (concentration of 500 mg/ml).

. control biofilm (colony 10 minute exposure to Reduction (%)
S. mutans strains
forming unit (CFU) mulberry extract biofilm (CFU)

S. mutans (ATCC 25175) 5.3 x 104 ND 100%
S. mutans (NO0B) 15 x 104 ND 100%
S. mutan (N0O29) 2.0 x 104 ND 100%
S. mutans (N113) 25 x 104 ND 100%

ND= not detect

Table 4. Inhibition of 10-hour-old preformed biofilm of all S. mutans strains after 5 minutes

exposure to the Mulberry extract (concentration of 500mg/ml).

control biofilm (colony 5 minutes exposure to Reduction (%)
S. mutans strains
forming unit (CFU) mulberry extract biofilm (CFU)

S. mutans (ATCC 25175) 1.60 x 108 6.65 x 102 99.96%
S. mutans (N0OOG) 7.75 x 10° 75 99.99%
S. mutan (N029) 1.35 x 107 438 x 108 99.97%
S. mutans (N113) 6.75 x 104 225 99.97%
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Table 5. Inhibition of 10-hour-old preformed biofilm of all S. mutans strains after 10 minutes

exposure to the Mulberry extract (concentration of 500 mg/ml).

control biofilm (colony

forming unit (CFU)

S. mutans strains

10 minute exposure to Reduction (%)

mulberry extract biofilm (CFU)

S. mutans (ATCC 25175) 3.85 x 10° 26 x 102 99.93%
S. mutans (N006) 3.50 x 10% ND 100%
S. mutans (N029) 9.75 x 108 3.25 x 102 99.99%
S. mutans (N113) 2.83 x 104 ND 100%

ND= not detect

Fluorescence Staining and CLSM

For the inhibition of S. mutans (ATCC 25175)
at cells concentration of 108 CFU/ml, the mulberry
extract at the concentration of 500 mg/ml showed
the highest inhibition rate which gave the lowest
percentage of live cells (31.65 + 2.03%), followed
by the concentration of 250 mg/ml (63.91 + 7.05%),
and 125 mg/ml (74.16 + 0.85%), respectively (Fig 1).
The 500 mg/ml showed significantly (p = 0.013)
different inhibition rates compared to control.

The mulberry extract at 500 mg/ml had
the highest inhibition rate for S. mutans clinical
isolate NOOG6, resulting in the lowest percentage
of live cells (37.69 * 2.12%). This was followed
by concentrations of 250 mg/ml (46.67 £ 0.47%)
and 125 mg/ml (60.46 £ 1.35%), respectively
(Fig 2). Comparing all concentrations to the controls,

the inhibition rates varied considerably (p = 0.016).

The mulberry extract at 500 mg/ml demonstrated
the highest inhibition rate for S. mutans clinical
isolate N0O29, resulting in the lowest percentage
of live cells (28.22 * 8.37%). This was followed by
concentrations of 250 mg/ml (48.67 + 2.60%) and
125 mg/ml (56.75 + 2.36%), respectively (Fig 3).
Comparing all concentrations to the controls, the
inhibition rates varied considerably (p = 0.016).

The mulberry extract at 500 mg/ml
demonstrated the highest inhibition rate for
S. mutans clinical isolate N113, resulting in the
lowest percentage of live cells (43.57 + 1.4%)
This was followed by concentrations of 250 mg/ml
(51.25 £ 1.9%) and 125 mg/ml (62.07 = 3.19%),
respectively (Fig 4). Comparing all concentrations
to the controls, the inhibition rates varied

considerably (p = 0.016).
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125 mg/ml
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Fig 1. 24-hours S. mutans (ATCC 25175) biofilm formation. Live cells were stained and
exhibited green fluorescence whereas dead cells exhibited red fluorescence under CLSM.
Two and three dimensional pictures showed the penetration and inhibition effect of mulberry
extract in all concentrations. The graph represents the percent reduction in variable cells in
the S. mutans biofilm using different mulberry extract concentration.

(A) 125 mg/ml, (B) 250 mg/ml, (C) 500 mg/ml.
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Fig 2. 24-hours S. mutans (N006) biofilm formation. Live cells were stained and exhibited
green fluorescence whereas dead cells exhibited red fluorescence under CLSM. Two and three
dimensional pictures showed the penetration and inhibition effect of mulberry extract in all
concentrations. The graph represents the percent reduction in variable cells in the
S. mutans biofilm using different mulberry extract concentration.

(A) 125 mg/ml, (B) 250 mg/ml, (C) 500 mg/ml.
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Fig 3. 24-hours S. mutans (N029) biofilm formation. Live cells were stained and exhibited
green fluorescence whereas dead cells exhibited red fluorescence under CLSM. Two and three
dimensional pictures showed the penetration and inhibition effect of mulberry extract in all
concentrations. The graph represents the percent reduction in variable cells in the
S. mutans biofilm using different mulberry extract concentration.

(A) 125 mg/ml, (B) 250 mg/ml, (C) 500 mg/ml.
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Fig 4. 24-hours S. mutans (N113) biofilm formation. Live cells were stained and exhibited
green fluorescence whereas dead cells exhibited red fluorescence under CLSM. Two and three
dimensional pictures showed the penetration and inhibition effect of mulberry extract in all
concentrations. The graph represents the percent reduction in variable cells in the
S. mutans biofilm using different mulberry extract concentration.

(A) 125 mg/ml, (B) 250 mg/ml, (C) 500 mg/ml.
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Discussion

To test the efficacy of antibacterial of
plant-derived oil extraction on single bacterial
specie establish an important pre-requisite before
testing its effects on preparations containing multiple
bacterial species. It has been well demonstrated
that S. mutans is the major etiological bacteria in
dental caries (6). Biofilm formed by single specie
is advantageous to study the mechanisms of action
of antibacterial therapeutic agents. The efficacy
of ethanolic extract from mulberry against S. mutans
allowing for the possibility of decrease costs to
prevent dental caries in Thailand. Brushing is usually
followed by 30 seconds of application of a unique
antimicrobial mouthwash as part of a plaque
removal routine. Chlorhexidine gluconate (CHX)
has been ranked as a gold standard among
antibacterial agents effective in reducing oral
biofilm including the effects on S. mutans, have
been elucidated largely by in vitro culture methods
(25,26). However, few studies investigated the
effect of 0.12% CHX mouthwash if use twice
daily for 7 days, on the abundance of bacteria
colonizing the tongue in healthy individuals (26).
The results showed that CHX reduced species
richness and variety while increasing the abundance
of Gram-negative bacteria, especially those in
the phylum Bacteroidetes (Capnocytophaga).
They also found that CHX lowered the bacteria
especially Prevotellaceae, while increased
Proteobacteria (including Neiseriaceae) and
Streptococcus after using CHX (26).

Plant-derived essential oil is ideal for use
in oral health care products such as toothpastes,
mouthwashes, spray and gels, because of their
non-toxic and antiseptic properties (11-13). The
arylbenzofurans isolated from Morus species,

including Moracin C and Moracin M, showed

promising antibacterial activity against methicillin-
resistant Staphylococcus aureus, Klebsiella
pneumoniae, and Pseudomonas aeruginosa (17).
Previous studies have shown that mulberry fruits
may have anti-inflammatory, hypoglycemic,
immunomodulatory, antioxidant, and analgesic
properties (14-16,18). One of the studies testing
Mulberry leaves which was extracted by 85%
methanol using ultrasonic extraction method and
using disk diffusion and agar plate dilution methods,
results showed S. mutans (KCTC 3065) growth
inhibition rate was over 87.54% after 6 hours
compared with control (19). There were several
Mulberry extract studies in Thailand. Our previous
pilot study found that the minimum bactericidal
concentration (MBC) of ethanolic extract from
mulberry fruit (Morus nigra) against S. mutans
and S. sobrinus was 125 mg/ml. Another study
by Suriyaprom and colleagues using well diffusion
method showed that the ethanolic extract from
mulberry fruit at the concentration of 500 mg/ml
had antibacterial properties against Gram-positive
bacteria; Staphylococcus. aureus and Gram-negative
bacteria; Escherichia coli, Salmonella typhi, Shigella
dysenteriae and Vibrio cholerae, with diameters
of the inhibition zones as high as 23.50, 15.50,
16.50, 25.67 and 16 mm, respectively when
compared to the positive control which was
gentamicin 1 mg/ml. In this study, our results
were in line with previous studies aforementioned
(27).

In addition, this study evaluated the
sensitivity of S. mutans (ATCC 25175) and three
S. mutans clinical isolations from Thai children to
the mulberry extract at the concentration of 500
mg/ml showing bactericidal effects on 5 hours
and 10 hours pre-formed biofilm. This finding

supports the idea that biofilms form in three
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distinct stages, with accumulation occurring
between 0 and 5 hours, active accumulation at
4-20 hour, and a slower accumulation with
plateau-phase (28). The 5 hours biofilm was in
the first stage, whereas the 10 hours biofilm was
in the second stage. The 10 hours biofilm was
more complex and resistant to the antibacterial
treatment because of a rapid increase in
adherence. An excellent activity of the mulberry
extract against different strains of S. mutans
was demonstrated in this study even in 10 hours
pre-formed biofilm, the antibacterial effect was
obvious.

The mechanism of the inhibitory effect
of the mulberry extract is not fully comprehend.
However, the active ingredients that exert
antibacterial effects might be flavonoids which
can be found in mulberry leaves, fruits and roots
(18). It has the ability to destroy bacterial cell
walls (18). Another active ingredient is tannin
which can be found in the mulberry leaves and
fruits which can cause leakage of bacterial cell
walls (29,30). In addition, phenolic acid which
can be found in mulberry leaves, fruits and roots
can denature bacterial proteins (31). Other active
ingredient such as deoxynojirimycin (DNJ) (a potent
glucosidase inhibitor) which can be found in
mulberry leaves, fruits and roots can inhibit glucan
formation (32-34). Another active ingredient is
Kuwanon G which can be found in mulberry
roots. It has properties to inhibit the growth of
S. mutans by destroying cell walls and cytoplasm
concentrations (34,35). In this study, 10 hour
S. mutans pre formed biofilm was inhibited
implying that the mulberry extract showed inhibition
effect at the active accumulation and plateau

phases which involve cascade active synthesis

of glucan (33,36). Thus, mulberry extract might
either inhibit glucan synthesis or reduce cells
glucan binding.

Confocal laser scanning microscopy (CLSM)
has been used to evaluate bacterial viability on
biofilm (37,38). When apply fluorescence dyes
on the biofilm, it can differentiate live and dead
bacteria, allowing bacteria to be distinguished
according to cytoplasmic membrane permeability
(37). In addition, CLSM is able to penetrate in a
horizontal plane (X-Y axes) and evaluate the depth
of biofilm from the outer part to the inner part
and can capture a series of image-scans showing
changes in the viability of the bacterial cells over
time, allowing for the real-time visualization of
death of the microorganisms possible (37,38).

In this study, biofilm was stained with
fluorescence dye. Live cells and dead cells
demonstrated green (SYTO9) and red colours
(propidium iodide), respectively. Our results
showed that when evaluating 3 dimension
images using CLSM, the mulberry extract at the
concentration of 500 and 250 mg/ml was able
to penetrate the biofilm to the deepest layer and
in all directions of biofilm structure of S. mutans
(ATCC 25175), clinical isolate NO0O6 and NO029.
This result is consistent with a prior study that
demonstrated the efficacy of a range of dental
treatments, such as toothpaste dentifrice slurries
and mouthwashes containing essential oils.
According to their CLSM results, a mouthwash
containing a blend of essential oils killed bacteria
in biofilm within the first 30 seconds and penetrated
biofilm in all directions (39). In this study, we
demonstrated an excellent activity of mulberry
extract against different strains S. mutans at

various concentrations.
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Interestingly, each strain showed different pattern
of mature biofilm but the antibacterial and
penetrating activities of mulberry extract were
able to inhibit biofilm in all strains.

This study’s limitation is the in vitro results
from one species of biofilm. The actual oral
environment with multi-species dental plaque
with structural complexity and dynamic conditions
formed in the mouth cavity may not be represented
by this pre-established bacterial biofilm. We
recommend to further test the different responses
of dental plaque to this mulberry extract in the
toxicity aspect in the future before starting the
clinical trial study. However, the results from this
study could be applied to clinical use. Development
of the mulberry extract oral spray may lead to
the alternative prevention method for dental caries.

In conclusion, the mulberry extract at the
various concentrations effectively inhibited biofilm
formation of S. mutans standard strain and three
clinical isolates in vitro. These mulberry extract
demonstrated satisfying results and need further
clinical studies to verify its efficacy against dental

caries.
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Effect of Titanium Implant Abutment Surface Treatment Type
on the Color Change of High-Translucency Monolithic Zirconia

Pat Prasongpholchail Mali Palanuwech!”

Abstract
Objective: The purpose of this in vitro study is to evaluate the color difference of high-
translucent monolithic zirconia (HTMZ) on various surface-treated titanium implant abutments.
Material and Methods: Seven specimens of HTMZ (A2-shade, disc-shape with 1.00 mm in
thickness) and surface-treated titanium implant abutment types (Ti, A, P, and PA) were allocated
by simple random sampling method. HTMZ specimens were placed over the abutment specimens.
Then the spectrophotometer was used for measurements of all specimens, data were recorded as
CIEDE2000, and then compared with the control group (Ti) and calculated into color differences
(AEOO). The statistical analysis was performed with ANOVA and Tukey’s HSD test (a = 0.05).
Results: Surface-treated Ti implant abutment types significantly affected the observed color
differences. The lowest and the highest AEOO were P and PA, respectively. Nevertheless, AEOO
between A and P groups, as well as between A and PA groups revealed no significant difference.
Conclusion: AEOO of anodized titanium revealed no significant difference to those of polished
titanium and polishing followed by anodization. Therefore, either anodization only or polishing only

on the titanium implant abutment surface did not affect the color difference of zirconia.

