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Instruction for Authors

The Journal of the Dental Association of Thailand

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

» Categories of the Articles «

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

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

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

» Manuscript Submission «

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

» Scope of Article «

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

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

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

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

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

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

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

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

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

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

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

Editorial Staff of JDAT

The Dental Association of Thailand

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

1. Title Page

The first page of the article should contain the
following information

- Category of the manuscript

- Article title

- Authors’ names and affiliated institutions

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

2. Abstract

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

3. Text

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

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

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

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

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

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

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

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

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

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

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

- Authors

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

- Institutional authors

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

- No author

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

- Authors being writers

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

- Authors being both writer and editor

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

- Books with authors for each separate chapter

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

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

- Institutional authors

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

- Conference proceedings

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

- Conference paper

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

- Documents from scientific or technical reports

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

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

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

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

- Online only article (without doi)

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

- Patent

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

- Petty patent

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

» Preparation of the Review articles and Case reports «

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

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

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

» Copyright «

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

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

The price of addition color printing is extra charged
10000 bath/article (vat included).

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

» Updated January, 2021 «
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Medication-related Osteonecrosis of the Jaw; MRONJ
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mazﬂizaﬂmﬂsﬂﬂimEJLﬂjmmﬂm (Medication-Related Osteonecrosis of the Jaw; MRONJ) 1un1zunsndau
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UspnvesnTainuaviuAngsy n15guyns lsavessuu Yedevaiugnssy Wusiu Tullagtufinefildsuensudamsaans
nsvgn iiosdudinsaivaenieniidnuauiuty unaruditmiiTd gusrasdifte il uuumsdmsuuaumelums
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Abstract

Medication-Related Osteonecrosis of the Jaw (MRONJ) is an adverse reaction found in patients prescribed
with antiresorptive and antiangiogenic drugs. Even though the incidence is low but the symptoms are relatively
severe and could affect the patients’ quality of life. Oral infection and invasive dental treatments are among the risk
factors of MRONJ. Careful risk assessment and treatment planning are required considering the category of the disease
(cancer versus non-cancer) and the timing of treatment (before versus after starting antiresorptive and antiangiogenic
drugs). The other risk factors to be considered are type, dose and duration of medication, type of dental treatment, smoking

status, systemic diseases and genetic factor. As the number of patients receiving antiresorptive and antiangiogenic
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drugs is increasing, this review aims to describe the dental management for patients at risk of MRONJ in order to provide
some guidelines for dentists who work with this group of patients. Patient education, primary prevention and multidis-
ciplinary approach from both dentist and physician involved are necessary to provide good care of the patient taking

these drugs and reduce the risk of this severe complication.

Keywords: Dental management, Medication-Related Osteonecrosis of the Jaw, Antiangiogenic drug, Antiresorptive drug
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8W§’U§ﬁﬂﬂ'§aawaﬂ'§saﬂ (antiresorptive) warendud
msadramasniden (antiangiogenic) uenildlunissnulse
maszuuTid1dny e 1sanszgnigu (osteoporosis)' uazls
UB5UNile W uzSaiuy unSinengnin was multiple
myeloma’ ifusfu ilefinsaneugnuesmsiinlsnfang
Tudszmelng wudtlugmdeens 40 - 80 Yanuynvedlsn
nszgnguienay 19.8 finszgnduvdsdruien (umbar spine)
uazdonay 13.6 finanszgnaylnn (femoral neck) uananil
mﬂmgﬂ%mm'ﬁumumq Imsé’mﬁaﬁmqmmdw 70 Uagnu
lsanszanunsulduinnindesas 50° dmsulsauziselud
2563 sspmsewndelansiesudnudUienailulsemelne
190,636 38 InenzidawusnunsSeitnusnniigalumemds
war uziSasougnuunnuannlududiv 4 Tuweye® Faifuds
fomaditununmdasnugineildsududimsamensegn
wazendudansairavaondeniiiusnntu fihedlésuendui
sflanuidssiaziinnnznszgnuinssinsmeliesannen
(Medication-Related Osteonecrosis of the Jaw; MRONJ) 3
Huameilrinsinwldoin uardswadeannmdinvesile
nsfndeludesiinisnity oTuawUsviug wiesnituifion
stnsneuity snadutladeideseanafin MRONJ uax
msliviunnssudeatuansoananudedlumaio MRON) 167
FsftanusuiitununmdasfesmnnsoUssdiunuides
vosffihe kAN sinwnuuwme Wieanlendlunsiia

MRONJ Tuffthellésusndudamsaansnsegn vide s1duds
N3asmaeniden
Atlgnu MRONJ
A1 MRONJ LfJumazﬁﬁmimsﬁuaamsaﬂmmﬁim

fidunadrafgsannisliodudinsaamensegn vie p1duss
msaaaendendanulsios Insanaudaemanddoain
wazudndalawiByausanigolsni (American Association
of Oral and Maxillofacial Surgeons) lalvimiendvas MRONJ®
iesUszneuluieeslsznaudal

1 Anlufinefiddldsu wieingldsusdudnisaas

nsvgn vioendudimsaiavasnaiden
2. in1sweaansean (bone exposure) n3alsne

q

(fistula) Meluveneusndesuniiidensefisnszgn
Tuusnunszgnanssinsuazlumii finseguiunin

8 dunv
3. ldwelasunsmessdsnunuinunsegnuinssing visedl
50813AN"TUNINTLIY (Mmetastasis) 1NEIUTIUAINGT?
AMg MRONJ Sinmundsannmssnumeriunnssudi
Aendestunsvan edlsfmunngdinamannsafatulfios
91N13UaY0INIWANIVDINT I MRONJ Toikn unavnednngs
nmsneuituvienisthia fomstin mafedeideidesou
MU N5 YITeENTSHEYRINTEAN WebuUI8U19518879

lyiflonnns’
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g1MNeTeINUNISAA MRONJ

Tugulemanertinnilnenueuduiusiuns

WAin MRONJ Taeanunsauuseaniu 2 ngu laun

1. g1gUgINISEAILNTEAN

gnauilazyimihitlunsdudanisuusanin (differen-

tiation) wagNsYNUVBNAdAIENTEAN (osteoclast) il

MIasuazNIsazaIBveINTEANanal nseanuInssinsilu
ﬂﬁ%@ﬂﬁlﬁé’ﬁli’]ﬂ’ﬁﬁ%’mLLazﬁa’]EﬁJmﬂi%@jﬂu’m Mlulasu
wamﬂ&nﬂejuﬁmm’j'ms@ﬂTuU%Lamgu q endudsnsaans
nszgniifiauduiusiunisiin MRON Iéirenng bisphos-
phonates ua¢ denosumab lnedegnsdeaniiyuazdonisin

Yo lunguRIna Aeianslunnsned 1

A5 1 fr0e981 Ton19n13) kazdousliveserdudinisaalenszgnuasendudinisaiimaenidon”

Table 1 Drug name, trade name and indication of antiresorptive and antiangiogenic drugs™

nguen Hoansiny Fonsén Fousld sUnuuEN
Uﬂgugﬂﬂﬂiﬁa’]ﬂﬂiﬂgﬂ
Bisphosphonates Zoledronate Zometa® Bone metastases Y
Reclast® Osteoporosis v
Pamidronate Aredia® Bone metastases %
Alendronate Fosamax® Osteoporosis PO
lbandronate Boniva® Osteoporosis PO
Risedronate Actonel®Atelvia®  Osteoporosis PO
Etidronate Didronel® Osteoporosis, Paget’s disease PO
Skelid® Paget’s disease, Heterotopic ossification PO
Tiludronate Paget’s disease PO
RANKL inhibitor Denosumab Xgeva® Bone metastases SC
Prolia® Osteoporosis SC
srdudanisadrmasnidon
Tyrosine kinase inhibitors Sunitinib Sutent® Gastrointestinal stromal tumor, renal cell PO
carcinoma, Pancreatic neuroendocrine tumor
Sorafenib Nexavar® Hepatocellular carcinoma, Renal cell PO
carcinoma
Cabozantinib Cabometyx® Renal cell carcinoma, Hepatocellular \%
carcinoma
Cometrig® Medullary thyroid cancer PO
Dasatinib Sprycel® Chronic myeloid leukemia, Acute PO
lymphoblastic leukemia
Monoclonal antibody R} Bevacizumab Avastin® Metastatic colorectal carcinoma, Nonsguamous v
vascular endothelial growth nonsmall cell lung carcinoma, Glioblastoma,
factor (VEGF) Metastatic renal cell carcinoma
VEGF decoy receptor Ziv-aflibercept Zaltrap® Colorectal cancer %
Mammalian target of Temsirolimus Torisel® Advanced renal cell carcinoma v
rapamycin inhibitors Everolimus Afinitor® Advanced renal cell carcinoma, Breast cancer, PO

Neuroendocrine tumours, Renal
angiomyolipoma, Subependymal giant cell
astrocytoma, Partial onset seizures, Kidney

transplant rejection, Liver transplant rejection

Abbreviations: IV: Intravenous, PO; Per Oral, SC; Subcutaneous
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1.1 81n&u bisphosphonates ANNTARYUBINTEYN 1ng
TUdfuganmsvhauveaeuledieidesiunisasns nswasuwda
U4 LLaxmiﬁwmwuaqLﬁuaéaawmz@ﬂImsmmmmé’fvﬁu
lansonTezmlng (hydroxyapatite) uazeglunszanlilusees
VAU WU alendronate xilAATaTInluNsEANGY 10 U

R X o4
wenanienguiidalinanenismevesiadassu lnvazly

v '
LY V] a

SUFINTAUIIUIULALLAUNITANYVBITAALADIN LU YA

112 599 sgugannsasaviaantden Ly P vinle

(keratinocytes)
NsYeNUENTRINTEANLEAILaIAnNIENTEANAE LA

gngu bisphosphonates agltlunsinwgthelse
NIZANNIU' NTANANUVBWATUAIUL UaE NLSIOUGNVLN
Tudanszan ﬂuﬂy’asaakﬂiuﬂssaﬂluéﬂw multiple myeloma'**
nzunadeludenas (hypercalcemia) lugUieugise” uay
Paget’s disease’®

1.2 81N&ul receptor activator of nuclear factor KB ligand

(RANKL) inhibitor ifugndunisaanensegniilssunsiuses
mslfrundusnlpgesdnisomsuazevesssmaansy-
ouanlud 2010 lnemsdudsmsamensegniAninunnaus?
yasnfidulilulnauea woufivad (monoclonal antibody)
yosuyud Fediaudunzlunisduiu RANKL vils RANKL
Taianansaduiu RANK Fadu receptor ﬁﬁmﬁl,l,amaaﬂagj
UURIwasaA1NsEaN Lazwaasuillnvesadaaenszan
(osteoclast precursor) L“fluwaiﬁlﬁaaéaa’mﬂizgﬂméﬂﬁlﬂ
IFsumsnseduiidlumumamienhisadindinadmne
(recruitment) N15uUsANN Uae N13NIEAU (activation) vilw
mMsaanenszgnanas’ il HAYBIL1EMUA VRN RET
9 ou eniflilumstesiunazinylsansegnmu uas ms
anauvesziludinsegn Wuiediu bisphosphonates
“L!?Jﬂﬁ]’]ﬂﬁ?ug\ﬂiﬂUﬂ'ﬁ%ﬂt&’m’nZﬂi%Qﬂa%a’]m]’lﬂﬂ’ﬁ%’ﬂ‘l%
TsnnziSa Fasfrmulugitrefituse TR dunsSasun uazuzie
sougnyn Aldunisinwdonisiuseslan (hormone
ablation) vilmiAnANuRAUNARBVUIUNITAT LAz EANY
YBINTEAN iﬁuﬁgﬂLﬁuﬂ’J’mL?‘i&JWiaﬂﬁLﬁﬂﬂi%@ﬂﬁﬂﬁﬂMﬂ’]
990U denosumab WWuenaliaifeiildunisiusesnsly
Tuftenguil

gindu q Milumssnuilsanszgnmgu LA 1) ndy
parathyroid receptor agonists 1% &1 teriparatide (Forteo®)
81 abaloparatide (Tymlos®) 2) gl selective estrogen-receptor

modulators U &1 raloxifene (Celvistal®, Evista®) kae 3) Ngu

calcitonin 1w 81 calcitonin salmon (Miacalcin®) lnggnivanil
Linuanudsslunsyinliiinniaz MRONJ®
2. 91fugsnsasisviasniion
L% gj ¥ = U Ll
gndudainisaiavasnienagldlunisinuiglae
< = & a aa a
12159 Ingagdenlunguilunsuliandsiearunisiia MRONJ
wisnunalanisvinuveselaidu 4 nqu e 1) tyrosine
kinase inhibitor 2) monoclonal antibody ¢ie vascular
endothelial growth factor (VEGF) 3) VEGF decoy receptor
waz 4) mammalian target of rapamycin inhibitors™ lag
N3N UNGUAINETT Feuanslun1sen 1
MRONJ Mifinanennguilanansemulludihensuen
v I o N a | = o v A Yo
fuginisasmasaidionitesegiufied vseludUienlasue
fudinsaaenseansauivenduginsasimasndenila”
MRONJ finuannennguiiaziine1nsallsnfianin MRONJ 7ikdu
HaaInefudinsaaenszgn FenadunaunanAnsaTin

2625 pagwunisazaulusianigueenin®

Y0987 dUNT7
Tnenushsmevaslsaladesas 62 wazazmeldluszeznanade
6.75 o' Tuvauzdi MRONJ R]’]ﬂEJ’lEQJJUégdﬂ’]iﬂa’lEJﬂﬁxaﬂWU
Snsmemelasesas 507 wavarmelaluszozinaade 8.2
Wou? dnwaedu 4 Aiwansnaain MRONJ fiAnnendudans
ganensEAnAL mMsfiszevnanouinlsaiidu (Usvanadoas
50 vestinazEIAnlsATl 20 dUnnti) mstAnlsnanunsaLin
IFusihiftadunszauidanu @unsanuldfiefesas 40 Tugie
FFsuengutl) worlsauzSerinusnsnmaiia MRON) gean
Pnenguiife srusSmemaiuens ln en uag s
Tyl MRONJ ‘17iLﬁmmﬂmé’ué’%ﬂﬁaawniz@ﬂwumrﬂ,u
fithelsa multiple myeloma tziiasinus uazaziswengnvan’
gufn13nivas MRONJ
gUAn1salues MRONJ Tugtheuzis

TuthenziSaunsiln wWunzEasmu wSwiongnvan
uar multiple myeloma a2 légumsshwmnesdudimsaans
N3eAN 139 endudansadramaonidon Iuﬁjﬂqaﬁlﬁ%’umé’uégﬂ
msaaensegn enuaifnisaivesnisiia MRONJ Sevag 1-15
Ingge multiple myeloma wulaSesay 2-11 fheuziss
winuamulaSesay 1-7 wasiUeuzswengnuunnulasesas
6-15" LﬁaﬁﬁmmLLEJﬂmmﬁmmmﬁ@'ﬂaaié’%’u%wuiw Ate
uzi3siilé¥uen zolendronate axwugliAnisaiues MRONJ
Joway 0.33-6.7°%* LLazQﬁlﬁ%’wwﬁmﬁaxﬁmmﬁsﬂuﬂmﬁﬂ
MRONJ snninauiilé§ugmaen (placebo) 50-100 ih Tumaug
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ﬁ@ﬂaaﬁiﬁ%’um denosumab a¥nu MRONJ l@seeay 0.7-1.9%%
aglsfimunisfinwuisdndidunudidisiunuidees
LﬁaﬁﬁmmLawwmiﬁﬂmﬁﬁﬁﬁ";ﬁ%’aﬁwmu 500 ALTYLY
aznugUAnsalvesnisfin MRONJ ludiheueislaseuas
0-2.3 AnuanadsUszanadoyas 1°

dmsuaifinisalues MRONJ Q’ﬂ’mmﬁqﬁlé’%’um
Fudsnsasraaenidon Sallnssenuldinniin IngnugUd-
Asaiseeay 0.2 1ué'ﬂaauzL§qﬁ1§%’an bevacizumab Wag
mudssavanniududesay 0.9 iel#%uen bevacizumab
32UAU zolendronate®
guAin13aiues MRONJ Tufthansegnngu

guAn1salues MRONJ lugUaensegnngu lesuen
ﬁugqﬂﬁaawﬂizaﬂLLUU%’UUSWW nulaseay 0.04-0.1%%
Q’ﬂaaﬁim"%’wﬂugﬂLL‘U‘U&nﬁmsﬁqﬁ’amimﬁlﬂﬁﬁmffuﬁa%’aaaz
0.017-0.0440 ﬁm%’u@'ﬁiﬁ%’um denosumab Safisenuieniy
guFnTsainsAn MRONJ d1wiutes lagannisdnyives
Bone wazanig Tufudjeionunuszdideusnuau 4550 1 fils
$uen denosumab 60 fiadnsu n 6 Wou Wuszezan 7 wae
10 U wungnseanmglugtoe 13 1g™ LaAADE LAY
doldsuendusvoznannunniu Tnsesnunrundsdosay
0.047 37, $o8az 0.06 71 5 U uavdevay 0.44 7 10 U2 Gt
%nawﬂéwﬂﬁ’jwjﬂaEJﬂszQﬂWjuﬁlﬁ%’umﬁuéy’qmiamaﬂizgm
ﬁqﬂamizﬁ%admﬁtﬁm MRONJ #ann
Jadeidesvasnsiia MRONJ
1. Safefifeadasiuen

1.1 U%mr:wummﬁ@’ﬂ’miﬁ%’u: wudwnngUaelasueiu

USunaudinnn Lﬁduslupgyﬂaamﬁn qﬁamiaiéuaqmitﬁm MRONJ
srannnimavhmsSeudisusuauiilasuUinaayan
Tudsuanies wiulugthelsanseanngu® yenanil mslasu
g AEUSE VTS HARE VUL DIUNAT I wulugthe
w39 ieluitnegeeny audutieduddyidemariligiRnisal
99n13LAn MRONJ LWNQG%{U ﬁaaahwawﬂuﬂejuﬁlﬁm

d28,43

corticosteroi ey ms”lé’%’umé’fué’qmﬁamaﬂﬁz@ﬂﬁuﬁ’u

gfugINsas1aviaandan s

1.2 ¥llav9en: sunazviadnalnlunseangnduaznis
o o a | o ' .
mManLanAaiueanty Wy £ bisphosphonates &13190
YY) a v A P S 1)
JuiulansenTesmindlad esnelunquiliilassaine

o A v | [P v v &
NANNUIZNDUM I NDEALNG 2 3UTDUADAUAIIAITUDU

o Vo a & . YR
2YHDY wﬂummuﬂizﬁ;muau (anion) WazaU1IAIUAUYTEY
a = | X a a vl

vinveswaadeulessuieguuiuiveslansondosmindlad

A Ay = I | .
“L!E]ﬂﬁ]’]ﬂuuaa%uiusll\‘iLﬂuaﬁﬂﬂizﬂaummﬂqum blSphOS—
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phonate ﬁﬁmﬂﬁi’mw%wm&ﬂufjﬁ]ﬁ;ﬁuﬁud alendronate,
risedronate, pamidronate, ibandronate, zoledronate
JudnuilsesAuszneuiivihliseanunsaduiuiiuiaves
lensenTorwilndlanifinunty Tnerunssufusywing
lulnsuevnauuasnylansendaveslansendesnilng fae
Lmﬁﬁnwummzamaqmﬂ%mmmﬂiuﬂizaﬂ LAYENNNSH
wunsazavegliluszeznauu®™® I@]&Jﬁﬁ’]ﬂ?ﬁiﬂums@ﬂ
Tawuiie 10 U sn997n81 denosumab ﬁﬁlslaiazaﬂuﬂiz@ﬂ
LLaswaiuﬂ’ﬁé’ngmﬁasm&Jéuaqmg@mmﬁmLﬁwﬁ’mwmm
wilawii Tngaeilradedin 28 Sudloldsuenluy3unamn
(120 Tadn3u n 4 e wazdAna3edin 26 Sudleldsuen
TudSunatos (60 Iadn3u vn 6 Wew)™” dawalviUe MRONJ
&% U8 denosumab agldszaznanlunisme (8 Wow) duni
Qﬁlﬁ%’um zoledronate (8.7 1naw)*

LﬁaﬁmﬁmLLﬁmmmgﬂmeadm bisphosphonates
gnlugUiuuanvziianuunse (potency) gendnenuuseniu
bianusaduiunszanlimindiniwasdvinaazauly
nszgnannnd1® eglsiniu nnsfinymiessuinineanuing
WieaefthefiliFuen bisphosphonates JULUUAAluILIAL1Z
wulugUaelsaueise Wiy ﬁf\]xﬁqﬁ’amﬁzﬁmmmsﬁm MRONJ
g9 dmSuiithenszgnnguiilésuen bisphosphonates walu
sULuLAnuaziUUTUUsENU HtRnnsaiveinisiiin MRONJ
IRGEGENT

1.3 szznandilésuen: anudsslunsio MRONJ ail

mwn%umn@ﬂaalﬁ%’ummLfﬁluisammmuﬁu Iu;:iﬂuaﬁlﬁ%'um
bisphosphonates N15tAa MRONJ awiiutuaniesar 0.04
slelssuntiesnt 4 ¥ lududesar 0.21 vimnlddusumnnd
qy* Iuéjﬂ’mmﬁﬂmﬁ%ﬁm zolendronate %38 denosumab
msihin MRONJ 9z Bunsiindsannlaiuen 2-3 Ypeatfnisal
Zovaz 0.5 wardoraz 0.8 17 Sovay 1.0 uavdovay 1.8 27
wazdouaz 1.3 wavdovar 1.8 71 3 T audsu®
2. Yastamsfimsiunnssy
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Denture Stomatitis: Review of Treatment Protocol
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Abstract

Denture stomatitis is a chronic inflammatory condition on denture-bearing mucosa which affects 15-70 %
of patients wearing dentures, particularly in elderly people. It is considered as a multifactorial disease precipitated
by several predisposing and etiologic factors. Candida infection, poor denture hygiene, ill-fitting denture, along with
denture trauma and continual wearing denture are recognized as the local risk factors. Various treatment protocols
were proposed including oral hygiene instruction, use of antiseptic/disinfectant agents, antifungal therapy, and
prosthesis adjustment. Due to variation of treatment modalities and lack of the definite treatment guideline, this
article reviewed the treatment protocols of denture stomatitis based on the existing clinical studies. To provide
the appropriate management of this bothersome condition, details of each treatment and its treatment outcome

focusing on the resolution of inflammation and the reduction of microorganisms were summarized.
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Table 2 Type and route of administration of antifungal drugs in denture stomatitis patients
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Extraoral Appliances: Effective Tools for The Infants with Complete Cleft Lip
and Cleft Palate
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Abstract

These case reports present the treatment of infants with complete cleft lip and cleft palate using extraoral
appliances including lip strap, alar hook, and Nasoform. The first infant was a unilateral complete cleft lip and cleft
palate patient. The second infant was a bilateral complete cleft lip and cleft palate patient. Both families did not
need an obturator, therefore feeding techniques were used to deal with the problems of cleft palate. The shape
of lip and nose was moulded using extraoral appliances from the first week after birth until the day of surgery at
age 4 months. Approximately 1-2 weeks after the surgical repair of cleft lip and nasal deformity, the previously
used Nasoform was adjusted to fit with the nose for using as a postoperative maintaining device. When the existing

used Nasoform was too small, the new one was chose and adjusted for continued use. The outcome occurred in
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both infants showed that the use of extraoral appliances together with feeding techniques could be an alternative

treatment for the patients with unilateral and bilateral complete cleft lip and cleft palate.

Keywords: Alar hook, Lip strap, Nasoform, Cleft lip and cleft palate, Obturator, Extraoral appliance
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Figure 1 The infant with unilateral complete cleft lip and cleft
palate on the left side age 2 days
A) Tube feeding B) Lip strapping and syringe feeding
C) Non-nutritive sucking using a functional pacifier
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Figure 2 Start using an alar hook appliance at age 9 days
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Figure 3 The progression of nasal molding process
A) The results of using an alar hook appliance for 11 days
B) The cleft lip was hold with a lip strap made from a
soft cloth tape
C) Start using the Nasoform appliance at age 20 days
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Figure 4 The results of using the Nasoform appliance
A) The results of using the Nasoform appliance for 2
months 10 days (age 3 months) B) The effectiveness
of the Nasoform appliance was improved by connect
the nostril supporters with acrylic resin C) Day 9" after
surgery, the previously used Nasoform was adjusted

to fit with the sugrical corrected nose
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Figure 5 Changes after cleft lip nose surgical correction
A) The results of using the postoperative Nasoform for
two months 11 days (age 6 months 20 days) and alveolar
arch form B) The results of using the postoperative

Nasoform for four months 17 days (age 8 months 26 days)
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Figure 6 The infant with bilateral complete cleft lip and cleft palate
A) The cleft defect at the age of 4 days

B) Feedling from a cup, a breast, and a milk bottle
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A) The dumbbell shaped lip strap preparation B) The lip

strap was attached to both cheeks C) Two alar hook

appliances were used to lengthen the columella
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Figure 8 The progression of lip and nose molding
A) Results of using alar hook appliances for 2 weeks
B) Start using the Nasoform appliance at age 3 weeks
C) Results of using the Nasoform appliance for 1 month
12 days (age 2 months) D) At the age of 3 months, the
lip strap could be temporary stopped

ysndnFunsindaiieats 4 weu fetuing 6
Alansu unisudlvinagyn éhewdleBaiiuin asedesin
gsuEiunn uasudlunvauin (tongue tie) Juit 8 ndsns
shiindadnsruaumsasan gUaynineu e sutuiumn
Usuusidldlst lnsnseusisdrudnsugaynlianasauldlimofuay
ﬁiam’auﬂgwﬁugmﬂnﬁgqaaﬁfmﬁww%uazﬂ%aﬂ (3U7 9A) losann
ymsnladauaziiununasaynni Jaiwnleefidulusme xs
w3uldliislensneny 7 iieu

wadnsvesmsliulanesuegnailitelagldfuasiiou
24 s dwalsimsneny 9 weu fisunseaynitlndlAussssuuni
wizynudvareudiadn nsdamsayndsasiosindusely
quesy 19 Susaust i wesuninnsmasiels vidoaunds
msnagUFasmstiunlene sy Weusainluluyn wuindusien
fuvisegdntunazeduinggrosynivundnas (5Ui 98)

WarnmssuAuurmessn Wesnusadng
nsruIuMTeseANnseulun1sguaninAIzUINLm I
wmulwineunaeaisaunsasuiienulgmudinaenladu
08197 vauiinitueglulsmenanislfindouusgnias s
Prglinsmannsadenisnsteuusiivanzausunisnly
annun1saling o 1A deushdauAlyuinagninusananu
sssunnfinsauaneqnuuisdunn drsaedusmindsige

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

AuunnvIniasdmIugUiemaulnd (Pigeon Feeder)
Juvinduldnszneudiiugnuugunsseninseivens
INTUINFUINAUULAINYIAUNRLAL NG

msiaguuvasmahsauilyinayn

A) it 8 deingn wilsmesuiilsnoumihgaysulyiwedry
awniignandaudly B) naswsnisldaunsalulewasimai
sidaihiam 4o 13 u (979 9 ow) ua uualAsdiumion

Uil 9

Figure 9 Changes after cleft lip nose surgical correction
A) Day 8" after surgery, the previously used Nasoform
was adjusted to fit with the sugrical corrected nose B) The
results of using the postoperative Nasoform appliance
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Effect of Different Placement Methods on Voids Formation in Class Il Cavity

Restored with Bulk-fill Resin Composite
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'Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The aim of this study was to evaluate void formation by micro-computed tomography in two-surface Class I
cavities restored using four different placement methods with three bulk-fill resin composites. Standardized Class |l
cavities were prepared in forty intact human maxillary first premolar teeth. The teeth were randomly divided into
four groups and restored using (n=10): 1) one bulk placement with a hand instrument; 2) two-bulk placement with
a hand instrument; 3) one bulk placement with an injectable dispenser; 4) one bulk placement with an injectable
dispenser and a sonic-activated handpiece. Percentage of void formation in the entire restoration was evaluated.
One-way ANOVA and Games-Howell post hoc analyses were performed with a significance level of 0.05. One bulk
placement with a hand instrument (Group 1) and two-bulk placement with a hand instrument (Group 2) had a
significantly higher percentage of void formation than a one-bulk placement with an injectable dispenser (Group 3)
and one-bulk placement with an injectable dispenser and sonic-activated handpiece (Group 4). There was no significant
difference in the percentage of void formation between the hand instrument placement groups (Groups 1 and 2)
and also between the injectable dispenser groups (Groups 3 and 4). In conclusion, different placement methods
affected void formation in two-surface Class Il cavity restored with bulk-fill resin composite. Placement with a hand

instrument had a significantly higher void formation than placement with an injectable dispenser.
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Introduction

Resin composite has been widely used to restore occlusal forces and provides natural tooth color. However,
both anterior and posterior teeth due to esthetic concerns restoring teeth with resin composite usually created
and gradually phased down of dental amalgam used. It voids,"” both within the resin composite itself and at the
can be attached to the tooth via bonding systems, supports interfaces between cavity walls and the resin composite,
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which are results of air trapped within the material during
manufacturing,” air trapped between layers of resin composite
or air trapped at the interfaces between cavity walls and
the resin composite upon restoring.' The micro-computed
tomography (micro-CT) study by Jira-amon and Maneenut,'
which evaluated the void formation in slot Class Il cavities
of extracted human maxillary first premolar teeth restored
with bulk-fill resin composites using different placement
methods, found voids in all the tooth samples. The study by
Chaidarun and Leevailoj,” which investigated and compared
the number of voids in small and large Class Il cavities of
artificial mandibular second premolar teeth restored with
bulk-fill resin composite or conventional nanohybrid resin
composite, found voids within the tooth samples. There are
multiple factors related to void formation in resin composite
restorations such as adhesive agents, polymerization shrinkage
and stress, cavity configurations, the manufacturing process, the
viscosity of the resin composites and placement methods.>"’
A void of the resin composite restoration is a
restoration failure factor. Voids within the resin composite
can reduce its mechanical properties.**"' Voids at the axio-
pulpal line angles can cause restoration fractures. Voids at
cavity-resin composite interfaces can reduce bond strength
and result in movements of fluid or bacteria through the
interfaces. These can cause dental caries and post-operative
sensitivity. Voids along the restoration margins and the
external surfaces also result in microleakage, discoloration,
surface roughness, plaque accumulation and dental caries.
These voids can be seen and can compromise the esthetics
of the restoration. Furthermore, their appearance as
radiolucent areas in radiograph can be misinterpreted as
dental caries. Jira-arnon and Maneenut' together with
Chaidarun and Leevailoj’ recommended methods to
reduce void formation in resin composite restorations
such as using proper viscosity resin composites, proper
placement methods and bulk-fill resin composites.
The incremental placement of conventional
resin composites are applied when restoring a deep cavity

to ensure adequate light transmission for complete poly-

merization and to avoid cuspal deflection.'*"” Recently,
bulk-fill resin composites are introduced to solve the
disadvantages of conventional resin composites. They are
claimed by manufacturers for placing in a bulk of 4-5 mm,'***
which can simplify the treatment procedures. Their properties
were improved and provided clinical advantages such as
increased depth of cure, low polymerization shrinkage and
stress, which provide better marginal adaptation and
reduced cuspal deflection.'** Their handling properties
are similar to conventional resin composites. However,
restoring cavity more than 4 mm depth with bulk-fill resin
composites still requires incremental placement to avoid
insufficient polymerization, which can degrade resin
composites, create negative effect on physical properties
and adverse biological reactions.'*?

Several methods were used to evaluate void
formation in resin composite restoration. A simple
method is sectioning the sample, staining and observing
under a microscope. However, it can evaluate only the
sectioned plane and is destructive, which has to cut
the samples and the evaluation cannot be repeated.”
Recently, with the developments in imaging technology
to create a three-dimensional image without cutting the
sample,”" micro-computed tomography is widely used to
evaluate the void formation of resin composite restoration
in many studies."** However, there was still insufficient
information of void formation in large and different Class Il
cavity designs. Thus, this study was conducted to evaluate
void formation by micro-computed tomography in two-
surface Class Il cavities restored using four different placement

methods with three bulk-fill resin composites

Materials and Methods

Specimen preparations

Forty extracted human maxillary first premolar
teeth without any dental caries, restoration and cracks
were collected, cleaned and immersed in 0.1% thymol
solution (approved by the Human Research Ethics

Committee of the Faculty of Dentistry, Chulalongkorn
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University, HREC-DCU 2020-044). The teeth were simply
randomized and divided into four groups with ten teeth
per group. Occlusal surface of the tooth was polished
into a paralleled plane to reach the deepest level of
pits or fissures by a polishing machine (NANO 2000, PACE
technologies, USA). Proximal surface of the tooth was
polished into a perpendicular plane to the polished
occlusal surface by the polishing machine. The gingival
margin of the polished proximal surface was 4 mm lower
than the polished occlusal surface.

Each polished tooth was embedded in clear acrylic
resin at 2 mm beneath the cementoenamel junction level.
Atwo-surface Class Il cavity was prepared on the polished
occlusal and proximal surfaces with high-speed diamond
cylinder bur (Intensiv, Switzerland) using computer numerical
control (CNC) specimen former (Former A-11, IMT, Thailand).
The axio-pulpal line angle was rounded with a gingival
margin trimmer (Hu-Friedy, USA). Dimensions of the cavity
were set as follows:

- The occlusal cavity was 2 mm occluso-gingival depth,
3 mm mesio-distal width and 3 mm bucco-lingual width.

- The proximal cavity was 2 mm pulpo-gingival depth,
1.5 mm mesio-distal width and 3 mm bucco-lingual width.