Keywords: Zirconia, Implant abutment, Anodization, Color difference
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mafnmaseiaeidanldssuunsinadledia2o00
sufuesavaininsnlndwes
nsAnudfiTnguszasalfiadnsaay

' v
A A A

wansnzesiiaggeslafienfinundvdundnia
Inmidlsaiifinsysuygeiuindieisnselulad
fmdoviunsdniaSey  lasdanufgiuinde
AFmsUsunjeiiudmdndalnmidoalddians

wANFA1NYDAUULEeS laia i uanA9TuD L1

°

dTpadunvaia
jaagunsaluaziinis (Material and Methods)
1. MIAMNUINANGUNAREY (Sample size
calculation)
Awnmznangunaasyias Uy
FuIUNGNMBEN (G*Power 3.1.9.7, Christian-
Albrechts-University, Kiel, Germany) Taesnede
Awdsuazaiudes WUNIATFIUNNMIANEINDY
i (39) wmf']ﬁwmmlﬁmmmnz\juwmmaﬂwﬁaﬂ
nguaz 3 dusiangn Aedumsdnmnluadeilild
TUNANFUNARBINGNAL 7 Tu
2. mIwIuNTunaasun@in (Fabrication
of ceramic specimens)
svBunasauingesladsluluasa
ﬂﬁﬂiﬂix‘lLLﬂx‘lQ@ (Cercon, High translucent, Dentsply
Sirona, North Carolina, USA) JUnssnszuaniiaaas
Wdurhguinany 12 fafwns w7 Su e
1 JafLung
aanqugﬂmwmﬁyumNaﬂuizw
AaNLmaSHulUsNTNeaNWLUY 3 R (Tinkercad,
Autodesk, California, USA) ﬁWLﬁuﬂ’]iﬂﬁ\i"ﬁugﬂ
F8LATEINAY (VHF S2 Impression, Camfacture AG,
Ammerbuch, Germany) aqnﬁuﬁﬂnwsLnam (glaze)
1 1 vevdunasouisndnieilafdouazey
TuwgInA (Multimat NTX, DeguDent
GmbH, Hanau, Germany) muNANLULINYDILUIEN

HWAR ATIHOLANNAUI DN UNATOUABAES
mstamanadiflsseavwasuuuiana (TMT321506
Digital Measuring Caliper P54, Total, Kaohsiung
City, China) MniurhANEzaIn Ui LASeY
dedanlodin (Sonorex digitec DT 31 H, Bandelin,
Berlin, Germany) Tuhseanndeau (deionized
water) 1uIa1 5 wi wa IR wdefuan
Unannisiumeldgungfives

3. maw3undunaseuiaguandasniiion
(Fabrication of implant abutment material)

a¥vdunasauiaguanianiiiey

Ysznaudie Sunaasulnnifion (NxAILAN),
Tnifiesfisumasluled A), nmifleuinGey P),
TndienimBeuisnunselulad (PA) pnsenszuen
Wusnaugnane 12 Jadlns AN 2 Jadwuns

aammugﬂms\mméuwmaaulwwl e
Tuszyupaniamasuulysunsneanuuy 3 J6
mlunInavasiasavnavlanemin (M4 Wet
Heavy Metal Milling Unit, Zirkonzahn, South Tyrol,
Italy) U 28 FU NuLNBunAEeY
Tnidlonsuou 7 u Feazimualifunguauey
WMaNNEzead uuRIELA3avavFans lodin
Tuhusendeswdiune 5 wit nmburhldus
swandnanmhiu meldgumgivies

s unasoulnmidon s 14 du
sndpRufaBeudisnszamennehiiaruazidon
600, 800, 1000 W&z 1200 ANEy MNNTUTAUY
drdnuannsaniunslFin e TanaHIn NN
naeyma 3 uaz 1 [ulaswes feanusy 100
sausiaud Hunan 15 Jund meldnsvasifuuu
\A3pvdn Sy (NANO-1000S, Pace technologies,
Arizona, USA) 9niuyansase1ndusiudis
w3svaedaanlzdnluhunanndesuduna
5 it Mt lRudedsanU e mhdunels
grunniviay

ihdunessulnmflon swou 7 Tu uas
FuneseunmieafishumsdninGoy s 7 Hu
wsumssluladmeldgumgivieslaaldasazas
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Todpnlumsuaiunanuidutusasas 15 1u
gsavarwdianinglad vnsfefunasoudiiu
Funuardaunulansaaueanng 3x6 MmN
wuRwns Whtudaay ndulnszualniisiu
wiovalulad (KPS1203D Switching DC Power
Supply, Shenzhen Wanptek Electronic, Guangdong,

China) Tnadarnanusednd Inih[3fs=eu 50 Thad
udgwhmagnlumsazaneliasuasas indndum
60 il nnfwhemaazeedunaaeuseiaies
dwdannlzinluhynenndesuliiuna 10 wni
udhbiwteseasmanmhiumeldgungivies
s lumsustissiuanaduitesemmesey

Ul 1 Bunessuiaguandasiniiies (A) mmidlsw (B) Inmiilpafidunsalulad
(©) InwiileaiEanzey uaz (D) mnidleniaFeuiniumsslulad

Fig 1. Implant abutment material specimens (A) Titanium, (B) Anodized titanium,

(C) Polished titanium, and (D) Polishing followed by anodization titanium.

Ul 2 Bunaspuizaslaily

Fig 2. Zirconia specimen
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4. maeaauInd (Spectrometric analysis)
ymaasufisy (calibration) tA3avaLln
nslulafimes (Ultrascan Pro, Hunterlab, Virginia,
USA) mwﬁLLuzﬁwaw%ﬁ’wQwﬁmd@uﬁufﬂﬁ
wasnniuimsiadlashdunaasuiaauania
TNiBNaLULMYUAM LN TaLEunFubnane
12 §aALNAT AN 6 NAALNAT VUARNIIATAIUNALEDTU
flaswou 3 nea avouduneasuiaauania
Pnifisnuddaiusetunaseuisesladly Taesh
Fufilaildinazeeviunaasuizeslaiodhmy
nagouaguandannifion Mnduhluneouwiu

saviadavaninslulnfiinafuazivualiyn
Aanawvssiunassumssiugannansesteeing
saviaspsainlnsiwlafines anduaquiiudae
nassseilosiunassunIu udwihasiuiinen
Tavindfigaisnanveevtuneaey 1 auazindsn
3 afsuievdeds wasnntfunaseungudaly
sty Tnswdsuiunaasuiseslaie
uazBunaseLTagYmMANEaTINiuNmMANIUSLT
NuindeiBguateds Ssmsiadvilasinaaoy
wilovin miwhend [fanduaieoiiey
AanauanatvsinieszuuEledds2ooo lay

v

e msuiadaviadavanlnsluladines Taoih faumamanuuansvaaed (AEyy) avil
fuinasvaviunaaausnslaisdideeing
2 2 2
AE AL’ AC’ AH’ R AC’ AH’
o= |[|7< o | T\ T
K.S; KcSe KySu KcSc) \KuSh

AEy, fafmanuuansveed sxuudledfs2oo

AL AamAanuuanANTaIANNEDIEIN (luminosity)

AC’ fAamanuuansyzavlasun (chroma)
AR Apdanauansieesdd

K, Aaaiadsniniineizasanudoeaing
Ko Aodiladprnafinasaslasan

Ky Apriladamniineszesdn

s, Aprmiminaesanuaseaing

Sg Apamiminyeslasin

s, Aarimiinzasén

yuamemMauAnseedlussiuisansy
TdTaeUszamauia (perceptibility threshold; PT)
fisesiu 0.8 wazAmeMuLANTaEusTufinaNsy
T#muAdfin (acceptability threshold; AT) fiszsiu
1.8 20932uuE (98752000 F19BvINMIANHNDY
Paravina RD waz@uy 1l a.f. 2015 (37)

5. mIATeidayanvaifa (Statistical
analyses)

M3lpsgidayaniaifaziansan
MswanuaUnAsienITaaauavsills-Ias
(Shapiro-Wilk test) PnuneEsUANNLLTITIU
N9LAE7 (One-way ANOVA) \WenaaauBnsna
ga9IEmIsugeiuRmanEnsnfinuasnasoy
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Anuansuiduneddeiinaaausowi (Tukey's
multiple comparison) fiszAuBEIAUNINERA
0.05 FvazAuwrurmesdfdelusunInAu
a0f (SPSS 23.0 V, IBM, New York, USA)

0.6
0.5

0.4

EOO

0.3

0.2

0.1

WaN1IMAaaY (Results)

nNManeany 21 Sunagey fdadsuas
drudaainuinasgiudiaNnauuani1ssesdn
wosladouiuiyiasyihmandalnmidonszim
e q dauaasluguil 3 WodwmaiAam
WUSUTMUDUMOLARINLIRANNUANFAITENINY
nduvevisnsusuleiuiiedeiituddyne

q
aOANIZAY 0.05

(on

35U 3 muaasARRsLaTEIULTENLUNIATEIUTBIAINNNLANGNDENE (AEy)

Tuudazasnsuuugeiuirdamimandalnndey; Inmdssfidunsslulad (a),

Tnmdlsnaasey (P), Inmileniassundiuntsalulad (PA) (assiivunidudAnwidni

AN AUNNIBTNNAMINLANAINIUTDIALRABAIANN AN TDYF Bt B AN DA p < 0.05)

Fig 3. The mean and standard deviation of color difference values (AEoo) in each

experimental group of titanium abutment surface treatment; Anodized titanium (A),

Polished titanium (P), Polishing followed by anodization titanium (PA) (superscript lowercase

letters indicate statistically significant differences of mean color difference value, p < 0.05)
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TagAsnsusuygeiiuiintagvindnda
nsnlnmifenfidaranuunnsieeesdann
figaAenguinmilsninGuuiishunseluled (PA)
LLcsinaqummﬁsm'hﬁﬂu (P) fAANNULANFNTDY
Hiovfigauazlndidssiunguenuauanniign

Lﬁaﬁmimmmumnvﬁ\iLﬁuiwg’joﬁvw%%'
nagausesninudnlifianuuandreiusean
Aannuanaitaeed duldurszuinngulnmidion

fmumaslulad (A) fungulnmifleniaGey (P)
uwazssiNngainm Wesdikunmsalulad (A) fu
nanlnmidloninZouiiiunseluled  (PA) uaz
wudhngu lnnilenin Soufikumasalulad  (PA)
fidnanuuansvasdninningummiionin
BSay (P) afjwﬁﬁfﬂﬁﬁﬁmmoaﬁﬁﬁszﬁu 0.05 69
waalum TR 1

A13971 1 UaAIALRABAIANMNLANANDEIE (AEy) wazdvaNuiEaiu 95 wWasidud Tuwsazisms
Yudseiuiriagviwmangalnmies
Table 1. Mean and 95% confidence intervals of color difference values (AEOO) in each experimental

group of titanium abutment surface treatment.

msﬂ%’nﬂ‘geﬁuﬁﬁﬂqﬁ’mé’nﬁof[n ey

A

P PA

JAY= 0.352P (0.28-0.43)

0.28P (0.16-0.39) 0.432 (0.36-0.50)

wewe:  assrivuidudissiidnfissiuansiedianuuanseiuzeeaiyrinnuuans el

ptHTBEAUNINERRA (p < 0.05)

Note: Superscript lowercase letters indicate statistically significant differences of mean color difference

value (p < 0.05).

uniasal (Discussion)

nsAnsnluafeiinuitisnsusudgeiiuin
wandammidlsaldmnenuuansvaaviuugeslaiy
wansAuseddad AN INadn AU a5
ANNAFIUIN

\Wiosedenneanuuansivaesdluszdy
fuansuld InoUszamania (37) fiszdiu 0.8 wuh
NNgNMIMARBINMANNLANYTBRpEN 0.8
Toungulnmidoadsunseluled ngulnmiden
AdpuuazngalnmideninSouisumse lulad
Fouaasliifiuinegluszdufianayudliaunsa
WENANNLANFNTDIR

nnmafnsounth [dvhnsUsulqeituin
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fanndu uadolifins@neni [gvhmadaSsuiuin
Boududanuazifoags  daiumsdnuaded
waad IR iU ynazavn1sdaR s suiuauldi-
AdnvaziUNT (glossy polishing) laawazae
msfmnadstinuidueenguinmidoniaFeulis
anauansiungunmideaiiiiuniselulad
F9lAd198935n159a 138 U9NN15AN BBV
Seyidaliyeva A wazanie Wil a.¢. 2022 laamsdn
N lnndsnsoanuazBuagaifuldimsda
FfndnuaauuaiadnSsuniuthedanas
HINMNMEIIIAeYNA 3 laswas wsmusie
1 Talaswes Feanmsdned lgwuilnndes
ﬁ';L%'ﬂu‘fiv\humsaiulmﬁﬁﬁhmmadwmnﬁqm
wazifinwsuufisuiulnm Lﬁﬂuna;m\ium’mﬁv\hu
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msluladinuifigiresnuasuaziminfinannd
TwBeianuigin (chroma) fisnnd aehvlsfions
nsAnud ildAnuFsuifisuseninengu
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[NENDENLAY (25)
nsfnsasediseifunsbuiunasnens
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T8 Toauszamaniafiszsiu 0.8 (37) Fvlufiuly
Tuiemeifeafuiuaiemsfine wumsensv e
Sirawuttipong C uazamie 1E A.fA. 2024 Wuh
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i 50 Thadt (17) uazm3fn¥wey Weeranoppanant
P uazaue Wl A.A. 2023 wuaisnladamnn
wiprnulusouasiunansuuangangsinmiien
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ngulnm Lﬁ&luﬁlﬁlﬁﬁuﬂqoﬁuﬁa (14) uananii
msAnE09 Ceken A uazamz Ul A.f. 2023 wuh
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Immﬁﬂuﬁlsﬂﬁﬁuﬂ@qﬁuﬁa (40) Tndvliwad
WANFNYINNMIANENTDY Phayoongrat T WaZAME
i) a.a. 2023 Bonuhadiesledanasialysouas
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ﬁ%’uﬁqoﬁuﬁa (15)
sumalulagsuunsiafdledfd2000
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Y a
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= o =

YNUANTANIBRAIIINNITNAY  AIUUNITANB

afesialuninaz@neis avnaseen1sTals oy
Moy feTiamenamenuin (roughness
average; Ra, surface area; Sa) VANLANT NG
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resin) LHINNNUVVUNNY (ingot ceramic) nIaWu
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uwa'gﬂ (Conclusion)
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Age-Related Changes in The Penetration of Calcium Silicate-
Based Sealer into Dentinal Tubules: A Confocal Laser Scanning
Microscopy Evaluation

Marisa Lertlerkiat' Peerapohn Chotvorrarak'”

Abstract

Objective: The purpose of this study was to compare dentinal penetration of calcium silicate-
based sealers according to different ages of a tooth.