Dimensions of the prepared cavity were confirmed
by a digital vernier caliper (Mitutoyo, Japan).

A metal Tofflemire matrix system was applied
to the prepared cavity. Matrix band was adapted and
covered all cavity margins. The top margin of the band
was at 1 mm above the occlusal cavity margin. The cavity
was etched with 37.5% phosphoric acid (Gel Etchant, Kerr,
USA) for 15 seconds, rinsed thoroughly with distilled water
for 15 seconds and gently air blown for three seconds
to achieve moist dentin. The OptiBond™ FL (Kerr, USA)
adhesive system was applied in the cavity following the
manufacturer’s instructions. The OptiBond FL Primer was
applied with a light scrubbing motion for 15 seconds and
gently air blown for five seconds until the cavity had a
slightly shiny appearance. The OptiBond FL Adhesive was

applied uniformly to create a thin coating. The adhesive was
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light cured with Demi™ Plus light curing unit (Kerr, USA)
with light intensity 1,100-1,330 mW/cm? for 20 seconds.
Silicone index preparation

The volume of the prepared cavity in each tooth
was approximately 27 mm’. Since no void was needed
in the bulk of material that was pushed out from the
syringe, a self-cured silicone index (Silagum Putty, DMG,
Germany) was prepared to control the volume and void
of syringe-type resin composite which was placed into the
cavity with a hand instrument (group 1 and group 2).!

A light cured square-shaped resin composite
block (4 x 2 x 3.5 mm?), which has slightly more volume
than the volume of the prepared cavity, was prepared by
the computer numerical control specimen former. The
resin composite block was placed on the freshly mixed
silicone and pressed into the silicone with a glass slab.
When the silicone was completely set, the resin composite
block was taken out.

Restoring procedures

Group 1: One bulk placement with hand instrument
with syringe-type Filtek™ One Bulk Fill Restorative
(3M ESPE, USA)

The resin composite was pushed out of the syringe
and placed into the silicone index with a CVIPC carver (Hu-Friedy,
USA). All amount of resin composite (volume of approxi-
mately 27 mm?) was taken out of the index and put into
the prepared cavity with the carver. It was adapted with
a flat-ended plugger (Hu-Friedy, USA) in the occluso-gingival
direction for 15 times with a pressure of approximately
100 grams each time (the operator was well practiced to
press with the same force, using a push-pull force gauge).
The excess resin composite was removed with the carver
in the bucco-lingual direction for five times. The tip of the
light guide was placed at 2 mm from the top of the cavity
(the cusp height was compensated to simulate clinical
situations) and light cured for 40 seconds. The matrix band
was removed and light was applied on the buccal and

lingual surfaces of the proximal cavity for 20 seconds each.



Group 2: Two-bulk placement with hand instrument
with syringe-type Filtek™ One Bulk Fill Restorative
(3M ESPE, USA)***" (Fig. 1)

3 mm

—_—

2mm

2 mm 3 mm ‘

1.5 mm

3 mm

3 mm

2mm
2mm 3mm ‘

1.5 mm

—_—
3 mm

Figure 1 Two-bulk placement with hand instrument of Group 2

The placement was modified from the centripetal
technique in which the proximal part against the matrix
band was created first and the remaining occlusal cavity was

26,27

filled up later.™"" The resin composite was pushed out of
the syringe and placed into the silicone index with the
CVIPC carver. Two-thirds of the resin composite (volume
of approximately 18 mm?) was taken out of the index and
put it into the proximal cavity with the carver and adapted
with the flat-ended plugger in the occluso-gingival direction
for five times and in the mesio-distal direction for five times
using the same force. The top level of the resin composite
was at the same level of the occlusal margin. The rest of the
resin composite (volume of approximately 9 mm?) was put
into the occlusal cavity with the carver and adapted with the
flat-ended plugger in the occluso-gingival directionfor five
times. The excess resin composite was removed with the
carver in the bucco-lingual direction for five times. The tip
of the light guide was placed at 2 mm from the top of the
cavity (compensated cusp height to simulate clinical
situations) and light cured for 40 seconds. The matrix band
was removed and light was applied on the buccal and

lingual surfaces of the proximal cavity for 20 seconds each.

Group 3: One bulk placement with injectable dispenser
with capsule-type Filtek™ One Bulk Fill Restorative
(3M ESPE, USA)

The Filtek™ One Bulk Fill Restorative capsule
was put into the Filtek™ Restoratives Dispenser. The tip
of the capsule was placed 0.5 mm above the gingival
wall. The resin composite was dispensed and the capsule
tip was moved upward and kept inside the bulk of the
resin composite during dispensing until the resin composite
reached the occlusal surface. The excess resin composite
was removed with the carver in the bucco-lingual direction
for five times. The tip of the light guide was placed at 2 mm
from the top of the cavity (compensated cusp height to
simulate clinical situations) and light cured for 40 seconds.
The matrix band was removed and light was applied at
buccal and lingual surfaces of the proximal cavity for
20 seconds each.

Group 4: One bulk placement with injectable dispenser
and sonic-activated handpiece with SonicFill™ 2
(Kerr, USA)

The SonicFill™ 2 capsule was put into the SonicFill™
Handpiece. The dispensing rate of the handpiece was
set at level 3. The tip of the capsule was placed 0.5 mm
above the gingival wall. The handpiece was activated by
fully depressing the foot pedal and the capsule tip was
moved upward and keptinside the resin composite while
the handpiece was activated. The handpiece was turned
off when the resin composite reached the occlusal surface.
The excess resin composite was removed with the carver
in a bucco-lingual direction for five times. The tip of the
light guide was placed 2 mm from the top of the cavity
(the cusp height was compensated to simulate clinical
situations) and the light cured for 40 seconds. The matrix
band was removed and light was applied at buccal and
lingual surfaces of the proximal cavity for 20 seconds each.

All restored teeth were kept in an incubator
(Contherm 1200, Contherm, New Zealand) with a relative
humidity of 100 % at 37°C for 24 hours.
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Analysis of voids formation using micro-computed
tomography

All teeth were removed from the resin blocks
and the root, buccal surface and lingual surface was cut
1-2 mm away from the margins of the cavity with a high-speed
diamond cylinder bur. The prepared samples were placed
ina 10 mm diameter holder and stabilized with sponges.
The holder was put into a micro-computed tomography
machine (UCT 35, Scanco Medlical, Switzerland). The machine
was set to 70 kV, 100 A, voxel size 6 um and filtered the
radiation with aluminum 0.5 mm thickness." The samples
were scanned and sets of approximately 500 images per
one restoration were recorded. The operator set regions
of interest covering the entire restoration. The percentages
of volume of void per volume of the entire restoration
were calculated using a micro-computed tomography

evaluation program.

Statistical Analysis

SPSS Statistics 26 software (IBM, USA) was used
to analyze the data. A significance level of 0.05 was set.
The Shapiro-Wilk test was performed to test normality.
The one-way ANOVA and Games-Howell post hoc analyses

were performed to analyze the percentage of voids.

The mean percentage of the volume of the void
per volume of the entire restoration is presented in Table 1.
Group 2, two-bulk placement with a hand instrument was
the highest, followed by Group 1, one bulk placement with
a hand instrument and Group 4, one bulk placement with
an injectable dispenser and a sonic-activated handpiece.
Group 3, one bulk placement with an injectable dispenser

was the lowest.

Table 1 Mean percentage of volume of void per volume of the entire restoration and standard deviation. The same superscript

letter means no statistically significant difference

Group Mean (SD)
1: One bulk placement with hand instrument 0.66 (0.39) °
2: Two-bulk placement with hand instrument 1.08 (0.38)
3: One bulk placement with injectable dispenser 0.10 (0.09) °
4: One bulk placement with injectable dispenser and sonic-activated handpiece 0.14 (0.11) °

One bulk placement with a hand instrument
(Group 1) and two-bulk placement with a hand instrument
(Group 2) had significantly higher percentage of void formation
than one bulk placement with an injectable dispenser
(Group 3) and one bulk placement with an injectable dispenser
and a sonic-activated handpiece (Group 4). There was no
significant difference in the percentage of void formation

between the hand instrument placement groups (Groups
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1 and 2) and also between the injectable dispenser groups
(Groups 3 and 4).

Voids at the cavity walls, line angles and within
the bulk of resin composites were found in all groups
(Fig. 2, 3, 4 and 5). Voids located between the bulks of
resin composite were found in only Group 2, two-bulk

placement with a hand instrument (Fig. 3).



Resin composite T Resin composite > Resin composite

Resin composite M Resin composite g entin = Resin composite

Figure 3 Representative cross-sectional images of Group 2, two-bulk placement with hand instruments. Voids are indicated by arrows

Resin composite Resin composite Resin composite

Figure 4 Representative cross-sectional images of Group 3, one bulk placement with an injectable dispenser. Voids are indicated by arrows
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Resin composite” 5

Resin composite

Resin composite

Figure 5 Representative cross-sectional images of Group 4, one bulk placement with an injectable dispenser and sonic-activated

handpiece. Voids are indicated by arrows

Discussion

Voids in this study were voids within the resin
composite, voids between the bulks of the resin composite
and voids at the interfaces between cavity walls and the
resin composite. These voids appeared as radiolucent areas
in each cross-sectional image when using micro-computed
tomography analysis. The effect of cavity size and volume
were discarded by using computer numerical control specimen
former to standardize the cavity. The silicone index was
prepared to control the volume of the syringe-type resin
composite which was placed with a hand instrument.'
Putting a closely adapted amount of resin composite
to the cavity volume could reduce the chance of void
formation compared to putting much more which would
have to be taken out or putting much less which would
to add in the material.

The results of this study found voids in all the
tooth samples. Although the line angle was round, voids
could occur at the line angles of the cavity. It also occurred
at the interfaces between cavity walls and resin composite
more than within the bulk of resin composites (Fig. 2, 3,
4 and 5). Voids at both occlusal and proximal line angles
infer that more line angles means more possibilities of
voids. The percentage of void formation was about 1 %
and less. It was higher when placed with a hand instrument

than placed with an injectable dispenser. The results
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corresponded to the study by Jira-arnon and Maneenut,'
which found that placement of syringe-type resin composite
into slot Class Il cavity with a hand instrument created more
void formation than dispensed from a capsule. This study
extended the Class Il cavity into two surfaces and the
placement method of two bulks was different from the
previous study. The placement of Group 2 in two-bulk
with a hand instrument (Fig. 1) was modified from the studies
of Bichacho® and Hassan and others.”” This placement
method provided an uninterrupted proximal surface. A
smooth proximal surface was clinically desirable because
it could be easily cleaned and could have less plaque
accumulation. However, there were interfaces of resin
composite at the occlusal cavity (Fig. 3) in which voids
could be formed more than in one bulk placement (Fig. 2).
Voids at the interfaces in the occlusal cavity could affect
the restorations more than voids within the bulk of resin
composites in terms of leakage, weakness and staining.
The interface of the bulks of resin composite in this study
was a vertical line in the occlusal cavity instead of a horizontal
line in the proximal cavity. This means that voids could be
formed wherever the interface was.

The study by Aggarwal and others found that
the placement of flowable resin composite improved

adaptation in the gingival floor of proximal cavities.” More-



over, the study by Schmidlin and others found that the
ultrasound application improved marginal adaptation in
Class Il cavities.” An example of bulk-fill resin composite
that used sonic energy to reduce the viscosity of resin

composite for a short time and did not reduce filler by

LTM lTM

volume is SonicFill™ 2. The company claimed that SonicFil
2 had low viscosity to flow and had high viscosity to shape.
The flowable properties could increase adaptation to the
cavities. When the handpiece vibration stopped, this
bulk-fill resin composite became higher viscosity.”” The
results of this study also showed that one bulk placement
with injectable dispenser and sonic-activated handpiece
had voids especially at the cavity walls and line angles
but significantly lower percentage of void formation
than placement with hand instrument.

From the results of this study, some recom-
mendations could be drawn to reduce void formation
in Class Il cavity restored with bulk-fill resin composite
such as placement with an injectable dispenser or in-
jectable dispenser and sonic-activated handpiece. During
the placement, the dispensing tip should be above the
deepest part of the cavity by 0.5 mm and the dispensing
tip should be kept inside the resin composite during
dispensing However, in the case of using a syringe-type
bulk-fill resin composite which is quite common in clinical
practice, one bulk placement could reduce steps and

the amount of void in the restoration.

Conclusion

With the limitations of this study, it could be
concluded that different placement methods affected
void formation in two-surface Class Il cavity restored with
bulk-fill resin composite. Placement with a hand instrument
had a significantly higher void formation than placement

with an injectable dispenser.
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Abstract

The objective of this study was to evaluate the effects of 2.5%, 5%, and 10% by weight silane-treated nano-
alumina and alumina reinforcement on the flexural strength of heat-polymerized acrylic resins. Seventy rectangular
(65x10x3 mm”) (ISO standard 1567) heat-polymerized acrylic resins were fabricated and divided into seven groups
according to the size and weight % of aluminum oxide reinforcement (n=10). The control group was an intact
heat-polymerized acrylic resin group. The six experimental groups were reinforced with 2.5%, 5%, and 10% by weight
silane-treated nano-aluminum oxide (20 nm) and aluminum oxide particles (50-70 um). The specimens were tested
for flexural strength using a three-point bending test. Independent t-test, One-way ANOVA and Tukey Honestly Significant
Difference (HSD) were used for statistical analysis. The flexural strength of 109 by weight of silane-treated nano-alumina
and silane-treated alumina reinforced groups (Groups NA3, A3) (111.36, 110.45 MPa) significantly increased compared to
the control group (Group C) (99.25 MPa) (p<0.05), even though the flexural strength of 2.5% and 5% by weight of
silane-treated nano-alumina and silane-treated alumina reinforced groups (Groups NA1, NA2, A1, A2) (101.00, 105.34,
99.27, 104.42 MPa) did not increase significantly compared to the control (p>0.05). Group NA3 showed the highest
flexural strength compared to the control (p<0.05). Changing the percentage by weight of silane-treated aluminum
oxide reinforcement affected the flexural strength of heat-polymerized acrylic resins. The flexural strength increased
when 10% by weight of silane-treated nano-alumina and alumina fillers were added. Both silaned-treated micro-sized
and silaned-treated nano-sized alumina can be used to reinforce the flexural strength of heat-polymerized acrylic

resins due to resembling the effect of increase in flexural strength.
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Introduction

Polymethyl methacrylate (PMMA) is the most such as biocompatibility, ease of processing, stability, low
commonly used material to fabricate denture bases.' The cost and esthetic properties.” However, several inferior

popularity of PMMA is mainly due to various superior properties physical and mechanical properties have prevented PMMA
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from becoming an ideal denture base material. It has low
thermal conductivity, a high coefficient of thermal expansion,
relatively low modulus of elasticity, and its brittleness
makes the material more susceptible to clinical failure.” A
variety of physical properties can be used to assess the
strength of denture materials. The most common tests are
impact strength, the ability of a material to resist a sudden
high level force or “shock,” flexural strength, and the force
needed to deform the material to fracture or irreversible
yield. One of the desirable properties in denture base
material is high impact stress, due to the risk of fracture that
could happen if the patient drops their dentures. In order
to achieve a longer clinical denture life, increasing the
flexural strength may help resist torsional forces which can
be found in the function of an acrylic resin denture base.*

Denture base fracture is considered the primary
mode of clinical failure; up to 68 % of acrylic resin dentures
break within a few years of fabrication.” Denture wearers
have to make a new denture or spend more money on
repairing the old one but it does not last long. Therefore,
to extend the longevity of acrylic resin dentures, several
methods have been introduced to reinforce the material
used for denture base fabrication, such as chemical
modification to prepare high impact resin and mechanical
reinforcement with glass fibers, sapphire whiskers, aramid
fibers, carbon fibers, nylon polyethylene fibers and zirconia.®
An addition of glass fiber showed a higher impact strength
and improved the flexural strength of PMMA.” The current
meta-analysis showed that the reinforcement of PMMA
can considerably enhance both flexural strength and impact
strength.® Titanium, zirconia and nano-zirconia reinforcement
also contributed to an increase in flexural and impact strength
of PMMA.”'" A recent study showed that the reinforcement
of nano-zirconia may improve the transverse strength of a
repaired acrylic denture base.”” The incorporation of 0.75%-
ZrQ, or 0.25% -5I0, into repair resin can increase the repair
strength.”” However, the use of metal powder filler has
caused the dentures to be unaesthetic. Ideally, metal
powder should be incorporated into the resin and increase

the strength without affecting other properties.
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Furthermore, natural fibers can also be reinforced
to increase the mechanical properties of PMMA. These
natural fibers are plant-based and lignocellulose in
nature. They are composed of lignin, pectin, cellulose,
hemicelluloses and waxy substances. Natural fibers are
placed in the weak areas of the denture and 90° to the
fracture line. The fibers become stronger when they are
placed in a unidirectional direction.™ A study conducted
by Oleiwi et al., demonstrated that pure PMMA specimens
had a lower compressive strength than that of PMMA
specimens reinforced with miswak or bamboo fibers."

One of the materials that is commonly found in
dental settings is aluminum oxide, which is commonly
referred to as alumina. It possesses strong ionic interatomic
bonding, giving rise to various desirable material characteristics.
It can exist in several crystalline phases, which all revert to
the most stable hexagonal alpha phase at elevated tem-
peratures. This is the phase of particular interest for struc-
tural applications. Alpha phase alumina is the strongest
and stiffest of the oxide ceramics. It has more hardness,
excellent dielectric properties, refractoriness, and good
thermal properties make it the material of choice for a
wide range of applications in dentistry.*'® Antimicrobial
properties are considered a desirable characteristic that
nanoparticles should possess. Aluminum oxide nanoparticles
have a wide range of applications in the industry, and are
also known to possess antimicrobial properties in a dental
aspect. Alumina showed a mild bacterial growth-inhibitory
effect, but only at very higsh concentrations.'” Other research
showed that the antimicrobial properties of nanoparticles
containing formulations were increased.'® The addition of
5% by weight aluminum oxide nanoparticles to acrylic resin
also improved the thermal properties and transverse strength
of acrylic resin, and at the same time decreased its water
sorption and solubility.'” On the other hand, there was an
increase in surface roughness of the acrylic resin, yet the
surface roughness did not significantly change even though the
concentration of aluminum oxide nanoparticles was increased.”

In addition, the reinforced particle shape affects

the mechanical properties of PMMA. Elongated particles



are more efficient in improving the properties of acrylic
resin than spherical particles.”” There were various studies
presenting the effect of particle size and percentage of
concentration of particles on the flexural strength of acrylic
resin. An addition of 10% by weight and 15% by weight of
alumina powder to heat cure acrylic resin improved the
flexural strength.”" Ten percent by weight of treated
alumina particles sized 18-23 um. resulted in a 23.86 %
increase in flexural strength.” One percent by weight of
treated nanofillers of alumina increased 24 % of flexural
strength.” Five percent by weight of 5-22 um. untreated
alumina particles improved flexural strength by 13.99 %.*
One percent and 1.5% by weight nano—AlZO3 increased
the flexural strength of the repaired denture.” Nanofillers
are more effective than microfillers at lower concentrations.
Moreover, studies demonstrated that the use of alumina
particles treated with silane coupling agent leads to a
significant increase in properties of acrylic resin as compared
to untreated particles, as it improves the surface bonding
of filler and resin matrix. Previously, a study presented that
10% by weight of treated particles with silane coupling
agent 18-23 pm particles led to a 23.86 % increase in flexural
strength whereas non-silanized resulted in a 5.46 % increase
in the strength.””

Therefore, this study aimed to evaluate the
effect of 2.5%, 5%, and 10% by weight of silane-treated

nano-aluminum oxide (20 nm.) and silane-treated aluminum

Table 1 Materials used in this study

oxide (50-70 um) reinforcement on the flexural strength of
heat-polymerized acrylic resins. The null hypothesis was
that there is no significant difference in flexural strength
of heat-polymerized acrylic between micro-sized and
nano-sized aluminum oxide reinforcement. Also, there is no
significant difference in flexural strength of heat-polymerized
acrylic among different weight percentages of aluminum
oxide particles. Lastly, there was no significant difference in
flexural strength of heat-polymerized acrylic amongst the

various sizes, volumes of aluminum filler and the control group.

Materials and methods

Seventy (65*10%3 mm’)* (1SO standard 1567) PMMA
specimens were fabricated from heat polymerization
(Meliodent Heat Cure, KULZER MITSUI Chemicals group,
Heraeus Kulzer Gmbh, Tokyo, Japan). All specimens were
prepared using a heavy-body condensation silicone mold
made of rectangular custom-made acrylic blocks. Pink wax
was melted and placed into the silicone mold, where glass
slides were used to control the thickness of the rectangular
wax pieces. The rectangular wax pieces were invested in a
metal flask with dental stone. After setting the dental stone,
the flasks were placed in a scalding unit for wax boil-out
(100°C, 5 minutes), leaving the rectangular shaped mold
cavity in the dental stone, which was used as a matrix for
the fabrication of specimens. A separating medium was

applied to the stone mold.

Materials Use of materials

Compositions Manufacturer

Heat cured acrylic resins  Denture base processing

peroxide

Liquid: 90% MMA, 10% dimethacrylate, catalyst

Powder: 95% PMMA, 4% plasticizer, 1% benzoyl

Meliodent KULZER MITSUI Chemicals
group, Heraeus Kulzer Gmbh, Tokyo,

Japan

320-grit silicon carbide
paper

Finishing and polishing

C0.07%, SIC 93.9%, Fe O, 0.64%, Si 0.79%,
ALZO3 0.25%, Ca0 0.20%, SIO, 4.11%

TOA Paint Public Company
Limited, Thailand

Silane coupling agent Silanization

(MPS)

1% 3- methacryloxypropyl trimethoxysilane

ethanol/water-based solvent, acetic acid

KBM 503, Shin-Etsu Chemical,
Tokyo, Japan

Alumina particles Reinforcement
with diameters

ranged from 50-70 ym Ca0 0.30%

ALZO3 95%, SiO2 0.72%
Fe O, 1.00%, TiO, 3.00%

Kepler International, Thailand

Nano-alumina particles Reinforcement

with diameter 20 nm

ALZOS, gamma, 99%, 20 nm

US Research Nanomaterials,
Inc., Houston USA
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1. Specimen preparation

divided into seven groups: one control group (intact heat

All heat-polymerized PMMA specimens were

polymerized specimens) and six experimental groups
(addition of nano-alumina and alumina powder) as shown
in Table 2.

Table 2 Experimental groups and coding according to reinforcement material used for reinforcing process

Group code Reinforcement material used for reinforcing process

C

NA1

NA2

NA3

Al

A2

A3

Intact heat-polymerized acrylic resin specimens (control)

Heat-polymerized acrylic resin reinforced with 2.5% by weight silane-treated nano-aluminum oxide particles (20 nm)
Heat-polymerized acrylic resin reinforced with 5% by weight silane- treated nano-aluminum oxide particles (20 nm)
Heat-polymerized acrylic resin reinforced with 10% by weight silane- treated nano-aluminum oxide particles (20 nm)
Heat-polymerized acrylic resin reinforced with 2.5% by weight silane- treated aluminum oxide particles (50-70 pym)
Heat-polymerized acrylic resin reinforced with 5% by weight silane- treated aluminum oxide particles (50-70 pum)

Heat-polymerized acrylic resin reinforced with 10% by weight silane- treated aluminum oxide particles (50-70 pm)

Control group

(n=10), Group C

Heat-cured acrylic specimens

(n=70)

[ | |
Nano-alumina reinforced Alumina reinforced

(n=30) (n=30)
2.5 wt% (n=10), Group NA1 2.5 wt% (n=10), Group Al
5 wt% (n=10), Group NAZ2
10 wt% (n=10), Group NA3

5wt% (n=10), Group A2
10 wt% (n=10), Group A3

Figure 1 Sample groups

Aluminum oxide particles (50-70 um) (Kepler
international co., LTD Thailand) and nano-aluminum
oxide particles (20 nm) (US Research Nanomaterials, Inc.,
Houston, USA) were pre-weighed into 2.5%, 5%, and 10%

by weight of heat-polymerized acrylic resin particles using

an electronic weighing machine. Then, 0.1% silane coupling
agent MPS (3-methacryloxy propyl trimethoxysilane) (KBM
503, Shin-Etsu Chemical, Tokyo, Japan) was measured
using a micropipette (10-100 pl size, SCILAB) according

to Arkle’s equation *":

Amount of silane (g) =

Amount of filler (g) x surface area (m%/g)

Minimum coating area of silane coupling agent (m?/g)

Silane was used to coat the preweighed aluminum
oxide particles using a microbrush and a one-minute
waiting drying time. Then, preweighed 2.5%, 5%, and 10%
by weight aluminum oxide particles and nano-aluminum

oxide powder with resin polymer powder (50 mg) was
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mixed using a magnetic stirrer (IKA C-MAG HS7), in order
to achieve an equal distribution of particles and uniform
consistency.” Packing and processing of specimens were
done according to the manufacturer’s instructions. The

upper and lower flasks were closed and maintained under



200 Ib of compression for 30 minutes. The flasks were
removed from the hydraulic pressure and cooled over
the bench for 150 minutes. The curing procedure was
processed by placing the flasks in the water bath at 71°C
for nine hours.” Flasks were allowed to cool to room
temperature overnight before opening and deflasking.

The specimens were removed from the mold, finished,

and polished with 320-grit silicon carbide paper (TOA
Paint Public Company Limited, Thailand) using a polishing
machine (Whip Mix Corporation, Kentucky, USA). The
polished specimens of each group are shown in Figure 2.
The specimens were later stored in an incubator at 37°C

for two days before flexural strength testing.”’

Figure 2 Polished heat-polymerized acrylic resin specimen of each group (65*10*3 mm’)

2. Flexural strength testing

Before flexural strength testing, the thickness,
width, and length of each specimen were examined for
accuracy by using a digital micrometer (minimum reading:
0.001 mm, Digimatic Micrometer Mitutoyo Corp., Kanagawa,
Japan). Hence, the midpoint in length of each specimen
was determined and marked. The flexural strength of the
specimens were determined by using a three-point
bending testing device in a universal testing machine (EZ
test, Shimadzu, Japan). The device is composed of a loading
wedge and a pair of adjustable supporting wedges placed
50 mm. apart. The specimens were centered on the device
in such a way that the loading wedge, (with a set crosshead
speed of 5 mm/min), engaged the center of the upper
surface of the specimens. Specimens were loaded until
fracture occurred. Flexural strength was calculated using
the following equation **:

S = 3Pl/2bd?
Sis the flexural strength (N/mm?), P is the fracture

load (N), Iis the distance between the supporting wedges

(mm), bis the specimen width (mm), and d is the specimen
thickness (mm).
3. Visual surface analysis

A scanning electron microscope (FEI QUANTA
200, FEI Company, Oregon, USA) was used to visualize
the surface topography and examine the filler distribution
in the polymer matrix of the control and experimental
specimens. It was also used to analyze the mode of failure
of each experimental specimen. Definitions of each mode
of failure is described in the following sentences: Adhesive
failure means that fracture occurs between the interface
of silane-treated aluminum oxide particles and PMMA.
Cohesive failure means that fracture occurs between
PMMA and PMMA. Mixture of adhesive and cohesive failure
means that fracture occurs between the interface of the
silane-treated aluminum oxide particles and PMMA (ad-
hesive failure) and between PMMA and PMMA (cohesive
failure). One sample from each group was coated with
gold by Gold Coater Jeol Model JFC-1200 and visualized

at 200-1500x magnification. An attempt was made to focus
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on a presenting area and adjustment of the higher magnification
while remaining on the same area was also done.
4. Statistical analysis

Data analysis was performed using SPSS software
version 23, SPSS Inc, IRM corp, Chicago IL, USA at 95%
confidence of level. A p-value < 0.05 was significantly
considered. After obtaining results from the experiment,
it was used to test for normality using the Sharpiro-Wilk
test as the degree of freedom of each group which was
less than 50. The results were well-modeled by normal
distribution and parametric statistical tests were done.

The first hypothesis focused on a single independent
variable: size of particles, which was further divided into
two sets of data, including the nano-aluminum oxide (20 nm)
reinforced group and the aluminum oxide (50-70 pm)
reinforced group. The single dependent variable was the
value of flexural strength. An independent t-test was done
in order to compare means of flexural strength between
the two groups. An independent t-test is an inferential
statistical test that determines whether there was a
statistically significant difference between the means
in two unrelated groups.

The second and third hypotheses were analyzed

using One-way ANOVA, as there were seven sets of data,

120
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50

Mean Flexural Strength (MPa)

40

30

20

a single independent variable, and one dependent variable.
Afterwards, the Post-Hoc or Multiple Comparison test was
used to determine which of the paired means amongst
a set of means was significantly different from the rest.
Tukey’s Honestly Significant Difference (HSD) test was
chosen for pair-wise comparison due to the equal number

of sample sizes in each set of data.

As shown in Figure 3, in the investigation of the
effect of the size of aluminum oxide particle reinforcement
on the flexural strength of heat-polymerized acrylic resin,
the null hypothesis was accepted. Changing the size of
reinforced alumina, between nano-aluminum oxide fillers
(20 nm) and aluminum oxide fillers (50-70 um), did not
significantly affect the flexural strength of heat-polymerized
acrylic resin. The mean flexural strength of nano-alumina
and alumina filler reinforcement were 106.20 MPa and
104.71 MPa, respectively. Although the mean flexural
strength of the nano-aluminum oxide reinforced groups
(Groups NA1, NA2, NA3) was higher than that of the
aluminum oxide reinforced groups (Groups Al, A2, A3)
with a mean difference of 1.49 MPa, the difference was

not shown to be statistically significant (p=0.484)

Nano-aluminum oxide (20nm)

Aluminum oxide (50-70um)

Size of Aluminum Oxide Particle

Figure 3 The effect of size of aluminum oxide particle reinforcement on the flexural strength of heat-polymerized acrylic resin
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As shown in Table 3, in investigating the effect
of weight % of aluminum oxide particle reinforcement
on the flexural strength of heat-polymerized acrylic resin,
the alternate hypothesis was accepted. There was a significant
difference between the flexural strengths of heat-poly-
merized acrylic resin that resulted from different weight %
of fillers reinforced. The mean flexural strength of 10%
particle reinforced group (Group NA3, A3) was 5.57 MPa
and 10.77 MPa higher than that of the 5% and 2.5% particle
reinforced groups (Group NA2, A2 and Group NA1, Al)
respectively, which appeared to be statistically significant
(p=0.038, p=0.000). Although the mean flexuralstrength
of the 5% particle reinforced group (Group NA2, A2) was
5.20 MPa higher than that of the 2.5% particle reinforced
group (Group NA1, A1), the difference was not statistically
significant (p=0.056).

As shown in Table 4, in the investigation of the
effect of size, weight %, and absence of aluminum oxide
particle reinforcement on the flexural strength of heat-
polymerized acrylic resin, the alternate hypothesis was
accepted. There was a significant difference between
the flexural strengths of heat-polymerized acrylic resin
that resulted from various sizes, weight % of aluminum
filler reinforced and control groups. The highest flexural
strength of heat-polymerized acrylic resin was presented
in 10% by weight of the nano-aluminum oxide group
(Group NA3), followed by 10% by weight of the aluminum
oxide group (Group A3), with a mean flexural strength of
111.36 MPa and 110.45 MPa. The mean flexural strength
of 10% by weight of the nano-aluminum reinforced
group (Group A3) was higher than 2.5% by weight of the
nano-aluminum oxide (Group NA1), 2.5% by weight of the
aluminum oxide (Group A1) and the control group (Group C)
by 10.36 MPa, 12.09 MPa and 12.11 MPa, respectively.
Likewise, the flexural strength of 10% by weight of the
aluminum oxide reinforced group (Group A3) was higher
than 2.5% by weight of the nano-aluminum reinforced
group (Group NA1), 2.5% by weight of the aluminum oxide
(Group Al) and the control group (Group C) by 9.45 MPa,
11.18 MPa and 11.19 MPa, respectively. The mean flexural
strengths of both 10% by weight reinforced groups (Groups

NA3, A3) were significantly higher than both 2.5% by
weight of the reinforced groups (Groups NA1, A1) and the
control group (Group C) (p=0.018, p=0.03). However, the
mean flexural strengths of both groups (Groups NA3, A3)
were not significantly different from each other, with a
mean difference of 0.91 MPa (p=1.000). The lowest flexural
strength was presented in the control group (Group O),
followed by 2.5% by weight of the aluminum oxide group
(Group Al), and 2.5% by weight of the nano aluminum
oxide group (Group NA1), with a mean flexural strength
of 99.25 MPa, 99.27 MPa, and 101.00 MPa, respectively.
The aforesaid groups did not show a statistically significant
difference among each other (p=1.000, p=0.997). In addition,
the flexural strength of 5% by weight of the nano-aluminum
and 5% by weight of the aluminum oxide reinforced groups
(Group NA2, A2) were not significantly different from the
control group nor any of the five experimental groups.

As shown in Figure 4, results of the SEM study
showed that the aluminum oxide particles in all reinforced
specimens were widely and evenly distributed within the
resin matrix. The presence of reinforced particles also increased
as the weight percentage of reinforcement increased. However,
the SEM images showed that the shape of aluminum oxide
particles varied between the nano-sized particles (NA1,
NA2, NA3) and micro-sized particles (A1, A2, A3). The micro-
sized aluminum oxide particles were irregular in shape, yet
the nano-sized aluminum oxide particles were spherical in
shape. SEM images shown in Figure 5 were taken from the
fractured surface of nano-aluminum oxide reinforced
specimens. The aforesaid images revealed that a mode
of failure for the specimens was a mixture of cohesive
and adhesive failures. Fracture occurred between the
interface of silane-treated aluminum oxide particles and
PMMA (adhesive failure) and between PMMA and PMMA
(cohesive failure). Mode of failure of each group of all
specimens was presented in Table 5. A control group
(Group Q) experienced 100 % cohesive failure, whereas
the other experimental groups (Groups A1, A2, A3, NAL,
NA2, and NA3) experienced a mixture of 100 % cohesive

and 100 % adhesive failures.
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Figure 4 Scanning electron microscope images of PMMA specimens. The white arrow indicates the reinforced particle. Al: polished

Figure 5

surface of 2.5% alumina reinforced PMMA specimen (200x magnification), A2: polished surface of 5% alumina reinforced
PMMA specimen (200x magnification), A3: polished surface of 10% alumina reinforced PMMA specimen (200x magnification),
NAI: polished surface of 2.5% nano-alumina reinforced PMMA specimen (1000x magnification), NA2: polished surface of
5% nano-alumina reinforced PMMA specimen (1000x magnification), NA3: polished surface of 10% nano-alumina reinforced

PMMA specimen (1000x magnification)

Scanning electron microscope images of poly-methylmethacrylate (PMMA) specimens. The white arrow indicates the reinforced
particle, the yellow arrow indicates the area that reinforced particle diminished and area of adhesive failure, and the green
arrow indicates area of cohesive failure. NA1: fractured surface of 2.5% nano-alumina reinforced PMMA specimen (1500x
magnification), NA2: fractured surface of 5% nano-alumina reinforced PMMA specimen (1500x magnification), NA3: fractured

surface of 10% nano alumina reinforced PMMA specimen (1500x magnification)
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Table 5 Mode of failure of each group of all specimens

Group n (specimens) Adhesive Cohesive Mixed
C 10 0% 100% 0%
Al 10 0% 0% 100%
A2 10 0% 0% 100%
A3 10 0% 0% 100%
NA1 10 0% 0% 100%
NA2 10 0% 0% 100%
NA3 10 0% 0% 100%

Discussion

The present study investigated the effects of 2.5%
by weight, 5% by weight, and 10% by weight of silane-
treated nano-aluminum oxide (ALO,) particles and
aluminum oxide particles reinforcement on the flexural
strength of heat-polymerized acrylic resin denture base. A
previous study reported that the ultimate flexural strength
of a material reflects its potential to resist catastrophic
failure under a flexural load *. Thus, flexural strength was
chosen as the independent factor in this study.

Many studies in the past have shown that the
reinforcement of PMMA with various types of fibers and
fillers such as polyaramid fibers, carbon fibers, glass fibers,
ultra high modulus polyethylene fibers, metal powders,
zirconia oxide, and sapphire whiskers, improved its mechanical
properties. ****** Ceramic filler is more preferable for rein-
forcement of acrylic resins than metal filler due to its low
density. For instance, the density of sapphire (3.99 ¢/cm’)
is considerably less than that of Co (8.9) and Cr (7.1),
therefore the light weight of acrylic resin denture bases is
retained. Furthermore, these ceramic powders have the
advantage of being white, so they are less likely to alter
the finished appearance of the denture base material than
metal povvders.4 Moreover, previous studies demonstrated
an increase in flexural strength by adding metal oxides
(alumina, tin, silver and zirconia) and sapphire whiskers.****
An addition of alumina improves the properties of acrylic

resin. For example, an increase in thermal conductivity
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results from alumina reinforcement on PMMA.** Also,
reinforcing PMMA with alumina leads to higher flexural
strength, impact strength, compressive strength, tensile
strength, and surface hardness of the acrylic resin.****** A
previous study reported that current silane coupling
agents promote the bonding of resin composite to dental
restorative materials.” Also, the addition of 3-(trimethoxysilyl)
propyl methacrylate in hydroxyapatite (HA) reinforced poly
methyl methacrylate (PMMA) could improve the mechanical
properties by strengthening the chemical bonding and
increasing mechanical interlocking between HA and PMMA.*
Therefore, the application of silane on nano-alumina and
alumina surface prior to being reinforced in heat cure acrylic
resins was used in the study.

The result of the study demonstrated that the
flexural strength of heat-polymerized acrylic resin significantly
increased after the incorporation of 10% by weight of silane-
treated nano-alumina and alumina particles (p<0.05).
A reasonable explanation was that there was proper
distribution and bonding of the filler within the matrix.
Similarly, Chaijareenont P. et al presented that 10% by
weight of treated particles with silane coupling agent
18-23 um particles led to a 23.86 % increase in flexural
strength.” In addition, 10% and 15% by weight of aluminum
fillers which were added in the denture bases caused an
increase in flexural strength.*”" Although increase in weight %

of alumina results in improvement of flexural strength of



acrylic, the enhancing of void formation may occur. In
the present study, aluminum oxide particles were pretreated
with silane, which significantly improved the bond strength
of alumina particles to PMMA. Therefore, the chances of
void formation were reduced and flexural strength significantly
improved in higher weight % reinforced groups, specifically
10% by weight alumina reinforced groups.”

Increased flexural strength can also be explained
via the phenomenon of transformation. ALO_ is found in
many crystalline phases, and all filler particles revert to the
most stable hexagonal alpha phase at elevated temperatures.
Its structural application is interesting." Transformation
phenomenon occurs and reduces crack propagation when
enough stress develops and microcracks begin to propagate.
As a consequence, proper distribution of the filler within
the matrix s able to stop or deflect cracks.” SEM examination
of specimens reinforced with 2.5%, 5% and 10% by weight
of silane- treated nano-aluminum oxide (AlZOS) particles
and aluminum oxide particles showed a wide, equal dis-
tribution of oxide particles within the resin matrix (Fig. 6).
Similarly, Vojdani M, et al presented that specimens added
with 2.5% by weight of aluminum oxide have even distribution
from the SEM evaluation. It confirmed that the technique
of mixing particles using a magnetic stirrer is acceptable
and reliable. A reasonable explanation was that using the
magnetic stirrer provided uniform consistency and reduced
human errors.? In addition, the SEM examination of the
fractured surface of specimens revealed that the mode of
failure for most specimens was a mixture of cohesive and
adhesive failure. Fracture was found between the interface
of silane-treated aluminum oxide particles and PMMA
(adhesive failure), and between PMMA and PMMA (cohesive
failure). It could be explained that aluminum oxide reinforced
particles were evenly distributed in resin specimens, so
most of the fractured areas were a mixture of cohesive and
adhesive failure. There was hardly any adhesive failure.

One of the limitations of this study was that
material fatigue by thermocycling in water or artificial saliva

with or without reinforcement was not carried out to predict

the success of material in a clinical environment, as the
study was conducted in an in vitro setting. Moreover, although
specimens were preselected using an exclusion criteria
to reject specimens with surface voids, PMMA has the
tendency to generate submicrometer voids.” Therefore,
fracture resistance of specimens may be affected by void
formations located within the specimens. Another limitation
of this study was that the SEM images revealed that nano-
sized aluminum oxide particles and micro-sized aluminum
oxide particles showed a difference in shape. The nano-
aluminum oxide particles were spherical in shape, however
the micro-sized aluminum oxide particles were irregular in
shape. Thus, the micro-sized aluminum oxide particles were
a range whereas the nano-sized aluminum oxide particles
were more discrete. The difference in shape of aluminum
particles resulted from the preparation method. A controlled
manner by means of surface tension changed the shape of
aluminum particles from a spattered to spherical one.
Surface tension also resulted in alteration of the particle-
size distribution.” Even though change in color of alumina
reinforced specimens was not obvious, it was better to use
in invisible denture areas such as lingual flange of lower
dentures or the palatal area of upper dentures because
discoloration and opacity of PMMA particularly could happen
when added at high concentration.”"!

Micro-sized alumina particles (50-70 pm) is one
of the compositions of sandblast used in a dental field.
They can be used to reinforce the denture base in order to
improve the flexural strength of the denture base because
it is available and inexpensive. Enhancing flexural strength
could promote the long-term clinical success of the prosthesis
and patient satisfaction. However, further research is required
to examine cytotoxicity, aging effect and physical properties
such as color and surface roughness of these reinforced
denture base materials before clinical application. Also,
other mechanical properties of nano-alumina or alumina
reinforced acrylic resin such as thermal conductivity and

impact strength should be considered.
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Conclusion

Based on the mentioned results and the limitations,
the following was concluded.

1. Changing the weight % of silane-treated
alumina reinforced and influenced the flexural strength
of heat-polymerized acrylic resins. Reinforcement with
silane-treated nano-alumina and silane-treated alumina
on heat-polymerized acrylic resins improved the flexural
strength of the acrylic resins only when used in an adequate
amount (10% by weight ).

2. Modifying the particle size (micro-sized and
nano-sized) of silane-treated alumina reinforcement
generated an indifferent effect on the flexural strength
of heat-polymerized acrylic resins. The effect was an

improvement in the flexural strength of the resins.
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Abstract

The aim of this study is to investigate surface roughness and gloss of nanocomposite materials before and

after several periods of tooth brushing simulation. Ten tested specimens of nano-filled resin composite (Filtek Z350
XT®), nano-hybrid resin composite (Premise®, Ceram.X SphereTEC one universal®) and giomer (Beautifil II®) were prepared.
All specimens were polished with a set of aluminum oxide abrasive disk (Sof-Lex®). Baseline surface roughness
(Ra) was obtained using contact type profilometer and baseline surface gloss (GU) was obtained using micro-gloss
meter. All specimens were brushed for 10,000, 20,000 and 40,000 cycles with tooth brushing machine. The surface
roughness and gloss were measured after each brushing period and two specimens of each material were selected
to be surface analyzed by scanning electron microscope. The obtained data were analyzed by two-way repeated
measures ANOVA and Tukey HSD test with the level of significance at p=0.05. The results revealed that after the
brushing, all materials were significantly increased in surface roughness and significantly decreased in gloss. Aver-
age change in surface roughness and gloss of nano-filled resin composite (Filtek Z350 XT®) were the lowest and
of giomer (Beautifil II®) were the highest. There was significant negative correlation between surface roughness and
gloss. It can be concluded that for all tested nanocomposites, there was a significant increasing in surface roughness

and decreasing in gloss after tooth brushing simulation. The surface roughness affected the gloss of the materials.
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Table 2 Mean surface roughness (um) and standard deviation of each nanocomposite

Measuring stage

Group Baseline 10,000 58U 20,000 58U 40,000 50U
Z350 0.0142(0.001)* 0.0155(0.001)" 0.0161(0.001)® 0.0173(0.002)
PRE 0.0140(0.001)" 0.0171(0.001)™ 0.0181(0.002)"* 0.0203(0.001)*
CER 0.0143(0.001)" 0.0180(0.002)°° 0.0203(0.002)™ 0.0230(0.002)”
BEA 0.0150(0.001) 0.0195(0.002)° 0.0267(0.002) 0.0339(0.002)™

7350 = Filtek 7350 XT®, PRE = Premise®, CER = Ceram.X SphereTEC one universal® BEA = Beautifil If°
dronwsiulngfiimilousulupednideuianilifinmuuanaiueeided s ymada

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

Group with the same lowercase letter in each row are not statistically different (p>0.05)

AYNAINIUNTINABINTLUTHUIIWIN 10,000 S8U
wuh Yasmnudadenuveuiiuinedefiuntusazuansg
MnAEusuedadiduddmain Jaqulufladistunesingn
(Aawnuen3508n47e) fidanuneuiiuiuadetosiian 4
uanshsanTandueealitddnymeada anuneuiuives

a

FaquilulauiasBuasulndn (W3ia®) Liunndeivianuilu-

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

a

lausasdunaulngs @usudndailesmaiusdnesda®) agna

Y

Ty Agyneatis wasianlalowes (Uadlay®) Ianuvenu

Y
WuRwNNIge WerunsiaesnskUsaituauu 20,000 soU
nwui Tanuiluiladisdu Aeulndnuayianuilulauiasdu-
AoulNER (1304°®) azdlnumenuiuiaeaeliineainit 10,000 seu

o o a

pgalitdudAyneada widanlalewesuagdanuilulauia



sTupoulngn @usudndadiesmeiuginesda®) danume
Mfneasiutuetaditddameada deiieudleustring
Tannui Tanuiluiladstuaeulnds (W3la®) dauvenu
fuiadelivansmennaquilulsviasdunedingn TneilTag
Talowesilmumeuituinadeuniian idoduaanssans
misuUseil 40,000 sounuh Yanaiiafieamamenuiuiied
Lﬁ'u%uaEmﬁﬂfaﬁﬁigmqaaaLﬁam?amﬁwﬁ’wﬁﬁ 20,000 50U
warTanynuiadamumenuiiuiaedsfiuandsituesnad
Heddgyvaada lnetanuiluiladisTuneulnds darumeu
fufnindetioniian falufeanuTuleuaistuneslngn (WTa%)

FaoululeusaisTuaeulngn @usubndailesmauglinesda®)
way Taglalowesdsdmamumenuiiuiaienniias
ofnsanAmmusiunfiuandumsai 3 wuien
AnusfuniRdsEuAuTe s asyNHARAsMa UM STy
dauunaainiefounsergiifieenleddaunnsiieiveeidl
dAryvaadin (0<0.05) JamuluiladisTunelngn (Famnuen
350i8n4i) Sineusuniiufnanniian sesasn fie Saguilu
leusnusdunsulngn (Wilia®) Tanuiluleusasduneulngn @usy
wndalesivaiugiinesdas) uae Tanlalewes @Fflay”) mudieiy

AN 3 ANRAEAINATUNT (GU) uasAadeauuinsgIn veaurlupeulndnusazngy

Table 3 Mean ¢loss (GU) and standard deviation of each nanocomposite

Measuring stage

Group .
Baseline 10,000 50U 20,000 59U 40,000 58U
Z350 84.2(0.79)° 81.1(0.99)® 77.1(0.99) 71.6(0.97)
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BEA 69.5(1.27)> 65.6(1.43) 59.8(1.40)"™ 52.0(1.15)
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Group with the same lowercase letter in each row are not statistically different (p>0.05)

MenaINITIaesHUTIuLa MU N Taniian
amsfuadsfianasiazuaniefuluynganainisdiaes
nsuUssiluegnafiteddynieada (0<0.05) udiiesane
anuuniads Guduvemn fanslaunnssiusgaiitoddy
yeadin SeldansnsathimanuiuiadevesTans o ey
nsaeamsudseitufisverinansi g uSeudieusuld fedu
TunslSeuiieuanuwsnaneseninedan Feldrmenudunn
wAsTiuAeuly (delta gloss) NMENAIINN1TIEBINTHUTINY
121 10,000 20,000 Uag 40,000 58U Fauandlunis1ed 4.an
Wisuilsuiu Gadlerunssuiumsdaeamaussiludiuau
10,000 58U ’J’a@lﬂaL@J@%ﬁﬁhmmﬁumLagaﬁLﬂéauIUMWﬂ
fandaunndnenanduegilifuddnymaada was Taquilu
TladisBuneulndniinsiUAsundasioniign erunisaes
NsiUseiiudI 20,000 50U Taquiluiladisdunsulndnd
Mmanusuedefivasuldesiign uazYanlalowe i
Wasuasnniignudlsiuanimennaguiluleyinsdunoningn
@FusudndailesinaTuglinesda®) egreliteddeymeadn
dlorunissasanisuuseitusiuay 40,000 sounu Yain)
Talowosuaz Saquilulaudnsdunoulngs @usudndaiiosinaiu

a o

gilneidaiimmuuniafefiiisullinnniinguduedis

o w a

HedAnneadn Januiluiladistuneulnds wayianuilu
lousnisdunenlngn (W3Tia®) fmswasuuvasanusiundi
HouniuwazliifinnuusnasiusgniitedAyneans
dlemanuduiudssrinemanumeTuLay AL
fuindeafavduiusveaiesdunui fanudniusidan
sprisAadsaaeUiuiua AL UL Fedunis
Mi18A11ULe (GU) = 95.16-1.33 E3*Ra value
AMAINNdeanIsmiBianasourindensinues
wilureulndnusasnininaluwsiasdieaIvenisuUsiy
wansluguil 1 Gawudn ndsanriunsdiaesnisuUseitud
svpvnmuantU vn anardan mituifiusussanntuduius
fumemamenuituiifidiaiy Tnedlofugnmshaesmauyseiy
# 40,000 59U a¥NUI Tanuluiladisduaeulndn (Wawn
WA350L0nG7°) ﬁﬁﬂﬂmzﬁuﬂ?ﬁLU%EJULLU@&V%EWTNZJ‘U?U%
toenitTaquilulauiasduneulngs (WSTia® uay Jusudnd
aflofnatuginesda®) uay Yaqlalowe$ (Gafflay?) uenani
fawu Faglelowes (Taitlaye) fgnguildiulddnniifagdu

¥
N

uaziinvaaesnvesituiIu1EIY

Thanadolpijit et al., 2022 305



#1597 4 ANRAUAYAIINTENUULINTEIY AIUTITIWAEUIY (GU) vosurlunaulndausazngy

Table 4 Mean and Standard deviation of delta g¢loss values (GU) of each nanocomposite

Group Delta Gloss1 Delta Gloss2 Delta Gloss3
(10,000 cycles - Baseline) (20,000 cycles - Baseline) (40,000 cycles - Baseline)

Z350 -3.1(0.57)° 7.1(1.100° -12.6(1.07)

PRE -3.5(0.53)"* -8.0(0.82)"" -13.1(1.20)¢

CER -3.4(0.52)"* -8.7(0.48)® -14.8(0.42)

BEA -3.9(0.74)" -9.7(0.82)* -17.5(1.08)

dashwsitunlngiimiousulunediunideaiuuansiluinuuanaiuseedidoadymsada
Group with the same uppercase letter in each column are not statistically different (p>0.05)
denwsiuianiimieusulusandeaduuansirlidinnuusndveseihivadaymvaii

Group with the same lowercase letter in each row are not statistically different (p>0.05)

Baseline 10,000 20,000

40,000

U1 amuInnaesganssAdianasoukuUaeIn sIauaRsan v iuAvesu lupeulnaavia 4 uandusiimaive e 1000 i

Figure 1 Scanning electron microscope image of 4 nanocomposites’ surface (Original magnification x1000)
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The Outcome of Two-jaw Orthognathic Surgery Using 3-Dimensional Analysis
of Virtual Surgical Planning: A Retrospective Study
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Abstract

The purpose of this study was to evaluate outcomes of three-dimensional analysis of virtual surgical planning
for two-jaw orthognathic surgery. A retrospective study of 13 patients (four males, nine females) was conducted.
Cone beam computed tomography images were imported into a Dolphin program, virtual surgical planning was
performed and used to fabricate surgical splints. Postoperatively, the planned and actual position were generated
as a three-dimensional skeletal model using a Dolphin program. Then, ten bone positions were created and 30 values
were measured to compare the predicted outcomes and actual outcomes at six months after surgery. The mean
age of the 13 patients was 29 years old. The mean difference of the total of the ten bone positions in the antero-
posterior direction was 1.76 + 2.83 mm, in the vertical direction was 2.12 + 1.47 mm, and in the medio-lateral direction
was 0.91 + 0.76 mm. There was a significant difference between the antero-posterior position at the A-point (P = 0.006)
and the planned position. In conclusion, the utilization of virtual surgical planning by the Dolphin program was a
reliable method for two-jaw orthognathic surgery, and the antero-posterior position at the A-point of the maxilla was

still a sensible position.
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Introduction

Two-jaw orthognathic surgery is an efficient including a clinical evaluation, 2-dimensional (2D) cephalometric
procedure to correct skeletal and occlusal discrepancies. radiography, face-bow transfer and trial surgery on plaster
The success of orthognathic surgery relies not only on trained dental models. Then, intermediate and final occlusal splints
surgical techniques but also on accurate surgical planning. are fabricated and utilized to guide the position of the
Conventional treatment planning requires multiple analyses, maxilla and mandible according to the plan. Although the
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conventional process has provided satisfactory results,
there are certain limitations such the process being time-
consuming and complicated with some inaccuracies."”
Currently, three-dimensional (3D) virtual surgical
planning (VSP) has been developed and used as a new tool
to obtain a comprehensive 3D evaluation of the dentofacial
structures, simulate different surgical plans and predict the
corresponding results. Moreover, VSP is transferred to actual
surgery by using 3D printed splints and guiding templates.
Therefore, the utilization of VSP offers more information
on the anatomy of the patient during planning, better
communication between the surgeon and the orthodontist,
a reduction in the operating time and improvement in
accuracy.”® Numerous reports regarding VSP in orthognathic
surgery have been published, and most of them investigated
feasibility or emphasized the potential benefits of VSP over
conventional techniques.”*® Recent systematic review
and meta-analysis has advocated the use of VSP as an
alternative method for the conventional technique for
orthognathic surgery, especially for two-jaw surgery.®
Several studies have compared the accuracy of
VSP in two-jaw orthognathic surgery before and within six
weeks after surgery.”™ A longer period study, i.e., three or
six months postoperatively, of an actual bone position was
naturally not only referred to accuracy but also to the
stability of the surgery. However, investigation on treatment
outcomes of 3D VSP in two-jaw orthognathic surgery
for a longer period has been limited.'*"” Therefore, the
objective of this retrospective study was to assess treatment
outcomes of VSP using a Dolphin program by comparing
a predicted outcome to an actual outcome (six-month

postoperatively).

Materials and Methods

This retrospective cohort study was approved by
the Ethics Committee of the Faculty of Dentistry, Chula-
longkorn University (HREC-DCU 2020-017). Seventeen
patients, who underwent two-jaw orthognathic surgery by
one experienced oral and maxillofacial surgeon (S.S.) at

the Dental Hospital of the Faculty of Dentistry, Chula-
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longkorn University, were initially recruited. Thirteen patients
were selected based on the inclusion criteria, including
non-growing patients, availability of good quality pre-
and postoperative cone beam computed tomography
(CBCT), surgical treatment planning using VSP and
surgical splints fabricated by 3D printing technology.
Patients with craniofacial anomalies, syndromes, history
of trauma, previous orthognathic surgery, simultaneous
additional surgical procedures, or poor-quality medical
record were excluded.

The patients underwent a preoperative CBCT
(slice thickness 1 mm) and dental arch scanning two weeks
before surgery. DICOM (Digital Imaging and Communications
in Medicine) data of the CBCT scans and stereolithography
(STL) data from dental arch scanning were imported into a
Dolphin program (version 11.95, Patterson Dental Supply Inc.,,
US) for analysis. After VSP was done, the data of the final
designed surgical splints were exported as an STL file to a 3D
printer, and then the individual surgical splints were fabricated.

All patients underwent a standard two-jaw
orthognathic surgery under general anesthesia. A Le Fort
| osteotomy was performed on the maxilla. An intermediate
splint was used to guide the planned position of the maxilla.
After the maxilla had been fixated with 1.5-mm titanium
plates and screws, a bilateral sagittal split ramus osteotomy
(BSSRO) procedure was performed on the mandible. A
final splint was used to achieve the planned occlusion,
then the mandible was fixated with 2-mm titanium plates
and screws. Patients were placed in maxillomandibular
fixation for two weeks postoperatively.

Six months after surgery, the same protocol of
postoperative CBCT scan was performed. Preoperative 3D
virtual planning data of each patient was compared with
postoperative actual positions of the maxilla and mandible.
Demographic data including age, gender, diagnosis, and
complications were recorded. All data were collected
by one researcher (S.P.).

To assess the accuracy of VSP, differences of
final outcomes at six-month postoperatively and surgical

planning were determined. The reference planes were the



Frankfort Horizontal Plane (FHP), the midfacial plane (a
vertical plane passing through the nasion and perpendicular
to the FHP), and the coronal plane (a vertical plane passing
through the sella point and perpendicular to the FHP).
These reference planes were used for orientation and
measurement in each axis. Ten bone reference points

14,15

were modified from previous studies ™~ and created at

the maxilla (Fig. 1) and the mandible (Fig. 2) for 3D analysis:
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Figure 1 The reference points of the maxilla. A, A-point; RUC, Right
upper canine root tip; LUC, Left upper canine root tip;

MxR, Right maxillary point; MxL, Left maxillary point

4 & H X
Figure 2 The reference points of the mandible. B, B-point; RLC,
Right lower canine root tip; LLC, Left lower canine root

tio; MR, Right mandibular point; ML, Left mandibular point

- MAXILLA: A, A-point (most posterior midline
point in the concavity of the alveolar bone of the maxilla);
RUG, Right upper canine root tip (root apex of the right upper
canine); LUC, Light upper canine root tip (root apex of the
left upper canine); MxR, Right maxillary point (most convex
point on the alveolar bone of the right upper molar); MxL,
Left maxillary point (most convex point on the alveolar
bone of the right upper molar).

- MANDIBLE: B, B-point (most posterior midline
point in the concavity of the alveolar bone of the mandible);
RLC, Right lower canine root tip (root apex of the right lower
canine); LLC, Left lower canine root tip (root apex of the left
lower canine); MR, Right mandibular point (antero-superior
point of the right mental foramen); ML, Left mandibular
point (antero-superior point of the left mental foramen).

The differences were evaluated by the difference
of the distance from the reference points to the reference
plane on the preoperative 3D virtual planning and postoperative
skeletal 3D model by using the Dolphin program. With ten
reference points multiplied by three different axes (X,
antero-posterior; Y, vertical; Z, medio-lateral), 30 values
were measured pre- and postoperatively for each patient.
These references provided sufficient detail about the
difference in each direction of the jaw position.

Sample size calculation was performed by a
G-power program. Two dependent means comparison
with matched paired t-test was selectively coordinated
with the mean and standard deviation (SD) value of the
previous study."* The calculated total sample size was five
with more than 0.95 power. To determine the reliability of
the measurements, a sample of four patients was randomly
selected and their images were analyzed again after a two-
month interval. The Intra-class Correlation Coefficients
(ICC) were computed to assess the intra-observer reliability
for the measurements. An ICC score of 0.75 or higher was
considered as an acceptable reliability for our quality control
criterion. The ICCs of this study were > 0.9 for all measure-
ments, indicating high consistency and reproducibility.

Statistical analysis was performed by using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA). Results were
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expressed descriptively as mean values, including standard
deviation of the mean and range. Means of difference in
planned and actual outcomes were compared by the
paired t-test. In addition, subgroup analysis was analyzed
using the independent t-test. A P value of <0.05 was considered
significant. Correlation and regression analysis were performed

depending on the results.

Demographic data

Thirteen patients met the inclusion criteria for
participants, of which four were male and nine were
female with a mean age of 29 years old (ranging from
20 to 54 years old). All the patients were diagnosed with
“facial asymmetry”. There were no eventful complications
during and postoperative surgery in all the patients. Overall
clinical outcomes were satisfied.
Treatment Outcome

The majority of the operation aimed to correct
canting of the maxilla (11 of 13 patients). Nine of the 13

patients underwent correction of the antero-posterior

position of the maxilla. The mean surgical change of the
maxillary position was 3.07 mm in the vertical direction,
1.76 mm in the antero-posterior direction, and 0.31 mm
in the medio-lateral direction.

In general, the mean difference of a total of ten
bone positions in the antero-posterior direction was 1.76
+ 2.83 mm, the vertical direction was 2.12 + 1.47 mm, and
the medio-lateral direction was 0.91 + 0.76 mm. Separately,
the mean difference of the maxillary bone positions was
lower than of the mandibular bone positions. To be precise,
the exact value was antero-posterior: vertical: mediolateral =
1.35:1.86: 0.85 mm in the maxilla and 2.16: 2.37: 0.91 mm
in the mandible.

Postoperatively, there was a significant difference
of antero-posterior position at the A-point (P = 0.006)
compared with the planned position. The mean difference
of the antero-posterior position at the A-point was 1.56 +
1.7 mm. The mean differences of the planned and actual
positions of the maxilla and the mandible are shown in

Tables 1 and 2, respectively.

Table 1 The differences of the planned and the actual positions of the maxilla

Planned (mm)

Actual (mm)

Difference (mm)

Variable-Axis P-value
(mean + SD) (mean + SD) (mean + SD)

A-X 422+ 29 40.64 + 3.1 1.56 + 1.7 0.006*
A-Y 2673 +45 26.32 + 5.7 041 +24 0.55
A-Z 0.9+04 0.86 £ 0.7 0.03 £ 0.7 0.86
RUC-X 3527 +33 35.01 +29 025+ 1.6 0.59
RUC-Y 2482 + 4 2487 + 5.4 0.04 + 2.6 0.95
RUC-Z 16.04 + 2 1576 £+ 1.9 0.28 £0.8 0.26
LUC-X 34.4 + 3.2 34.06 + 2.9 034 £2 0.56
LUC-Y 2571 +4.7 2543 + 59 0.28 24 0.68
LUC-Z 1579 £ 1.9 1555+ 1.8 0.2+14 0.62
MxR-X 2198 + 6 2157 £ 5.7 0.4+ 1.7 0.42
MxR-Y 33.07 +53 32.64 +55 042 +£22 0.51
MxR-Z 2873+ 1.8 29.08 + 1.3 034 +1.4 0.41
MxL-X 2096 + 5.3 20.81 £ 5.3 0.14 + 1.8 0.78
MxL-Y 34.38 + 6.1 3335+ 6.1 1.01+25 0.18
MxL-Z 2833+ 1.8 2823+ 23 0.1 +09 0.71

Paired t-test. * Significant at P< .05.
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Table 2 The differences of the planned and the actual positions of the mandible

Planned (mm)

Actual (mm)

Difference (mm)

Variable-Axis P-value
(mean + SD) (mean * SD) (mean + SD)

B-X 39.6 + 6.4 39.06 + 6.2 0.53 £ 2.6 0.48

B-Y 65.2 +5.6 64.09 + 5 1.1+28 0.18

B-Z 1.06 + 1.4 1.07 £ 1.1 0.01 £ 1.1 0.96
RLC-X 34.89 + 6.1 34.47 + 5.6 041+ 27 0.59
RLC-Y 64.52 + 4.3 64.14 + 5.4 0.37 +2.4 0.59
RLC-Z 1473 + 1.3 1429 + 1.9 044 + 1.5 0.32
LLC-X 3458 + 5.9 34.6 + 5.4 0.01+29 0.99
LLCY 65.11+53 64.24 + 6.3 0.87 £ 2.5 0.24
LLC-Z 1457 + 2.1 1447 + 2.1 0.10 £ 1.1 0.77
RM-X 2717+ 6.4 26.79 £ 4.7 0.38 £ 2.6 0.61
RM-Y 67.89 + 4.5 67.12+54 0.76 + 3.2 0.41
RM-Z 226 +2.3 22.05+ 28 05512 0.13
LM-X 2531 +6.3 2531 £ 5.7 0.001 + 3.2 1
LM-Y 69.14 + 59 68.27 + 5.9 0.87£23 0.21
LM-Z 2326 +28 23.64 £ 29 038 +13 0.31

Paired t-test.

Subgroup analysis

According to the results, there was a significant
difference at the A-point and all the patients of the present
study had facial asymmetry so that maxillary canting correction
was needed. To find if the degree of the antero-posterior or
the vertical movement of the maxilla affected the post-
operative jaw position, the patients were divided into two
groups. The mean surgical change in the antero-posterior

direction was 1.76 mm and the vertical direction was 3.07 mm,

therefore, 2 and 4 mm were used as cut-off values to divide
the patients for comparison of the mean difference in the
antero-posterior and the vertical directions, respectively.
While the difference in the antero-posterior position of the
maxilla was compared, there was no significant difference
between the two groups (Table 3). Also, no significant differences
were found on the vertical position of the posterior maxilla

between the groups (Table 4).

Table 3 Subgroup analysis of the difference in the antero-posterior (AP) position of the maxilla

n Mean of difference (mm) SD

AP change > 2 mm 3 2.49 1.97
AP change < 2 mm 10 1.56 1.33
P-value 0.35

Independent t-test.

Table 4 Subgroup analysis of the difference in the vertical position of the posterior maxilla

Vertical change n Mean of difference (mm) SD P-value
Right posterior maxilla >4 mm 5 1.37 1.77 0.44
<4 mm 8 2.03 1.23
Left posterior maxilla > 4 mm 5 2.77 2.64 0.25
<4 mm 8 1.5 1.17

Independent t-test.
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Correlation of the difference in the antero-posterior

position at A-point and movement of the maxilla
The difference in the antero-posterior position

at the A-point of the maxilla was the only significant value

of the planned and actual postoperative outcomes. Spearman’s

correlation was used to analyze the relationship between
this difference and the maxillary movement of each direction
(antero-posterior, vertical, and medio-lateral direction).
However, this correlation was not significant (Table 5).

Therefore, no further regression analysis was performed.

Table 5 Correlation of the difference in the antero-posterior position at the A-point (A) and the maxillary movement of each direction

Difference Spearman’s Maxillary movement (mm)
correlation Antero-posterior Vertical Medio-lateral
A-X r 0.27 -0.24 0.06
P value 0.37 0.41 0.84
A-Y r -0.13 -0.04 0.34
P value 0.66 0.9 0.25
A-Z r. 0.25 0.08 -0.30
P value 0.4 0.78 0.31

Discussion

This study evaluated the outcome of two-jaw
surgery that used 3D VSP for surgical planning and surgical
splint fabrication. The position of the maxilla and mandible
were compared between the planned and the six-month
postoperative actual values. Ten references to the bone
anatomy in three dimensions were used, therefore 30
values were compared. There were no significant differences
in any of the values except the antero-posterior position of
the maxillary A-point. Kim et al.™ reported approximately
1.01 £ 0.3 mm error at both the A-point and the anterior
nasal spine (ANS) from the 3D study which was lower than
in the present study (1.56 + 1.7 mm at A-point). This inferred
sensible intraoperative positioning of the anterior maxilla.
Kim et al."* suggested that the A-point and the ANS, including
the posterior nasal spine, are always the site of bone removal
during the surgical procedure, therefore, a large difference
between the planned and the actual outcomes may be
found at these areas.