Materials and Methods: A total of 32 extracted human single-rooted teeth were decoronated
to standardize with a root length of 12 mm. A root canal was prepared using Protaper Next rotary
nickel-titanium system and obturation was done by single cone technique. The teeth were randomly
divided into four groups (n = 8); based on the Tooth age and types of sealer, used as follows: (1)
Tooth age <25 years/AH plus (2) Tooth age <25 years/iRoot SP (3) Tooth age >40 years/AH plus
and (4) Tooth age >40 years/iRoot SP. The sealers were labelled with fluorescent dye. Transverse
sections at 2, 5 and 8 mm from the apex were analyzed through CLSM. The mean of the maximum
sealer penetration depth and circumferential sealer penetration depth were evaluated by the ImageJ
software. The data was analyzed with Two-way ANOVA and Tukey’s HSD test with a 95% confidence
level.

Results: The Tooth age <25 years/iRoot SP had a mean of the maximum sealer penetration
depth which was significantly higher than the age of the tooth >40 years/iRoot SP at middle and
apical third while Tooth age <25 years/AH plus was significantly higher than Tooth age >40 years/
AH plus at all root levels (p < 0.05). Tooth age <25 years with iRoot SP or AH plus also had
circumferential sealer penetration depth significantly higher than the Tooth age >40 years with iRoot
SP or AH plus at all root levels (p < 0.05). Additionally, Tooth age <25 years/iRoot SP showed
significantly higher circumferential sealer penetration depth than the Tooth age <25 years/AH plus
at apical level (p < 0.05).

Conclusion: Tooth age and types of sealer affected the mean of the maximum sealer

penetration depth and circumferential sealer penetration depth, especially in apical part of root.
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Introduction

The success of root canal therapy relies
on the effective elimination of microorganisms
within the root canal, as well as the three-
dimensional filling of the canal using gutta-percha
combined with a sealer (1). The root canal sealer
plays a critical role in effectively filling the irregular
spaces and voids present within the root canal
system. It has the capacity to penetrate dentinal
tubules, which enhances the bond between the
sealer and the dentin. This penetration improves
the sealing ability, promotes micromechanical
locking, and increases the retention of the root
canal filling (2). Besides, the sealer can form a
physical barrier and entomb any residual bacteria
within the dentinal tubules, thereby reducing the
risk of microbial leakage and preventing reinfection
of the root canal (3).

AH Plus (Dentsply DeTrey, Konstanz,
Germany) is a well-established root canal sealer
that is considered the gold standard for using
as a control endodontic sealer because of its
efficient physicochemical and sealing ability (4).
Recently developed calcium silicate-based sealers
have been introduced with their sufficient sealing
ability, good biocompatibility and bioactivity (5).
iRoot SP (Innovative Bioceramix, Vancouver, BC,
Canada) which is also one of the silicate-based
sealers demonstrated excellent physicochemical
properties (6) and demonstrates lower cytotoxic
and genotoxic effects compared to traditional
epoxy resin-based sealers (7). In addition, it has
favorable flowability and small particle size
which enable the sealer to penetrate deeper into

dentinal tubules compared to AH Plus (8).

However, the depth and consistency of
sealer penetration were influenced by the physical
and chemical properties of the sealer such as
flowability, particle size, solubility and viscosity
(3,9) as well as the size and number of dentinal
tubules (10). According to Carrigan et al (11),
the number of dentinal tubules diminishes with
advancing age and towards the apical region.
Besides, the diameter of the dentinal tubules
narrows with advancing age because of the
formation of peritubular dentine or calcification
(12). This formation of dentine occurred due to
physiological changes (10,12,13) hence there
might be a correlation between the tooth age
and the sealer penetration of the root dentine
(14).

The aim of this study was to compare
dentinal penetration of iRoot SP and AH plus
according to different ages of a tooth at cervical,

middle and apical thirds of the root.

Materials and Methods

Tooth selection

Under ethical approval (SWUEC-661012),
Single-rooted premolars extracted from <25 and
>40-year-old patients were selected (n = 32).
The extracted teeth were stored in a 0.12% thymol
solution and were utilized within 3 months. All
specimens were free of root caries, no cracks or
fractures, closed apices and a curvature of less
than 5 degrees (15).

Digital periapical radiographs were obtained
in 2 orientations (buccolingual and mesiodistal)
to confirm the existence of a single root canal.
Only teeth with an IAF ranging from size #20
to #25 were included to standardize the initial

canal dimensions prior to preparation. Selecting
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root canals with a buccolingual to mesiodistal
width ratio ranging from 1.5 to 2.0 at 5 mm from
the root apex ensures consistency in the canal
morphology of the selected specimens (16).

Tooth Preparation

All teeth were decoronated to achieve a
standardized root length of 12 mm using a slow-
speed diamond saw (Isomet 1000; Buhler, Lake
Bluff, NY). The root canals were then prepared
for their working lengths to be shorter than the
root apex by 1 mm, using the ProTaper Next
rotary nickel-titanium system (Dentsply Sirona,
York, PA) up to size 40/.06. During the preparation
of the root canals, a 2.5% sodium hypochlorite
solution (M Dent, Bangkok, Thailand) was used
for irrigation. The final irrigation involved 3 mL
of 17% EDTA (Endo Clean; M Dent, Bangkok,
Thailand), followed by 5 mL of 2.5% sodium
hypochlorite. The prepared canal was subsequently
dried using three size 40/.06 paper points (Dentsply
Sirona, York, PA).

Treatment Procedures

The specimens were randomly assigned
to 4 groups (n = 8) according to Tooth age and
types of sealer as follows: (1) Tooth age <25
years/AH plus (2) Tooth age <25 years/iRoot SP
(3) Tooth age >40 years/AH plus and (4) Tooth
age >40 years/iRoot SP. Each of the sealers was
labelled with 0.1% rhodamine B (Loba Chemie,
Mumbai, India). The canal was filled using the

single cone technique with ProTaper Next 40/.06

gutta-percha cones (Dentsply Sirona, York, PA).
The specimens were kept at 37°C and 100%
humidity for 7 days to ensure that the sealer is
completely set.

Evaluation by Confocal Laser Scanning
Microscopy Evaluation (CLSM)

The specimen was cross-sectioned in
1 mm at 2, 5 and 8 mm from the root apex
using a slow-speed diamond saw. Each section
was then polished for 10 seconds on wet abrasive
papers with grits of 800, 1200, 1500, 2000,
respectively. The samples were examined with
CLSM (FV10i-DOC; Olympus, Tokyo, Japan) at
10x magnification. The mean of the maximum
sealer penetration depth (um) and circumferential
sealer penetration depth (%) were measured and
evaluated using the ImageJ software (National
Institutes of Health, Bethesda, MD). After 7 days,
20% of the measurements were reanalyzed using
the intraclass correlation coefficient (ICC) to
assess intra-examiner reliability. Good agreement
was achieved, with the correlation coefficient
scoring 0.89.

Analysis of Sealer Penetrability

To evaluate the mean of the maximum
sealer penetration depth (um), the maximum
penetration lengths of the sealers were measured
at 8 points at 45° angles. The total value of the
maximum penetration lengths was then divided

by eight for each sample.
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The mean of the maximum sealer penetration depth (LUm)

= (Length (Buccal+Mesiobuccal+Mesial+Mesiolingual+Lingual+Distolingual+Distal+Distobuccal))

8

The percentage of circumferential sealer

penetration depth was determined by dividing

the canal perimeter with sealer penetration by

the total canal perimeter, and then multiplying
the result by 100 (17).

Percentage of circumferential sealer = (The canal perimeter with sealer penetration) x100

penetration depth (%)

Statistical Analysis.

Statistical analyses were conducted using
SPSS (Statistics 20; SPSS Inc., Chicago, IL). The
Kolmogorov-Smirnov test was utilized to evaluate
normal distribution, while the Levene test was
applied to assess homogeneity of variance.

A two-way analysis of variance was
performed to analyze the mean maximum sealer
penetration depth and circumferential sealer
penetration depth. To identify significant differences

between groups, a Tukey’s HSD test was carried out.

(The total canal perimeter)

Results

The study shows a mean of the maximum
sealer penetration depth and the percentage of
circumferential sealer penetration depth (Table 1).
Fig 1 demonstrate representative samples of
confocal images of the different groups and

different levels of root.
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Table 1 the mean of the maximum sealer penetration depth and the percentage of circumferential

sealer penetration depth.

G The mean of the maximum sealer The circumferential sealer
roup
penetration depth (um, mean * SD) penetration depth (%, mean * SD)
C M A C M A

25 AH plus 1072.39+260.32%% 677.94+168.73" 208.72+49.04*° 9828+283"% 86.98+7.80*% 40.73+17.02*°
< 25 years

iRoot SP 1493.10+279.41%2 115348+236.618° 527.17+122.955°9875+2.74*% 88.08+9.13" 66.89+17.872°

" AH plus  782.05+154.82°% 437.33+107.43%° 62.27+14.82°° 8961+13.1252 70,80+ 16.365° 21.81+£8.45°°
> 40 years

iRoot SP 1351.30+29949%% 741.10£109.40°° 87.70+20.92°° 89.53+9.955% 74.08+15.705° 26.17+9.30°°

A, apical level; C, coronal level; M, middle level

Different uppercase letters (A-D) within each root level (coronal, middle, apical) indicates statistically
significant differences between the experimental groups (p < 0.05).

Different lowercase letters (a—c) within each experimental group indicates statistically significant

differences among root levels (coronal vs. middle vs. apical) (p < 0.05).
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Fig 1. Representative CLSM images of sealer penetration of each of the experimental groups

and levels of root (10x magnification). <25 years/AH plus: coronal (A1), middle (A2),
and apical (A3) thirds; <25 years/iRoot SP: coronal (B1), middle (B2), and apical (B3) thirds;
>40 years/AH plus: coronal (C1), middle (C2), and apical (C3) thirds; >40 years/iRoot SP:
coronal (D1), middle (D2), and apical (D3) thirds.
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Regarding results on different Tooth ages
in this study, the mean of the maximum sealer
penetration depth in Tooth age <25 years with
iRoot SP sealer was significantly higher than
Tooth age >40 years with iRoot SP sealer at
middle and apical third of root. While Tooth age
<25 years with AH plus sealer was significantly
higher than Tooth age >40 years with AH plus
sealer at all root levels (p < 0.05). Moreover,
Tooth age <25 years with iRoot SP or AH plus
had the circumferential sealer penetration depth
significantly higher than the Tooth age >40 years
with iRoot SP or AH plus at all root levels (p < 0.05).

Regarding the results on the same Tooth
age groups, iRoot SP and AH plus have significantly
different on the mean of the maximum sealer
penetration depth for all the root levels except
apical third of tooth age >40 years (p < 0.05).
While the circumferential sealer penetration
depth in iRoot SP and AH plus have significantly
difference on only apical third of tooth age
<25 years (p < 0.05). However, iRoot SP group
had a mean of the maximum sealer penetration
depth and the circumferential sealer penetration
depth higher than AH plus at all root levels for

each of the age groups.

Discussion

In this study, confocal laser scanning
microscopy (CLSM) was used to evaluate sealer
penetration, because of its several advantages
over scanning electron microscopy (SEM),
including non-destructive sample, optical sectioning,
and 3D reconstruction capabilities (18,19).
Additionally, this CLSM analysis was performed
from the surface of the samples to a depth of
20-30 pm to avoid surface artifacts and smear

layer (20). The acquired depth layers were

subsequently superimposed to generate a 3D
image that represents the sealer’s penetration
pathway. While CLSM offers excellent resolution
and suitability for sealer penetration analysis, it
does have limitations, such as a relatively small
field of view and the need for fluorescent labeling.
However, these drawbacks were unlikely to
influence the current results, as the study’s
primary objective is quantifying the depth of
sealer penetration into dentinal tubules which
was well aligned with CLSM’s strengths.

This study used 0.1% rhodamine B as a
fluorophore to identify sealers within the dentinal
tubules (21). This concentration was adequate
for creating the clarity of the CLSM images,
while not altering the physical properties of the
sealers (22). In our pilot test, we observed that
rhodamine B did not penetrate beyond the sealer.
The reason might be because tooth preparation
in this study did not remain enough moisture in
the dentinal tubule, which lead the rhodamine
B affinized to the sealer instead of moisture in
the tubules (23). This finding is in agreement
with the pilot test conducted by Patel et al (24),
which reported that rhodamine B-non-labeled
sealers exhibited penetration depths comparable
to those of rhodamine B-labeled sealers.