The present study showed that the mean difference
value of the antero-posterior: the vertical: the mediolateral
was 1.35: 1.86: 0.85 mm in the maxilla and 2.16: 2.37:0.91 mm

in the mandible. This revealed the overall linear difference
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between virtual planning and surgical outcomes of the
maxilla was less than those of the mandible in all directions.
The results were similar with other studies.®>****® Thus, it
may indicate that the use of VSP works better on the
maxilla than on the mandible.” A possible explanation of
the significant difference in the position of the mandible
than the position of the maxilla might be the rotation of
the condylar axis after two-jaw orthognathic surgery."In
addition, it was found that the overall linear difference
in the medio-lateral direction is less than those of other
directions in both the maxilla and the mandible. This was
0.85 mm for the maxilla and 0.91 mm for the mandible. It
was comparable to the study by Zhang et al.’ that showed
the use of VSP was the best control for the deviation from
the midfacial plane.

The success criteria to evaluate the accuracy was
set as 2 mm for the linear difference, and 4° for the angular
difference in most publications.*'*** In this study, the
mean linear difference in all directions were below 2 mm,
which indicated that VSP was an accurate and reproducible
tool for treatment planning in 2-jaw orthognathic surgery.

Unfortunately, ansular differences were not included in



this study. Nevertheless, Kogou et al.'® suggested that
the changes in distance were larger than the changes in
angle measurement. Thus, the 3D angle measurement
was less effective in actual outcome evaluation.

Treatment outcomes of the utilization of VSP in
two-jaw orthognathic surgery should include both accuracy
and stability. Therefore, a study should compare the
preoperative data with immediate, including long-term
data after surgery. Nonetheless, numerous publications
evaluated the planned positions compared with the
actual position immediately after surgery or before
orthodontic movement.*"! These provided the results
about accuracy, but these lacked stable information.
Kim et al."* and Kogou et al." evaluated accuracy and
stability after orthognathic surgery using 3D planning by
comparing plans with early and long-term outcomes. They
reported that VSP offered the predicted position of the
jaws. Additionally, only minimal change was observed
between early and long-term outcomes, this referred to
the stability of the maxillary and mandibular positions.
Because of these stable positions, some studies reported
the results in longer periods without immediate or early
postoperative data.'*" They also reported that using VVSP
is reliable for diagnosis, planning, and manufacture of
surgical splints using 3D printing technology. Our study
showed the actual treatment outcomes at six-month
postoperatively, and the results were concordant with
those previous studies.

Landmark identification or reference selection
was also an important factor equal to measurement
technique. Reference markings on dental structures such
as cusp tips were convenient and reproducible. However,
dental reference is not reliable in a long-term study
because the tooth positions are changed by orthodontic
treatment at all time points. Bone references are preferable.'
This study also measured the differences on the bone at
the canine root tip. Presurgical orthodontic adjustments
usually created a sufficient incisor overjet, corrected the

tooth discrepancy and aided in providing a solid class |

canine relationship at surgery and in the final outcome.”
The canine should be minimally affected by post surgical
orthodontic movement when the class | canine relationship
was achieved. However, they still might be influenced by
orthodontic treatment. Therefore, most reference points of
the present study used the bone references that were
negligibly affected by orthodontic movement, so the pre-and
postoperative data were compared at the identical landmarks.

All the patients in this study presented with
facial asymmetry, an accurate correction was extremely
challenging. Furthermore, most of their surgical planning
was maxillary canting correction. The correction of the
maxillary position is the foundation of two-jaw orthognathic
surgery. Failure to do so can lead to poor aesthetic results
and remaining facial asymmetry. The accurate presurgical
analysis, planning, and surgical technique are required
for successful outcomes when the facial asymmetry has
been addressed.” The results of this study demonstrated
that the vertical changes were not significantly different
between planned and actual outcome at six months after
surgery. Also, the more vertical change was not provided
the more difference of these values. The results implied
that the VSP is one of the well-developed instruments to
obtain the satisfactory results for facial asymmetry correction.

The limitation of this study was the availability
of CBCT scans. To date, it is not a standard follow up tool
for postoperative orthognathic surgery patients. Therefore,
it is difficult to perform a prospective study and to gain
a large number of study participants. Because of limited
resources, the methodology of the present research is
mostly dependent on the available CBCT and virtual 3D
program in each particular research center. Hence, until
a standard 3D-cephalometric analysis is developed, it
would be difficult to create a well-constructed research
project or accumulate identical information to perform a
meta-analysis study. Prospective studies including series
CBCT scan and standard pre- and postoperative 3D
cephalometric analysis should be further investigated

to provide more reliable outcomes.
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Conclusion

Regarding the results of the present study, 3D
imaging and VSP was a reliable method for two-jaw or-
thognathic surgery and provided acceptable treatment
outcomes. However, the antero-posterior position at the
A-point of the maxilla was a sensible position. Further
studies should be performed to gain additional data and

amend the limitations of the present study.
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Abstract

The aim of this study was to evaluate and compare reliability and validity of spectrophotometer and intraoral
scanners for human tooth color measurement. Subjects were right maxillary central incisors of 50 volunteers. The
tooth was cleaned by pumice, rinsed with water spray and distilled water and moist dried with gauze. Color measurement
was consecutively performed at cervical, middle and incisal areas by VITA Easyshade® V spectrophotometer, TRIOS
3shape intraoral scanner and CEREC Omnicam intraoral scanner. The color was recorded as VITA 3D-MASTER color

system. Data was analyzed using Randolph kappa for reliability and chi’s square for validity. The result shown that
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the reliability of VITA Easyshade® V spectrophotometer and TRIOS 3Shape intraoral scanner was in the good strength
of agreement (between 0.61-0.80) and CEREC Omnicam intraoral scanner was in the moderate strength (between
0.41-0.60). The validity of TRIOS 3Shape intraoral scanner was 28.2 % and of CEREC Omnicam intraoral scanner was
27.7 % when compared to VITA Easyshade® V spectrophotometer. There was no significantly different in validity
between CEREC Omnicam intraoral scanner and TRIOS 3Shape intraoral scanner (p = 0.210). It can be concluded that
the reliability of VITA Easyshade® V spectrophotometer and TRIOS 3 shape intraoral scanner was in the good range and

CEREC Omicam intracral scanner was in the moderate range. The validity of both intraoral scanners was not significantly

different but significant less than VITA Easyshade® V spectrophotometer.

Keywords: Tooth color measurement, /n vivo study, Intraoral scanner, Spectrophotometer
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Figure 2 The areas of color measurement with intraoral scanners
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Table 1 Intra-rater agreement of spectrophotometer VITA Easyshade © V, TRIOS 3Shape intraoral scanner and CEREC Omnicam

intraoral scanner at cervical, middle and incisal areas

Position

Intra-rater agreement

Percent

overall agreement

Free-marginal Kappa Asymptotic 95%

confidence interval

VITA Easyshade® V Cervical (N=50) 78.67 % 0.78 [0.69,0.87]
Middle (N=50) 79 % 0.79 [0.70,0.88]

Incisal(N=50) 70.67 % 0.70 [0.60,0.79]

TRIOS 3shape Cervical (N=50) 78.67 % 0.78 [0.68,0.88]
Middle (N=50) 78 % 0.77 [0.68,0.87]

Incisal (N=50) 64 % 0.63 [0.52,0.72]

CEREC Omnicam Cervical (N=50) 60 % 0.59 [0.48,0.69]
Middle (N=50) 59.33 % 0.58 [0.47,0.69]

Incisal (N=50) 54.67 % 0.53 [0.43,0.63]
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Table 2 Validity of color measurement in percentage of TRIOS 3Shape intraoral scanner and CEREC Omnicam intraoral scanner at

cervical, middle and incisal areas

TRIOS 3shape

CEREC Omnicam

Cervical Middle Incisal Cervical Middle Incisal

(N=150) (N=150) (N=150) (N=150) (N=150) (N=150)
Correct 14 % (21) 34 % (51) 36.6 % (55) 37.3 % (56) 19.34 % (29) 26.6 % (40)
Incorrect 86 % (129) 66 % (99) 63.3 % (95) 62.6 % (94) 80.6 % (121) 73.3 % (110)
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Table 3 Validity of overall color measurement in percentage of
TRIOS 3Shape intraoral scanner and CEREC Omnicam

intraoral scanner

TRIOS 3shape CEREC Omnicam

(N=450) (N=450)
Correct 28.2 % (127) 27.7 % (125)
Incorrect 71.7 % (323) 72.2 % (325)
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Abstract

This cross-sectional study aimed to describe the relationship between caregiver oral health literacy and
dental caries status of pre-school children in Kongkrailas District, Sukhothai Province by using oral health literacy

guestionnaires which modified from combining 2 Thai version assessment test.The self-administered questionnaires
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measure 3 aspects, which were functional, communicative and critical oral health literacy, and children’s dental
caries status assessment part which examined by a dentist. The multi-stage random sampling of 364 child/caregiver
dyads were recruited from child development centers and kindergartens. All data was collected during August 2019
to October 2019 and were analyzed by using descriptive statistics, percentage and analytical statistics. The results
showed a positive correlation was found between caregiver’s oral health literacy scores and children’s dental caries
status. Oral health literacy scores varied from 6 to 41 so the oral health literacy score of 37 was used as a cut-off point
to classify the caregiver’s oral health literacy as adequate (73 %) and inadequate (27 %).The social factors of caregiver
that associated to oral health literacy were gender, level of education and the number of oral health information
received channels.The present results indicated that caregiver’s oral health literacy is important to their children’s
dental caries status and social factors of caregivers also associate to their oral health literacy. In order to improve
caregiver’s oral health literacy, dental personnels should improve their oral health communication which must be

suitable to caregiver’s oral health literacy level and also sensitive to caregiver’s cultural and social background.

Keywords: Oral health literacy, Pre-school Children, Caregiver, Caries status
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Table 1 Socio-demographic characteristics of caregivers and children and children’s dental caries status (n=364)

Characteristics n %
Caregivers’ gender Male 40 11
Female 324 89
Caregivers’ age (year) Range 17- 69
Mean + SD 37.44 + 12.107
Relationship Father/Mother 253 69.5
Caregivers 111 30.5
Educational level Secondary school or lower 198 54.4
Above secondary school 166 45.6
Caregivers’ income level < 9,000 baht/month 263 72.3
> 9,000 baht/month 101 27.7
Sources of oral health information TV/Radio 172 47.3
(multiple responses, if needed) Friends/Relatives 72 19.8
Newspaper/Magazine 20 55
Dental health/health personnel 222 61.0
Internet 138 37.9
Brochure/poster 29 8.0
Occupation Government official 13 3.6
Employee 17 a7
Freelance 148 40.7
Housewife a0 11.0
Farmer 92 253
Merchant aaq 12.1
other 6 1.6
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Table 1 Socio-demographic characteristics of caregivers and children and children’s dental caries status (n=364) (cont.)

Characteristics n %
Dental visit never 149 40.9
>1 215 59.1
Children’s gender Male 190 52.2
Female 174 47.8
Children’s age Mean + SD 3.44 + 0.87
Range 2-5
Children’s dental caries status (dmft) Mean + SD 5.70 + 5.54
Median 4
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Table 2 Relationships among caregiver oral health literacy, oral health knowledge and children’s caries status (dmft)

Relationship Correlations Coefficient p-value
Caregiver total OHL - dmft -0.106 0.044*
Basic/Functional OHL - dmft Total -0.116 0.027*
Dental caries - 0.064 0.223
Prevention - 0.103 0.049*
Fluoride toothpaste label -0.102 0.053
Communicative and Total 0.018 0.739
Critical OHL - dmft Searching and using information OHL - 0.001 0.980
Communicative OHL 0.041 0.440
Critical OHL -0.052 0.323
Oral health knowledge - dmft 0.002 0.967

*Spearman’s Correlation Coefficients, significant difference at p < 0.05
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Figure 2 ROC Curve Area Under the Curve (AUC) = 0.566 (95% Cl: 0.507-0.626, p-value < 0.05)
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Table 3 Competency of the assessment test to predict children’s oral health status (n = 364)

poor oral health

good oral health

Cut-off point of caregiver (median dmft > 4) (median dmft 0-3) Sensitivity Specificity
OHL score True False False True (%) (%)
positive negative positive negative
35 26 180 12 146 86.1 20.9
36 43 163 22 136 7.2 29.6
37 61 145 36 122 63.3 a2.7
38 88 118 58 100 48.1 62.1
39 128 78 82 76 30.4 76.7
40 158 48 110 48 13.9 93.7
41 193 13 136 22 0 100

v
o o o

AatUA1ARALUNSTLUNEALS F0viniU 37 Az

danalviligguaniianusouiiuguamgesiiniliiesne
(adequate Oral Health Literacy) whiiu 267 au (3w 73) ay

oy

ﬂaMNMLLaﬁﬁiﬂLﬁmwa (inadequate Oral Health Literacy)

Y]

I 97 A (Sewaz 27)

dauil 4 Yadudusing q vasdjguaiidenadeniusauifnu
dunmdaslin

MnHamsAn nuhguaidunewsiuazSumends
seAuMsAnwIgand weu waglasuteyamegunmdesuin

il
1NN 1 Yoan19 duiusAuNTEANNTaUIAUgUA

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



Fosnmuimuadia Inetlhdodeseldiaiedoiiou uay
N suuInIsMeiuanssu wudbidiauduiusiuany
seUSuguantesINvegLa (A3197l 4)
TnoiloTinsgimnudiiusszninstadovesigua
wuunaeswls (multivariate analysis) fiu A31U58U3AU
gunmdesn Tnglfinasilunsdnidenaindudsidany
duiusiuanuseudmuguamedesUinesnsditedfyeedia
uazusazduUufeududaszderiu wuth Jadevdesuys
fananildsmasenusouiiuguaintesuin liud maves

faua sefunsinwnazdesmaiildudeyamsauamaesin
Tnegfquadidumendgs nuirdanuseuiugunmgesndi
Wisswe snnndmAme 2.7 Wi fauaiifisziunsinunganda
hendnumeusiuaziiarnuseuirnugunmdesuniiiome
wnnifpuaiifisssunisfinumninvdonhiutusisenfinm
AOUS WU 2.89 Wh wazgfguailéiudoyamsgunmdesin
1N 1 feem axdimuseuiinuguandesndidiesme snni
Hauarilisuteyameaunndesintiesniwiewndiu 1 geems
2.20 sy pgiieddymaadi (p < 0.05) sudiu (113797 5)

AN 4 AIUAUTUGTENINTITEN AN VOIEAUA TAEANDAIINTOUFA LGN INYOIUIN

Table 4 The Relationships between caregivers’ factors and their total oral health literacy

Factors Total OHL scores p-value

Relationship Parent 38.20 + 2.17 < 0.001**
Not parent 36.48 + 2.76

Caregivers’ gender Female 37.81 + 2.46 0.002*
Male 36.63 + 2.51

Educational level < 2° school 36.84 + 2.60 < 0.001**
> 2% school 38.67 + 2.60

Caregivers’ income level < 9,000 (baht/month) 37.54 + 2.52 0.06
> 9,000 (baht/month) 38.04 + 2.40

Sources of oral health information <1 32.02 + 2.65 < 0.001**
> 1 38.40 + 2.09

Dental visit no 37.63 + 2.36 0.560
>1 37.71 + 2.58

Mann-Whitney U test,
*significant difference at p < 0.05 and **p < 0.001
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Table 5 Multivariate analysis of caregiver socioeconomic factors that impact to their Oral health literacy

Factors Association p-value Adjusted OR p-value
(95% ClI) (95% ClI)

Relationship Parents 3.593 < 0.001* - -
Not parents (2.20, 5.87)

Gender Female 2.537 < 0.001* 2.70 0.007*
Male (1.295, 4.971) (1.31, 5.54)

Educational level > 2° school 3.46 < 0.001* 2.89 < 0.001*
< 2° school (2.05, 5.81) (1.68, 4.96)

Income level (baht/month) > 9,000 1.433 0.195 -
< 9,000 (0.83, 2.47)

Oral health information >1 2.787 < 0.001* 2.24 < 0.03*

received channels <1 (1.70, 4.58) (1.32, 3.77)

Dental visit >1 1.017 0.943 - -
No (0.63, 1.63)

Adjusted for Gender, Educational level and Oral health information received channels, *significant difference at p < 0.05
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Efficacy of Restorative Primers on the Shear Bond Strength of Polymer-infiltrated
Ceramic Network to Resin Cement

Spun Lenglerdphol’, Taksid Charasseangpaisarn’, Nuttapop Tiranalinvit', Teerapat Rachauppanan’,
S

Chanikarnt Hongtrakul', Supanat Kiatsompop', Perapat Thamprasom'
1College of Dental Medicine, Rangsit University, Pathum Thani, Thailand

Abstract

This study investigated the shear bond strength (SBS) of polymer-infiltrated ceramic network (PICN) to resin
cement by application of different restorative primers which are commonly available in dental clinic. Fifty square-shaped
PICN specimens were prepared and treated with 5% hydrofluoric acid. Then, the specimens were randomly divided
into five groups with different surface treatments as follows: non-chemical surface treatment as control group (Q),
surface treatment with Monobond N (MN), Alloy Primer (AP), Super-Bond Universal Ceramic Primer (SB), and Clearfil™
Ceramic Primer Plus (CF). The specimens were then bonded to cylindrical resin composite block with Panavia™ V5.
The SBS test was performed with universal testing machine. Data were recorded and statistically analyzed by One-way
ANOVA and Tamhane’s T2. The mode of failure was also evaluated under a stereomicroscope at 35x. The results
showed that the mean SBS values of MN, CF, and SB groups were significantly higher than that of the C group (p<0.05),
but not significantly different to each other (p>0.05). In contrast, AP group provided the lowest SBS value among all
the groups (p<0.05). The modes of failure of MN, CF, and SB groups were much preferable than that of C and AP groups.
Thus, selection of restorative primers prior to cementation should be thoroughly considered due to the positive and

negative effect on the SBS value of the PICN restorative material.

Keywords: Polymer-infiltrated ceramic network, Restorative primer, Shear bond strength, Surface treatment.
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Abstract

The polymer-infiltrated ceramic network (PICN) more flexibility, less stiffness, increased softness with
is a CAD/CAM resin-ceramic that has been developed to satisfactory flexural and fracture strength values, and
overcome the disadvantages of conventional dental ceramics. decreased wear of the occluded tooth."In the modern
PICN is a structure with a sintered ceramic matrix infiltrated days, PICN has been used for the same purpose as other
with a polymer matrix that provides the combination of all-ceramic restorations due to its physical properties,
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tooth-like appearance, and its ability to bond with various
resin cements. Many studies have also shown that the PICN
can be repaired with resin composite which is convenient
for the patient and dentist in routine dental practice.>

For PICN in this study, we used Vita Enamic®which
is composed of ceramic 86% by weight (silica-based ceramic),
and polymer 14% by weight (mostly UDMA). Thus, the
bonding of PICN restorations utilizes the similar procedure
as other silica-based dental ceramic by surface treatment
and resin cement for the cementation. Surface treatment
provides the mechanical and chemical retention, which
significantly increases the bond ability of the restoration.>
Surface treatment with hydrofluoric acid (HF) creates
mechanical retention by increasing the surface roughness
of restoration, which in turn increases the surface area.
Subsequently, the application of silane coupling agent
promotes the chemical retention of the restoration to
resin cement.”®

In the present dental market, there are various
commercially restorative primers available to select
from, for instance, metal primer, ceramic primer, and
universal restorative primer. Each primer is different in
composition, ratio, or even method of application. The
10-MDP (10-Methacryloyloxydecyl dihydrogen phosphate)
is commonly recommended for use with base metal alloy,
alumina, and zirconia restorations. The sulfuric derivative
primers, such as VBATDT (6-(d-vinylbenzyl-n-propyl) amino-
1,3,5-triazine-2,4-dithione), are recommended for use
with noble metal alloy restoration. The silane coupling
agent, 3-MPS (3-methacyloxypropyl-trimethoxysilane
or Y-MPS) is recommended for use with silica-based
restoration. The different types of restorative primers may
be available in separated bottles or a mixture in one
bottle. The component of ceramic primers could be only
silane coupling agent (i.e., RelyX™ Ceramic Primer and
Porcelain liner M), or silane coupling agent with 10-MDP (i.e.
Clearfil" Ceramic Primer Plus and Super-Bond Universal
Ceramic Primer). Furthermore, the universal restorative
primers which are composed of silane coupling agent,

10-MDP, and sulfuric derivative are also available. The

advantages of universal restorative primer are the ease
of use and the lower cost than buying separate bottles.

Silane coupling agent increases the wettability
of the restorative surface, and Si-OH group bonds with
silicon oxide on silica-based material and its C=C chain
has chemical reaction with the organic matrix of resin®",
while 10-MDP increases bond ability on tooth structures,
resin composites, and zirconia based materials.'"

As the popularity of PICN is increasing, and thus
inevitably becoming widely used in the routine dental
practice, it’s interesting to explore how different restorative
primers in the daily dental practice affect the bond ability
of PICN restoration. The purpose of this study was to investi-
gate and to compare the effect of the restorative primers
on the shear bond strength between PICN and resin cement.
The null hypothesis was the shear bond strength between
PICN and resin cement would not be affected by the

different restorative primers.

Materials and Methods

The 50 square-shaped PICN specimens (VITA
Enamic®, VITA Zahnfabrik, Bad Sackingen, Germany) sized
6x7x3 mm’ were prepared by low speed cutting machine
(IsoMet™, Buehler, Illinois, USA). The specimens were invested
into the PVC mold with acrylic resin (Unifast™ Trad, GC
cooperation, Tokyo, Japan) at the same level of acrylic resin.
Then, the specimens were polished with metallographic
paper P400, P600, P800 and P1000 respectively, using
polishing machine (Nano 2000 grinder-polisher, Pace Tech-
nologies, Tucson, USA) under pressure of 4 ke/cm’, 200 rpm
for 15 minutes. All specimens were subsequently cleaned
with deionized water in ultrasonic bath for 2 minutes and
dried with oil-free air. The 80-um thickness tape (ScotchBlue™
Painter’s Tape, 3M ESPE, Minnesota, USA), sized 10x10 mm?
with the hole of 3 mm in diameter were placed on to the
specimens prior to surface treatment of each specimen.
The surface of the prepared specimens was treated with
5% hydrofluoric acid (VITA Ceramics Etch, VITA Zahnfabrik,
Bad Sackingen, Germany) for 60 seconds and cleaned with

deionized water for 60 seconds and dried with oil-free air
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for 10 seconds. The PICN specimens were randomly divided
into five groups (n=10), one control group and four different
restorative primers, as follows:
Group 1: The surface was left untreated with any restorative
primer as a control group (C).
Group 2: The surface was treated with Monobond N (MN).
Group 3: The surface was treated with Super-Bond Universal
Ceramic Primer SB).
Group &: The surface was treated with Clearfil™ Ceramic
Primer Plus (CF).
Group 5: The surface was treated with Alloy Primer (AP).
The restorative primers were applied on the prepared
surface according to the manufacturer’s instruction as
shown in table 1. Then, the 3-mm in diameter and height
of cylindrical composite resin specimens (Clearfil™ DC
core, Kuraray Noritake Dental Co., Ltd., Tokyo, Japan) were
fabricated and cemented to PICN specimens with Panavia™
V5 (Kuraray Noritake Dental Co., Ltd., Tokyo, Japan). The
bonded specimens were placed under pressure of 1 kg
using Durometer (PTC Instruments, California, USA). The
excessive cement was removed, and light cured by light
curing unit (Elipar™ FreeLight 2, 3M ESPE, Minnesota, USA)

for 20 seconds at four sides and kept under pressure for

Table 1 The manufacturer’s instruction for each primer

10 minutes. The bonded specimens were incubated in
37°C water for 24+2 hours in the dark environment. The
SBS test was performed by universal testing machine
(Shimadzu EZ-S, Shimadzu, Kyoto, Japan) with load cell
500 N and crosshead speed of 0.5 mm/min where the
blade of testing machine was 1 mm in vertical dimension
away from the bonded interface. The SBS values were
collected and statistically analyzed by IBM SPSS Statistics
22 (IBM, New York, USA). The surfaces of fractured specimens,
both on PICN and resin composite side, were investigated
under the stereomicroscope at 35x magnificent level
which could be classified into 3 categories as follows:"

1) Adhesive failure: the failure occurred at the
interface between composite resin and resin cement (Adh
CR) or between resin cement and VITA Enamic® (Adh RE)
more than 75 % of all areas

2) Cohesive failure: the failure occurred in the
substrates of resin composite (Co C), resin cement (Co R)
or VITA Enamic® (Co E) more than 75 % of all areas

3) Mixed failure: the failure which combined
adhesive and cohesive failures, occurring at the interface
and in the substrates where more than 25 % of both Adhe

RE and Co E were observed.

Primer

Instruction

MN: Monobond N

(Ivoclar Vivadent AG, Liechtenstein)

a strong stream of air.

AP: Alloy Primer (KURARAY CO., LTD.m)
SB: Super-Bond Universal

Ceramic Primer (Sun medical, Japan)

Apply a thin coat of Monobond N with a microbrush to the pre-treated surfaces. Allow

the material to react for 60 seconds. Subsequently, disperse any remaining excess with

Apply the Alloy Primer to specimens with brush and leave it dry.
1. Dispense an equal number of drops of UNIVERSAL PRIMER Parts A & B (1:1 ratio) into

a clean mixing well and mix with a brush.

2. Apply the mixture to the surface to be bonded.

3. Blow lightly if the liquid remained.

CF: Clearfil Ceramic Primer Plus

1. Dispense the necessary amount of Clearfil Ceramic Primer Plus into a well of the

mixing dish immediately before application.

2. Apply Clearfil Ceramic Primer Plus to the adherent surface of the restoration with an

applicator brush.

3. Dry the entire adherent surface sufficiently using mild, oil-free air flow.
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The data of each group were analyzed by Kolmogorov
Smirnov test and showed normal distribution in all groups.
However, the Levene’s test showed unequally homogeneity
of variances. Thus, One-way ANOVA and post hoc Tamhane’s
T2 tests were chosen for the statistical analysis at 95%
confidence level.

The mean SBS value and standard deviation of

each group are shown in Table 2.

Table 2 The mean SBS value (MPa) and standard deviation of

each group (mean + SD)

Group Mean SBS + SD
C 13.10 + 1.40 °
MN 16.33 + 1.67 "
SB 14.81 + 052"
CF 15.07 +0.78 "
AP 11.42 + 0.66 ©

* The same superscript capital letter means there was no significant

difference at 95% confidence level

The results showed that the mean SBS value of
MN, CF and SB groups were significantly higher than that
of the Cand AP groups (p<0.05). Among these three groups,
the MN group showed the highest SBS values followed by
the CF and SB groups, but not significantly different (p>0.05).
Only the AP group showed significantly lower mean SBS
value than that of the others (p<0.05).

10 —preep——erreery e ——reeee —— - —

O Mixed
i O Adh RE

C MN SB CF AP
Figure 1 The mode of failures of each group

The mode of failure (Figure 1) showed that the
Cand AP groups exhibited only adhesive failure between
the resin cement and VITA Enamic® (Adh RE) in all specimens.
The others showed Adh RE combined with mixed failure
(Adh RE with Co E). The MN group showed the most mixed
failure followed by the CF and SB groups.

Discussion

The bond strength of the PICN restorations could
be improved by mechanical and chemical surface treatments.
The mechanical method, roughening the surface, was performed
by grinding, etching or sandblasting on the inner surface of
restoration, while using various types of primer according
to the chemical structure of restorative materials could
provide proper chemical bond of the ceramic restoration
to resin cement. According to the manufacturer’s specification,
the dominant composition of VITA Enamic® is alumina-
enriched feldspar ceramic network (86% by weight) which
is composed of SiO*58-63% by weight and ALZO3 20-23%
by weight. The ceramic network is strengthened by an acrylate
polymer network, with both networks fully integrated with
one another. The polymer is a mixture of two dimethacrylates:
UDMA and TEGDMA (14% by weight). The manufacturer’s
recommendation for surface treatment of VITA Enamic®
is the application of 5% hydrofluoric acid for 60 seconds,
rinse for 60 seconds and dry with oil-free air as mechanical
surface treatment. Then, applying the silane coupling
agent containing restorative primer for chemical surface
treatment similar to the surface treatment for the silica-
based ceramic restorative material.

Previous studies showed that surface treatment of
PICN restoration significantly increased the bond strength
of PICN and resin composite in various resin cements.”®In
2016, Campos found that hydrofluoric acid etching achieved
the highest bond strength compared to air-abrasion and
no treatment groups.’ Bello et al, reported that mechanical
retention from sandblasting technique provided more
surface roughness than 5 % hydrofluoric acid etching, but
there was not significantly different in term of bond strength
when applying the silane-coupling agent.” Conejo et al.
in 2020, also reported that 5 % hydrofluoric acid etching
for 60 seconds or 120 seconds followed by silanization
provided the highest bond strengths.?

In this study, the mechanical surface treatment
was performed by application of 5 % hydrofluoric acid
according to manufacturer’s recommendation. After that,
4 different restorative primers, commonly available in

dental clinic, were chosen according to the different types
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of compositions and the number of primer bottles. Alloy
Primer is composed of VBATDT and 10-MDP. Monobond
N is composed of silane coupling agent, 10-MDP and 10-
MDDT (10-methacryloyloxydecyl 6,8-dithiooctanoate).

Clearfil™ Ceramic Primer Plus is composed of 10-MDP

Table 3 Compositions of restorative primers in this study

and silane coupling agent. Super-Bond Universal Ceramic
Primer is also composed of 10-MDP and silane coupling
agent, but in separate bottles. The composition of restorative

primers are shown in Table 3.

Trade name Manufacturer Compositions Lot No.
Monobond N Ivoclar Vivadent, Liechtenstein Ethanol, water, 3-MPS, 10-MDP and 10-MDDT  X17917
Super-Bond Universal Sun medical, Japan Liquid A: MMA and 10-MDP RR1
Ceramic Primer Liquid B: MMA and 3-MPS RR1
Clearfil™ Ceramic Kuraray Noritake dental, Japan Ethanol, 3-MPS and 10-MDP 8T0038
Primer Plus

Alloy Primer Kuraray Noritake dental, Japan Acetone, 10-MDP and VBATDT 870094

* 3-MPS = 3-Trimethoxysilylpropyl methacrylate , 10-MDP = 10-Methacryloyloxydecyl dihydrogen phosphate, 10-MDDT = 10-methacryloxydecy!

6,8-dithiooctanoate and VBATDT = 6-(4-Vinylbenzy!-n-propyl)amino-1,3,5-triazine-s, 4dithiol

The resin cement used in this study was Panavia™
V5 which is a novel resin cement. Previous studies showed
higher bond strength of Panavia™ V5 compared with Panavia™
F2.0."". It also showed higher color stability than Panavia™
SA due to the amine-free composition.'” The Panavia™ V5
is MDP-free in cement paste, but 10-MDP is still available
in adhesive. Thus, Panavia™ V5 was chosen in this study to
eliminate the effect of 10-MDP in resin cement, which may
confound the effect of 10-MDP in the restorative primer.

The results of our study showed that MN, CF and
SB groups which are silane containing restorative primer
could significantly improve the SBS value compared with
the C group. This is in agreement with previous recent
studies.”**"*" Hence, the null hypotheses of this study was
rejected. The use of silane coupling agent is recommended
for promoting the surface wettability of the restoration and
the chemical bond between resin cement and silica-based
materials.”’ The siloxane group (inorgano-functional group)
of the silane coupling agent could react with the silica
substrate on the surface, while the organo-functional group
such as methacrylate could co-polymerize with the resin
cement.” In 2016, Schwenter et al investigate the etching
of VITA Enamic® with 5% HF followed by application of
silane coupling agent, increased the shear bond strength

between VITA Enamic® and resin composite cement.”
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Tanapon et al subsequently reported the shear bond
strength between lithium disilicate glass ceramic and resin
cement. They found that the application of any type of silane
coupling agent significantly increased the bond strength
when compared with the untreated group.” These confirm
the important role of silane coupling in promoting the chemical
bond; covalent Si-O-Si bonds, of the silica component in
VITA Enamic® and even in lithium disilicate ceramic.
Although MN, CF, and SB groups all contain silane
coupling agent, they are different in their compositions
and the number of primer bottles. This might affect the

(™ Ceramic

bond strength. Monobond N primer and Clearfi
Primer Plus are single bottle restorative primer. In contrast,
Super-Bond Universal Ceramic Primer is the two-bottle
system. Due to the manufacturer’s data which are shown
in Table 3, the mixing ratio of liquid A and liquid B of Super-
Bond Universal Ceramic Primer might affect the shear bond
strength. The among of the silane coupling agent may
be different in concentration when mixing with 10-MDP.
Furthermore, the homogeneity of the mixture may cause
the distribution of silane coupling agent which leads to
lower SBS value of the SB group compared with the MN
and CF groups, but not significantly different. Thus, further
studies may observe the effect of different ratio of liquid

Aand liquid B on the bonding ability between silica-based



restoration to resin cement. Including, one-bottle primer
compared with mixing of two-bottle system of Super-Bond
Universal Ceramic Primer.

According to Cui et al, the degree of conversion of
polymer matrix in PICN was 82.17%,” hence the chemical
bond between resin cement and polymer matrix in PICN
seems to be a minor part to create the chemical bond.
From previous studies, 10-MDP could improve surface
wettability and enhance mechanical bonding in zirconia
restoration'*” but the number of studies in silica-based
and polymer-based restoration is still limited. The increase
of surface wettability may improve the bond strength of
restoration via mechanical retention.” However, the result
showed the lowest mean SBS values in the AP group, which
contains 10-MDP and VBATDT, hence 10-MDP might not
enhance the bonding to PICN.