Measuring sealer penetration is a surrogate
measure of sealing ability, as it provides insight
into the effectiveness of the sealer in filling voids
and irregularities within the root canal system.
This evaluation assesses the sealer’s effectiveness
in preventing bacterial ingress, which is crucial
for the long-term success of endodontic treatment.
Several techniques have been used to assess
sealer penetration. However, there is no standard
technique yet. In previous studies, the researchers

usually measured the mean sealer penetration
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depth by using the average of the deepest 4
points at the buccal, lingual, mesial and distal
directions (25,26). Whereas, in teeth exhibiting
the butterfly effect, there is a significantly greater
number of dentinal tubules in the buccolingual
direction compared to the mesiodistal direction.
This variation in tubule orientation may influence
the behavior of sealers within root canals,
resulting in a significantly greater depth of sealer
penetration in the buccolingual direction (27,28).
To have more reliability on the results, more than
4 points should be measured. Thus, in this study,
the sealer penetration depth was measured at 8
points. This study also measured the percentage
of circumferential depth for every sample to confirm
the results of the mean sealer penetration depth
and demonstrate the penetration and distribution
of sealer around the root canal. This measurement
indicated the sealing effectiveness against
microorganisms within the dentinal tubules,
independent of the depth of sealer penetration (29).

Several factors may affect both the mean
of the maximum penetration depth and percentage
of circumferential sealer penetration. These factors
include the physical and chemical properties
of the sealer, including particle size, flowability,
viscosity, and film thickness; the characteristics
of the dentinal tubules; the effective elimination
of the smear layer; and the technique used for
obturation. This current study focused on sealer
penetration into dentinal tubules. Obviously, age
influences the changing diameter and density
of dentinal tubules. Sclerotic dentin begins to
develop in the apical root region during the third
decade of life and progressively advances coronally
with age (12,30). This phenomenon also increases

with advancing age, even in impacted teeth that

are not exposed to pathological or functional
stimuli (31,32). Therefore, in the present study,
age of tooth <25 and >40 years old were chosen
to represent before and after sclerotic dentin
occurring in the tooth.

This study demonstrated that Tooth age
>40 years had mean of the maximum sealer
penetration depth and circumferential sealer
penetration depth lower than the age of the tooth
<25 years. This reduction in the elderly tooth
group is primarily attributed to the presence of
advanced sclerotic dentin and calcification. This
type of dentin, characterized by its dense and
mineralized structure, acts as a barrier to sealer
infiltration, making it more difficult for materials
to effectively penetrate into the dentinal tubules
and contributing to decreased dentin permeability
(12,14). Besides, the distribution pattern of sclerosis
was consistent across all teeth. In the transverse
plane of the root, sclerosis changes first appeared
on the mesial and distal sides, leading to the
formation of sclerotic zones with a characteristic
butterfly shape. This sclerotic zone widened with
increasing age, further limiting the pathways
available for sealer penetration (12). This result
is in agreement with Thaler et al (14) which
reported that the dye penetration significantly
decreased with increasing the age of the patient.
This suggests that the physiological changes
associated with aging not only affect the structural
integrity of the dentin but also impede the
efficacy of root canal sealers, thereby impacting
overall treatment outcomes. The implications of
these results highlight the importance of considering
patient age and associated dental changes
when evaluating the effectiveness of endodontic

treatments.
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Our findings revealed that iRoot SP had
sealer penetration depth higher than AH plus at
both age groups and all root levels in agreement
with Wang et al (8) and Akcay at al (33). Moreover,
This was consistent with the findings of Muedra
et al (34), which compared sealer penetration
into dentinal tubule using tooth age 50-70 years
old, and reported that EndoSequence BC sealer
exhibited a significantly greater penetration
compared to AH Plus. These results showed that
iRoot SP still had better penetration in the elderly
tooth age group. This probably related to a small
particle size of iRoot SP (<1 um) (35) which was
smaller than AH plus (1.5-8 pym) (25) so iRoot SP
had deeper penetration into the dentinal tubules
(ranging between 2-3 um (17)) than the other.
Furthermore, the flow properties and viscosity of
endodontic sealers might determine effectiveness
of the sealer penetration into dentinal tubules.
Zhou et al (36) showed that BC sealer exhibited
a higher flow than AH plus.

Regarding root levels, we found that sealer
penetration at the coronal and middle levels
were significantly deeper than the apical level.
This penetration decreased from the coronal to
the apical third, regardless of the type of sealer
used. This result was consistent with the findings
of the previous studies (29,37,38). One explanation
could be due to decreasing on diameter and
density of dentinal tubule in apical levels and
apical level occurred sclerosis more than coronal
and middle levels (12). Moreover, the coronal
level had more efficiency in delivery of irrigation
and better on removal of smear layer. Hence,
these explain sealer penetration trend decreasing
from the coronal region towards the apical region.
Although sealer penetration into dentinal tubules

plays a role in improving the seal and entombing

residual microorganisms, it is only one of several
properties that contribute to the long-term success
of root canal treatment. Other factors such as
bond strength to dentin, sealing ability under
functional conditions, and material stability are
also critical. Future studies should consider
evaluating these properties in parallel to determine
their relative contributions to clinical outcomes.
This will provide a more comprehensive under-
standing of the overall performance of endodontic
sealers.

These findings suggest that tooth age is
an important factor affecting the clinical
performance of root canal sealers. In older
patients, reduced sealer penetration due to
dentinal sclerosis may compromise long-term
sealing, especially in the apical region (12,14).
Therefore, clinicians should carefully consider
age-related dentin changes when selecting
obturation techniques or materials. Calcium
silicate-based sealers such as iRoot SP, which
exhibit superior penetration even in sclerotic
dentin, may be more advantageous in older
populations.

Within the limitations of the present study,
results indicate that calcium silicate-based sealers
penetrated dentinal tubules better than AH plus.
However, their effectiveness was diminished
in the elderly group compared to the younger
group. Therefore, future research should focus
on comparing various calcium silicate-based
sealers to determine which one provides better
penetration into the dentinal tubules of elderly
teeth. This will facilitate the selection of appropriate
materials and techniques, ultimately enhancing
treatment outcomes in endodontic procedures

for older individuals.
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Conclusion
Tooth age and types of sealer affected the
mean of the maximum sealer penetration depth

and circumferential sealer penetration depth.
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Push-Out Bond Strength of Calcium Silicate-Based Sealer to
Root Canal Walls After Three Retreatment Techniques

Worachai Malert' Suwit Wimonchit'”

Abstract

Objective: To compare the push-out bond strength of calcium silicate-based sealer to root
canal walls after three retreatment techniques in teeth with initial treatment with gutta-percha/AH
plus.

Materials and methods: Forty human single-rooted maxillary anterior teeth were decoronated
to standardize with a root length of 16 mm. The roots were randomly divided into four groups of 10
roots each. The control group was performed without retreatment. The experimental groups were
obturated with AH Plus® followed by retreatment using three retreatment techniques as follows;
Mtwo R®, Mtwo R® with GuttaClear, and Mtwo R® with Xylene after 7 days of initial treatment. Al
samples were re-obturated with iRoot SP®and were stored for 7 days. Sections of 2 mm thickness
was performed perpendicularly to the long axis to obtain 3 slices per root, and then loaded by a
Universal Testing Machine until dislodgement. The maximum load was recorded in MPa and specimens
were inspected for failure mode. The data were analyzed by One-way ANOVA and Tukey’s Test
with a significance level of 0.05.

Results: The highest bond strength was expressed in non-retreatment group followed by
retreatment groups. From statistical analysis, at the coronal and middle levels, the bond strength
between control group and Mtwo R group did not show significant differences, however, the Mtwo
R group was superior to Mtwo R with both gutta-percha solvents. At the apical level, no statistically
significant difference was noticed. The pattern of filling dislodgement as cohesive failures was
predominantly observed.

Conclusion: The use of rotary instrument to remove gutta-percha/AH plus is appropriate for

retreatment gutta-percha/calcium silicate in term of push-out bond strength.

Keywords: Adhesiveness, Biocompatible materials, Endodontics, Epoxy resin-based root canal

sealer
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Introduction

The removal of the existing root canal filling,
which facilitates disinfection and instrumentation
from the failed primary endodontic treatment,
is one of the steps for non-surgical endodontic
retreatment (1). Residual gutta-percha after root
canal retreatment acts as a mechanical barrier
to necrotic tissues or bacteria and to prevent
irrigating solutions, intracanal dressings, and root
canal filling material from attachment to the canal
walls (2), The consequences may affect the success
rate of root canal retreatment (3). Complete
removal of root canal filling material appears to
be essential role in retreatment procedures (4).

AH plus is one of the most common sealers
used in the initial treatment. Although the treatment
results of gutta-percha/AH plus are promising
(5), some treated teeth need retreatment to correct
the unsolved problems. Martins, et al. (6) demonstrated
that either continuous or reciprocating rotary
instruments were unable to clean the root filling
of gutta-percha,/AH plus completely due to sealer
penetration into dentinal tubules. This result was
confirmed by the study of Simsek, et al.(7), which
showed the number of debris free-dentinal tubules
after retreatment in resin-based sealer group was
still low due to presence of resin tag in dentinal
tubules. These circumstances should be one of
causes in failure of retreated cases, which imply
the adaptation reduction of new root canal filling
to dentinal walls.

Several reports showed that the quantity
of the remaining root canal filling after filling
removal varied from systems of NiTi rotary
instruments used (8-10) and the size of the last
instrument used (11). Madhu and his colleagues

revealed that Mtwo R instruments had maximum

efficacy for the removal of root filling materials
over ProTaper® retreatment files, WaveOne®
files, and Hedstrom files (12).NiTi rotary file
selection, both type and size, may be the
decisive factor for retreated canal preparation.

In retreatment procedure, the use of new
endodontic sealer is aimed for the reconstruction
the connection between root canal walls and
root canal filling. Several endodontic sealers are
used for endodontic retreatment such as zinc
oxide eugenol sealer, epoxy resin sealer, calcium
hydroxide-based sealer as well as calcium silicate-
based sealer. Selection of appropriate root canal
sealer may be one of important points for success
rate increase (13-14), Veeramachaneni, et al (15)
reported that push-out bond strength of bioceramic
sealer is higher than epoxy sealer in various clinical
situation. The results from previous studies showed
good sealability in primary endodontic treatment,
calcium silicate-based sealer may be the sealer
of choice in retreatment. Push-out bond strength
is generally used to evaluate interfacial bond
strength between the materials and root canal
walls (16-17) in the endodontic field. This method
has the advantage of permitting the evaluation
of low bond strength, even like root canal sealer
(18).

As mentioned earlier, various gutta-percha
removal techniques resulted in different root canal
surface and eventually different bond strength
which vary to the type of initial sealer and
retreated sealer. Yavari et al. (19) showed that
AH plus used as a initial and retreated sealer
exhibited higher bond strength than MTA-based
sealer with same situation. Da Rosa et al. (11)
demonstrated that additional apical enlargement

from initial apical size may increase the root
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canal-free surface, which may create more bond
strength of each sealer. Further studies are
required to investigate the bond strength properties
of calcium silicate-based sealer in retreatment in
case of additional apical enlargement and gutta-
percha solvent use.

The bond strength of calcium silicate
sealer is generally created from the material
reaction with humidity in dentinal tubules to form
hydroxyapatite which grows both on the dentin
sealer interface and deep inside the tubules (20).
The study of Ersahan and Aydin (21) showed
that iRoot SP® sealer had higher push-out
strength than resilon/epiphany. Several studies
showed that the use of gutta-percha solvent,
both organic and inorganic solvent, led to more
residual root filling or root canal walls than use
of endodontic file only (12,22-23). No studies,
involved additional apical enlargement combined
with gutta-percha solvent, on push-out bond
strength were performed. Thus the present study
was intended to assess the push-out bond
strength of calcium silicate-based sealer to the
retreated root canal walls after three retreatment
techniques in teeth with initial treatment with

gutta-percha/AH plus.

Materials and Methods

The research was authorized by the Human
and Research Ethics Committee of Srinakharinwirot
University (SWUEC-661003). The study was
conducted in accordance with the principles of
the Declaration of Helsinki. A G*Power calculation
(software version 3.1.9.4) was used to calculate
the sample size based on a previous study done
by Shokouhinejad et al. (24) using an effect size

of 0.70 with a power of 0.80 at a statistical

significance level of 0.05 to determine a minimum
sample size of 10 in each group.

Forty extracted human single-rooted
maxillary anterior teeth were chosen and kept in
0.1% thymol solution. Roots with an open apex,
root curvature or root fracture were excluded.
Digital periapical radiographs (Focus™ Intraoral
x-ray, KaVo, Tuusula, Finland) were taken in
buccolingual and mesiodistal views to confirm
the presence of a single root canal with a normal
root canal.

All of them had crown removed at or
below CEJ to standardize a root length of 16
mm. The maximum diameter of the root canal at
coronal end was measured using a digital vernier
caliper (Mitutoyo; Absolute DIGIMAX, Kanagawa,
Japan) and the initial apical file size (IAF) was
confirmed by insertion 30 K-file (K-file: Dentsply
Sirona, North Carolina, USA) to the apex. To
standardize the size of the specimen, any root
with a coronal diameter less than 1.40 mm or
greater than 1.50 mm or IAF larger than size 30
K-file was excluded.

After selection, all of them were submerged
in acrylic resin block and then established the
working length at 1 mm short from the apex.
The Mtwo rotary system (Mtwo® file, Vereinigte
DentalWerke:VDW, Munich, Germany) was operated
under torque control 2 N/cm torque. Sequentially,
the Mtwo rotary system was used until apical
size 40/.06 of the root canal was reached. The
canals were irrigated between each instrument
with 5 mL of 2.5% sodium hypochlorite (M-Dent,
Mahidol University, Bangkok, Thailand).

All of them were randomly distributed into
four groups of 10 roots each according to the

retreatment techniques.
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Group I: Control group (Root canal treated
teeth without retreatment)

In the control group, the root canals were
continuously instrumented to 45/.04 M two® file.
and rinsed with 3 mL of 17% EDTA (M-Dent, Ma-
hidol University, Bangkok, Thailand) for 1 minute,
5 mL of 2.5% sodium hypochlorite and finally
irrigated with 5 mL of distilled water. The root
canals were dried with paper point and then
obturated with single-matched cone gutta-percha
(VereinigteDentalWerke:VDW, Munich, Germany)
with premixed calcium silicate-based sealer
(iRoot SP®, Innovative BioCeramix Inc, Vancouver,
Canada) by using a syringe with a suitable tip
inserted into the canal and gently placed the
sealer 2 millimeters far from the apex, followed
by putting a sealer-coated gutta-percha cone into
the canal. The periapical radiograph was taken
in two directions, buccolingually and mesiodistally,
to confirm the quality of root canal filling. end of
the filling was heated to make 2 mm space and
filed by Cavit-G® (3M ESPE, St. Paul, Minnesota,
USA) and stored in the container at 37°C and
100% humidity for 7 The coronal days.

Group II: Mtwo® (Retreatment with rotary
Niti files)

Firstly, specimens in this group were rinsed
with 3 mL of 17% EDTA for 1 minute followed
by 5 mL of 2.5% sodium hypochlorite. The root
canals were dried with paper points and initially
obturated with single-matched cone with Epoxy
resin-based sealer (AH Plus®, Dentsply DE Trey,
Konstanz, Germany) under a warm vertical technique.
The specimens were verified the quality of

obturation and stored as group |.

After that period, the temporary stop
was removed and gutta-percha underneath was
removed using 25/.05 Mtwo® R instruments
until reach the working length. To complete
instrumentation, an additional 45/.04 Mtwo® file
was used to remove residual materials. All of
these procedures were performed under a dental
operating microscope (Carl Zeiss OPMI ProErgo;
Carl Zeiss Meditec AG, Jena, Germany) at 10x
magnification to prove no filling remnant inside
the root canal. All of the prepared root canals
were rinsed with 3 mL of 17% EDTA for 1 minute,
5 mL of 2.5% sodium hypochlorite and finally

irrigated with 5 mL of distilled water.

Group lll: Mtwo® plus organic solvent (Retreatment
with rotary Niti files and D-limonene)

The root canals were obturated as described
in group Il. After 7 days of storage, the gutta-
percha was removed by Mtwo® instruments in
conjunction with 0.5 mL of D-limonene (GuttaClear,
M-Dent, Mahidol University, Bangkok, Thailand).
Final instrumentation was performed to remove
residual materials with 45/.04 Mtwo® file. All of
these procedures were performed under a dental
operating microscope at 10x magnification to
prove no filling remnant visible inside the root

canal.

Group IV: Mtwo® plus inorganic solvent
(Retreatment with rotary Niti files and xylene)

All procedures were done as described in
group Il and were prove under microscope at
10x magnification, but 0.5 mL of xylene (M-Dent,
Mahidol University, Bangkok, Thailand) was used

as gutta-percha solvent.
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Finally, specimens in the group I, lll, and
IV were obturated with gutta-percha and iRoot

SP® and kept as the protocol presented in group .

Push-out bond strength testing procedures
Each obturated retreated root was sectioned
with the precision saw (IsoMet 1000 Precision

Saw, Buehler Ltd, Lake BIuff, lllinois, USA) into

three 2 mm-thick root slices, representing the
coronal, middle, and apical levels. The sections
were performed as shown in Fig 1. Each slice
was examined for the completeness of the
obturating material and measured the diameter
of the lumen as shown in representative image
(Fig 2).

2 mm

3 mm

Fig 1. Slicing dentin thickness of the sample.

Fig 2. Representative images of root sliced specimens (x50).
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Push-out test was performed by vertical
loading with a Universal Testing Machine (EZ-
Test; Shimadzu, Kyoto, Japan) at a crosshead

speed of 0.5 mm/min as presented in Fig 3. The

Push-out bond strength (MPa)

Push-out bond strength (MPa)

plunger sizes 1.0 mm, 0.8 mm, or 0.6 mm were
assigned to different levels of slice to match the
lumen diameter. The maximum load was recorded

(N) and calculated into MPa.

Maximum load (N)

Area (mm?)

Maximum load (N)
TUR+r)h

R = Mean radius of the coronal part in millimeter.

r = Mean radius of the apical part in millimeter.

h = Height relative to the tapered inverted cone in millimeter.

Fig 3. A vertical loading was delivered to the specimen using a Universal Testing Machine.

Determination of the mode of failure, the
sample was examined under stereomicroscopy

(Olympus EP50, Olympus optical Co., Tokyo,

Japan) at x50 magnification as follows: adhesive

failure, cohesive failure within the sealer, and

mixed failure (25).
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Statistical analysis

Statistical analysis of the push-out bond
strength was performed using IBM SPSS Statistics
20 (SPSS Inc, Chicago, lllinois, USA), Normal
distribution was determined using the Shapiro-
Wilk test. Homogeneity of variance was checked
using the Levene test and used one-way ANOVA
and Multiple comparison test (Tukey’s Test) for
comparing the statistically significant difference

with a 95% confidence interval.

Results

From Shapiro-Wilk’s test and Levene test,
they showed normal distribution and homogeneity
of variance, respectively. Considering the level,
no significant difference was found between only
the control group and Mtwo R group in the coronal
and middle level. However, push out bond strength
in the apical level did not present significant

difference among all experimental groups.

Considering the effect of solvents, the
Mtwo R with both solvents group exhibited less
bond strength compared to the group not use of
solvents, control and Mtwo R group. Moreover,
no statistically significant difference in bond
strength could be observed between the two
solvent groups.

At the middle level, the control group
and Mtwo R alone group showed no significant
difference in push-out bond strength, nevertheless,
both groups surpassed observed in the Mtwo
R with solvents groups. At the apical level, no
significant difference was observed among all
experimental groups.

The mean and standard deviation of the
push-out bond strength of various retreatment
techniques are presented in Table 1. The highest
mean push-out bond strength was observed in

the no retreatment group (group I).

Table 1. The push-out bond strength of the experimental groups

Push-out bond strength (MPa, mean #* SD)

Experimental groups

Coronal level Middle level Apical level
Group | 457 £ 0.822 3.47 £ 0.40° 2.12 + 0579
Group I 4,01 + 0.832 3.02 + 0.62* 2.00 + 0.409
Group Il 3.56 + 0.65bc 2.26 + 0.54** 1.90 + 0.669
Group IV 3.31 + 0.48¢c 212 + 0.61** 1.75 + 0.28C

Different superscript letters indicate a significant difference in the columns (p < .05).
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All failure modes of all slices were presented

in Fig 4. The majority type of failure was a

35
30
25

20

Adhesive failure Cohesive failure

W Group |

Group Il

cohesive failure which demonstrated some part

of material remnants on the root canal wall.

Mixed failure

| Group lll | Group IV

Fig 4. Graph presenting the analysis of failure modes for the experimented groups.

Discussion

Use of AH plus in initial treatment seem to
have no effect on the push-pout bond strength
of calcium silicate sealer (i rootSP) as a retreated
sealer. One of these explanations is no interaction
between both sealers while the other is effect
of additional enlargement which made the close
surface character between group | and group I
in term of either smear layer or surface topography.
Additional enlargement in group Il should remove
more resin tag extension in dentinal tubules as a
described in Simsek, et al ‘s study (7).

These results confirmed the effect of
additional enlargement of root canals, as shown
in group ll, which may allow more removal of
both root canal dentin walls and residual root
canal filling (26-28). This procedure resulted in
the exposure more dentinal tubules and more
cleaning of dentin (29), which facilitated the

sealer penetration as presented in group | (30).

These more intimacies in group | and Il elevate
the push-out bond strength by increasing
frictional forces between the sealer and the root
canal walls by ingrowth of hydroxyapatite crystal
in the dentinal tubules (31). The results of the
present study differ from Palhais and his colleagues’
study (32), which showed a higher push-out
bond strength in the no retreatment group. These
differences could be attributed to the presence
of additional root canal enlargement in our study.
Although the AH Plus sealer exhibits variable
penetration depth into dentinal tubules (33).
The additional enlargement just one size allows
greater contact of the instrument and dentin
walls reducing residual filing not only in the
apical level but also in the middle and coronal
levels (11,34). It confirmed by the observational
study that success rate of 90.4% after 2 years
was observed after apical enlargement from size
40 to 60 (35).
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A reduction in push-out bond strength
of retreatment with both organic and inorganic
solvents was aligned with the outcomes of
several studies (24,32). They have highlighted
the solvent-induced formation of a thin layer of
softened gutta-percha covered the root canal
walls and dentinal tubules, which reduces the
adaptability of calcium silicate sealer to root
canal walls, which is difficult to remove even
in additional apical enlargement condition, thus
impeding effective sealer penetration (22) and
finally reduced reaction of calcium silicate with
humidity in dentin. In addition, the complex and
variable anatomy of the root canal system also
significantly impacts the effectiveness of removing
root filling and cleaning during root canal
retreatment (28). Moreover, the smear of softened
gutta-percha should be covered the dentin wall
during the treatment, These situations impeded
both material adaptability and product reaction
with root canal (22,30).

The decreasing bond strength from the
coronal to apical direction in all specimens was
observed. It could be explained by the higher
number and the larger diameter of dentinal
tubules presented in the cervical area than middle
and apical areas, respectively. These characteristics
facilitated penetration enhancement of the new
filling material into the dentinal tubules (36-37),
which accomplished mechanical lock, potentially
augmenting the retention of the root filling (38).
Additionally, the lowest bond strength in the
apical level may be from dentin composition, the
least number and also the least opening of dentinal
tubules in apical third of root canal. The dentin
in these situations is difficult to make dentin surface

improvement and good bond as well (39).

The pattern of filling dislodgement as
cohesive failure was predominantly observed in
specimens following the push-out bond test to
all experimental groups, which is similar to the
results of various studies (24,32,36). The explanation
of the cohesive failures within the sealer in the
control group was the strong adhesion of the
calcium silicate-based sealer to radicular dentin.
Similarly, the retreatment specimens, it can be
attributed to the weak interaction between the two
different sealers (AH Plus and calcium silicate-
based sealers) (40). Moreover, the occluded
remnants of initial root canal filling materials
did not affect to the refilling materials (32).

In surrogate outcome, several techniques
have been proved to be an importance to reflect
the ongoing success of the treatment, sealability
or leakage studies frequently was studied,
nowadays, the results varied due to many affected
factors. The push-out test measures the shear
stress between the sealer and the root canal
walls which is similar to the stress produced
under clinical circumstances (41). This method is
efficient and reproducible, and also measurable
even in conditions where the bond strength is
low (42). Moreover, it is possible to evaluate the
different adhesion values for each level of the
root canal. Thereby, this study was selected to
test the push-out bond strength of sealer due to
its reliability and accuracy by applying a force
parallel to the bonding surface causing failure
from the actual shear test, as well as simulating
clinical scenarios closely (17). The major drawback
of push-out bond test is difficult to control either
geometric form or diameter, which can lead to
inaccurate results and to standardize test (43-44).

However, in this study, the size and geometry
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of each slice would be measured and confirmed
before the test started.

This study focused on the impact of apical
enlargement and use of different retreatment
techniques on bondability of calcium silicate
sealer in retreatment. Further research should be
performed with new techniques for cleaning the
retreated root canal walls, where difference in
cleanliness was exhibited the bond strength may
be increase and new protocol of retreated root

canal cleaning may be developed.

Conclusion

The push-out bond strength between
calcium silicate-based sealer and the root canal
walls using various retreatment techniques was
significantly different. The highest push-out bond
strength was observed in the case of retreatment
without solvent when using calcium silicate-based

sealer.
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C. albicans and the Antioxidant Activity of Litchi Extract
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Abstract

Objective: This study aimed to evaluate the antimicrobial activity against oral pathogens and
the antioxidant properties of lychee extracts.

Materials and Methods: The research methodology involved extracting lychee pulp with
water and drying it using spray drying, as well as extracting lychee seeds with water and drying
them using freeze drying. Lychee juice was also extracted for analysis. The antimicrobial activity
of lychee pulp and seed extracts was tested using the agar well diffusion method and the broth
microdilution method. Antioxidant activity was assessed using the DPPH radical scavenging assay.

Results: Extracts from both the pulp and seeds of Emperor and Hong Huay lychee cultivars
showed no antibacterial activity against S. mutans or antifungal activity against C. albicans. However,
the seed extracts demonstrated good antioxidant activity, with a value of 31.75 mg equivalent of
ascorbic acid per gram of extract. Fresh lychee juice also exhibited antioxidant activity, with a total
antioxidant value of 0.02719 mg equivalent of ascorbic acid per gram of extract, respectively.

Conclusion: Extracts from lychee flesh and seeds have no antibacterial activity against
S. mutans and antifungal activity against C. albicans, but lychee seed extract shows good antioxidant

properties.
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I EnALET HAMIFUBYNADFTEIINYDIANTENA
fetie 31.75 mg eq Ascorbic/g extract lagis
DPPH Method suanfviinauantifiruauyadase

' '
aa =

A (M3NN 1)

a5l 1 wamsiudaralsaludasnuazgnmsfiusyysdassaasansainaud

Table 1: Antimicrobial activity against oral pathogens and antioxidant activity of lychee extract.