The VBATDT in Alloy primer and the 10-MDDT in
Monobond N are the sulfur containing component, but the
results in this study showed the significantly contrast SBS
values. One possible reason might be the chemical structure
differences, specifically sulfur containing component. VBATDT
monomer consists of thiol group, while 10-MDDT monomer
consists of disulfide group. The VBATDT is a restorative primer
that contains thiol group and vinyl group on the end chain
of each side. The coupling mechanism occurs by transforming
thione into thiol and formation of the bond on the precious
metal surface, and copolymerization of the vinyl groups
with the resin cement. The thiol group-containing monomers
are known to inhibit polymerization as they act as a substrate
causing chain reaction movement in radical polymerization.”’
In our study, the AP group showed the significantly lowest
mean SBS value and even significantly lower than that of
the control group. This might be the negative effect of the
unreacted thiol eroups on bond strength. Since there is no
metal oxide layer on the bonding surfaces, hence, the
coupling mechanism cannot occur. Therefore the excess
unreacted thiol group in VBATDT might cause the inhibition
of the propagation of vinyl or acrylic free radicals, leading

to inhibition of the resin cement polymerization and bond

strength may deteriorate at the primer-applied surface.”
For this reason, the Monobond N that contains 10-MDDT
(disulfide groups) had no negative effect on the SBS value
in this study.

The mode of failure investigation in this study
showed all adhesive failure between resin cement and
PICN (Adh RE) in the C and AP groups. This could imply that
the bond is the weakest point of the bonded interface,'®
while the MN, CF, and SB groups showed Adh RE and mixed
failure (Adh RE with Co E). This result is in agreement with
the SBS value which revealed that the C, and AP groups
showed significantly lower SBS values than those of the
MN, CF, and SB groups. Thus, it might be concluded that
the bond strength between resin cement and PICN is the
weakest point and could be improved by applying the
silane containing restorative primer which is in accordance

with the mean SBS value observed in the study.

Conclusion

From the result of this study, it could be concluded
as follows:

1. Restorative primers that contain Silane coupling
agent increase the SBS between VITA Enamic® and resin
composite via PanaviaTM V5 by the chemical bond with
silica-component in VITA Enamic®.

2. Restorative primers that contain VBATDT decrease
the SBS between VITA Enamic® and resin composite via
Panavia™ V5 due to the unreacted VBATDT which may
inhibit the polymerization of resin cement.

3.10-MDP in restorative primers does not improve
the SBS between VITA Enamic® and Panavia™ V5.

Although many types of restorative primers are
available in dental clinic, selection of the proper restorative
primer for use with the PICN restoration should be thoroughly
considered. The restorative primer may positively or negatively
affect the bond strength. Thus, dentist should properly
select the restorative primer to enhance the bond strength
of the restoration and to avoid the negative effect which

decreases the SBS of the restoration to resin cement.
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Indirect Pulp Treatment in Lower Primary Molars Applied with A Light-cured
Resin-modified Calcium Silicate, Chlorhexidine Gluconate and Calcium Hydroxide
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Abstract

The aim of this study was to compare the clinical and radiographic success rates of a light-cured resin-modified
calcium silicate, 2% chlorhexidine gluconate and calcium hydroxide in indirect pulp treatment of lower primary molars
with deep caries lesion. Forty-six children, aged 3-8 years old, with 90 lower primary molars with deep carious lesions
were included in this randomized clinical control trial. From radiographic examination, all the teeth had caries involved
to inner one-third of dentin. The teeth were randomly divided into 3 groups: (1) a light-cured resin-modified calcium
silicate (TheraCal LC®, Bisco, Inc., USA) (n=30), (2) 2% chlorhexidine gluconate (n=30) and (3) control: calcium hydroxide
(Dycal®, Dentsply, USA) (n=30). Selective caries removals were performed. All the teeth were applied with different

materials according to the group and restored with stainless steel crown. After 6-11 and 12-32 months, clinical and
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radiographic examination were performed. At 6-11 months recall, the success rates were 84 %, 88.89 % and 86.67 %
for groups 1, 2 and 3 respectively. At 12-32 months, the success rates were 72.73 %, 84 % and 86.2% for groups 1, 2
and 3 respectively. No statistically significant difference between the groups was observed at 6-11 and 12-32 months
(p>0.05). Indirect pulp treatment of deep carious primary teeth with a light-cured resin-modified calcium silicate, 2%
chlorhexidine gluconate or calcium hydroxide showed no difference in successful treatment outcomes after 6-11
and 12-32 months.

Keywords: Indirect pulp treatment, Chlorhexidine gluconate, Calcium silicate, Calcium hydroxide, Primary teeth
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Figure 1 Sample flow through the study
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Type of materials

Resin-modified

2% chlorhexidine Calcium hydroxide

Follow-up Tooth type
calcium silicate gluconate
Success Failure Success Failure Success Failure

6-11 1* primary molar 12 3 14 1 16 3
months 2" primary molar 9 1 10 2 10 1

total 21 4 24 3 26 4
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fsgoynan 12-32 \fou wuiituyndlinadide
Tums¥nwmeadin dmsudnuasnennidnudnuaeld
reifesvasinnszgnitituunsdiu lunduimesuea rassiendiu
nglaiun waz ueaidesilansonlus S 1 1uag 2@ mudidu
wasNUNIVLIFYetesduBaUiuduinausniurnain
Tundumenuna paasiendiunglaum uag waaideulansenlyn

§UIU 5, 3 uaE 2 @ mudey FaunadSalunnsinunis
wihiuFesay 72.73 84 way 86.2Tunguil 1 2 uag 3 nudiy
Fauanamun919i 2 waggudi 2 Selaimumuuansnaegnedl
fuddamsedfssrnenguiiafissesna 6-11 uay 12-32 ey
(p>0.05) wazlainumuuanaegiitsd Ay edAvowa
diEalumsshwssuieitunsuthu@induezaes (p>0.05)

A19597 2 uanmsieuiieunaa isalun sy s s anaTdin1siauUai g1y passiendiunglaunnududuiogas 2 uas

upaulansenlyd sveziial 6-11 way 12-32 1o

Table 2 Comparison of success rates of a light-cured resin-modified calcium silicate, 2% chlorhexidine gluconate and calcium hydroxide

at the 6-11 and 12-32 month recalls

% Success rate

Follow-up Resin-modified 2% chlorhexidine p-value
Calcium hydroxide
calcium silicate gluconate
6-11 months 84 88.89 86.67 0.921
12-32 months 72.73 84 86.2 0.490

No significant difference was observed at 6-11 and 12-32 months between the material groups (p>0.05).
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(1) A light-cured resin-modified calcium silicate
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(3) Calcium hydroxide

Ui 2

(@) UaAININSIENOUNITSNY (b) AIINE NSV TSN s2eeiIa) 6-11 1F0 Uay (c) AINANS9YINITshwITiTresa) 12-32 theau Tu

N TN NS YR UPATINTANATIIN TAAUYAI 28150 Ao iandiunglawnn T Tusogas 2 uay unaideulansenls

919U

Figure 2 (a) Preoperative radiograph (b) Success found at 6-11 month recall and (c) Success found at the 12-32 month recall of

lower primary molars applied with a light-cured resin-modified calcium silicate, 2% chlorhexidine gluconate and calcium

hydroxide, respectively
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Abstract

The purpose of this study was to evaluate the effect of silanization and thermocycling on the microshear
bond strength (USBS) of a silane-containing universal adhesive (Scotchbond Universal adhe-sive; 3M ESPE) (SU), and
a 3-step etch and rinse adhesive system (Adper™ Scotchbond™ Multi-Purpose Adhesive; 3M ESPE) (SM). Seventy-two
thermocycling-aged resin composite specimens were prepared and divided into four groups based on silane application.
Group 1: no silane application before SM adhesive (SMN), Group 2: silane application before SM adhesive (SMS), Group
3: no silane application before SU (SUN), and Group 4: silane application before SU adhesive (SUS). Each group was
randomly divided into two equal subgroups: 24 h in water storage (n=9) or 5,000-cycle thermocycling (n=9) before
USBS evaluation. The uSBS values were analyzed using Three-way ANOVA and Tukey’s post hoc test (p=0.05) and
the fracture modes of the fracture interface were evaluated. Threeway ANOVA indicated that thermocycling and
silanization significantly affected pSBS (p<0.05), while the adhesive system did not affect uSBS (p>0.05). In the 24 h
water storage subgroups, the SMS group had a significantly higher pSBS compared with that of the other groups. In
contrast, in the thermocycled subgroups, there was no significant difference in uSBS between groups. In conclusion, after
a 5,000-cycle thermocycling, the repair bond strengths of a silane-containing universal adhesive and a conventional

etch-and-rinse adhesive were comparable.
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Received Date: Jul 4, 2021 Revised Date: Aug 6, 2021 Accepted Date: Oct 15, 2021
doi: 10.14456/jdat.2022.36

Correspondence to :

Chonlaya Bumrungruan, College of Dental Medicine, Rangsit University, 52/347 Muang-Ake, Phaholyothin Road, Lak-Hok, Muang,
Pathumthani 12000 Thailand Tel: 087-976-8552 E-mail: chonlaya.b@rsu.ac.th

Introduction

The popularity of resin composite restorations has and function can cause resin composites to degrade, resulting
increased because their use can preserve tooth structure in defects, e.g. microleakage, marginal discoloration, wear,
with high esthetic results. However, the oral environment chipping, and restoration fracture."” Repairing the restoration
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defect rather than its total replacement is a more time-
efficient and conservative option that can preserve sound
tooth structure, protect the pulp from operative trauma,
and reduce the risk of iatrogenic pulp exposure and
adjacent tooth injury.””

Several methods have been developed to repair
a resin composite defect, including surface preparation
before using a resin-based adhesive, such as grinding with
burs, etching with hydrofluoric acid or phosphoric acid,
air abrasion, and silanization.”® A silane coupling agent is
normally used when placing a resin composite to promote
a chemical bond between the inorganic filler particles and
the organic resin matrix."" Thus, using a silane coupling
agent can improve the repair bond strength. Studies have
demonstrated that silane application enhances the repair
bond strength by promoting chemical bond between the
filler of old resin composite and the adhesive resin matrix.”

A universal adhesive system incorporates a silane
coupling agent in the adhesive composition for simplifying
the clinical steps, requiring less time, multipurpose use,
and more user-friendly compared with the 3-step etch-
and-rinse adhesive systems.”” Many Studies have evaluated
the use of silane-containing universal adhesives in repairing
resin composite restorations.”"" However, only a few studies
investigated the long-term repair bond strength of universal
adhesive systems on the aged resin composite.

The purpose of this study was to evaluate the
effect of silanization and thermocycling on the repair
uSBS of a silane-containing universal adhesive and to
compare the repair uSBS of a silane-containing universal

adhesive with that of an etch-and-rinse adhesive.

Materials and Methods

Seventy two resin composite specimens (3-mm
diameter and 2-mm deep) (Fig. 1B) were fabricated using
resin composite (Filtek™Z350TM XT, 3M ESPE, St. Paul, MN,

USA; shade Al) in epoxy resin molds (Fig. 1A) then covered
with a celluloid strip (LEIBINGER™ Mylar Strip), compressed
with a glass slide, and each specimen was separately light-
cured using an LED light-curing unit (Demi™ Plus, Kerr Corp,
Orange, CA, USA) for 40 sec. The light output intensity was >
800 mW/cm’ (evaluated by a radiometer (Kerr; Orange, CA,
USA)). The prepared specimens were thermocycled for
5,000 cycles between 5 and 55°C with a 30-sec dwell time and

a 10-sec transfer time to simulate 6-month clinical service.

A B C

Figure 1 Resin composite specimen preparation (A) the three
epoxy resin molds size 3-mm diameter and 2-mm depth
created within polyvinyl chloride (PVC) tube. (B) resin
composite specimens. (C) three clear plastics tubes placed
on the resin composite specimens andfilled with the repair
resin composite
The specimens were polished using wet 320-grit

silicon carbide paper to create a standardized surface.

Thirty-two percent phosphoric acid (Scotchbond™

Etchant, 3M ESPE, USA) was applied on the specimens

in a brushing motion for 15 sec, rinsed for 15 sec, and air

dried. The specimens were randomly divided into 4 groups

(n=18) according to the surface treatments and the adhesives

used; Group 1: Adper™ Scotchbond™ Multi-Purpose

Adhesive (3M ESPE, USA) (SM), Group 2: treated with

RelyX™ Ceramic Primer (3M ESPE, USA) and Adper™

Scotchbond™ Multi-Purpose Adhesive (SMS), Group 3:

Single Bond™ Universal Adhesive (3M ESPE, Germany)

(SUN), Group 4: treated with RelyX™ Ceramic Primer and

Single Bond™ Universal Adhesive (SUS). The materials

were applied individually on each specimen according

to the manufacturers’ instructions as shown in Table 1.
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Table 1 Materials, composition, and application methods used in the study (Modified from the manufacturers’ Material Safety Data

Sheet and instructions for use)

Materials

Composition

Application Methods

Scotchbond™ Etchant
(3M ESPE, MN, USA)

Adper™ Scotchbond™
Multi-Purpose Adhesive (3M
ESPE, MN, USA :SM)

Single Bond™ Universal
Adhesive (3M ESPE,
Germany :SU)

Filtek™ Z350 XT
(3M ESPE, MN, USA)

RelyX™ Ceramic Primer
(3M ESPE, MN, USA)

Water, phosphoric acid, alcohol,
thickening agent

Bis-GMA, HEMA, initiator

MDP Phosphate Monomer, Di-
methacrylate resins, HEMA, Vitrebond
copolymer, ethanol, water, filler,
initiators, silane

Bis-GMA, UDMA, TEGDMA, Bis-EMA, non-
aggregated 4 to 11 nm zirconia, non-
aggregated 20 nm silica and aggregated
zirconia/silica cluster filler (63.3 vol%)

Pre-hydrolyzed silane coupling agent,
alcohol, water

- Apply etchant to aged resin composite surfaces
for 15 sec.

- Thoroughly rinse for 15 sec.

- Air dry

- Apply adhesive to the etched and dried resin
composite surfaces.
- Light-cure for 20 sec

- Apply adhesive to the etched and dried resin
composite surfaces for 20 s
- Air dry for 5 sec and light-cure for 20 sec.

- Apply a 2-mm. thick layer.
- Light-cure for 40 sec.

- Apply RelyX Ceramic Primer with a brush on the
etched and dried resin composite surfaces for 1 min.
- Air dry

Abbreviations: bis-GMA (bisphenol A-glycidyl methacrylate), bis-EMA (bisphenol A diglycidyl methacrylate ethoxylated, HEMA (hydroxyethylmethacrylate),

MDP (methacryloxydecy! phosphate). TEGDMA (triethylene glycol dimethacrylate), UDMA (urethane dimethacrylate)

After surface treatment and adhesive application,
a clear cylindrical plastic tube, 0.7 mm in-ternal diameter
x 1.0 mm high (Tygon tubing, Norton Performance Plastic
Co, USA) was placed on the resin composite specimen and
the adhesive was light-cured for 20 sec. The light output
intensity was > 800 mW/cm2. After curing, each tube was
filled with nanohybrid resin composite shade A4 (Fil-tek™
Z350XT, 3M ESPE, USA) and light-cured for 40 sec (Fig. 1C).

The specimens were stored in water at 37°C for
24 h. The plastic tubes were removed and specimens
were evaluated using 2.5x magnification loupes (ZEISS
EyeMag Smart, Carl Zeiss Meditec AG, Germany) to evaluate
the integrity of the old and new resin composite interface.
Any specimens with interfacial gaps, bubbles, or any defect
were excluded from the study.

For each group, half of the specimens (n=9) were
subjected to the pSBS test immediately after removing

the tubes. The other half of the specimens were subjected to
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a 5,000-cycle thermocycling between 5°C and 55°C. The dwell
time and transfer time were 30 sec and 10 sec, respectively.

The specimens were mounted on a universal
testing machine (EZ-S; Shimadzu, Japan), and a 0.4-mm
thick blade was placed parallel and adjacent to the old
and new resin composite interface and specimens were
tested to failure at a crosshead speed of 0.5 mm/min.
The mode of failure was analyzed using a stereomicroscope
at 45x magnification and categorized as adhesive failure;
failure at the bonding interface, cohesive failure; failure
in either the substrate or repair resin composite or mixed

failure; failures in both adhesive and resin composite.

Statistical analysis

The pSBS data were analyzed by Three-way ANOVA
and Tukey’s post hoc test (p=0.05) using IBM SPSS Statistics
Subscription, Build 1.0.0.1508 (SPSS Inc., Chicago, IL).



The USBS test results are presented in Table 2.
Three-way ANOVA indicated that thermocycling and
silanization significantly affected the pSBS (p<0.001 and
p=0.001, respectively). In contrast, the adhesive system did
not affect uSBS (p=0.750). There was no interaction between
the adhesive system, silanization, and thermocycling (p=0.121).

After 24-h water storage, the SMS group had a
significantly higher uSBS compared with that of the other
groups (p<0.05). In the thermocycled subgroup, the SUS
group demonstrated a higher uSBS than that of the other
groups; however, the difference was not significant.

Considering the effect of thermocycling within

the same group, only the uSBS of the non-thermocycled

Table 2 uSBS values (mean + SD)

SMS group was significantly higher than that of its thermocycled
counterpart (p<0.05). In contrast, uSBSs between the other
non-thermocycled groups and their respective thermo-
cycled groups were not significantly different.

Considering the effect of silanization on each
adhesive system, silanization significantly increased
the pSBS in the conventional adhesive group (p<0.05).
However, silanization in the silane-containing adhesive
did not significantly increase the pSBS.

The failure modes are shown in Figure 2. Adhesive
failure was predominantly found in all groups, with a few

mixed failures, but no cohesive failure was seen.

Group

HSBS + SD (MPa)

Abbreviation 24 h

5,000-thermocycled
water storage

Scotchbond™ Multi-Purpose Adhesive
Silane + Scotchbond™ Multi-Purpose Adhesive
Single Bond™ Universal Adhesive

Silane + Single Bond™ Universal Adhesive

SMN 1291 + 392" 782+ 169"
SMS 2372 + 8.89 ¢ 12.21 + 2.30 <€
SUN 14.79 + 6.35 °° 12.92 + 4.55°
SuUS 14.44 + 2.39 °F 13.10 £ 2.72 F

Different letters indicate a significant difference between groups (p>0.05); UPPERCASE letters indicate a significant difference in each row

(significantly different uSBS between 24 h water storage and 5,000-thermocycled of the same group) and lowercase letters indicate significant

differences in each column (significantly different uSBS among the groups after 24-hour water storage or 5,000-cycle thermocycling)

24 h water storage

SMN 8 (88.89%) 1(11.11%)I . Adhesive

SMS 6 (66.67%) 3(33.33%) Mixed

SUN 8 (88.89%) 1(11.11%)I

SUS 8 (88.89%) 1(11.11%)I
5,000-thermocycled

SMN 7 (77.78%) 2 (22.22%)

SMS 2 (22.22%) |

SUN 6 (66.67%) 3 (33.33%) |

SuUs 6 (66.67%) 3 (33.33%) |

0 3/33.33% 6/66.67% 9/1¢|)0% N/%

Figure 2 The mode of failure (n/%)
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Discussion

In the present study, the uSBS test was selected to
overcome the limitations of the microtensile bond strength
test, which has the difficulty in specimen preparation
and the high number of pre-test failures.'” Moreover,
sample preparation method for the uSBS test generates
lower stress at the bond interface before testing, except
for the mold removal.”” " Consistent with this, the present
study had no pre-test failures. Furthermore, adhesive failure
was the predominant failure mode which corresponds
with the suggestion that adhesive failures indicate that
using the pSBS test is valid."

The bond between two layers of resin composite
occurs between unreacted methacrylate groups (c=c)

in each layer in the oxygen-inhibited layer.*"’

However,
after polishing and being in the oral environment, resin
composite restorations lack the free radicals and unreacted
methacrylate groups needed to bond with the repair resin
composite.® Thus, aging the resin composite before
bonding with the repair resin composite is important to
simulate the clinical situation. In the present study, thermo-
cycling was used to age the resin composite as described
in the previous study."

Bonding between a restoration and a repair resin
composite requires free radicals and unreacted meth-
acrylate groups, which are not present on restoration
that has been in the oral cavity for some times. Therefore,
surface preparation to expose the filler particles and
create surface irregularities on the restoration is crucial for

a successful repair.**®

Wet grinding with 320-grit sandpaper,
which is comparable to a fine diamond bur, was chosen
to establish uniform repair surfaces and to expose the filler
particles.” The surface was then cleaned with phosphoric
acid® and applied with adhesive to increase wettability
and create micromechanical retention via the penetrated
and polymerized resin into the prepared surface.®”

In addition to forming an effective bond with the
original resin composite, the survival of the repair restoration

is an important clinical parameter to be evaluated. Thus,
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thermocycling at 5,000 cycles, which is equal to 6-month
clinical service®, was selected to induce thermal stress and
hydrolytic degradation of the old and new resin composite
interface. This artificial aging process allows the long-term
clinical bonding performance to be evaluated in vitro.

The 3-step etch-and-rinse adhesive was used as
the control group due to favorable laboratory and clinical
results.” The results of the present study indicated that
the repair bond strength of the silane-containing universal
adhesive was not significantly different from that of the
conventional etch-and-rinse adhesive in the non-thermocycled
and the thermocycled groups. The pSBS of the adhesives
evaluated in this study were not significantly different
between the non-thermocycled and the thermocycled
groups, except for the SMS group. Silanization significantly
increased the USBS in only the non-thermocycled etch-
and-rinse adhesive group.

This study revealed that the repair bond strength
of a silane-containing universal adhesive was comparable
to that of a conventional adhesive. These results might be
due to additional chemical bonding between the exposed
filler particles and the silane coupling agent and the 10-
methacryloyloxydecyl dihydrogen phosphate (10-MDP)
monomer in the silane-containing universal adhesive.
According to the manufacturer, the resin composite used
in this study contains 78.5% by weight (63.3% by volume)
inorganic fillers, which are a combination of non-agglomerated/
non-aggregated silica filler, non-agglomerated/non-aggregated
zirconia filler and aggregated zirconia/silica clusters. Prior
studies demonstrated that silica fillers chemically reacted
with a silane coupling agent’®, whereas zirconia fillers
chemically bonded to 10-MDP.”* These reactions may
improve the repair bond strength of a silane-containing
universal adhesive.

Studies have demonstrated that silanization
improves the repair bond strength of the conventional
methacrylate resin adhesive between the aged and repair

resin composite.”*" Silane coupling agents are bifunctional



molecules that contain silanol groups that react with the
exposed inorganic filler particles in the resin composite
and organofunctional groups that react and co-polymerize
with the methacrylate groups of the adhesive.”” The silane-
coated surface is reactive and forms covalent bonds with
the adhesive. Moreover, silane increases the wettability
of the aged resin composite surface, which improves the
infiltration of the resin adhesive into surface irregularities.”"*®
Corresponding with the results of the present study, silaniza-
tion significantly increased the repair bond strength of a
conventional adhesive when tested immediately and tended
to increase after aging because the silanol groups form a
covalent bond with the exposed inorganic filler, i.e. silica filler.”*
In contrast, silani-zation did not significantly improve the
repair bond strength of a silane-containing universal adhesive
in the non-thermocycled and the thermocycled groups.
These findings are in line with those of prior studies.” This
may be because the exposed silica filler particles can
interact with the silane and be insufficient in number to
form an additional chemical bond with the silane in a silane-
containing universal adhesive.'® However, some studies
have found that silanization improves the repair bond
strength of a silane-containing universal adhesive.”*” These
discrepancies are accounted for by the fact that the effect
of silanization on a silane-containing adhesive varies depending
on the surface treatment and silane composition.”
Although 5,000-thermocycles greatly reduced the
uSBS of a conventional adhesive, the uSBS of the silane-
containing adhesive was only slightly reduced. This could
be due to the positive effect of the stable chemical bonds
between the 10-MDP in the silane-containing universal

adhesive and the exposed zirconia filler.”*

Conversely,
the reduced uSBS in the conventional adhesive group may
result from bond degradation over time because it contains
only Bis-GMA and HEMA, which do not promote a stable
chemical bond as 10-MDP.” Moreover, a prior study demon-
strated that the bond between phosphate esters, i.e. 10-MDP
and the zirconia surface hydroxyl groups, was more hy-
drolytically stable compared with the bond between silane

coupling agents and old resin composite.””*'

Incorporating 10-MDP into an adhesive might
have a positive effect on the repair bond strength of a
resin composite with zirconia filler because 10-MDP forms
a chemical bond with oxide groups, such as SiOz, ALZOS,
and ZrO.”"* Therefore, 10-MDP in the silane-containing
universal adhesive may improve the repair bond strength
of a resin composite containing silica or alumina. However,
the surface preparation and the type of adhesive and silane
coupling agent used can also affect the repair bond strength.
Furthermore, several studies demonstrated that different
resin composite compositions, such as the type and amount
of fillers, also influence the repair bond strength.”*** Future
studies evaluating various resin composites are needed
to determine the effect of 10-MDP in a silane-containing
universal adhesive on the repair bond strength.

The present study has some limitations. The
sample size in this study is small. The larger the sample
size, the more power the study would be. In addition, the
in vitro results of our study might not correlate with clinical
outcomes. Furthermore, the type of adhesive and silane
coupling agent used could have an effect on the repair
bond strength. The present study evaluated only one silane-
containing universal adhesive and one resin composite;
thus the results may not be applicable to other similar
materials. Further investigations are needed to establish a
standard resin composite repair protocol. However, based
on our results, the examined silane-containing universal

adhesive is a viable choice for resin composite repair.

Conclusion

Within the limitations of this in vitro study, several
conclusions can be drawn. The repair bond strength of
a silane-containing universal adhesive is comparable to
that of an etch-and-rinse adhesive. Silanization increases
the repair bond strength of an etch-and-rinse adhesive,
but does not affect that of the silane-containing universal
adhesive. Aging using 5,000 thermocycles has no effect
on the repair bond strength of the silane-containing

universal adhesive on aged resin composite.
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Abstract

Intraoral devices used to evaluate tooth contour while making tooth alteration for removable partial denture
components are lacking. Thus, the new intra-oral surveyor has been developed with the aid of 3D printing technology.
The aim of this study was to compare the survey lines obtained from the newly developed intra-oral surveyor with a
conventional surveyor. Ten graduate prosthodontic students were instructed to use the newly developed intra-oral

surveyor to draw survey lines (Sn) on assigned abutment teeth following a previously determined surveying path. Each
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student had to survey 4 different models which were mounted in a phantom head in pair, using a blue pencil-lead.
Subsequently, each model was removed from the phantom head and was surveyed by a prosthodontist using a
conventional surveyor (Ney) in the same surveying path, using a red pencil-lead to create reference survey lines
(Sr). A total of 40 models with doubled survey lines (Sn and Sr) were scanned by a 3D model scanner, after which a
series of 2D pictures of each studied tooth surface were captured. Each picture was examined for (1) the overlapping
amount of Sn and Sr lines and (2) the vertical distances between reference points on an occlusal edge and Sn and
Sr lines on each studied surface, using Image J software. Intraclass correlation coefficient for the vertical distances
was estimated to assess an accuracy and an agreement measurement of the two survey lines. Complete overlapping
of Sn and Sr lines was found in 93 percent of studied tooth surfaces (354 out of 380 surfaces). Agreement between
Sn and Sr lines was excellent, with the intraclass correlation coefficient equaled to 0.997. Within the limitations
of this study, it can be concluded that the newly developed intra-oral surveyor was highly accurate and provided

similar survey lines when compared with a conventional surveyor.

Keywords: Survey line validity, Surveyor, Intraoral surveyor
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Figure 1 Main components of the newly developed intra-oral surveyor
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Table 1 Teeth and studlied surfaces in the study models

Study model Kennedy Classification

Teeth (Studied surfaces)

Total number of surfaces

A Kennedy Class Il modification 2 15(B, L, D), 24(B, L, M), 25(B, L, D),27(B, L, M, D) 13
B Kennedy Class Il modification 2 33(B, D), 35(B, L, M, D), 37(B, L, M, D) 10
C Kennedy Class Il modification 1 13(B, D), 17(B, L, M, D) 6
D Kennedy Class Il modification 1 33(B, D), 44(B, L, D), 47(B, L, M, D) 9

B, L, M, D indicated buccal, lingual, mesial and distal surface, respectively
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Figure 3 Showing method to transfer the path of insertion from
a conventional dental surveyor. (a) The positioning tray
was attached to a vertical arm of a dental surveyor,
perpendicularly to the occlusal plane. (b) The positioning
tray was fixed on a study model using putty silicone
impression material. (c) The newly developed intra-oral
surveyor was installed and used in the phantom head
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Figure 4 Examples of the overlapping of Sn (blue) and Sr (red) lines
on buccal side of a studly cast; (a) complete overlapping,
(b) Incomplete overlapping with Sn located above Sr

in distal 1/3 region
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Figure 5 Showing the vertical distance measurements on a study
cast: (1), (2), and (3) are the reference points used to
measure the distance at mesial, middle and distal
regions, respectively. (x) and (y) are the vertical distances

of Sr (red) and Sn (blue) lines, respectively
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Table 2 Number of surfaces with complete and incomplete overlapping of Sn and Sr survey lines in the study models

Incomplete survey lines overlapping (surfaces)

Study Complete survey Buccal Lingual Proximal Total
Model  lines overlapping Above Below Above Below Above Below
m md d m md d m md d m mid d mid mid
A 113 3 1 3 il 3 2 1 130
B 93 1 1 2 1 2 100
@ 60 60
D 88 2 90
total 354 5 1 a4 1 6 3 2 2 2 380
Above, Below indicated the position of Sn as related to Sr line, towards occlusal surfaces.
m, mid, d indicated the location on each surface where m= mesial 1/3, mid= middle 1/3, and d= distal 1/3
A159971 3 UONUTIAIINBTINIUF A TN YEUEN1ITOUTUYOUGUAITID Sn Uaw SreIuEIFIARIUTAZAY
Table 3 Number of surfaces with complete and incomplete overlapping of Sn and Sr survey lines by individual subject
Incomplete survey lines overlapping (surfaces)
Study Complete survey Buccal Lingual Proximal ot
Model lines overlapping Above Below Above Below Above Below
m md d m md d m md d m mid d mid mid
1 35 2 1 38
2 34 1 1 1 1 38
3 35 1 1 1 38
4 34 1 1 1 1 38
5 36 1 1 38
6 33 1 1 2 1 38
7 35 1 1 1 38
8 36 1 1 38
9 38 38
10 38 38
total 354 5 1 4 1 6 3 2 2 2 380

Above, Below indicated the position of Sn as related to Sr line, towards occlusal surfaces
m, mid, d indicated the location on each surface where m= mesial 1/3, mid= middle 1/3, and d= distal 1/3

715199 4 uansmaulseasaviaiiannluduvesaunaauaisavilannaiesarsaoludesinvin lnsiuazinsesa 7999 N9 Unn SSULUURILGY
TuunnUUTUae 11A55IAT MmN ImTEn U uan uaseIaIaAT
Table 4 Intraclass correlation coefficient (ICC) of survey line locations obtained from the newly developed intra-oral surveyor and a

convention dental surveyor, categorized by model type, arch type, tray position, and subjects

Categories Number of surfaces  Number of measurements ICC 95% ClI p-value
Model A 130 290 0.989 0.984-0.992 < 0.001
B 100 190 0.999 0.999-0.999 < 0.001
C 60 110 1.000 N/A < 0.001
D 90 180 0.998 0.998-0.999 < 0.001
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Table 4 Intraclass correlation coefficient (ICC) of survey line locations obtained from the newly developed intra-oral surveyor and a

convention dental surveyor, categorized by model type, arch type, tray position, and subjects

Categories Number of surfaces ~ Number of measurements ICC 95% ClI p-value
Type of arches Upper 190 400 0.995 0.994-0.996 < 0.001
Lower 190 370 0.999 0.999-0.999 < 0.001

Tray position Front 230 4380 0.996 0.995-0.997 < 0.001
Back 150 290 0.999 0.999-0.999 < 0.001

Subject 1 38 7 0.998 0.997-0.999 < 0.001
2 38 7 0.996 0.994-0.997 < 0.001

3 38 4 0.997 0.995-0.998 < 0.001

q 38 4 0.996 0.993-0.997 < 0.001

5 38 4 0.996 0.994-0.998 < 0.001

6 38 7 0.993 0.989-0.996 < 0.001

7 38 7 0.999 0.998-0.999 < 0.001

8 38 7 0.999 0.998-0.999 < 0.001

9 38 T 0.999 0.999-0.999 < 0.001

10 38 77 1.000 N/A < 0.001

Overall 380 770 0.997 0.997-0.998 < 0.001

Average measures, two-way mixed effects model, absolute agreement

ICC = intraclass correlation coefficient, Cl = confidential interval

Front, Back indicated locations of the positioning tray on anterior and posterior teeth, respectively
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Abstract

In vitro transcribed (IVT) nucleoside-modified messenger ribonucleic acid (mRNA) has emerged as a novel
platform in regenerative medicine. Given the potential of a mRNA platform to encode any protein of interest and
produce it directly in vivo, mRNA encoding growth factor could be a promising alternative to recombinant protein in
promoting periodontal tissue and bone regeneration. Bone morphogenetic protein-2 (BMP-2) is one of most extensively
studied growth factors due to its osteogenic potential. To date, an in vivo study of mMRNA encoding BMP-2 therapy in
the field of periodontology is scarce. In addition, a proper mRNA delivery system has yet to be identified. Therefore,
this study aimed to examine the effect of N1-methylpseudouridine-modified mRNA encoding BMP-2 (m1¥-BMmP-2
mMRNA) with different delivery systems on the level of BMP-2 protein and inflammatory response at local tissue
upon intragingival injection. Twelve Sprague-Dawley rats were randomly assigned into four groups injected with
m1¥-BMP-2 mRNA in Dulbecco’s phosphate-buffered saline (dPBS), sucrose citrate buffer, Lipofec‘camine® 2000,
or dPBS alone without mRNA as a control at palatal gingiva. Gingival tissues were collected at 24 hours for analysis
of BMP-2 protein and pro-inflammatory cytokines (interteukin—lB, interleukin-6, and tumor necrosis factor-QOl) using
enzyme-linked immunosorbent assay. The highest BMP-2 protein expression in gingival tissue was observed in a rat
injected with m1%¥-BMP-2 mRNA in Lipofectamine® 2000. The amount of interleukin—lB in all the groups was less
than 100 pg/mg of protein, while interleukin-6 and tumor necrosis factor-Ol were undetected. The findings from this
in vivo study demonstrated that intragingival injection of m1¥-BMP-2 mRNA in Lipofectamine® 2000 resulted in
increased BMP-2 production with minimal local immune responses. Our preliminary data suggested that intragingival
injection of m1W-BMP-2 mRNA was able to promote BMP-2 protein expression in gingival tissues. Nucleoside-modified

mMRNA could be a potential therapeutics platform for periodontal regeneration; however, further studies are required.
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Introduction

Periodontitis is a chronic inflammatory disease
resulting from the host response against bacterial plaque
and its components, which can be modified by genetic and
environmental factors. The disease is characterized by
destruction of periodontium including gingiva, periodontal
ligament, cementum and alveolar bone. Alveolar bone
resorption, a hallmark of periodontitis, can eventually lead
to tooth loss in severe cases.' The aims of periodontal
treatment are not only to eliminate inflammation and
infection, but also to regenerate structures and function of
the destructed periodontal tissues. Periodontal regenerative
therapy is, therefore, the treatment of choice whenever
possible. However, the treatment outcome of current
approaches including guided tissue regeneration (GTR) and
guided bone regeneration (GBR) with available biomaterials
is limited.>” Studies have identified various factors affecting
the treatment outcomes. Although satisfied results have
been clinically demonstrated in some cases, complete
periodontal regeneration is rarely obtained histologically.”
The use of biological proteins, such as enamel matrix derivative
(EMD), recombinant human platelet-derived growth factor
(rhPDGF) and recombinant human bone morphogenetic
protein (rhBMP), have been investigated to achieve periodontal
tissue regeneration.’