Agar well diffusion broth microdilution qwénﬂiﬁﬂu
S. mutans  C. albicans S. mutans C. albicans mggaﬁmz
q1INNA Inhibition Inhibition MBC MBC (mg eq Ascorbic
zone (mm) zone (mm) (mg/mil) (mg/mil) /g extract)
iloaudmeiuginwssi 0 0 No No -
iloaudmeugavans 0 0 No No -
winAUS Mot 1 0 0 No No 31.75
\WEAAU Fatnl 2 0 0 No No -

No = LifignSvhareide; - = Widvhmmessy
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3. gnBn1senusyyadasTaIUNAUR TMINMBE NN 1 fA1winiy 0.02719 mg eq
dmiuwasunIiueyyadaIrIavaud  Ascorbic/g extract Uvuanfviamuantidayya
fuaalaeds DPPH Method HFmsfuayyaday ez (3N 2)

M3 2 gnBnsinuaYYadIIzYRIaNNAUIAUER

Table 2: Antioxidant activity of fresh lychee juice.

L ansmsAiuayyadasy

(mg eq Ascorbic/g extract)

Thauafoened 1 0.02719

——

50 mg/ml

gﬂ‘i'i 1 MmanasaugnaTavssainaaauiRaile S. mutans #1833 agar well diffusion
A. SSERALNEARUS (Matnsfi 1) B. ssannuaaaus (fated 2)
C. positive control was negative control
Fig 1. Testing the effect of lychee seed extract on S. mutans using the agar well diffusion
method. A. Lychee seed extract, (Sample 1) B. Lychee seed extract, (Sample 2)

C. Positive and negative controls.
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100 mg/mi y . . , /425 mghmi |

100°mg/ml

6.25 mg/ml

§1J17i 2 ManasaLgNaTesEsainNEAauIABIde C. albicans #1833 agar well diffusion
A. ESEAANEARUS (Watnsit 1) B. asainuanaus (fatei 2)
C. positive control LLaZ negative control
Fig 2. Testing the effect of lychee seed extract on S. mutans using the agar well diffusion
method. A. Lychee seed extract, (Sample 1) B. Lychee seed extract, (Sample 2)

C. Positive and negative controls.
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50 mg/ml
e J 50 mg/ml

\

25 mg/ml

F h
[ I 50 mg/mi 50 mg/ml ‘ 625 mg/mi 12,5 mafmi |\

50 mg/mi 6:25 mg/ml

25 mg/ml ) p \ 5 £76.25 mg/ml

BHI no +ia ;
BHI no \ia

l »-Qmi" BHI-‘I.J:’IQ'
© ©

gﬂﬁ 3 mImasTaugNETesEsainNEnaUIADIEa S. mutans §e33 broth microdilution
A. ESERANEARUS (fatnsii 1) B. asainuaaaus (fatei 2)
C. positive control (1% Chlorhexidine) LLaZ negative control (BHI-ﬁ'msf‘l.'u; BHI)
14 BHI no L%Elt‘i‘;lu media Lﬁ'a monitor contamination
Fig 3. Testing the effect of lychee seed extract on S. mutans
using the broth microdilution method.
A. Lychee seed extract, (Sample 1) B. Lychee seed extract, (Sample 2) C. Positive control
(1% Chlorhexidine) and negative control (BHI-distilled water; BHI).

BHI without microorganisms is used as the medium to monitor contamination.
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50 mg/ml *

25 mg/nb

50 mglml

25 mglml

/

lorhexidine ChlorheX| ine

- /O ®
lorhexidine /i
2%g|ucose g % glucose Z%QWE |\
-no_ L%a ‘ o via - : ‘l |

i YNB-
2%gl

// Y%glucose 9 uosse A

/ = -no \iia

/" -no vTa

YN Bo

gluc cose
b

‘Ll’lnﬂ‘u

Uil 4 mmassugnivssasainwEnduddaide C. albicans #1833 broth microdilution
A. SSERAEAAUS (Mathefl 1) B. ssainLNanaud (fetsii 2) C. positive control
(1% Chlorhexidine) LLae negative control (YNB-2%qucose-1f"m§°l"u; YNB-2%glucose)

14 YNB-2%glucose no L‘f';a 1Ju media ) monitor contamination
Fig 4. Testing the effect of lychee seed extract on C. albicans using the broth
microdilution method. A. Lychee seed extract, (Sample 1) B. Lychee seed extract,
(Sample 2) C. Positive control (1% Chlorhexidine) and negative control
(YNB-2% glucose-distilled water; YNB-2% glucose). YNB-2% glucose

without microorganisms is used as the medium to monitor contamination.
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uni919al (Discussion)

HAMIMAREINUTY 8N3aAINLpAUGTS
auusinIwIshuazasusesaslianunsa
Fudensaswiivlnzeads S. mutans uay
C. albicans I¢isluis agar well diffusion uaz
broth microdilution (mi’lx‘lﬁ 1) Feorafunanain
ﬂ%mmLLawﬁmmmiaaﬂqw%“lwﬁaéu?iﬁlsiLﬂmwa
(14) WABDEY WINIEUR uazAmuEt] 2022 szyh
suafidgnisuidediunaldluiuaionisude
S. mutans éiign Tnelimlsugudonds 12 + 0.02 .
uazfienanadndushgalunsiudouazanidoagi
62.5 uay 125.0 un./ua. MAEGAU (15) ML
SEmsannoeteNLsEan S Mwlumssude (16)

Gluﬁmqw%‘ﬁma%aﬁmz NANINARBNWLN
a3MATIIU Trolox fanafuayyadaszinid
ssafaanniiaaus fienaseudiss DPPH assay
Tﬂﬂ’?ﬁﬂ'ﬁ@ﬂﬂﬁul,l,mﬁ 517 nm (17) %qwaﬁﬂamﬂﬁm
fumsfnmniinud deauaivsinulndiiueauas
WanTussdmnhndndiau ¢ :inaud wu Wien
V5aLAn (18) ﬁﬁwmw‘lumiﬁma%a@ms (19)
Luﬁmayu"?ﬁoLa‘;luLmz\i\‘imsﬁma%aﬁmzmﬂﬁi‘sumf?l
fidnumw (20) nsdnuniiusasliifiudeamnusfiu
Tumswaundsnmsatanionslddiuduseeaus
fiflanssnueyyadaszgani (21) NaMMARBIWIT
qmwgﬁg\aLLaxizﬂmmmiauLLﬁqﬁmamudowaTﬁ
Yssnauansdsznavflusdnuazwanlusadionun
smfvanamunsalumssudeayyadass DPPH
anay (22) upnaniimsadauuulildanudou
TesunseensunidhAsisnhmsldanuson e
ANTASNIAFIINBAUALEITOMNSAR (8) WA
manaasvidlyidiui thaudfignssuoyyadase
fniensanaiieaus Svaenadesiumsfnues
inalnea 1) 2019 (23) LLﬁ’hﬁyﬁ%ﬁqmauﬁﬁsLu
MIfuayyAdaTY wissanRNNEnauIigns

q

'
a =

fusuyadassifniasaiannilaauiuazinaud
Imﬂwudwhmmmmsn’tumﬁmawaﬁﬂs:maq
TNAUIAUFALAZFENTENA LN AN AUINAMN AN AT

peNTALRUAAIYNAY 0.02719 1Ay 31.75 mg
ascorbic acid equivalent/g extract MNAHU N
mIwSeuifisuiuenAdodu 4 Taeilaziaine
mmmmicﬂum‘sﬁma%aﬁmzﬁg\mdw 20 mg
ascorbic acid equivalent/g extract ﬁulﬂ Huszeu
ifdnanmlumahvgusslomiugundonsss
WI0DWNTFININ (24-25) Fofunsseufioy
gaainniiaand haus wazwdnaus wudn
snsafannaudsidnsnwlumssusyyadassinu
nalnehe 7 lsun madindueyyadass (Free Radical
Scavenging) lnansusenavilusdnuazwanluses
Tuaudannsausnadidnaseuniolalasiaulvi
DUYRDEI 19U DPPH- uay ABTS+ \iaanANa
Fhufwaesayyadaszmani mathudomsiiegisen
pan¥LAtU (Inhibition of Oxidation Reactions)
Tawanssuayyadaszluduisnunsadudensiie
UjAsnesndiaduinilugnisaiseyyadase
WNN (26) adwlsfan ArsAnsuinluns
Wisnifsugnidusyyadaszszninansaauile
fuduazidnaudiy anudndurasarsasanei
snAEaLaawANANTY  SesenadanadwsTild
msldasaiaifanadudugeninasiiuu linly
waﬁma%aﬁngoﬁu F9AITAITLANUIDINENU
A udud 15w e liiAnanufisud el
winzan (27) msdnsdisdslesldmsuanma
Tugtzey 1050 viemswspuifisuiumannsgiu
Snasa

Tunsddl savansainwdnaus wuilifignd
@l"luL%El S. mutans Wag C. albicans ﬁ”’q‘lumwmaau
A5 agar well diffusion Lag broth microdilution
8) vthvlshinnu m‘mﬁmmﬁmﬁvﬁﬁmmsﬁma%a
Basziin lneldenmssueyyadasyyd 31.75 mg
eq Ascorbic/g extract IINNINATOUIBIS DPPH
(8) WANIINARDIEIWLIN ThausRuaadmN s
a%aﬁmxi’mﬁﬁ (23) M3FENEWEN Emanuele et al.
7 2017 Bushauddnuanialumssusyyadas:

9
a

s (28)
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P v
a o a

PINNANIINARDIU WL UNRUIAUTAN

o a

Anenwlunisiduunavavarsdusyyadasy

'
= a

Afiquardmsunsuilaaeganw Feiinan
nszpaumsauid lildanadaugeiuly Sezoe
%’nmqmﬁma‘[ﬂmmmﬂﬁﬁ (28) A5nanagi
wam’aﬂ%mmuazﬁizﬁm%mwma\‘lmiaanqmém{[f}?
Bnsafafimvanzan @y madnnsadasndiaiu
maaameANNugs (HP) wiamsldlulasim
(MW) sansandsanuasUsznavfiusdnuay
wWalupsslumsaialed defu madenldsuzey
AuARfUSNuEIangnage WU wWisnviowdn
SwiunMsUSulgeIBnsainfivanzan enagaedia
ﬂszﬁm%mw‘lumiﬁmLﬁyaagaﬁwlﬁ 6) uanand
wisvfinnzeviudsnasunaseUs i Is A Lay
mssangnivaeansle lesnniladsdugissina
gama  uazmIdan1sszniemsUgnansnsnvili
dsznoumetedluidoaua uansnviu (29)

una3l (Conclusion)

v v
a

INMIANEASNANLINETTAR LD AUINY

sneugInInsshuazaewuiasenbifignisu
8 S. mutans wazifie C. albicans sgnviibsAy
Turneiiansatamdnauiansiugases iuany
qw%‘ﬁmﬁaﬁg\imwﬁmﬁuﬁu pevlsimu wans

o

NAFDUAUMIAUDUYRDATEVRINAUIAIRUS
gegAuanlaaliis DPPH Method Wudmhaud
sunandnuantRshueyyadssy Seeadudszlum

fan1sWauI T uNAnAuTiTIsanANNLEEYaN
auyadaszld luawan
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Comparative Study of Human Periodontal Ligament Fibroblasts
Response to Three Different Perforation Repair Materials: An
In Vitro Study

Kanitha Pajonklaew’ Ninnita Wongwatanasanti2” La-ongthong Vajrabhaya? Rudee Surarit®
Suwanna Korsuwannawong* Ratchaporn Srichan?

Abstract

Objective: To evaluate the cytocompatibility of three perforation repair materials available in
Thailand: ProRoot® MTA, iRoot® BP+, and Nishika Canal Sealer BG Multi (CS-BG).

Materials and Methods: The three materials were diluted into four concentrations: 20%, 2%,
0.2%, and 0.02%. The materials were then exposed to human periodontal ligament fibroblasts in a
96-well cell culture plate for 24 hours. The evaluation was conducted in vitro using the MTT assay
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, Sigma, St. Louis, MO).

Results: The percentage of cell viability after exposure ranged from 67.44 + 13.44 to 107.72
+ 18.52 for ProRoot® MTA, 76.00 + 12.70 to 110.05 + 16.72 for iRoot® BP+, and 104.42 + 11.65 to
117.97 + 13.74 for CS-BG. All materials exhibited lower toxicity than the positive control group at
all concentration levels (p < 0.05). However, when compared to the negative control group, CS-BG
was the only material that demonstrated significantly lower cytotoxicity at all four concentrations
(p < 0.05). Additionally, at all tested concentrations, ProRoot® MTA showed significantly higher toxicity
than CS-BG (p < 0.05). For iRoot® BP+, the 20% concentration resulted in lower cell viability
compared to CS-BG (p < 0.05).

Conclusions: The CS-BG exhibited the lowest cytotoxicity among the tested materials,

suggesting that it may be the most biocompatible compared to ProRoot® MTA and iRoot® BP+.

Keywords: Bioactive glass, Calcium silicate cement, Cytotoxicity test, Human periodontal ligament

fibroblasts, Mineral trioxide aggregate, Repair materials, Root canal perforation.
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Ui (Introduction)

NM3LNAIBENZRIINWU (root perforation)
n‘flui']zymﬁmmsnLﬁm‘ﬁulﬁmnmiﬁwﬁmms
Auna L LAnTeININARFATEINNIEULARBITINTY
(root canal system) washufanisusnsniy
(external tooth surface) %@Lﬂumma‘lﬁmﬁnm
ARDYIINHUANWRY  wazanavh IWiinnsaauity
Tuawnan (1) Tnashumisiitinseslsasinfinswennsal
fuaneeiy niafiusasniiu (furcation
perforation) Mswennsniaaelsalis vy
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setting time) 1Uszanu 3 thlag (6) Tnuraugheenn
uasiidasmaanloe (Bismuth oxide) Wuaiudsznay
WiFAamMawasuivesiy (7) Tagthudedimaiiumn
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Table 1. The composition of three different root perforation repair materials.

gL SUUTENOUIDIEIUNY &7UUIENaUIBIEIUTDINA?
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wanfiwnana (Calcium silicate glass)
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5t s ldanInnaznoY udITQAIANA (extract)
Fofuzssmarlawdlonznousiedun (pipette)
MENULAUNTENTNA 02 Pm LazifiuusnaNInasaL
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ufimazie3onssaiang 3 oiafl 4 ssiuaw
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5: 2009 (17) A najumuqu (Untreated blank control)
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NENAIUANLIN (Positive control) Wzl 14
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Institute, Food and Drug Safety Center, Kanagawa,
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(A) (B) (C) (D)
A= 4
b =
(G) (F) T
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0.02% S <
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0.2%
2%
T

20%
NANAILANLAN (+) nN@uAILANAL ()

» =

Uit 1 uaudemsnieudetnsuazisnmasey
(A) Lm%ﬂui’ﬂqmﬂauﬁ"’a 3 wilaluvialnneu (B) usluswsidssizas
(©) au'(ué’tmztﬁvmwaé 72 $2la9 (D) gmmm'sl,ﬁvmmaa‘shu’[ﬂﬁmuu UAZNIBINTULHUNTDY
aun 0.2 lulasiwns (E) wwIsuasannzasas 3 ¥ininan 4 anuidudu
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Fig. 1 Schematic diagram of sample preparation and testing procedures:
(A) Preparation of the three test materials in Tygon® tubes.,
(B) Immersion in cell culture medium., (C) Incubation in an incubator for 72 hours.,
(D) Collection of the supernatant followed by filtration through 0.2 um filter.,
(E) Preparation of extract dilutions at four concentrations for each material, along with the
untreated blank control group (cell culture medium only), the positive control group, and the
negative control group., (F) Evaluation of cytotoxicity using 96-well cell culture plates.,

(G) Measurement of optical density using a spectrophotometer.
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100 pl MudU 8 nas/Anuidndu smsunguaIua
1IN Uaz NENAILANAL EUSINAIETaTANBLaY
FuurganassuiuAn iy dunguaiuan 1d
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Fig. 2 The mean percentage and standard deviation of cell viability after exposure to the root

perforation repair materials: ProRoot® MTA, iRoot® BP+, and CS-BG at four concentration

levels, along with the positive and negative control groups.
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Table 2. The morphology of HPDLF observed under an inverted microscope at 40x magnification.

The images show the untreated blank control group, the positive control, the negative control,

and the three test material groups after 24 hours of cell viability assessment.
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Impact of Sugar Content in Ready-to-Drink Green Tea and
Exposure Duration on Cariogenic Biofilm pH

Lilinda Srisoontornthai' Ketsupar Jirakran? Thipawan Tharapiwattananon’
Panida Thanyasrisung®”

Abstract

Objective: To explore the impact of sugar supplements in ready-to-drink green tea (GT)
beverages on the pH levels of cariogenic biofilms over different exposure durations.

Material and Methods: Streptococcus mutans biofilms were exposed to GT categorized
by sugar content: no-sugar (GT/NS), < 5% sugar (GT/S < 5%), >56% sugar (GT/S > 5%), and 5%
sucrose (positive control). Biofilm pH was measured at baseline, 5, 20, 40, and 60 min. The impact
of sugar content and exposure times on biofilm pH was assessed using the Generalized Estimating
Equation and the least significant difference tests (p < 0.05).

Results: The mean biofilm pH at baseline was 4.28 + 0.01. Sugar content and exposure
duration significantly influenced biofilm pH, with a strong interaction effect observed (p < 0.001).
Post-hoc analysis revealed that biofilm pH in all GT groups was significantly higher than 5% sucrose
at all exposure times, surpassing the critical enamel demineralization pH threshold of 5.5. The biofilm
pH in GT/NS and GT/S > 5% significantly increased until 40 min post-exposure, while in GT/S < 5%,
the rise stabilized at 20 min. At 60 min, biofilm pH for GT/NS, GT/S < 5%, GT/S > 5%, and 5% sucrose
was 6.25 + 0.11, 5.91 + 0.18, 5,70 £ 0.21, and 4.83 * 0.05, respectively. Notably, pH in GT/S > 5%
significantly decreased from 40 min (p = 0.006) and was significantly lower than in GT/NS (p = 0.023).

Conclusion: The pH of S. mutans biofilm exposed to GT with high sugar concentrations,
even over extended periods, is unlikely to drop below the threshold for enamel demineralization.
Nevertheless, adding sugar to GT may promote S. mutans growth, as suggested by a significant

pH difference between high- and no-sugar GT.
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Introduction

Dental caries remains a significant oral
health problems globally (1). The disease is
caused by an imbalance between the enamel
demineralization and remineralization processes.
A key contributor to the demineralization of tooth
enamel is Streptococcus mutans (S. mutans),
recognized as one of the major cariogenic pathogens
by virtue of its capacity to produce short chain
carboxylic acids such as lactic and acetic acid
as metabolites of sucrose metabolism (2). The
accumulation of these acids within the biofilm
leads to a decline in pH and once it falls below
the critical level of 5.5, caries formation is initiated
(3). Given this evidence, sucrose is widely recognized
as a significant factor in the development of
dental caries (4).

Currently, green tea stands as one of
the most popular beverages globally, driven by
health perceptions, and supported by evidence
of its potential to lower the risk of various diseases
(5-8) as well as its ability to hinder the development
of dental caries (9-10). Indeed, the exploration of
green tea’s benefits on oral health dates back to
the mid-1970s in Japan, where it was observed
to decrease the caries increment among school
children (11).

In many regions of the world, sweetened
beverages, such as ready-to-drink green tea
(GT), are extensively consumed and are readily
accessible at various retail outlets. According
to the Thailand Food Market Report 2018, it
was observed that sweetened GT was the most
favored choice among consumers, with a
substantial market share of 56.6%. This was
followed by sweetened ready-to-drink black
tea, unsweetened GT, sweetened ready-to-drink
white tea, and other flavors, with market shares
of 18.5%, 10.7%, 13.3%, and 0.9%, respectively
(12).

Research suggest that the anti-cariogenic
effects of green tea primarily stem from its high
concentration of polyphenols, particularly catechins,
such as epigallocatechin gallate (EGCG) (13, 14).
Additionally, it is known that green tea extracts
reduce the number of S. mutans in plaque and
saliva (15-16). This is likely to be due to the
maintenance of high pH conditions within the
biofilm milieu as it has been shown that green
tea extracts increase the alkalinity of plaque
biofilm and maintains it above pH 5.5 even after
consumption of acidic food (15,17). Another
in vitro study highlighted EGCG at 1 mg/mL
inhibited the rate of glucose-induced acid
production significantly impeding the growth of
S. mutans (18).

Considering that green tea has the potential
to mitigate the development of dental caries (15,
19), the addition of sugar to the beverage, a
well-known caries risk factor, raises concerns
about its impact on the beneficial anti-caries
effect of green tea. The in vitro study had proved
that the addition of sucrose to green tea infusion
did not significantly alter the ability of green
tea neither in reducing the biofilm biomass nor
modifying biofilm architecture (20).

Additionally, the length of time the
sweetened beverage is in contact with biofilms
may influence pH levels and subsequently affect
the risk of caries development. A previous study
showed that one hour after tea consumption,
salivary pH remained significantly lower than
baseline only in the group that consumed tea
containing jaggery—a traditional unrefined sugar
made from sugarcane or palm sap. In contrast,
salivary pH in the unsweetened tea group had

returned to baseline (21).
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However, to the best of our knowledge,
no previous study has examined the combined
effects of sugar content in GT and exposure time
on the cariogenic attributes of S. mutans biofilm.
Hence, the objective of this study was to
investigate the impact of sugar content in ready-
to-drink green tea (GT) and exposure duration

on the pH levels of cariogenic biofilms.

Materials and Methods
Ready-to-drink green tea

Ready-to-drink green tea (GT) products from
four different brands were categorized based on
sugar content: no sugar (GT/NS), less than 5%
sugar (GT/S < 5%), and more than 5% sugar
(GT/S > 5%). These categories were used in this
study (Table 1), with a 5% aqueous sucrose
solution, the mean pH was 7.10 + 0.20, serving

as the positive control.

Table 1. The sugar content of ready-to-drink green tea used in this study.

Sugar
Ready-to-drink green tea Mean pH * SD Amount Type
No sugar Brand 1 6.51 £ 0.06
GT/NS Brand 2 6.36 £ 0.09
Brand 3 6.33 £ 0.10
Brand 4 5.83 + 0.35
With sugar Brand 1 6.34 + 0.12 149/400mL (3.5%) fructose, sucrose
GT/S<5% Brand 2 5.66 + 0.42 19g9/440mL (4.3%) sucrose
GT/S>5% Brand 3 6.34 + 0.06 28g/500mL (5.6%) sucrose
Brand 4 5.78 £ 0.09 30g/500mL (6.0%) sucrose

GT = ready-to-drink green tea, GT/NS = GT with no sugar, GT/S < 5% = GT containing less than 5%

sugar, and GT/S > 5% = GT containing more than 5% sugar

Sucrose-containing artificial saliva

Sucrose-containing, sterilized, artificial
saliva was prepared as described by Cavazana
TP, et al (22), with minor modifications. In brief,
one liter of artificial saliva was prepared with 2 g
of yeast extract, 5 g of bacteriological peptone,
1 g of mucin-type lll, 10 g of sucrose, 0.35 g
of NaCl, 0.2 g of CaCl,, and 0.2 g of KCI and
was aliquoted as needed. The pH of the artificial

saliva was adjusted to 6.8, using NaOH.

Biofilm formation

A single reference strain of S. mutans
UA159 obtained from the archival collection
of the Department of Microbiology, Faculty of
Dentistry, Chulalongkorn University was used in
this study as representative cariogenic organism.
S. mutans were cultured in Brain Heart Infusion
(BHI) broth at 37°C, 5% CO, until reaching
the log-phase (ODggpgpy = 0.5). Cells were then
collected (approximately 5x108 CFU/mL) and
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re-suspended in sterilized sucrose-containing
artificial saliva. One mL of the latter bacterial
suspension was added to each well of a 24-well

plate in duplicate. The plates were incubated at

37°C, 5% CO, for 96 h to allow biofilm development,
with sterilized sucrose-containing artificial saliva

refreshed every 24 h (Fig. 1) (22).

S. mutans UA159 E.E "E ] _E s £ 'E E
O((l;g’g(s;)o Cariogenic biofilm £& s g S 5 ﬁe S8
Sucrose-containing artificial saliva QPOO®O) Added1mL (-] [D]0]e)
888888 (refreshed every 24 h) §§§%§ Removed culture media 8838‘8 of each solution gﬁ:zg
200000) by, clelelele’s 806080 888883
7/

| Exposed to each solution
0 min for the desired time

00800
C
1866660

Collected biofilm for
pH measurement

Removed solution

Fig. 1 Schematic flow chart of the study.

Ready-to-drink green tea treatment
and pH measurement

The plaque pH measurement was performed
according to the method of Garg D, et al. (23)
with minor modifications. The pH of a 96-hour
S. mutans biofilm was measured using a pH meter
(LAQUAtwin pH-22, HORIBA Advanced Techno,
Japan) at baseline (0 min), and then after treated
with each GT beverage and a 5% sucrose solution
for 5, 20, 40, and 60 min (Fig. 1). The experiments
were performed independently on six occasions
with duplicate determinations on each occasion

to determine the mean value.

Statistical analysis

The statistical analysis was performed
using IBM SPSS Statistics Version 28.0 software
(IBM Corporation, Armonk, New York, USA).

The difference in mean pH values between the

groups and at different time intervals (repeated
measures) was statistically analyzed using the
Generalized Estimation Equation (GEE), followed
by the least significant difference (LSD) test
to assess the interaction between two factors
and the difference in each pair. The significant
difference was determined when the p-value was

less than 0.05.

Results

The mean biofilm pH of S. mutans at baseline
(0 min) was 4.28 £ 0.01. In GT/NS group, the pH
value progressively increased from 6.01 = 0.11
at the 5th min to 6.27 + 0.11 at the 401 min,
followed by a slight decrease to 6.25 * 0.11 at
the 60t min. Both sugar-containing green tea
groups, GT/S < 5% and GT/S > 5%, exhibited a
similar pH profile, gradually increasing until the

40 min. At the 60t min, the biofilm pH in all
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GT groups decreased, with GT/S > 5% group
was 5.70 + 0.21 nearing the critical pH of enamel
(pH = 5.5, Fig. 2). However, throughout the 5- to
60-min period, the biofilm pH in all GT groups
remained above 5.5, unlike 5% sucrose (a positive

control), which stayed below this criterion (Fig. 2).

The GEE analysis revealed that both sugar
content and exposure time were statistically
significant (x®> = 163.93, p-value < 0.001 and
X2 = 92.19, p-value < 0.001, respectively), with
a significant interaction effect observed between

them (x? = 68.89, p-value < 0.001).

GT/NS

I
T

)\
T

GT/S>5%

—&
& GT/S<5%
-
%= 5% sucrose

Biofilm pH

Critical enamel demineralization pi-I

5.0
S — S —%

454
4.0 +—————— ——
0 10 20 30 50 60

Exposure time (minutes)

Fig. 2 Mean biofilm pH determined after exposure to each ready-to-drink green tea (GT)

groups and 5% sucrose solution for 5, 20, 40, and 60 min. The experiment was repeated

independently six times, each with duplicates. GT/NS = GT with no sugar, GT/S < 5% = GT

containing less than 5% sugar, and GT/S > 5% = GT containing more than 5% sugar.

Pairwise comparisons using the least
significant difference (LSD) revealed that the
biofim pH in all GT groups was significantly

different from 5% sucrose (p-value < 0.001,

Table 2). At the 60t min, the biofilm pH in the
GT/NS was also significantly different from the

GT/S > 5% group (p-value = 0.023, Table 2).
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Table 2. Mean difference of biofilm pH in all beverage groups at each exposure group by time.