Bone morphogenetic protein-2 (BMP-2) has gained
interest in the field of periodontology due to its osteogenic
potential. It was demonstrated that BMP-2 has an ability
to stimulate intramembranous bone formation without
an endochondral intermediate’, and also cementogenesis.6
The stimulatory effect of BMP-2 on periodontal ligament

L.>" Nevertheless,

(PDL) formation is, however, controversia
early studies on animals have suggested the potential of
BMPs in enhancing periodontal regeneration.” Clinically, the
therapeutic use of recombinant human BMP-2 (rhBMP-2)
was approved by the U.S. Food and Drug Administration
(FDA) and the products are commercially available. However,
clinical outcomes regarding the use of hBMP-2 are inconsistent.
This is probably due to its short half-life in vivo. In addition,
similar to other therapeutic proteins, information on dosage

and long-term effects of rhBMP-2 is still lacking."®
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Gene therapy is, therefore, in the spotlight as an
alternative to therapeutic proteins.” Messenger ribonucleic
acid (mRNA)-based therapy, in comparison to deoxyribonucleic
acid (DNA)-based therapy, overcomes the need for nuclear
localization and does not integrate into the host chromo-
somes. Additionally, the use of mMRNA is safer since mRNA
translation is transient and sustained for a short period
of time before completely degraded through physiologic
pathways."” The major limitations of mMRNA in aspects of
immunogenicity and instability were overcome by incorporating
modified nucleosides in MRNA and using appropriate delivery
systems." The incorporation of N1-methylpseudouridine
(m1¥) outperformed other modifications in terms of high
translational capacity and reduced innate immune responses
among the other modifications studied." The use of lipid
encapsulation as a carrier could improve mRNA stability
by ensuring protection from extracellular RNase degradation
while also facilitating the cellular uptake of mRNA and
subsequently endosomal escape.” In this regard, lipids
and lipid-like materials, such as lipofectamine, have been
used for mRNA delivery both in vitro and in vivo studies.
They could provide successful mRNA transfection and protein
production in multiple cell types, including fibroblasts and
other periosteal cells."*" Besides lipids, sucrose citrate buffer
has also been investigated and satisfying results have been
reported.""® Promising results of mRNA technology from
multiple preclinical studies in the field of tissue regeneration'”,
mMRNA encoding vascular endothelial growth factor A (VEGF-A)
have now been under clinical trials, aiming to develop
regenerative therapies for the treatment of cardiometabolic
diseases.”* Nevertheless, the use of nucleoside modified
mMRNA has never been investigated in the field of periodontal
tissue regeneration.

Taking the potential of mRNA-based therapy into
account, a mRNA encoding specific growth factor could be
a promising alternative for regenerative periodontal therapy.
Our research team has developed nucleoside-modified
mMRNA encoding BMP-2 and successfully demonstrated
its transfection and expression into target cells in vitro. It
was hypothesized that this nucleoside-modified mRNA
encoding BMP-2 could be delivered into gingiva and translated

into protein in vivo. Therefore, in this study, it was proposed



to investigate the effect of local delivery of m1'-BMP-2
mRNA on BMP-2 protein expression and inflammatory response
in gingiva. Two different delivery systems including sucrose

citrate buffer and Lipofectamine® 2000 were tested.

Materials and methods

Construction of modified mRNA encoding BMP-2

Nucleotide sequences of human BMP-2 were
designed by Prof. Rangsini Mahanonda and her team. In
collaboration, the synthesis of N1-methylpseudouridine
modified mRNA was kindly provided by Dr. Norbert Pardi
from University of Pennsylvania.”’
Animals

Animal care and use protocol and ethical approval
were obtained from the Institute of Animal Care and Use
Committee of the Faculty of Tropical Medicine, Mahidol
University (FTM-IACUC) and the Ethics committee of the
Faculty of Dentistry, Chulalongkorn University. Wild-type
Sprague-Dawley male rats, aged 6-weeks-old, were purchased
from Nomura Siam International Co., Ltd. (Bangkok, Thailand)
and were adopted in conventional animal housing with
a 12-h light-dark cycle at constant temperature for one
week before beginning the experiment. The number of rats
per group was three (based on a previous study).”
Delivery of mRNA encoding BMP-2 with sucrose citrate
buffer or Lipofectamine® 2000 into rat gingiva

Animals were anaesthetized with sodium pento-
barbital (50 mg/kg body weight). Animals were randomly
assigned into four groups (N = 3 rats/group) using different
delivery systems: 1) m1'¥W-BMP-2 mRNA in Dulbecco’s
phosphate-buffered saline (dPBS) 2) m1'¥-BMP-2 mRNA
in sucrose citrate buffer 3) m1'¥-BMP-2 mRNA complexed
with Lipofectamine® 2000 (Invitrogen™) according to the
manufacturer’s instructions, and 4) dPBS alone without
m1¥Y-BMP-2 mRNA as a negative control.

The 30 pg of m1'%¥-BMP-2 mRNA was prepared
in dPBS, sucrose citrate buffer or Lipofectamine® 2000.
All rats received an intragingival injection of the solution

of m1¥-BMP-2 mRNA with different carriers at the tissue

on the palatal side, using needle gauge 31 under the loupe
magnification. The injection was performed at six sites
(Fig. 1A) with the volume of 6 ul solution, which contains
5ug m1%¥-BMP-2 mRNA, per site. A total volume of 36 pl
solution was given to each rat.

Preparation of gingival tissue homogenates and
measurement of protein expression in vivo

For analysis, the rats were sacrificed at 24-hr
post-injection. Palatal gingival tissues were collected by
#15C blade (Fig. 1B). The gingival tissues were weighed
and homogenized with a Dounce glass homogenizer in
phosphate-buffered saline (PBS) supplemented with 0.05%
Tween-20, phenylmethyl sulfonyl fluoride (1 mmol/L;
Sigma, St. Louis, MO, USA), and protease inhibitor cocktail
(Sigma, St. Louis, MO, USA).” The homogenates were
centrifuged, and the supernatants were collected for
further protein analysis.

The total protein in tissue homogenates were
measured using a BCA protein assay kit (Pierce™ BCA
Protein Assay; Thermo scientific, Co., Ltd., Rockford, IL
USA). The production of human BMP-2 protein and pro-
inflammatory cytokines including rat interleukin—lB
(IL—1B), rat tumor necrosis factor-Ot (TNF-QL), and rat
interleukin-6 (IL-6) were determined by commercially
available enzyme-linked immunosorbent assay (ELISA)
kits (Quantikine® ELISA; R&D Systems, Inc., Minneapolis,
MN, USA). The ELISA kits were performed according to the
manufacturer’s protocols. The results were presented as
the amount of interested growth factor or proinflammatory
cytokines per total protein.

Statistical analysis

The statistical software SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA) was used for data analysis. Normal
distribution of data was evaluated by the Shapiro-Wilk
normality test. The non-parametric Kruskal-Wallis test with
Dunn’s correction (followed by pairwise comparisons) was
performed between groups and multiple groups comparisons,
respectively. For all statistical analysis, a p-value less than

0.05 was considered statistically significant.
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Figure 1 Diagram of rat maxillary teeth: Gingival injection was performed 6 sites per rat. (A) Black dot indlicated site for gingival injection.

(B) Green line outlined the part of palatal gingiva that was collected

Mean BMP-2 protein levels in the sites injected
with m1%¥-BMP-2 mRNA regardless of the delivery system
were significantly elevated after administration, compared
with dPBS alone (p<0.05). The baseline level of BMP-2
protein in rat gingival tissues was very low and unable to be
detected. The highest BMP-2 protein expression in gingival
tissue was observed in a rat injected with m1'¥-BMP-2
mRNA in Lipofectamine® 2000 (499.46 + 108.61 pg/mq),
followed by dPBS (308.62 + 27.81 pg/mg) and sucrose citrate
buffer (139.22 + 125.85 pg/mg). However, only Lipofectamine®
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2000 and sucrose citrate buffer showed a statistically
significant difference among the three delivery systems
(p<0.05) (Fig. 2A).

Furthermore, the effects of intragingival injection of
m1Y¥-BMP-2 mRNA on the gingival levels of IL—1B, TNF-OX
and IL-6 was also evaluated. There was no statistically
significant difference in gingival levels of ||_—1B, TNF-Oand
IL-6 among the groups. In all the groups, the amount of
IL—1B was less than 100 pg/mg of total protein (Fig. 2B).

Neither TNF-QU nor IL-6 was detected. Data was not shown.
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Figure 2 In vivo production of (A) BMP-2 protein and (B) IL-1 Win rat gingiva at 24 hours after intragingival injection with dPBS alone

and m1 ,B-B/\/IP-Z mRNA in different delivery systems. Data shown are mean + SE (n=3, each dot represents the data of

each rat, # significantly different compared to dPBS alone,

* significant difference) (ND = not detected)

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



Discussion

This is the first study demonstrated the in vivo
expression of translated human BMP-2 upon intragingival
injection with m1'¥-BMP-2 mRNA. Superior protein level
was observed when Lipofectamine® 2000 was used as a
delivery system compared to sucrose citrate buffer and
dPBS. The higher level of BMP-2 protein expression is probably
due to lipid encapsulation that could promote mRNA
stability, cellular uptake and prevent mRNA degradation
by serum endonuclease.” In addition, low immunogenicity
of m1'W-BMP-2 mRNA complexed with Lipofectamine®
2000 was demonstrated, as the amount of IL—1B was
low and no measurable increase of TNF-O and IL-6 was
detected. The larger number of protein samples could
possibly increase the sensitivity of ELISA. However, the
gingival tissues harvested from the rat were limited. Further
investigations, such as a PCR assay, could be performed in
order to determine the precise amount of pro-inflammatory
cytokines production. These findings are in line with our
previous in vitro study in human periodontal lisament cells
(hPDL). When hPDL cells were transfected with m1'¥-
BMP-2 mRNA in Lipofectamine® 2000, the extracellular
concentration of BMP-2 in supernatants collected from the
transfected cells was higher compared to cells transfected
with Lipofectamine® 2000 alone without an effect on cell
viability.”" Although the lipid-based delivery systems offer
an efficient vehicle for mRNA delivery, toxicity regarding
their use has been reported. Intracardiac delivery of mRNA
with Lipofectamine® possibly increases apoptosis in cardiac
cells around the injected site in vivo as compared to naked
mRNA and mRNA in sucrose citrate buffer.' Additional
experiments might be needed to verify the toxicity of
Lipofectamine® 2000 when delivered intragingivally.

Few studies suggested that mRNA could be
effectively delivered without the need for lipid carriers.'*®
Sultana and colleague reported that intracardiac injection
of modified mRNA encoding VEGF-A in sucrose citrate
buffer in mice resulted in the highest protein translation
when compared to other methods including lipid carrier.'®

Nevertheless, our results were in contrast to previous

studies. We found that the level of human BMP-2 protein
from m1W¥-BMP-2 mRNA prepared in sucrose citrate buffer
was not statistically different from the control. It is possible
that the delivery of mRNA into different target tissues
resulted in different patterns of translated protein expression.
Therefore, more studies are required in order to identify the
most efficient mRNA delivery systems that are both safe
and lead to high protein production in gingival tissues.
mMRNA technology could undoubtedly be a novel
treatment platform for periodontal regeneration. In comparison
to recombinant proteins, mRNAs is more stable, has a lower
immunogenicity, a longer half-life, and lower production
cost.* Furthermore, recombinant proteins could stimulate
host immune responses, leading to rapid degradation and,
thus, will need repetitive administration. Hence, the future
direction in development of this mRNA therapeutic platform
for periodontal treatment should focus on its pharmacokinetic.
The kinetic properties of protein in terms of the duration of
action and extent of production can be further investigated
in order to optimize proper delivery systems to create a
sustainable protein expression and to avoid possible
complications. Moreover, mRNA technology should be
tested in larger sample sizes to obtain essential information
regarding the efficacy and safety of mRNA therapeutic

platforms before being used in clinical trials.

Conclusion

This in vivo study has demonstrated the possibility
of using intragingival injection of m1'W-BMP-2 mRNA to
induce human BMP-2 proteins production in rat gingival
tissue without stimulation local tissue inflammation. In
comparison with sucrose citrate buffer and dPBS, m1W-
BMP-2 mRNA complexed with Lipofectamine® 2000 resulted
in the highest amount of translated human BMP-2 protein
expression. These preliminary data suggest the potential
application of the IVT nucleoside-modified mRNA as a novel
therapeutics platform for periodontal tissue regeneration.

However, further studies with larger sample size are required.
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Abstract

The challenge in dental curriculum brings a stressful learning environment. To be competent in patient
treatment, adequate practicing time is required. The COVID-19 pandemic control strategies including city lockdown
may impact the mental health status of dental students. Therefore, this cross-sectional study was performed to
survey the prevalence and the impact of COVID-19 pandemic on stress and burnout of undergraduate dental students
(UG). The UG studying at the Faculty of Dentistry, Chulalongkorn University (FDCU) in the academic year 2020 were
invited to participate. The self-reported questionnaire was distributed online during 23 June — 05" July 2021. The
stress and burnout level was measured using a specific Thai language questionnaire. Demographic data, personality
type, and the level of COVID-19 impaction on the UG’s mental health were also collected. Descriptive statistics and
ordinal logistic regression were used to investigate the associated factors of stress and burnout with a significance at
p-value<0.05. The number of respondents was 180 (30 % response rate), 122 (67.8 %) were female, mean age 21.7 years.
The participants who had job stress, began to burnout, and burnout were 66 (36.7 %), 39 (21.7 %), and 36 (20 %),
respectively. The attitude during their study was the greatest odds of association with stress and burnout, while
the personality type and exercise frequency were also associated factors. The worry of unable to complete the
clinical requirements due to COVID-19 lockdown had the highest impact on the 4th and 5th year UG. In conclusions,
around 80 % of UG of FDCU had stress and 40 % was classified as burnout. Several associated factors of stress and
burnout were identified. The consequences of COVID-19 outbreak impacted the stress level. These results suggest

an urgent need to support the UG to improve their mental well-being and quality of life.
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Introduction

Dental students usually undergo a highly stressful
educational environment. As a consequence of the
professional requirements, they are challenged to be skillful
in both theoretical knowledge and clinical practice. The
clinical clerkship, including patient communication and
management, face-to-face clinical practice, patient anxiety,
limited intraoral accessibility, time pressure, defective
instruments, inadequate instruments, as well as the lack
of operative skill are potential stressors."” As a result of
prolonged and unmanageable stress, dental students may
be at risk of developing a burnout syndrome.

Stress is a complex subjective phenomenon with
multivariate processes that result from a broad system
of variables involving inputs, outputs, and the mediating
activities of appraisal and coping.” Burnout is a physical and
mental exhaustion commonly related to uncontrollable
prolonged excessive workload.' There are 3 critical dimensions
of this response, including emotional exhaustion, cynicism
(a distant attitude toward the job), and reduced professional
efficacy.” Stress is positively related to emotional exhaustion
and depersonalisation and negatively related to personal
accomplishment.” A number of studies reported the high
prevalence of burnout in dentists and dental students."**’
For example, 52,42.3,and 17.8 % of undergraduate dental
students (UG) had emotional exhaustion, high stress, and
burnout." Long-term burnout tends to lead to significant
long-term effects on the career adaptation.” Moreover, other
negative consequences of burnout included treatment
error, poor quality of life, lack of academic or career achievement,
alteration of their current major study, considering dropping
out of school, depression, and suicidal ideation.”**

COVID-19, an emerging severe acute respiratory
disease, has been widely spread throughout the world
and become a public health emergency of international
concern since late 2019."” It is commonly transmitted
from infected person to other persons via hands, saliva,
nasal droplets, and surface contacts. The daily routine works
of dental practitioners are in close contact with patients

and unavoidable exposure to aerosol and droplets splashing

out of patients’ oral cavity."' Thus the risk of contracting
the disease can be high among dental practitioners. Dental
education in the COVID-19 outbreak area was also affected:
all lectures, seminar, and meeting were transformed from
face-to-face to be online, while laboratory and clinical
practices were postponed. These situations caused some
degree of mental illness in dental students.'”"

Several studies indicated the stress and burnout
among UG. Previous study reported a high prevalence of
stress in Thai UG™; however, the prevalence of burnout
has never been studied in Thai UG. Moreover, the impact
of COVID-19 pandemic on UG’s stress should be clarified.
The aims of this study were 1) to investigate the prevalence
of stress and burnout in UG and 2) to study the impact of
COVID-19 on their stress.

Materials and methods

This cross-section observational study was
approved by the Human Research Ethics Committee of
the Faculty of Dentistry, Chulalongkorn University (HREC-
DCU 2021-029) and registered at the Thai Clinical Trials
Registry (TCTR20210430005). The STROBE guidelines and
the Helsinki Declaration guidelines were followed.
Data collection

AWLUG studying in the Faculty of Dentistry, Chula-
longkorn University (FDCU) in the academic year 2020 were
invited to participate. The self-administered questionnaires
were distributed online during June, 23"“to July, 5" 2021.
The incomplete answering questionnaires were excluded.
Stress and burnout survey

The questionnaire was divided into 2 main sections.
The first section was the demographic data, including sex,
age, religion, hometown, current academic year of study,
monthly expense allowance, residential status, people
whom they were staying with, frequency of exercise,
laboratory practice hours, hours of sleep, time spent for
traveling to the FDCU, attitude toward dental occupation,

family support, and relationships with classmates.
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The second section comprised the following 2
instruments:

1) The Maudsley personality inventory (MPI),
developed by Eysenck’ and translated into the Thai
language by Professor Dr.Nuntika Thavichachart.”” The
extraversion (E) scale is a measure of social extroversion
or sociability, while the neuroticism (N) scale measures
the neurotic tendency. The MPI consists of 24 E-scale items
and 24 N-scale items. Two points are given to the specified
response scale, 1 point to the designated response scale
of “Not sure”, and 0 score for “No”. Therefore, the possible
range of scores on the E and N scales is between 0 and
48. The score 0-24 indicates “Introvert” in E scale and
“Stable” in N scale, while scores 25-48 indicates “Extrovert”
in E scale and “Neuroticism” in N scale. The reliability of
Thai MPI was 0.72.%

2) The stress and burnout measurement modified
from the Maslach Burnout Inventory (MBI) by Professor
Dr.Nuntika Thavichachart. The reliability was 0.84. The
agreement of both instruments was tested in 15 UG and
resulted in a Kappa value of 0.613 which revealed a sub-
stantial agreement according to Anthony et al.”’ This
questionnaire is composed of 20 items, scoring from 0-4 in
each item. The level of stress and burnout is classified as:
score 0-25 = Can cope with stress, 26-40 = Job stress,
41-55 = Begin to burnout, 56-80 = Burnout.

Since this study was performed in the 3 outbreak
of COVID-19 pandemic in Thailand, the lecture was held
online and the laboratory/clinical practices were not

available. These COVID-19 consequences might have some

Table 1 Characteristics of participants and stress levels

impacts on the UG’s mental health, therefore 8 items
about the COVID-19 situations were included. Participants
were asked to rate 1-5 according to the level of impaction
(1= the lowest impact and 5 = the highest impact). All
participants were asked to rate 7 items except the item
“worry of unable to complete the clinical requirements”
that would be rated by the 4"- and 5"-year UG only.
Statistical analysis

The data were analyzed using IBM SPSS Statistics
version 25 (IBM, Armonk, NY, USA) and Microsoft Excel
(Microsoft, Redmond, DC, USA). Descriptive statistics was
used to analyse the data and ordered logistic regression
analyses were executed to investigate the associated
factors of stress and burnout. A value of p<0.05 was

considered statistically significant.

Demographic data

Total participants were 180 (29.7 % response rate),
including 80 preclinical students (1* to 3“-year) and 100
clinical students (4" to 6™-year). The average age was
21.70£SD 1.62 years (range 18-25 years). Of all participants,
67.8 % were female, 85.6 % had a GPA of 3.00-4.00, 7.8 %
were Buddhism, 63.3 % were Bangkok natives, 68.9 %
stayed in their own accommodation, and 45.6 % stayed
with their parents, while 30 % were alone. Sixty percent
of them were able to reach the FDCU within 30 minutes
in the morning. Normally, the allowance per month was

of 5,000 to 10,000 Thai Baht. (Table 1)

Number (% of the same class)

Proportion
Can cope Begin to
Characteristics Job stress Burnout  Total=180 (%) of all
with stress burnout
participants
Total=39 Total=66 Total=39 Total=36
Academic year 1 7(41.2) 5(29.4) 5(29.4) 0(0) 17 (100) 17/180 (9.4)
2 7 (24.1) 10 (34.5) 5(17.2) 7 (24.1) 29 (100) 29/180 (16.1)
3 6(17.6) 11 (32.4) 7 (20.6) 10 (29.4) 34 (100) 34/180 (18.9)
q" 5(13.5) 13 (35.1) 9 (24.3) 10 (27.0) 37 (100) 37/180 (20.6)
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Table 1 Characteristics of participants and stress levels (cont.)

Number (% of the same class)

Proportion
Characteristics Can cope Job stress Begin to Burnout  Total=180 (%) of all
with stress burnout
participants
Total=39 Total=66 Total=39 Total=36

Academic year 5t 8(18.2) 18 (40.9) 11 (25.0) 7(15.9) 44 (100)  44/180 (24.4)
6" 6(31.6) 9 (47.4) 2(10.5) 2(10.5) 19 (100) 19/180 (10.6)
Sex Male 16 (27.6) 21(36.2) 11 (19.0) 10 (17.2) 58 (100) 58/180 (32.2)
Female 23(18.9) 45 (36.9) 28 (23.0) 26 (21.3) 122 (100) 122/180 (67.8)
Religion Buddhism 35(22.2) 58 (36.7) 36 (22.8) 29 (18.4) 158 (100) 158/180 (87.8)

Islam 1(33.3) 2 (66.7) 0(0) 0(0) 3 (100) 3/180 (1.7)

Christian 0(0) 3(60.0) 0(0) 2 (40.0) 5(100) 5/180 (2.8)

Irreligion 3(21.4) 3(21.4) 3(21.4) 5(35.7) 14 (100) 14/180 (7.8)
Hometown Bangkok 27 (23.7) 33(28.9) 27 (23.7) 27 (23.7) 114 (100) 114/180 (63.3)
Perimeters area” 3(9.1) 19 (57.6) 6(18.2) 5(15.2) 33(100)  33/180(18.3)

Other provinces 9 (27.3) 14 (42.4) 6(18.2) 4(12.1) 33(100)  33/180 (18.3)
Accommodation My own/ parent’s 24 (19.49) 41 (33.1) 31 (25.0) 28 (22.6) 124 (100)  124/180 (68.9)

University dorm 5 (55.6) 2(22.2) 1(11.1) 1(11.1) 9 (100) 9/180 (5.5)

Rental apartment 10 (21.3) 23 (48.9) 7(14.9) 7(14.9) 47 (100)  47/180 (25.6)
Staying with Parents 20 (24.4) 24 (29.3) 21 (25.6) 17 (20.7) 82 (100)  82/180 (45.6)
Alone 12 (22.2) 22 (40.7) 10 (18.5) 10 (18.5) 54 (100) 54/180 (30.0)

Friends 5(31.3) 8 (50.0) 2(12.5) 1(6.3) 16 (100) 16/180 (8.9)

Siblings 0 (0) 8(53.3) 2(13.3) 5(33.3) 15 (100) 15/180 8.3)

Relatives 2(15.4) 4 (30.8) 4(30.8) 3(23.1) 13 (100) 13/180 (7.2)

Travelling time in <15 9 (24.3) 17 (45.9) 3(8.1) 8(21.6) 37(100)  37/180 (20.6)
the morning 15 to 30 17 (23.9) 20 (28.2) 18 (25.4) 16 (22.5) 71 (100) 71/180 (39.4)
(minutes) 31 to 60 10 (20.4) 18 (36.7) 14 (28.6) 7(14.3) 49 (100) 49/180 (27.2)
> 60 3(13.0) 11 (47.8) 4(17.4) 5(21.7) 23 (100) 23/180 (12.8)

Allowance per < 5,000 9 (21.4) 14 (33.3) 8 (19.0) 11 (26.2) 42 (100)  42/180 (23.3)
month (THB) 5,000-10,000 16 (20.3) 28 (35.4) 24 (30.4) 11 (13.9) 79 (100) 79/180 (43.9)
10,001-20,000 14 (26.9) 21 (40.9) 5(9.6) 12 (23.1) 52 (100) 52/180 (28.9)

> 20,000 0 (0) 3(42.9) 2(28.6) 2 (28.6) 7 (100) 7/180 (3.9)

GPA Unwilling to answer 2(50.0) 0(0) 0(0) 2(50.0) 4 (100) 4/180 (2.2)
2.00-2.99 2(9.1) 9 (40.9) 3(13.6) 8(36.4) 22 (100) 22/180 (12.2)
3.00-4.00 35(22.7) 57 (37.0) 36 (23.4) 26 (16.9) 154 (100)  154/180 (85.6)

Exercise frequency  <Once/month 12 (16.2) 26 (35.1) 14 (18.9) 22 (29.7) 74 (100)  74/180 (41.1)
Once/month 7(15.6) 20 (44.4) 12 (26.7) 6(13.3) 45 (100) 45/180 (25.0)

Once/week 14 (34.1) 15 (36.6) 9 (22.0) 3(7.3) 41 (100) 41/180 (22.8)

At least three 6 (30.0) 5(25.0) 4.(20.0) 5(25.0) 20 (100) 20/180 (11.1)

times/week

Laboratory work None 13 (29.5) 14 (31.8) 9 (20.5) 8(18.2) 44 (100)  44/180 (24.4)

(hours per day) <1 3(17.6) 6 (35.3) 2(11.8) 6 (35.3) 17 (100)  17/180 (8.9)
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Table 1 Characteristics of participants and stress levels (cont.)

Number (% of the same class)

Proportion
Can cope Begin to
Characteristics Job stress Burnout  Total=180 (%) of all
with stress burnout
participants
Total=39 Total=66 Total=39 Total=36
Laboratory work 1 1(12.5) 4 (50.0) 2(25.0) 1(12.5) 8 (100) 8/180 (5.0)
(hours per day) 2 8 (25.0) 16 (50.0) 4(12.5) 4(12.5) 32(100)  32/180(17.8)
3 12 (20.0) 16 (26.7) 20 (33.3) 12 (20.0) 60 (100)  60/180 (33.3)
>3 2 (10.5) 10 (52.6) 2(10.5) 5(26.3) 19 (100) 19/180 (10.6)
Sleeping hours <4 1(50.0) 0(0) 0(0) 1(50.0) 2 (100) 2/180 (1.1)
(per night) 4-6 10 (16.9) 22 (37.3) 14 (23.7) 13 (22.0) 59 (100)  59/180 (32.8)
6-8 25 (22.3) 42 (37.5) 24 (21.4) 21(18.8) 112 (100) 112/180 (62.2)
>8 3(42.9) 2 (28.6) 1(14.3) 1(14.3) 7 (100) 7/180 (3.9)
The decision of Myself 39 (25.0) 53 (34.0) 32(20.5) 32 (20.5) 156 (100)  156/180 (86.7)
studying was led Parents 0 (0) 10 (52.6) 5(26.3) 4(21.1) 19 (100)  19/180 (10.6)
by Friends 0 (0) 3 (60.0) 2 (40.0) 0 (0) 5(100) 5/180 (2.8)
Current attitude Still want to be a
38 (34.9) 41 (37.6) 18 (16.5) 12 (11.0) 109 (100)  109/180 (60.6)
dentist
Unsure 1(1.9) 22 (41.5) 19 (35.8) 11 (20.8) 53(100)  53/180 (29.4)
Prefer not to be a
) 0(0) 3(16.7) 2(11.1) 13 (72.2) 18 (100) 18/180 (10.0)
dentist
Psychological Well supported 35 (22.6) 57 (36.8) 34 (21.9) 29 (18.7) 155 (100)  155/180 (86.1)
support from the Moderately
. 4 (16.0) 9 (36.0) 5(20.0) 7(28.0) 25(100)  25/180 (13.9)
family supported
Poorly/no
0(0) 0(0) 0(0) 0(0) 0(0) 0/180 (0)
supported
Relationship with Excellent 15 (29.4) 12 (23.5) 11 (21.6) 13 (25.5) 51(100)  51/180 (27.8)
the classmates Good 19 (19.0) 43 (43.0) 23 (23.0) 15 (15.0) 100 (100)  100/180 (56.1)
Fair 5(18.5) 10 (37.0) 4(14.8) 8(29.6) 27 (100)  27/180 (15.0)
Bad 0(0) 1 (50.0) 1 (50.0) 0(0) 2 (100) 2/180 (1.1)
Worst 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0/180 (0)
Personality type Extrovert 25 (25.8) 39 (40.2) 18 (18.6) 15 (15.5) 97 (100)  97/180 (53.9)
Introvert 14 (16.9) 27 (32.5) 21 (25.3) 21 (25.3) 83 (100)  83/180 (46.1)
Neuroticism 13 (11.0) 42 (35.6) 32 (27.1) 31 (26.3) 118 (100)  118/180 (65.6)
Stable 26 (41.9) 24 (38.7) 7(11.3) 5(8.1) 62 (100)  62/180 (34.4)

“Perimeter area of Bangkok: Nakhon Pathom, Pathum Thani, Nonthaburi, Samut Prakarn, and Samut Sakhon

Lifestyle activities
Only 11.1 % of UG exercised at least 3 times
per week. One third of them spent around 3 hours and

10.6 % spent more than 3 hours per days beyond studying

hours for laboratory work. For 24.4 % who did not spend
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time on laboratory practice were mainly the 1%-year UG.
However, 66 % got enough sleep hours (at least 6 hours
per night). (Table 1)



Attitude of studying dentistry, psychological support,
and personality type

Around 87 % made their own decision to study
dentistry, while 10.6 % and 2.8 % were led by their
parents and friends, respectively. Surprisingly, 29.4 %
felt unsure to be a dentist and 10 % preferred not to
be a dentist in the future career. While 86.1 % got well
psychological support from their family, no one got poorly
or no support. For the relationship with classmates, 83.9 %
had good and excellent relationship, while 1.1 % and 0 %
reported of bad and worst relationship. The percentage
of extrovert UG was a little bit higher than the introvert
UG (53.9 % and 46.1 %, respectively). The neuroticism
type was about 2 folds of the stable type (65.6 % and
34.4 %, respectively). (Table 1)
Stress level and associated factors

Among 180 participants, 39 (21.7 %) could cope
with stress, 66 (36.7 %) had job stress, 39 (21.7 %) were
at the beginning of burnout, and 36 (20 %) were already
burnout (Table 1). The univariate logistic regression analysis
revealed that the factors associated with the level of
stress and burnout in UG (p-value<0.05) included 1) the
3" and 4"-year UG had 3.6 and 3.8 times, respectively,
more likely to be stress than the 1%-year UG; 2) the UG
who stayed in their own or parents’ accommodation had
4.8 times more likely to be stress than those who stayed

in the university’s dorm; 3) the UG who stayed with siblings

Table 2 Ordered Logistic Regression Analysis

had 4.1 times more likely to be stress than those who
stayed with friends; 4) the UG who exercised less than
once per month had 2.8 times more likely to be stress
than those who exercised once per week; 5) the UG who
felt unsure to be a dentist and who did not want to be
a dentist in the future career possessed 4.1 and 26.6
times, respectively, more likely to be stress than those
who insisted to be a dentist; and 6) the introvert UG had
1.9 times more likely to be stress than the extrovert UG,
while the neuroticism trait had 5.6 times more likely to
be stress than the stable personality trait (Table 2). The
multivariate regression analysis revealed that the greatest
odds ratio was the attitude to be a dentist in the future
career. The UG who preferred not to be a dentist and
who felt unsure to be a dentist had 15.6 times (95 %
C14.2-57.7) and 4.5 times (95 % Cl 2.2-8.9), respectively,
more likely to be stress and burnout (p-value<0.001).
The UG who exercised less than once per month had
2.6 times (95 % Cl 1.2-5.8, p-value = 0.021) more likely to
be stress and burnout than those who exercise once per
month. While the neuroticism trait had 4.1 times (95 %
C12.0-8.2, p-value<0.001) more than the stable trait, the
introvert had a borderline of 1.9 times (95 % Cl 1.0-3.5,
p-value=0.052) more likely to be stress and burnout than
the extrovert. The academic year, accommodation, and
people who they stayed with were not associated with

stress and burnout (p-value>0.05). (Table 2)

Univariate model

Multivariate model

Factors
OR 95 % Cl P value OR 95 % ClI P value

Academic year 2" 25 0.8-7.5 0.115 1.0 0.3-3.6 0.976
31 3.6 1.2-10.6 0.021* 1.6 0.4-6.2 0.490
4" 3.8 1.3-10.9 0.014* 1.1 0.3-4.1 0.911
50 2.4 0.9-6.8 0.089 0.7 0.2-2.9 0.656
6" 1.2 0.4-3.9 0.771 0.5 0.1-2.5 0.416
1" Ref Ref

Sex Female 1.5 0.8-2.6 0.191
Male Ref
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Table 2 Ordered Logistic Regression Analysis (cont.)

Univariate model

Multivariate model

Factors
OR 95 % ClI P value OR 95 % Cl P value
Religion Buddhism 3.0 0.4-20.7 0.271
Christian 6.0 0.5-72.8 0.163
Irreligion 5.5 0.6-48.4 0.122
Istam Ref
Hometown Bangkok 1.7 0.9-3.5 0.126
Perimeters area® 1.5 07-3.6 0.312
Other provinces Ref
Accommodation My own/parent’s 4.8 1.2-18.6 0.024* 52 0.5-54.9 0.168
Rental apartment 3.0 0.7-12.1 0.130 1.8 0.2-15.4 0.579
University dorm Ref Ref
Staying with Parents 23 0.9-5.9 0.093 0.5 0.1-3.0 0.458
Alone 1.97 0.7-5.2 0.198 0.6 0.1-2.9 0.477
Siblings 4.1 1.2-14.5 0.026* 1.2 0.2-8.5 0.825
Relatives 32 0.9-11.7 0.082 0.8 0.1-5.6 0.802
Friends Ref Ref
Travelling time 15 to 30 1.5 0.7-3.0 0.311
in the morning 31 to 60 1.3 0.6-2.7 0.551
(minutes) > 60 15 0.6-3.8 0.405
<15 Ref
Allowance per < 5,000 1.5 0.7-3.2 0.288
month (THB) 5,000 to 10,000 1.3 0.7-2.4 0.460
> 20,000 2.7 0.7-10.5 0.159
10,001 to 20,000 Ref
GPA Unwilling to answer 1.2 0.1-13.2 0.911
2.00-2.99 2.1 0.9-4.7 0.083
3.00-4.00 Ref
Exercise frequency <Once/month 2.8 1.4-5.7 0.004* 2.6 1.2-5.8 0.021*
Once/month 1.9 0.9-4.1 0.094 1.8 0.8-4.4 0.163
At least three
fimes/weck 1.9 0.7-5.1 0.229 2.2 0.6-7.8 0.223
Once/week Ref Ref
Laboratory work <1 2.0 0.7-5.7 0.211
(hours per day) 1 1.3 0.4-4.7 0.717
2 0.8 0.4-1.8 0.599
3 1.7 0.8-3.4 0.170
>3 1.6 0.6-4.1 0.369
None Ref
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Table 2 Ordered Logistic Regression Analysis (cont.)

Univariate model

Multivariate model

Factors
OR 95 % ClI P value OR 95 % ClI P value
Sleeping hours <4 24 0.1-97.2 0.646
(per night) 46 28 0.6-12.3 0.186
6-8 2.1 0.5-9.2 0.308
>8 Ref
The decision of My parents 1.7 0.8-3.8 0.199
studying was led by My friends 12 0.3-4.7 0.830
Myself Ref
Current attitude Unsure 4.1 2.2-1.5 <0.001* 4.5 2.2-8.9 <0.001*
Prefer not to be
26.6 8.4-83.3 <0.001* 15.6 4.2-57.7 <0.001*
a dentist
Still want to be
Ref Ref
a dentist
Psychological Moderately
1.5 0.7-3.2 0.312
support from supported
the family Well supported Ref
Relationship with the Good 0.9 0.5-1.7 0.718
classmates Fair 13 0.5-3.0 0.617
Bad 1.2 0.1-11.1 0.867
Excellent Ref
Personality type Introvert 1.9 1.1-3.2 0.022* 1.9 1.0-3.5 0.052
Extrovert Ref Ref
Neuroticism 5.6 3.0-10.5 <0.001* 4.1 2.0-8.2 <0.001*
Stable Ref Ref

“Perimeter area of Bangkok: Nakhon Pathom, Pathum Thani, Nonthaburi, Samut Prakarn, and Samut Sakhon

*significance at p-value <0.05

Impact of COVID-19 pandemic on stress

The need to change their routine activities due
to COVID-19 pandemic made the UG felt tensed at the
highest level of impact (mean 3.67+SD 1.29), followed by
worrying of insufficient clinical skill (mean 3.16+SD1.29) and
social distancing (mean 3.06+SD 1.1). They reported the
levels of impact from unable to have clinical/laboratory

practice and online learning of mean 2.81+SD 1.22 and

mean 2.71+SD 1.2, respectively. Moreover, unable to exercise
in the gym and unable to go to the movie theatre also
impacted at the level mean 2.21+SD 1.09 and mean 2.31+
SD 1.18, respectively. However, the 4"- and 5"-year UG rated a
high level of impact on the item “worry of unable to complete

the clinical requirements” (mean 4.02+SD 1.1). (Fig. 1)
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Bl Level1 Bl evel 2

Question number

Bl Level 3

mu Level 4 Level &
Mean (SD)

2.81(1.22)
3.06 (1.10)
2.71 (1.20)
2.21(1.09)
2.31(1.18)
3.16 (1.29)
4.02 (1.10)

3.67 (1.20)

Percent

Figure 1 Percentage of UG who rated each level of impact of COVID-19 lockdown situations on the stress. Level 1 = the lowest

impact, level 5 = the highest impact

Q1: Unable to have clinical/laboratory practice
Q2: Social distancing

Q3: Online learning

Q4: Unable to exercise in the gym

Q5: Unable to go to the movie theatre

Q6: Worry of insufficient clinical skill

Q7: Worry of unable to complete the clinical requirements (only 4" and 5" year students were asked)

Q8: Routine activities were changed

Discussion

This study surveyed the prevalence of stress
and burnout in UG of FDCU. The results showed 78.4 %
of participants had stress including burnout. The asso-
ciated factors included the attitude to be a dentist, the
frequency of exercise, and the personality type. Some
consequences of COVID-19 pandemic lockdown impacted
their stress at a high level.

The prevalence of stress and burnout in UG found
in this study concurs with a study in a private university in
Mexico which reported 52 % emotional exhaustion, 42.3 %
high stress, and 17.8 % burnout." Sixty-three percent of UG
in a university in The UK also self-reported high stress.”
However, some lower prevalence was also reported. A
survey in 7 European dental schools showed that 22 %
of the 1"-year UG had an emotional exhaustion,” while
10 %, 17 %, and 28 % of the 4"- and 5"-year UG from 3
universities in Germany and Switzerland suffered from

severe emotional exhaustion, a lack of personal accom-
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plishment, and severe depersonalization, respectively.”
A survey in the 4"™-6"-year UG in Khon Kaen University
revealed 31.2 %, 46 %, and 12.7 % of the participants
had moderate, high, and severe stress, respectively.20
Although female had 1.5 times more likely to be
stress and burnout than male, no significant difference
was found in this study. Some studies showed that stress
was a gender-specific, with females reporting higher levels of
total perceived stress and specific stressors.”* In contrast,
a systematic review reported a higher stress in male.® However,
no gender preference of the stress and burnout was
found in the Thai Oral and Maxillofacial Surgery residents”
which might suggest the cultural involvement on this aspect.
The high stress in the 3"“-year UG might be due
to the tight studying schedule with overloaded subjects,
while the 4"-year UG were in the transition period of
pre-clinical to clinical curriculum. A study in a Canadian

dental school reported the clinical workload as a stressor



for UG in clinical years.” Examination anxiety and transitional
stress were reported to be associated with the emotional
exhaustion.” However, after adjusting for other factors
(including type of accommodation, staying with whom,
frequency of exercise, current attitude, and personality
type), the academic year was not an associated factor of
stress in this study. In contrast, Kaewsutha et al. found that
the 4"to 6"-year UG were 4.41 times more likely to have
mental health problems than the 1% to 3“-year UG.”

Association of personality and burnout have
been widely reported, neuroticism and extraversion
appeared to be the most constant predictors of burnout.”
The result from this study is consistent with others. The
extravert tends to be optimistic (reappraise problems
positively), rational problem-solving, and seeking for social
support, thus the extraversion is a psychoprotective
factor.”> The neuroticism has a tendency to experience
negative and distressing emotions. They tend to set ex-
tremely high goals for themselves, while underestimate
their own performance. Moreover, they seem to use
ineffective stress coping strategies, including avoiding
rather than approaching problems. Thus, the neuroticism
is highly associated with burnout and lower personal
accomplishment.*>*

To the best of our knowledge, this is the first study
showing the probability that negative attitude to be a
dentist in the future career may be a significant stressor;
however, further study is needed to clarify this factor.
Considering relevant theoretical and empirical studies
conducted in different fields, our finding is consistent with
others. Japanese UG whose first choice of admission was
dentistry experienced less stress than those whose first
choice was other disciplines.” A study in nurses and care
workers in nursing homes and geriatric hospitals in Japan
found that a positive attitude towards providing end-of-
life care was a protective factor against depersonalization
and related to lower feelings of personal accomplishment.”
The fine arts high school students’ attitudes toward instrument
education were found to be a significant predictor for their

burnout.” A positive attitude toward prayer among Anglican

parochial clergy was associated with the lower levels of
emotional exhaustion, lower levels of depersonalization,
and higher levels of personal accomplishment.” In spite
of the UG’s own decision to choose dentistry, the thought
of unsure and would like not to be a dentist in the future
career existed during studying. This can be considered in
the other perspective that the stress during study might
drive the UG to have that thought. This result suggests the
need of investigation for the root of this negative attitude
and the prompt response to this problem.

Our finding that UG who rarely exercised tended
to be burnout is consistent with the result found in Japanese
UG which showed that the regularly exercised UG had a
significantly lower stress levels and higher well-being than
those who did not exercise.”® The benefits of exercise on
psychological well-being such as improving anxiety level,
personal accomplishment, psychological distress, perceived
stress, and emotional exhaustion were reported in many
studies.*** This finding supports the need of physical health
promotion which will foster the psychological well-being.

This survey was taken place during the third
outbreak of COVID-19 pandemic in Thailand so people had
to change their lifestyles to the new normal, such as social
distancing, mask-wearing in public areas, and frequent
hand sanitization. The education was also affected; students
needed to adapt their learning to the online format. They
had to stay in front of their own electronic devices at their
accommodations with less interaction with their friends
and teachers. Although adaptability is a valuable skill that
allows a person to respond to changing situations, this
ability varies greatly from person to person. A survey in
the UG from the US, Spain, Ireland, Chile, India, and Brazil
showed that the UG who perceived a smoother transition
from the face-to-face to the online study had a lower
stress level.”” Overall, the UG in our study perceived the
daily routine changes were the most affected factors
on their stress. Moreover, clinical practices in the FDCU
were strictly offered only urgent and emergency dental
treatment during COVID-19 lockdown, all students had

to postpone their laboratory and clinical practices. The
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worry of unable to complete the clinical requirements
appeared to be the highest impact on the 4™- and 5"-year
UG. This finding was similar to that of Klaassen et al.*which
revealed that UG who had more concern about academic
progress had a higher stress level. Our findings indicate
that the pandemic and lockdown have a detrimental effect
on mental health of UG and are consistent with other studies
which reported that the effects of COVID-19 lockdown
brought a fear of losing their manual dexterity skills, anxiety
related to its consequences on the examination and their
long-term plans.'"***

There are many tools to measure the burnout,
MBI is the most widely accepted for identifying burnout
in the medical research literature.* Owing to the need of
payment for the patent of MBI, a set of Thai-language
questionnaire developed by Professor Dr. Nuntika Thavi-
chachart which has a high reliability and a substantial
agreement to the MBI was used in this study. The MBI
scoring test was analyzed using a 22-item questionnaire,
which indicates the three essential components of stress
and burnout: emotional exhaustion, depersonalization,
and personal accomplishment. Nevertheless, Stress Test
Questionnaire (ST-5), utilized by Thailand's Department of
Mental Health is a five-item stress scale to assess stress
primarily. The degrees of stress are stratified into no stress,
suspected stress, and severe stress without regard to
burnout.” The questionnaire used in this study comprising
questions focus on the stress from occupation or job;
hence, it cannot identify the stress from other factors
including family relationship and personal life.

Several limitations of this study include 1) the
respondents could not get more explanation on the
vague items since it was a self-administered questionnaire
and distributed online with anonymous response, 2) this
research did not assess the adverse implications of study-
related burnout, 3) certain factors had not been included
(such as the freedom of clinical decision-making, the
incidence of clinical mistakes, moral or sexual harassment)
to make this questionnaire to be completed within fifteen

minutes, 4) the low response rate can lead to insufficient
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power, wrong effect size , and sample bias due to selective
non-response, which is the probability that someone
taking part in the survey may be related to the parameter
being measured. Further research should be conducted to
determine when and why the negative attitudes emerge
and how they can be dealt with. The consequences of
stress and burnout on future career path is also highly
recommended.

From the results of this study, to prevent the
negative consequences of chronic unmanageable stress
in UG students, we would like to suggest that the course
supervisors be mindful of dental students' stress and
burnout. The resilient learning and clinical practicing
environment should be arranged. The appropriate coping
strategies should be implemented at the earlier stage of
stress. Moreover, stress management should be taught
as a part of the dental education curriculum which will
bring about a long-term benefit for the professional

accomplishment and quality of life.

Conclusions

The prevalence of stress and burnout among
UG of FDCU was high. The main associated factor was
the attitude to be a dentist in the future career. Some
minor associated factors were the lack of exercise and
the personality type. The consequences of COVID-19
pandemic and lockdown also impacted this stress. The
results of this study suggest the urgent need to support
the highly stressed and burnout UG and to implement
preventive measures to prevent serious psychological

effects and to improve their quality of lives.
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Abstract

This study compared back- and forward-scattered doses from nine contemporary dental materials from the
noble alloy group (gold alloy type |, gold alloy type IV, palladium alloy); the titanium group (commercially pure titanium
(grade 4), titanium alloy (milling), titanium alloy (laser sintering); and the ceramic group (3 mol% yttria-stabilized
tetragonal zirconia polycrystal (3Y-TZP), lithium disilicate, feldspathic porcelain). A linear accelerator (LINAC) with
a single exposure dose of 200 cGy and 6 MV of photon energy was used to irradiate nine dental materials. Five
specimens of each dental material were prepared, and each specimen was sandwiched with Optically Stimulated
Luminescence (OSL) dosimeters above and below for back- and forward-scattered dose measurement, respectively.
All specimens were irradiated two times. Percentage dose enhancement and attenuation were calculated from the
exposure dose and compared among nine dental materials by using the one-way ANOVA and Bonferroni test with a
p-value below 0.01. The gold alloy type | showed the highest backscattered dose (37.41 %) followed by gold alloy
type IV (33.35 %), palladium alloy (24.20 %), zirconia (16.44 %), commercially pure titanium (grade 4) (10.30 %),
titanium alloy (milling) (10.03 %), titanium alloy (laser sintering) (9.84 %), lithium disilicate (2.53 %) and feldspathic
porcelain (1.58 %). Feldspathic porcelain was observed for the lowest dose attenuation while palladium alloy was
noted for the highest dose attenuation. The higher atomic number and density of materials, the more backscattered
dose enhancement and the less of forward-scattered dose were found. Gold alloy type | and zirconia showed the

most backscattered dose among the noble alloy and ceramic group, respectively.
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Introduction

Incidences of head and neck cancer in Thailand are cancer sites per year and increasing. Age-standardized
found in people at the age of 45-75 years. The International incidence rate (ASR) per 100,000 in Thai males (ASR=5.1)
Agency for Research on Cancer (IARC) 2018 showed that were found more than in females (ASR=3.1)." The most

the incidence of oral cancer in Thailand was 2.7 % of all common head and neck cancer is squamous cell carcinoma
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in which the oral, nasopharyngeal and laryngeal area are
commonly found in Thai males whereas the thyroid and
oral area are commonly found in Thai females.” Tongue,
floor of mouth and buccal mucosa are frequently affected
by cancer in the oral cavity.

Treatment modality of squamous cell carcinoma
includes the combination of wide resection and radio-
therapy to remove a tumor mass and eliminate the residual
tumor cells. Dosimetry and the field of radiation are
calculated by radiotherapists to achieve an effective
radiation dose. Total radiation dose for head and neck
cancer treatment is between 5000-7000 cGy depending
upon the stage and the aggressiveness of the cancer.
“Fractionation” or separation of dose per day is used to
deliver the total effective dose without destruction of
the host cell. The standard of fractionated dose for curative
radiotherapy in head and neck cancer is currently based
on delivering a dose of 200 cGy per day, five days a week
for 5-7 consecutive weeks.”

Total high energy beam is inevitably delivered
to both host and tumor cells. Any high-scattering objects
in the beam of x-ray deflect off the radiation causing
secondary radiation demonstrated as scattered radiation,
forward-scattered and backscattered radiation. Forward-
scatter occurs at the opposite side from the radiation
whereas backscatter occurs at the same side of radiation.
Forward-scatter results in a decrease in dose to soft tissue
or target cancer on the away side due to radiation deviation
and attenuation absorbed by the high-scattering materials.
This causes a reduction of dose to the tumor behind these
dental materials from dose planning for treatment. Meanwhile,
“dose enhancement” occurs when backscatter radiation
enhances the dose from the original radiated dose to tissue
in front of objects such as a restoration or implant.”° Objects
which have higher backscatter will show less forward-
scattered radiation. Backscattered radiation could lead
to oral complications such as mucositis resulting from
high-scattering dental materials for restorations close to
the soft tissue in the oral cavity (tongue, buccal mucosa).
If backscattered radiation occurs around dental implants, it

will lead to compromised osseointegration or osteoradio-

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

necrosis (ORN) resulting from dose enhancement surround-
ing dental implants in bone." In general, studies showed
that ORN occurs when the total radiation dose is more than
6500 cGy in mandible by 88.1 % in the first year after radio-
therapy.'*"> Moreover, it has been reported in literature
reviews that the longer period post-irradiation beyond
6500 cGy, the lesser blood supply in the bone. This results
from the decrease in blood supply and mesenchymal
stem cells in bone.”"* Therefore, implant placement
should be thoroughly considered in patients who have
undergone radiotherapy.

Many researchers have studied the effect of
backscattered radiation from several types of dental
implant materials, such as commercially pure titanium
(cpTi), titanium alloys (Ti-6Al-4V) and high gold content
implant.”"'* However, there were only two studies about
the backscattering effect from zirconia and lithium disilicate
materials.'”"® Presently, metal alloys and ceramic are used
for dental restorations in the oral cavity such as crowns
(noble alloy or ceramic), implant fixtures (titanium or zirconia)
and implant abutments (titanium or zirconia). Therefore,
our study was aimed to investigate back- and forward-
scattered dose from nine contemporary dental materials
from the noble alloy group (gold alloy type |, gold alloy
type IV, palladium alloy); the titanium group (commercially
pure titanium (grade 4), titanium alloy (milling), titanium
alloy (laser sintering)); and the ceramic group (zirconia,
lithium disilicate, feldspathic porcelain). The null hypothesis
was that there is no difference in back- and forward-scattered
dose among nine dental materials. This study will be
beneficial for the selection of proper dental restorative
and implant materials in patients with a high risk of head

and neck cancer.

Materials and Methods

Specimen preparation:

Nine dental materials (gold alloy type |, gold alloy
type IV, palladium alloy, zirconia, commercially pure
titanium (grade 4), titanium alloy (milling), titanium alloy
(laser sintering), lithium disilicate and feldspathic porcelain;

number 1-9 in order in Figure 1(A)) were prepared by



different fabrication techniques with each specimen in
dimension of 8x13x1 mm’ (Fig. 1(A)). Gold alloy type |
(Golden Ceramic, Ivoclar Vivadent, Schann, Liechtenstein),
gold alloy type IV (Maxigold, Ivoclar Vivadent, Schann,
Liechtenstein) and palladium alloy (Elektra, Ivoclar
Vivadent, Schann, Liechtenstein) were produced by a
manufacturer. Commercially pure titanium (grade 4) (Signer
Titanium, Signer Titanium AG, Freienbach, Switzerland),
titanium alloy (milling) (Signer Titanium, Signer Titanium
AG, Freienbach, Switzerland) and feldspathic porcelain
(Vitablocs Mark I, VITA Zahnfabrik, Bad Sackingen, Germany)
were cut by a low speed cutting diamond disc. Titanium
alloy (laser sintering) (Ti64 ELI-A LMF, Trumpf, Ditzingen,
Germany) was made from laser sintering machine (TruPrint
5000, Trumpf, Ditzingen, Germany). Zirconia (3 mol% yttria-
stabilized tetragonal zirconia polycrystal (3Y-TZP)) (Ceramill
zi, Amann Girrbach AG, Koblach, Austria) was produced
by a milling method (Ceramill mikro, Amann Girrbach AG,
Koblach, Austria) and sintered with a sintering machine
(Ceramill therm 3, Amann Girrbach AG, Koblach, Austria).
Lithium disilicate (IPS e.max Press, Ivoclar Vivadent,
Schann, Liechtenstein) was fabricated by a heat-pressed
technique. The approximate composition of each dental
material from each manufacturer is shown in Table 1.
There were five specimens in each group of dental
materials. Before the experiment, the external surface
of each specimen was polished by a polishing machine
(Minitech 233, Presi, France) for 30 seconds (using abrasive
paper no.400, 600, 1000). After being polished, the flat
surface of the specimen was examined without light
transmission passing through by being attached with
an Optically Stimulated Luminescence (OSL) dosimeter

(nanoDot, Landauer, USA) (Fig. 1(B)).

_ 294 2.94 2.94 2.94
Z, = 2N,z 2 0,2,2% .. +0, 2,

(Zeﬁ is effective atomic number, o is the
fractional electron content of each element (Zn), Z s

atomic number of each element)

Radiation set-up:

Nine different types of dental materials were
iradiated by linear accelerator or LINAC (Elekta Synergy,
Stockholm, Sweden) from Horizon center at Bumrungrad
Hospital, Bangkok, Thailand. The radiation dose was 200
cGy in single exposure with an antero-posterior beam
which was perpendicular to specimens and OSL dosimeters.
The photon energy used in this study was 6 MV with radiation
field size of 10x10 cm?, 5-cm depth dose and a 95-cm
distance from the radiation source (source-to-surface
distance or SSD). Before the experiment, the exact dose
from LINAC had to be calibrated and evaluated in two
ways, depth dose and calibration dose, to verify that the
evaluated dose from OSL correctly correlates with the
dose emitted from the LINAC machine. First, the evaluation
of the depth dose determined the dose in each 1-cm depth
from the outermost to the innermost of the plastic phantom
by using OSLs placed in each depth. Second, calibration
dose determined whether a different dose emitted from
LINAC was equal to the dose measured by OSL. In this study,
the dose was calibrated in 200 cGy as a baseline for all
comparisons of dose measurement. During the experimental
set-up, specimens were placed in the same location at the
center of the radiation field. Each specimen was sandwiched
with OSLs above and below, then they were placed within
bolus (Bolx | Gel Bolus, Qfix, USA) of which five holes were
made to prevent air gaps during radiation and OSL dose
measurement. The five sheets of solid water (RW3 slab
phantom, PTW, Freiburg, Germany) which represented
5-cm depth dose (1 sheet of solid water is 1-cm thickness)
were placed over bolus and dental material specimens
attached with OSLs while the other ten sheets of solid
water were at the base of the experimental set-up in
order to fully achieve scatter (Fig. 2). All five specimens
in each group of different dental materials were irradiated
two times and measured back- and forward-scattered
dose by different OSL chips. Thus, all measurements

were recorded.
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Data collection and interpretation:

All 180 OSL dosimeters, 10x10x2 mm?® in size,
were deleted from all signals prior to the experiment
and then used for dose measurement at 0 mm distance
from each specimen. After irradiation, they were read by
an OSL reader (MicroStar, Landauer, USA). The data were
shown back- and forward-scattered dose in cGy. Then the
percentage dose enhancement and attenuation were
calculated from the following formula:

Percentage dose enhancement = [ (backscattered

dose (cGy) — 200 cGy) / 200 cGy 1 * 100

(A)

I mm ./

13 mm

R s

(B) 8§ mm

Percentage dose attenuation = [ (forward-scattered
dose (cGy) — 200 cGy) / 200 cGy 1 * 100
Statistical analysis:

SPSS version 22.0, SPSS Inc., USA, statistical analysis
program was used in this study. One-way ANOVA and
Bonferroni tests were used to compare the data of back-
and forward-scattered doses together with percentage
dose enhancement and attenuation among nine dental

materials. P-value below 0.01 (two-sided test) was considered

as significant in all comparisons.

«— Dental forceps

—————— Dental material
«—O0SL

Figure 1 (A) Nine dental metal materials with dimension of 8x13x1 mm’, (B) Specimen flat surface attached with Optically Stimulated

Luminescence (OSL) no light transmission passing through

Table 1 Dental materials composition

Group  No. Dental material Lot Approximate composition Approximate Effective atomic
number  (Wt%) from manufacturers density (g/cm®)  number (Zeff)*
Noble 1 Gold alloy Type | V37595 86.9% Au, 8.0% Pt, 2.5% Pd, 18.4 77.81
alloy (Golden Ceramic, Ivoclar <1.0% Ag, <1.0% In, <1.0%
Vivadent) Sn, <1.0% Ru, <1.0% Re, <
1.0% Ta, <1.0% Fe, <1.0% Li
2 Gold alloy Type IV W36653 59.5% Au, 26.3% Ag, 8.5% 13.9 68.77
(Maxigold, Ivoclar Vivadent) Cu, 2.7% Pd, 2.7% Zn, <1%
In‘and <1% Ir
3 Palladium alloy X41625 58.3% Ag, 25% Pd, 14.7% Cu, 10.4 44.92
(Elektra, Ivoclar Vivadent) 2% In, <1% Ru, <1% Re and
<1% Li
Titanium 4 Commercially pure titanium W16013 98.96% Ti, 0.50% Fe, 0.40% O, 4.51 21.98
(Grade 4) (Signer titanium) 0.08% C, 0.05% N, 0.015% H
5 Titanium alloy 58255 88-91% Ti, 5.5-6.5% Al, 3.5 4.43-4.47 21.67
(Ti-6Al-4V ELI) (milling) (Singer 4.5% V, 0.25% Fe, 0.13% O,
titanium) 0.08% C, 0.05% N, 0.012% H,
0.005% Y
6 Titanium alloy 17-E361 /  88-91% Ti, 5.5-6.5% Al, 3.5- 4.30 21.67
(Ti-6Al-4V ELI) 15-45 4.5% V, 0.25% Fe, 0.13% O,

(laser sintering) (Trumpf)

0.08% C, 0.05% N, 0.012% H
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Table 1 Dental materials composition (cont.)

Group  No. Dental material Lot Approximate composition Approximate  Effective atomic
number  (Wt%) from manufacturers density (¢/cm®)  number (Zeff)*
Ceramic 7 Zirconia 1904003  >99% ZrOZ+HfOZ+YZOS, 4.5- 6.73 38.7
(Ceramill zi, Amann Girrbach AG) 5.6% YZOB, <5% HfOZ, <0.5%
ALZO3 and <1% other oxides
8 Lithium disilicate Y37266 70 vol% of lithium disilicate 2.5+0.1 9.68
(IPS e.max Press, Ivoclar Vivadent) crystals (LiZSIZOS)
9 Feldspathic porcelain 72600 56-64% SiO,, 20-23% ALO,, 2.44+0.01 12.13
(Vitablocs mark Il, VITA 6-9% Na O, 6-8% K20, 0.3-
Zahnfabrik) 0.6% CaO and 0.0-0.1% Tio,

*Effective atomic number (Zeff): > z,;; - ”:]qlzlm L ety

(Lateral view)

(Top view)
Specimen (n=5)
/
H =u
| 10em | F30em
H B
Source-to-surface distance (SS0) 95 cm —
10 em
30 cm
Field size 10x10 g ¢—————
| V4
| J
Depth dose 5 cm S—f———= y 4
/- |
§ Ve —_— oo Solid water (30x30x1 em')
Bolus (10x10x0.3cm’) * il o
p Dental m: A "

N

ey Radiation from LIMAC

Backs cattered radiation

ired srron) i\

Orgiral radistion 05L (Back scattered messurement)

yellow s rom)
Dertal material

Forward radistion
O5L (Forward-scattered measurement)

datted yellow srrom)

Figure 2 (A) lllustration of experimental set-up (not to scale), (B) Dental material was sandwiched with OSLs for back- and for

ward-scattered measurement (enlarge from (A))
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The means and standard deviations of backs-
cattered dose, forward-scattered dose, percentage dose
enhancement and attenuation are presented in Table 2.
Back- and forward-scattered doses were measured at 200 cGy
single exposure from the LINAC machine and shown in
bar-graph in Figure 3. The percentage dose enhancement
and attenuation among nine dental metal materials showed

increasing/decreasing of back- and forward-scattered dose

from these materials from 200 cGy as an exposure dose
of the LINAC machine. Different types of dental materials
resulted in various dose enhancement and dose attenuation
which are shown as bar-graph in Figure 4. For backscattered
dose measurement, the highest percentage dose enhancement
was 37.41 % observed in gold alloy type | while the lowest
percentage dose enhancement was 1.58 % observed in

feldspathic porcelain.

Table 2 Means and standard deviations of backscattered dose, forward-scattered dose, percentage dose enhancement and percentage

dose attenuation from nine dental materials from exposure dose of 200 cGy

Backscattered dose
(cGy)

Group Dental materials

Forward-scattered

Percentage dose Percentage dose

dose (cGy) enhancement (%)  attenuation (%)

Noble alloy  Gold alloy type | 274.82 + 4.25 162.29 + 253" 37.41 213" -18.86 + 1.27*°
Gold alloy type IV 266.69 + 4.34° 163.28 + 572" 33.35 + 2.17° -18.36 + 2.86™
Palladium alloy 248.41 + 556 160.01 + 2.30" 24.20 + 2.78° -19.99 + 1.15"
Titanium Commercially pure b o o 5
220.60 + 2.19 175.40 + 2.36 10.30 + 1.10 -12.30 + 1.18
titanium (Grade 4)
Titanium alloy (Milling) 220.07 + 2.72° 167.82 + 1.39° 10.03 + 1.36° -16.09 + 0.69°
Titanium alloy b b b b
219.67 + 3.27 174.49 + 3.34 9.84 + 1.63 -12.75 + 1.67
(Laser sintering)
Ceramic Zirconia 232.87 + 5.21° 166.22 + 1.83% 16.44 + 2.60° -16.89 + 0.92
Lithium disilicate 205.06 + 3.54" 181.16 + 2.90° 253+ 1.77 9.42 + 1.45°
Feldspathic porcelain 203.15 + 3.59° 185.66 + 2.80° 1.58 + 1.80°7 717 + 1.40°
Different superscript letters in the same column show a significant dlifference between groups (P < 0.01)
Back- and Forward-scattered dose
300
& 250
o
@ 200 o .
3 150 = — -=— B ||
o
£ 100 a =} = §
i o =) o~ | @
5 50 = € o N
= 9 || - || '
Gold alloy type Gold alloy type Palladium alloy Commercially  Titanium alloy  Titanium alloy Zirconia Lithium Feldspathic
| i pure titanium (Milling) {Laser disilicate porcelain
(Grade 4) sintering)

Dental materials
[l Backscatter

[ Forward-scatter

Figure 3 Back- and forward-scattered dose among nine dental materials (exposure dose at 200 cGy)
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Percentage dose enhancement and attenuation

W Percentage dose enhancement

Percentage dose

W Percentage dose attenuation

Gold alloy Gold alloy Palladium Commercially

type | type IV alloy pure fitanium

Figure 4 Percentage dose enhancement and percentage dose

leads to osteoradionecrosis)

Comparison among nine dental materials using
one-way ANOVA with p-value below 0.01 showed that
there was a statistically significant difference of percentage
dose enhancement among gold alloy type |, gold alloy type
IV, palladium alloy and zirconia. However, there was no
statistically significant difference of percentage dose en-
hancement among commercially pure titanium (grade 4),
titanium alloy (milling) and titanium alloy (laser sintering).
Again, there was no statistically significant difference between
lithium disilicate and feldspathic porcelain. For forward-
scattered measurement, feldspathic porcelain was observed
for the highest forward-scattered dose (185.66 + 2.8 cGy)
while palladium alloy was noted for the lowest forward-
scattered dose (160.01 + 2.30 cGy). There was no statistically
significant difference of percentage dose attenuation
among gold alloy type |, gold alloy type IV, and palladium
alloy. Percentage dose attenuation between commercially
pure titanium (grade 4) and titanium alloy (laser sintering)
were not significantly different. Moreover, lithium disilicate
and feldspathic porcelain showed no statistical difference

in percentage dose attenuation.