Group x Time Mean Difference p-value 95% CI

(SE) Lower Upper

5 min GT/NS vs GT/S < 5% 0.23 (0.20) 0.264 -0.169 0.619
GT/NS vs GT/S > 5% 0.33 (0.23) 0.151 -0.122 0.787

GT/NS vs 5% sucrose 1.18 (0.12) <0.001* 0.953 1.412

GT/S < 5% vs GT/S>5% 0.11 (0.27) 0.689 -0.418 0.633

GT/S<5% vs 5% sucrose 0.96 (0.18) <0.001* 0.607 1.308

GT/S>5% vs 5% sucrose 0.85 (0.21) <0.001* 0.434 1.266

20 min GT/NS vs GT/S<5% 0.27 (0.20) 0.179 -0.124 0.668
GT/NS vs GT/S>5% 0.41 (0.24) 0.086 -0.059 0.882

GT/NS vs 5% sucrose 1.33 (0.12) <0.001* 1.088 1.562

GT/S<5% vs GT/S>5% 0.14 (0.27) 0.608 -0.395 0.675

GT/S<5% vs 5% sucrose 1.05 (0.18) <0.001* 0.705 1.401

GT/S>5% vs 5% sucrose 0.91 (0.22) <0.001* 0.483 1.344

40 min GT/NS vs GT/S<5% 0.34 (0.21) 0.112 -0.078 0.748
GT/NS vs GT/S>5% 0.45 (0.24) 0.061 -0.021 0.929

GT/NS vs 5% sucrose 1.47 (0.12) <0.001* 1.237 1.693

GT/S<5% vs GT/S>5% 0.12 (0.28) 0.674 -0.436 0.674

GT/S<5% vs 5% sucrose 1.13 (0.19) <0.001* 0.764 1.496

GT/S>5% vs 5% sucrose 1.01 (0.22) <0.001* 0.576 1.446

60 min GT/NS vs GT/S<5% 0.34 (0.22) 0.120 -0.087 0.762
GT/NS vs GT/S>5% 0.55 (0.24) 0.023* 0.075 1.019

GT/NS vs 5% sucrose 1.42 (0.13) <0.001* 1.169 1.660

GT/S<5% vs GT/S>5% 0.21 (0.28) 0.456 -0.342 0.762

GT/S<5% vs 5% sucrose 1.08 (0.19) <0.001* 0.701 1.454

GT/S>5% vs 5% sucrose 0.87 (0.22) <0.001* 0.438 1.297

GT = ready-to-drink green tea, GT/NS = GT with no sugar, GT/S < 5% = GT containing less than 5%
sugar, and GT/S > 5% = GT containing more than 5% sugar, Time = Exposure time, SE = standard

error, *p < 0.001, Cl = confidence interval
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Within the GT/NS group, pairwise com-
parisons showed that the biofilm pH significantly
increased until the 40t min (p-value < 0.001,
Table 3). In contrast, for GT containing sugar, the
biofilm pH in GT/S < 5% significantly increased
up to 20 min (p-value < 0.001,Table 3), while in
GT/S > 5%, the increase was significant up to

40 min (p-value < 0.001,Table 3). However, in

the GT/S > 5% group, the biofilm pH significantly
decreased after 40 min (p-value = 0.006, Table
3). No significant differences in biofilm pH were
observed within the 5% sucrose group (Table
3). All these results may reflect the effect of the
sugar content in the beverage on the changes in

pH over time.

Table 3. Mean difference of biofilm pH in all beverage groups between each exposure group by time

Group x Time Mean Difference p-value 95% ClI
(SE) Lower Lower
GT/NS 5 min vs 20 min -0.16 (0.02) < 0.001* -0.202 -0.120
5 min vs 40 min -0.26 (0.03) < 0.001* -0.320 -0.205
5 min vs 60 min -0.24 (0.04) < 0.001* -0.310 -0.170
20 min vs 40 min -0.10 (0.02) < 0.001* -0.148 -0.055
20 min vs 60 min -0.08 (0.03) 0.006* -0.135 -0.022
40 min vs 60 min 0.02 (0.02) 0.328 -0.023 -0.070
GT/S < 5% 5 min vs 20 min -0.11 (0.02) < 0.001* -0.163 -0.066
5 min vs 40 min -0.15 (0.02) < 0.001* -0.193 -0.112
5 min vs 60 min -0.13 (0.03) < 0.001* -0.188 -0.066
20 min vs 40 min -0.04 (0.02) 0.093 -0.083 0.006
20 min vs 60 min -0.01 (0.04) 0.756 -0.091 0.066
40 min vs 60 min 0.03 (0.02) 0.280 -0.021 0.073
GT/S > 5% 5 min vs 20 min -0.08 (0.03) 0.011* -0.145 -0.019
5 min vs 40 min -0.14 (0.03) < 0.001* -0.209 -0.073
5 min vs 60 min -0.02 (0.05) 0.609 -0.117 -0.069
20 min vs 40 min -0.06 (0.01) < 0.001* -0.082 -0.036
20 min vs 60 min 0.06 (0.05) 0.237 -0.038 0.153
40 min vs 60 min 0.12 (0.04) 0.006* 0.034 0.199
5% sucrose 5 min vs 20 min -0.02 (0.03) 0.489 -0.070 0.034
5 min vs 40 min 0.02 (0.03) 0.485 -0.036 0.076
5 min vs 60 min -0.01 (0.03) 0.845 -0.074 0.060
20 min vs 40 min 0.04 (0.04) 0.334 -0.039 0.116
20 min vs 60 min 0.01 (0.04) 0.760 -0.063 0.087
40 min vs 60 min -0.03 (0.03) 0.321 -0.079 0.026

GT = ready-to-drink green tea, GT/NS = GT with no sugar, GT/S< 5% = GT containing less than 5%

sugar, and GT/S > 5% = GT containing more than 5% sugar, Time = Exposure time, SE = standard

error, *p < 0.001, ClI = confidence interval
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Discussion

Green tea is widely recognized for its
potential to reduce the risk of dental caries
(15,16,19). Despite its popularity, there is a gap
in research on the effects of sweetened GT on
biofilm pH, which is crucial for caries development.
Hence the focus of our study was whether the
sugar content in GT and its exposure time to
biofilms could influence the positive attributes
of green tea.

Our methodology mirrors a practical
scenario wherein GT is consumed during the
day after biofilm has accumulated on the tooth
enamel surface. According to the ecological
plague hypothesis, the cariogenic biofilm escalates
the likelihood of caries initiation, particularly in
the presence of dietary sugars as it harbors
pathogens such as S. mutans, which utilize sugar
to generate acids that demineralizes the enamel
(24). In the model described, we successfully
developed a S. mutans biofilm with a baseline
pH of 4.28 + 0.01 below the critical pH of enamel
(pH = 5.5). Although the acidic environment in
this in vitro model may be more pronounced
than in the oral cavity due to limitations in
replicating the complex microbial ecosystem,
the findings indicate that both sugared and
unsweetened GT maintained biofilm pH above
the critical threshold for enamel demineralization.
This suggests that under less acidic, real-life
conditions, the effect may be even more favorable.
Nevertheless, clinical studies are needed to
confirm these findings.

In an in vitro study using green tea infusion,
the addition of sugar did not significantly alter
its effect on biofilm architecture (20). Similarly, a
clinical study in children showed that rinsing with

brewed green tea containing 5% sucrose resulted

in consistently higher biofilm pH compared to
10% sucrose at all measured time points (5, 10,
20, and 30 min), with a gradual increase over
time. The study also compared milk containing
5% sucrose and found that the tea group had
higher biofilm pH than the milk group, and both
groups had higher values than the 10% sucrose
group (25). These findings match our study,
which found that after 5 min of exposure to GT
with or without sugar, the biofilm pH increased
above 5.5 in both sugared GT groups (GT/S <
5% and GT/S > 5%), whereas the pH reached 6
in the GT without sugar group (GT/NS). This ef-
fect could be attributed to catechins, particularly
EGCG, which are abundant in GT (26).

Several studies have shown the antibacterial
potency EGCG as well its ability to mitigate acid
production (13,27-28). For instance, Han S., et al.
revealed that pH regulatory mechanisms of EGCG
are linked its buffer capacity and blocking sugar
transportation through a phosphoenolpyruvate-
dependent phosphotransferase system (PEP-PTS).
This leads to inhibition of sugar metabolism,
resulting in inadequate energy production and
consequently reduced bacterial growth which in
turn suppresses acid production within the biofilm
milieu (28).

Our GEE analysis study revealed a significant
interaction between sugar content and exposure
time. Moreover, at the 60 min exposure period,
GT/S > 5% significantly lowered biofilm pH compared
to GT/NS, while GT/S < 5% did not. These results
suggest that even in the presence of EGCG,
higher sugar concentrations, and prolonged
exposure period that may have contributed
to a reduction in biofilm pH (Fig. 2; Table 2).
This finding may be attributed to the elevated

concentration of sucrose coupled with extended
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exposure time, permitting sucrose to effectively
outcompete the EGCG effects, and also surpass
the physical barrier posed by extracellular
polysaccharides of S. mutans. Moreover, the
smaller molecular size of sucrose (342.30 g/mol,
(29)) compared to EGCG (458.4 g/mol, (30)) likely
enables it to penetrate more deeply into the
biofilm. This enhanced penetration increases the
likelihood of sucrose reaching and being metabolized
by larger numbers of S. mutans, leading to acid
production.

The heat generated during the production
of GT is likely to be a key factor affecting the
characteristics of catechins in these commercially
available products (31-33). A previous study has
reported that catechin contents in bottled and
canned GT (250 mL) ranges from 3 to 60 mg,
contrasting with 400 to 500 mg typically found
in a cup of brewed hot green tea extracts (400
mL) (32). Despite the lower EGCG content in GT
compared to other formulations, we noted that
even with added sugar, GT retained its ability to
effectively regulate pH. However, further research
is required to validate our findings and determine

their clinical relevance.

Conclusions

Our data suggest that the pH of S mutans.
biofilm exposed to GT with high sugar concentrations,
even for extended periods, is unlikely to drop
below the cariogenic pH threshold required for
enamel demineralization. Nevertheless, there is
a significant temporal pH differential between
high and no sugar GT implying that addition of
sugar to GT may foster the growth of acidophilic,

cariogens such as S. mutans.
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Effectiveness of Aerosol Quantity Reduction Using the New
Model Intraoral High-Power Suction Tip (In Vitro Experimental
Study)

Waritta Imsang'” Jitjiroj Ittichaicharoen’

Abstract

Objective: This study evaluates the effectiveness of reducing aerosol quantity with a newly
designed intraoral high-power suction tip. This unique tip design allows patients to bite down during
dental procedures, reducing the need for constant assistance from dental profes-sionals and
potentially revolutionizing dental practice.

Materials and Methods: A controlled in vitro experimental design utilized a P5 ultrasonic
scaler on maxillary right anterior teeth in a manikin head as a dental aerosol-generating source for
20 seconds. Simulating aerosol-mitigating procedures across four groups: 1) a control group (CT)
that did not use any devices 2) only the saliva ejector (SE), 3) saliva ejector with a conventional
high-power suction tip (Four-Hand Dentistry: FH), and 4) saliva ejector with the new model intraoral
high-power suction tip (New Model: NM). The study assessed aerosol levels indirectly by capturing
images from video recordings and analyzing them for average darkness of the image using the
Imaged program.

Results: Using two-way ANOVA with the Tukey test, the New Model group showed a
sig-nificant reduction in aerosol levels (27.68 + 2.11 pixels, p-value = 0.05), more than the Four-
Handed Dentistry group (30.74 + 1.93) and the Saliva Ejector group (34.03 + 2.58), respective-ly.
All groups did not change significantly over time (p-value = 0.05).

Conclusions: This study demonstrated that the new model intraoral high-power suction tip
represents a practical and effective solution for managing dental aerosols, which can re-duce the

spread of infection from an infected person to other patients and the dental team.

Keywords: Intraoral high-power suction tip, Dental aerosol reduction, Aerosol measurement, Saliva

ejector, High-power suction
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Fig 1. Shows the new model intraoral high-power suction tip.

(n) lllustrates the design of the instrument, which conforms to the anatomical

structure of the oral cavity when the mouth is open.

It also demonstrates the positioning of the instru-ment within the oral cavity,

with the capability to switch freely between the left and right sides.

(2) Presents the components and dimensions of the instrument.

The upper image de-picts the part designed to be positioned adjacent to the lingual side,

while the lower image shows the part intended to be placed adjacent to the buccal side.

Fig. (n) Provides an example of connecting the newly designed high-suction

saliva ejector tip to a standard medical-grade suction hose.
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Fig 2. Shows the position of a manikin head where its upper occlusal plane

is perpendicular to the floor.
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Fig 3. Shows a laboratory setting (the location of the camera, manikin head, and back-ground).
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Fig 4. Shows the position of the particle counter and the tips used in this study.
(n) The red arrow indicates the placement of the particle counter, while the yellow arrow
shows the instrument secured with a holder.
(v) Position of the conventional saliva ejector tip.
(n) Position of the conventional high-power suction tip.

(9) Position of the new model intraoral high-power suction tip.
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Table 1. Shows the aerosol mitigating procedure and equipment used in this study.
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Fig 5. Shows the quantity of aerosol particles in the air.

(n) Photograph captured using a digital camera before processing with the Im-ageJ software.

(?) Processed image after conversion to grayscale using Imaged,

highlighting aerosol dispersion as dark particles against a light background.
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Fig 5. Shows the flow chart for the method used in this study.
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Fig 7. Time-based graph illustrating the quantity of aerosol particles measured on the upper

right anterior region during four different aerosol mitigation procedures.
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