Discussion

It was shown that radiation can pass through all

specimens. Objects which have higher backscatter radiation

Titanium alloy

20
15
10
: D
=10

Titanium alloy  Zirconia  Lithium disilicate  Feldspathic

(Milling) (Laser sintering) porcelain

Dental materials

attenuation among nine dental materials. (15 % dose enhancement

showed less forward-scattered radiation (Fig. 3). The null
hypothesis testing that back- and forward-scattered doses
among nine dental materials were not different was rejected.
From the results of this study (Fig. 4), among the noble alloy
group, the results corresponded to the previous studies
that gold alloy type | showed the highest backscattered
dose enhancement compared to other materials.*”'"** Among
the titanium group, backscattered dose in commercially
pure titanium was little higher than both of the titanium
alloys, but there no significant differences, which was
similar to previous studies.”*® Among the ceramic group,
zirconia was observed as the highest backscattered dose
enhancement. It can be explained that the backscattered
dose was strongly dependent on the effective atomic number
of dental materials (Zeff) or atomic number (Z) of the element
which the highest dose was found in high Z material.”’

The density of materials also affects scattered
radiation. The higher the density of materials, the higher the
dose was found.""” For the same type of dental materials
such as titanium alloy (milling) and titanium alloy (laser
sintering) which have different fabrication processes, though
they have the same effective atomic number of these
dental materials, the densities are different. The density
of milled titanium alloy is slightly higher than laser sintered

titanium alloy (Table 1). Selective laser sintering (SLS) is
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an additive technique which results in more porosities in
this internal structure than milled titanium alloy which is
fabricated by a milling technique from titanium block. In
this study, it was found that dose enhancement in titanium
alloy (milling) was slightly higher than titanium alloy (laser
sintering) but there was no statistically significant difference
between these materials. It could be inferred that the
density of dental materials influences the different backs-
cattered dose despite their identical compositions. Similar
to a previous study which compared backscatter between
titanium sheet and mesh, backscattered dose in titanium
sheet was higher than titanium mesh.”" Therefore, the
differences in the atomic number, compositions and
densities of dental materials influence the difference
in backscattered dose enhancement.'"***
Backscattered radiation is the reversed radiation
beam existing at tissue-material interface resulting in
increased dose which is caused by scattered secondary
electrons from higher atomic number material.”” This
photon interaction was a result of Compton effect, pair
production and photoelectric effect. The Compton effect
is the effect in which a photon interacts with an outer orbital
electron (low-binding energy) resulting in scattering in
different directions between photons and electrons. The
effect of high photon energy (excess of 1.02 MeV) attacks
to either the field of the nucleus in atoms or the orbital
electrons was pair production. When the incident photon
interacts with the field of the atomic nucleus, this energy
transforms into an electron and a positron, moving in the
opposite directions. When the incident photon interacts
with an orbital electron in an atom, three particles, two
electrons and one positron, are produced from the
interaction site. The Photoelectric effect is the effect that
a photon interacts with a firmly bound inner orbital electron
of atomic shells (high-binding energy electron) and
transfers all energy to that electron. The Compton effect
was predominant in the wide photon energy range from
~20 KeV to 20 MeV and was dependent on electron density

of the material but independent on atomic number (2)
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while pair production together with the photoelectric
effect were dependent on atomic number (Z2).”% In-
creasing the dose originated by backscattered radiation
of the head and neck cancer treatment has undesirable
outcomes. It could lead to oral complications such as
mucositis for metal restorations and bone necrosis around
adentalimplant." An increase in the incidences of bone
necrosis around the osseointegrated titanium implants
was reported as a result of dose enhancement of 10 - 15 %
and 15-21 %.”**" Based on observations, gold alloy type |,
gold alloy type IV, palladium alloy and zirconia showed
more than 15 % increasing dose (Fig. 4). Hence, dentists
should be aware when using these materials which could
lead to oral mucositis and osteoradionecrosis. There were
some recommendations of management for the implant
system during radiotherapy. Removal of implant super-
structures (all prostheses, frameworks and abutments)
should be done prior to irradiation whereas the remaining
implant substructures (implant fixtures) in bone should
be covered with intact skin or mucosa.'® A HA-coated
implant was suggested to be utilized for high-risk head
and neck cancer patients because it has the lowest
scattered radiation."'® Moreover, since mucositis resulting
from backscattered-dose-enhancement effect is a major
complication of radiotherapy, a fluoride tray without fluoride
gel or protective stent or dental guard in thickness of 3
or 5 mm is recommended for these patients during radio-
therapy.'”"**** In addition, placing a cotton roll soaked
in water between restorations and soft tissue is also able
to decrease the dose to the mucosa.’ The reason is that
the backscattered radiation dose significantly increased
with the reduction of distance between tissue-metal
interface. At 0 mm from tissue-metal interface was the
distance of the highest dose enhancement.”' Tso et al.
found that at least a 50 % decrease in dose enhancement
was observed in 1-mm distance from the interface and
the lowest dose enhancement at 5-mm distance interface
was noted."” One study noticed that the scattered radiation

of 3-mm distance interface was rarely observed for back-



scattered dose." Thus, this study measured dose at 0 mm
interface because this distance was the highest back- and
forward-scattered dose observation.

Nowadays, ceramic has become more popular
for dental restorations even for implant abutment and
fixtures such as zirconia material. Zirconia, with its tooth-
like color or white color, is recognized as ceramic composed
of metal oxide (ZrOZ) combined with rare earth oxides as
pigment for ceramics. Zirconium is one of the transitional
metal elements in the periodic table of which its” atomic
number is 40.” In this study, the backscattered dose in
zirconia was as high as other metal materials like gold
alloy, palladium alloy, commercially pure titanium and
titanium alloys. Especially, zirconia backscattered dose
was significantly higher than commercially pure titanium
and titanium alloys. This can be assumed that zirconia
characteristically was conducted like metal. In ceramic
materials, zirconia, lithium disilicate, feldspathic porcelain,
dose enhancement in zirconia was 16.44 % which was
higher than 15 % that might lead to osteoradionecrosis
while the other ceramics were lower than 15 %.

On the contrary, a forward-scattered dose was
generally reduced when the atomic number of dental
materials was increased. In other words, percentage dose
attenuation was mostly diminished by a decreasing atomic
number. In this present study, the highest percentage dose
attenuation was found in palladium alloy while the lowest
one was found in feldspathic porcelain which was found
as the lowest backscattered dose as well. This means that
the higher the atomic number of dental materials is, the
less the radiation penetration passing through these materials
to the cancer target is found. It should be taken into account
the dose attenuation to the cancer behind these scattering
dental materials in order not to provide an under-prescribed
dose to the cancer target. These results resembled other
studies. Friedrich et al. found that a titanium implant
absorbed almost 16 % of the dose behind it which were
similar to the present study (approximately 12.30 % - 16.09 %).”
Again, Catli et al. said that the dose attenuation behind

pure titanium and titanium alloy prostheses were 14.8 %
and 14.2 %, respectively.”

The research design of this study tried to eliminate
some errors in previous studies about dose measurement
in antero-posterior beam from flat dosimeter attached to
a curved specimen like a dental implant fixture which the
measured dose was undervalued.”*® According to the flat
surface of the OSL dosimeter in this study, the specimen
was designed to also be a flat surface in order to magnify
the OSL sensitivity. Consequently, a full scattered dose
could be measured. A backscattered dose represented
a dose at a direct surface of dental materials which was
perpendicular to radiation, but did not depend on the
surface area or size of dental materials.” Since intensity-
modulated radiation therapy (IMRT) and volumetric
modulated arc therapy (VMAT) with rotating beam around
the patient are used for radiotherapy for head and neck
cancer”, the total backscattered dose around the dental
implant surface is observed as the same as flat specimens
in this study. However, the limitation of this study was that
even though the OSL dosimeter had several advantages
such as high sensitivity, simple, small size and erasable
measurement device, its accuracy was about 10 % in
which there were some errors of the measurement.™

Among the tested titanium groups, any titanium
can be used in implant dentistry since backscattered doses
were not statistically significantly different. However, zirconia
(3Y-TZP) should be carefully used in the oral cavity because
it has a higher backscattered dose than titanium material.
Especially with increasing demands for esthetics, zirconia
dental implants should be used with caution. Multidis-
ciplinary care between a radiotherapist and a dentist is
essential for radiotherapy treatment planning for radiation
dose, field of radiation and dental management prior to
radiotherapy. Moreover, as several side effects from radio-
therapy can occur, periodic dental care in patients who
have undergone radiotherapy is also significant to get a
better quality of life. Further study should be conducted

on the back- and forward-scattered dose of dental materials
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in the cadaver model which represents human soft tissue

and bone.

Conclusion

Within the limitation of this in-vitro study, the
following conclusions were drawn:
1. There were only four dental materials (gold alloy type |,
gold alloy type IV, palladium alloy and zirconia) of which
percentage dose enhancement was more than 15 %.
2. Among ceramic groups, zirconia showed the most
backscattered dose enhancement of more than 15 %.
3. The higher atomic number and density of materials,
the more backscattered dose enhancement and the less
of forward-scattered dose were found.
4. Selection of proper dental restorative and implant
materials in patients with high risk of head and neck cancer
was important. Since zirconia (3Y-TZP) was observed in a
higher backscattered dose than titanium material leading
to osteoradionecrosis, zirconia dental implants should not
have existed in the field of radiation with high dose to bone.
5. Due to backscattering effect at 0 mm from high atomic
number of dental materials, metal alloys or zirconia
framework on implant is recommended to remove from
oral cavity during radiotherapy. Metal alloys or zirconia
crowns or bridges are required to have a dental guard

to prevent oral mucositis.
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Abstract

The objectives of this research were: 1) to study the efficacy of different light-curing protocols on microhardness
and degree of conversion of two high viscosity bulk-fill resin composites (Filtek™ One Bulk Fill and Tetric® N-Ceram
Bulk Fill) and a conventional resin composite (Filtek™ Z350XT), and 2) to evaluate the correlation between two
variables. Ninety-six resin composite specimens (size 2x4 mm and 4 mm height) were fabricated in vitro from class I
cavity in extracted human molar. For each composite material, specimens (n=32) were divided into 4 groups (n=8)
according to light-curing protocols (group A: occlusal 20 s, group B: occlusal 40 s, group C: occlusal 10s + buccal 10s
and lingual 10s and group D: occlusal 20 s + buccal 10s and lingual 10s). Degree of conversion of each specimen
was evaluated using the Raman spectroscopy technique in two depths (0 mm and 4 mm depth). Microhardness was
evaluated using the Knoop microhardness tester at three depths (0 mm, 2 mm, and 4 mm depth). Data were analyzed
using three-way ANOVA, one-way ANOVA, Games-Howell post-hoc test and Pearson’s correlation at a confidential
level of 95%. Light-curing protocols and depths affected mean degree of conversion values and mean microhardness
values of all materials significantly (p<0.05). At 4 mm depth, when both of the bulk-fill resin composites were cured
by the group A protocol, mean degree of conversion values and mean microhardness values were significantly lower
than the other curing protocols (p<0.05). Similar results were found when curing of conventional resin composite at
2 mm depth. Only group D of Filtek™ One Bulk Fill showed acceptable depth of cure. Microhardness ratios and degree
of conversion ratio were correlated (p<0.001) in all materials. In conclusion, an appropriate light-curing protocol depends
on the type of product being used. An additional curing time from the manufacturer’s recommendations may be

advised since it can lead to higher degree of conversion and microhardness of materials.

Keywords : Knoop microhardness, Degree of conversion, Class Il cavity, Light-curing protocol,

High viscosity bulk-fill resin composite
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Figure 1 Diagrammatic presentation of resin composite specimen’s preparation (1.1 lower first molar 1.2 the occlusal surface of

tooth was horizontally cut down to deepest part of the pit and fissure 1.3 Class Il cavity after cavity preparation)
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4 mm depth (Bottom of specimen)
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Figure 2 Resin composite specimen after removed from cavity
and the areas that were measured degree of conversion

and microhardness
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Table 2 Mean microhardness values of each light-curing protocol in all materials

Mean (SD) of microhardness (KNH)

Materials Light-curing protocols Depths (mm)
0 2 4
Filtek™ One Bulk Fill A 98.41 (3.86) ™ 77.02 (3.41) 62.56 (3.31) <

111.69 (3.22) *
105.70 (4.61) **

105.85 (3.19)

77.93 (4.75)
83.60 (5.91) "

93.14 (3.80)

69.06 (3.80) 5
72.46 (3.47) =

84.92 (6.09)

Chinniyomwanich et al., 2022 411



M159971 2 AR LTI AURanIAYeUsaY TEN s U IUTUSIUBHER U] (1)

Table 2 Mean microhardness values of each light-curing protocol in all materials (cont.)

Mean (SD) of microhardness (KNH)

Materials Light-curing protocols Depths (mm)
0 2 4

Tetric N-Ceram® Bulk Fill A 65.01 (2.43* 54.78 (2.56)* 41.12 (5.20)*
B 83.94 (5.43)" 70.78 (5.62)" 53.47 (3.77)"

C 77.78 (2.23)" 66.65 (1.82)"° 52.17 (3.11)%*

D 83.23 (3.08)" 70.47 (3.09)*° 56.10 (3.50)

Filtek™ Z350XT A 88.86 (5.24) 69.90 (4.18)% 43.32 (4.69)"

B 102.41 (3.18'* 83.08 (5.15)" 47.85 (5.58)"

C 98.35 (4.33)"* 84.82 (3.74) ™ 43.99 (3.92)"

D 104.41 (4.30) ™ 88.73 (2.85)% 52.49 (4.44)"

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

Group with the same lowercase letter in each row are not statistically different (p>0.05)
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Table 3 Mean degree of conversion values of each light-curing protocol in all materials

Mean (SD) of degree of conversion (%)

Materials

Light-curing protocols

Depths (mm)

4

4

Filtek™ One Bulk Fill

52.35 (3.61) ™
56.47 (3.56) ™
51.94 (3.74)%
54.40 (2.84)

44.43 (4.57) %
51.98 (3.45) *
45.87 (3.60)*
50.42 (2.16) "

Tetric N-Ceram® Bulk Fill

48.52 (1.68) ™
52.22 (0.92) *
44.99 (1.08) ™
49.27 (1.04) **

36.69 (2.31)"
45.93 (1.87)"%
40.79 (1.74)"
45.62 (1.82) *°

Filtek™ Z350XT

o N @ » O N @ » O N @@ >

57.01 (1.26) *
56.99 (2.37) **
52.78 (2.47)"
55.94 (3.11)"

4452 (1.71) ™
47.32 (4.96)
41.59 (4.13) ™
44.44 (5.90)

Group with the same uppercase letter in each co

Group with the same lowercase letter in each row are not statistically different (p>0.05)
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umn are not statistically different (p>0.05)



Percentage of bottom-to-top microhardness ratio
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Figure 3 Percentage of bottom-to-top microhardness ratio of specimens in all materials

Percentage of bottom-to-top degree of conversion ratio
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Figure 4 Percentage of bottom-to-top degree of conversion ratio of specimens in all materials
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Abstract

This study compared some physical properties of White Portland cement with bismuth oxide dissolved in a
distilled water (control), 1% chitosan solution, 6% calcium chloride solution and chitosan-calcium chloride mixture
solution. A compressive strength, setting time, water solubility and acid erosion were tested at first and 21* day. The
data was analyzed using one-way ANOVA. The control group showed the lowest compressive strength at both first
and 21% day and also the longest initial and final setting time. The chitosan-calcium chloride mixture solution group
achieved the highest compressive strength at first day, the fastest initial and final setting time, the least water
soluble at 21* day, and the least acid erosion. The 6% calcium chloride solution group showed the highest compressive
strength at 21* day and the least water soluble at first day. However, the 6% calcium chloride solution group had the
greatest acid erosion property. The 1% chitosan solution group and the combination group resulted in the highest
water soluble at first day. In addition, the control and 6% calcium chloride solution groups also showed the highest
water soluble at 21 day. Adding either or both chitosan and calcium chloride affected the compressive strength,
setting time, water solubility and acid erosion. The addition of these 2 substances may improve the physical properties

of the Portland cement.
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Introduction

Bioceramic is a biocompatible ceramic compound
because of its similarity to a biological hydroxyapatite. It
also shows an osteoconductive effect to a promote bone
formation' and available for using in dentistry under various
trade names such as ProRoot® MTA (Dentsply Endodontics,
Tulsa, USA), MTA Angelus (Angelus Solugdes Odontologicas,
Londrina, Brazil).

Mineral trioxide aggregate (MTA) was first described
in a dental scientific literature in 1990s and has been used
mainly for endodontic applications.” Studies on the MTA
reveal a good sealing ability, biocompatibility and bioactivity.
Several review articles have described the use of the MTA
for many applications such as a pulp capping material,
pulpotomy, root end filling, root repair material and apexifi-
cation.”® However, MTA has some clinical implications
including a discoloration potential, presence of toxic elements
in the material composition, difficult handling characteristics,
long setting time and high material cost.>*

Portland cement (PC) and MTA shared the same
based compositions. The possibility of clinical use of Portland
cement has been considered as an alternative to MTA."
Previous studies showed that White ProRoot® MTA and two
commercial White Portland cements mixed with bismuth
oxide had a comparable chemical constituent, physical
properties and biocompatibility to osteoblastic cells.®”

Recently, a special attention has been made
toward natural materials because of their biocompatibility
and low toxicity." Chitin is mainly found in exoskeleton
of crustaceans and also in some fungi." Chitosan is a chitin
derived polymer which is produced by a de-acetylation of
chitin. Many biomedical applications have been applied

for chitosan to promote wound healing, calcium absorption,

Table 1 Detail of liquid part of each group

osteoinductivity and tissue regeneration.'” The chitosan
was also mixed with several calcium rich cements including
the calcium phosphate cement, gypsum and concrete cement
to improve mechanical properties, physical properties,
antibacterial properties and regenerative enhancement.”* "’

In addition, calcium chloride (CaClZ) is the most
common accelerating agent used in calcium-rich cement
for reducing setting time'® and improving the physical
properties'’ by accelerating the hydration and the crystalli-
zation process.

Regarding to many interesting characters of White
Portland cement (PC) such as low price, comparable physical
and biological properties to MTA, adding the chitosan and
calcium chloride as additives to PC may be effective in
terms of enhancement of physical properties. Therefore,
the aim of this study was to investigate the physical
properties of White Portland cement with bismuth oxide
modified by the chitosan and CaCl

5

Material and Methods

Preparation of materials
Powder preparation
Thai Portland cement (TPC) type | brand Tiger
Decor for Terrazzo’s work normal setting time formula (Siam
Cement Group, Bang Sue, Bangkok, Thailand manufactured
to Thai industrial standard no.133 2556) was selected as a
precursor. The cement was mixed with extra pure 99%
dibismuth trioxide powder (BO; LOBA CHEMIE, Mumbai, INDIA)
by a milling machine with ratio 4TPC):1(BO) for 24 hours.
Liquid parts were prepared into 4 groups as shown
in the table 1.

Group Liquid components

Control Distilled water

1%CS 1% Chitosan in 1% acetic acid solution
6%CC 6% Calcium chloride in distilled water

19%CS + 6%CC

1% Chitosan and 6% Calcium chloride in 1% acetic acid solution
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The chitosan solution was prepared by dissolving
1700 kDa with 909% degree of deacetylation chitosan powder
(Marine Bio Resources, Muang, Samutsakhon, Thailand) into
1% acetic acid solution. The calcium chloride and combination
solution were prepared by dissolving calcium chloride
dehydrate powder (Merck KGaA, Darmstadt, Germany) into
distilled water and chitosan in 1% acetic acid solution.
These concentrations were chosen according to a pilot
study which revealed maximally dissolved chitosan and
calcium chloride power in solvents.

The mixing of power and liquid were made in
ratio 3:1 respectively with a cement spatula on a glass
slab within 60 seconds to achieve smooth consistency.
Physical properties testing

The method of testing compressive strength,
setting time and acid erosion testing were modified from
international organization for standardization (ISO) 9917-1:
2007 (standard for water-based dental cements). The water
solubility testing method was modified from ISO 6876:

2012 (standard for root canal sealing material) All physical
properties testing 10 samples in each group .
Compressive strength measurement

The 10 cylindrical specimens in each group were
prepared by stainless steel split mold (4 mm-diameter
and 6 mm-height as shown in figure 1A) and kept at 37°C
and 100% humidity for 24 hours. Then specimens were
removed from the mold, specimens with visible voids
and defect were excluded. The included specimens were
grinding with a wet 400 grade silicon carbide paper and
kept in distilled water at 37°C. At 24 hours and 21* day,
the samples were picked up and placed in desiccator chamber
for an hour before testing. The compressive strength was
measured by Universal Testing Machine (LR10K; LLOYD
Instruments, Bognor Regis, West Sussex, England) with
crosshead speed 1mm/min™". The compressive strength
was calculated by using the fracture load (N) divided by

the specimen’s cross-section area and recorded in MPa.

Figure 1 Show the specimen of compressive strength (1A), water solubility (1B) and acid erosion (1C) testing method.

Setting time measurement

Ten samples in each group were tested. Setting
time was determined by using the Gilmore needle method.
The freshly mixed cement of each group was placed into
stainless steel mold (8 x 10 x 5 mm) and conditioned at
more than 90% humidity and 37°C. The needle mass of
100 g and 400 g were used to determine initial setting time
and final setting time respectively. The setting time is the total
time from the start of mixing until the time when needle

failed to make a completed circular indentation in the cement.
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Water solubility measurement

The 20 cylindrical specimens in each group (20 mm-
diameter and 1.5 mm-height with 6 mm copper wire insertion
as shown in figure 1B) were prepared and storage in a
condition of more than 90% humidity and 37°C for 24 hours.
The included specimens were polished and dried in the
oven at 105°C for 3 hours and cooled in the desiccator.

Glass bottles (W) and specimens (W ) were weighted
before testing. The specimen was then individually placed

into the bottle containing 50 ml of distilled water, then it



was transferred to the incubator chamber at 37°C. At 24 hours
and 21% day, ten specimens were removed from the water
and the bottle of water was placed in the hot air oven to
evaporate the water, then cooled down. The bottles of
water were weighted again as Wf). Water solubility at 24 hours
and 21th day were calculated with this given equation;
(W - W) x 100 / (W).

Acid erosion measurement

Ten samples in each group were tested. This test
consisted three parts; preparation of eroding solution,
preparation of specimens and measurement of acid erosion.

Preparation of eroding solution

Dissolved 16.54 ¢ of lactic acid and 1.84 ¢ of
sodium lactate in 2,000 ml of deionized water for 18
hours before using. pH of the solution was controlled at
2.74 + 0.02.

Preparation of test specimens

The cement was filled in a hole of the specimen
holder (cement space @5 x 2 mm as shown in figure 1C)
and maintained at 37°C with a relative humidity of at least
90%. After 24 hours, the specimens were polished using
the abrasive paper with continuous water irrigation until
acquired flat surface and the thickness of specimen and
specimen holder were within 5 um difference.

Measurement of acid erosion

The thickness of specimen was measured at the
center. The average thickness of specimen holder was
measured at 4 points. The difference between these
two thicknesses was called D,

The specimen was immersed in 30 ml of the eroding
solution. After 24 hours, the specimen was removed and
rinsed with deionized water. The specimen was again
measured the thickness at the center. The difference
between the specimen thickness and specimen holder
thickness was called D.

Eroding depth (D) was calculated with following
equation: D = Dt - D0

Statistical and data analysis

Data were statistically analyzed using IBM SPSS
Statistics for Windows, Version 22.0 (IBM, Armonk, NY, USA).
All data were represented as mean + standard deviation.
The data of each group was plotted and the distribution
curve was analyzed together with the Kolmogorov-Smirmov
test with p value = 0.05. Compressive strength (MPa),
setting time (minutes), water solubility (% mass loss), and
depth of eroding sample (mm) were performed using One-
way ANOVA (p = 0.05) followed by Tukey’s test to evaluated

the effect of each additive to control.

Compressive strength at 1* and 21 day

The result was displayed in figure 2. The control
group showed the lowest compressive strength at both
1" and 21™ days (p<0.001). The 1%CS+6%CC group had
the highest compressive strength at 1% day (p<0.001). The
6%CC group showed the highest compressive strength
at 21% day (p<0.001).
Initial and final setting time

The result was displayed in figure 3. The control
group had the slowest initial and final setting time (p<0.001).
The 1%CS+6%CC group had the fastest initial and final
setting time (p<0.001).
Solubility at 1* and 21* day

The result was displayed in figure 4. At 1™ day,
the 19%CS and 1%CS+6%CC group showed the greatest
percent mass loss while the 6%CC group had the least
solubility (p<0.001). At 21* day, the control group and
6%CC group showed similar result which was the highest
percent mass loss (p<0.001). The 1%CS+6%CC group had
the lowest soluble at 21* day (p<0.001).
Acid erosion

The result was displayed in figure 5. The 6%CC
group showed the highest eroding depth while the 19%CS+
69%CC group was the least eroded (p<0.001).
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MPa

200.00
175.30 + 9.50

180.00 p<0.001*

160.00 139.20 + 6.66 141.90£8.74
140.00 p<0.001* p<0.001*

' 102.50 £ 5.10
p <0.001*
120.00 102.50 £ 5.10
& p <0.001*
100.00 98.07 +7.26
80.00
61.46+3.35
p<0.001*
60.00
40.00
25.02 +2.85
20.00 .
0.00
Control 1%CS 6%CC 1%CS+6%CC
W compressive strength at 15‘ day [l compressive strength at 21 day

Figure 2 The mean compressive strength at 1" and 21* day of each group expressed as mean MPa + SD

*represents a significant change compared with the control at p < 0.05

Minutes
250.00 237.40  2.95
190.10  4.53
200.00 p<0.001*
150.00
134.40 + 3.84 120.20 £ 4.76
115.20 £ 2.62 S <0.001*
p<0.001" -
9230 4.72
oo 86.10 £ 3.21 p<0.001*
p <0.001* 72.70 £ 1.57
p<0.001*
50.00 I
0.00
Control 1%CS 6%CC 1%CS+6%CC
W initial setting tine I final seting time

Figure 3 The mean initial and setting time of each groups expressed as mean minutes + SD

* represents a significant change compared with the control at p < 0.05

% mass loss

4.00
3.08 £ 0.040 3744031
450 3.48+0.31
3.00
2.36+0.16

250 o000 2.20+0.24

- p<0.001*
2.00

1.53+0.040
1.53+0.24
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0.94+023
1.00 p<0.001*
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0.00
Control 1%CS 1%CS+6%CC

st 6%CC st
W solubility 1 day I solubility 21° day

Figure 4 The mean water solubility at 1 and 21* day of each group expressed as mean % mass loss + SD

* represents a significant change compared with the control at p < 0.05
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Figure 5 The mean acid erosion of each group expressed as mean um + SD

* represents a significant change compared with the control at p < 0.05

Discussion

Bioceramic cement was used as several dental
materials such as a root end filling, root repairing and pulp
capping materials. Mineral trioxide aggregate (MTA) is one
of the bioceramic material which is considered as a gold
standard material for an apical root-end surgery, perforation
reparation, pulp capping and root-end fillings because
of superior biocompatibility and good sealing ability.'*"
However, it has some disadvantages including a long setting
time, high material cost and excessive early solubility.”®

There are many additives such as a methylcellulose
and CaCl, which were able to enhance the physical
properties of the bioceramic cement.'® The CaCl)is an
accelerator of the setting time and the methylcellulose
is used to increase washout resistance.'*” Present study
attempted to develop better biomaterial from Portland
cement (PC) which contained similar based compositions
as MTA including dicalcium silicate, tricalcium silicate and
tricalcium aluminate.'’ PC uses the hydration process for
its setting or hardening reaction. Most of the hydration
process occurs during first 3-4 weeks, although complete

222 Therefore, we tested

hydration may even take 1-2 years.
at 2 times, first day based on (ISO) 9917-1: 2007 (standard
for water-based dental cements) and 21* day compared to
Torabinejard’s studies.” Even though the physical properties
were tested by one examiner, the SD value was in an ac-

ceptable range according to the same study®.

Several studies showed comparable physical
properties between these two materials.””*** PC exhibited
slightly lower compressive strength at first day, but the
compressive strength of PC was higher after 21 days.” Initial
and final setting time of PC was faster than MTA.*** PC
showed lesser soluble at first day but higher at 21% day.”

Chitosan was added to PC to improve mechanical
and biological properties. It is linear polysaccharide com-
posed from glucosamine and N-acetyl glucosamine subunit.
The proportion between these units is called the degree
of de-acetylation. A molecular weight and degree of de-
acetylation (DDA) determined properties of the chitosan
because they increased amino and hydroxyl groups.” These
functional groups can improve mechanical properties of
cement because they were active binding sites to calcium
ion from calcium rich cement. The functional groups formed
crosslinking between cement crystalized particles and
improved cement cohesion which is called “cement
glue””®. And also promote cementogenesis, periodontal
regeneration and promote initial attachment of osteoblasts
and fibroblast.”!

The compressive strength was improved after
adding chitosan to the PC. The chitosan was hypothesized
to chelate the calcium ion from modified PC to form a
stronger interfacial transition zone around calcium silicate

hydrate gel during a crystallization process. It also removed
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an excess water from a hydration process and refined
cement pores.”*” The crosslinking between PC and chitosan
made cement denser and increased a strength to modified
PC. The result was similar to previous study which added
the chitosan fiber combined with a gelatin to the calcium
phosphate cement. They also found that the chitosan
formed a chemical bond and mechanical interlocking
to the cement particles so the cement was improved
a flexural strength.”

However, chitosan is considered as a cement
retarder because it can interrupt an ionic balance of
cement components during the setting process.” It coated
anhydrous surfaces of cement particle and prevented an
initial attack by water.** Panahi et al. added chitosan to
the cement which prolonged final setting time and decreased
compressive strength.” In contrast, the present study
found the chitosan solution slightly reduced the initial and
final setting time. Similarly, Kamali et al. found significantly
shorter setting time and stronger compressive strength.™

The different properties of cement may be resulted
from the difference cement coating ability.”>” The coating
property is increased by lower molecular weight and lower
concentration of chitosan. Both Panahi’s and Kamali’s
studies were used 2%, high concentration of medium
molecular weight chitosan so their cements had less
retarder effect.”** They assumed that optimum chitosan
gel layer on the cement surface may bind the metal ion
in cement solution and act as nucleation site for the
setting process which increased the compressive strength.

Calcium chloride (CaCl )is a soluble salt admixture
which accelerates hydration process of the calcium rich
cement.” It has been used as cement setting accelerator
in dental materials such as Biodentine®. Previous studies
use 2-15% calcium chloride mixing with PC and MTA*"*
We selected 6% CaCL2 because it was the highest concen-
tration that the chitosan completely dissolved without
any precipitation from pilot study. Our study found that
6% CaCL2 significantly increased the compressive strength,
reduced the initial and final setting time and decreased

the water solubility at first day. Similarly, Bortoluzzi et al.
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found that 10% calcium chloride added to MTA and PC
significantly reduced the setting time, decreased the
water solubility and increased the pH.” They suggested
that a penetration of CaCl in the pores of the cements,
which strongly accelerated the hydration of silicates, led
to faster crystallization process and shorter setting time.”’
Similar to Rapp P et.al and Torkittikul et al, they found that
the compressive strength of modified PC was increase when
added 1-8% CaCL2 however the higher concentration than
8% CaCl, decreased the compressive.”” There are two
reasons explaining the greater compressive strength after
adding CaClz. First, adding the CaCl2 increases calcium
silicates components that mainly responsible for the
compressive strength of cement. Second, density of the
cement paste is decreased. The ions and water can easily
penetrate through the cement particles so greater rate
of cement hydration is achieved which gives high early
strength.”“ In contrast, some previous studies found CaCl,
decreased the compressive strength of the MTA.'*4%
The different outcomes may cause by the different con-
centration of CaCl_ and types of cement that affected the
setting process and compressive strength.

Adding CaCl_ to the chitosan solution prevented
the retarder effect of chitosan which made thicker but
less sticky cement paste. The chelated chitosan solution
was thickened the cement paste liked chitosan solution
but not made in difficult to blend and less sticky cement
paste. Previous study mixed the chelated chitosan with
CaCL2 to an oil well cement. They found the thickening
time reduction of the cement paste.” Faster setting time
was described by some of the hydroxyl and amine groups
of chitosan bid to the calcium ion and arranged to bridging
polymer network chitosan calcium complex. These networks
enwrapped the cement and water. Subsequently, it created
the cluster of cement and water spreading throughout
the cement slurry.”

The solubility of set root canal sealer should not
be exceed 3% by mass according to 1SO 6876-2012 (root
canal sealing material standard). The solubility of modified

PC in this study was less than standard. This property is



one of multifactorial that make the three-dimensional
hermetic seal which prevent reinfection of root canal
system.*** Nevertheless, the limitation of this study is
that only some physical properties were investigated.
Further research into the study of other physical properties
including bacterial leakage, solubility in tissue fluid, pushout

resistance and biocompatibility are suggested.

Conclusion

Adding either or both chitosan and calcium chloride
affected the compressive strength, setting time, water
solubility and acid erosion. These two substances may

be option to improve some physical properties of cement.
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