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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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Effect of Different Disinfection/sterilization Methods on the Initial Tensile Force
of Orthodontic Elastomeric Chain

Wunsnd aAdununa’, LuAl YeazuY’, AuYes Junsising'
Nantharat Apiwantanakul', Janeta Chavanavesh', Pintu-On Chantarawaratit’
'nedvviunnsudaily Augiuaumemans PansalinIne dy njuvmamuas Usemalng

'Department of Orthodontic, Faculty of Dentistry, Chulalongkormn University, Bangkok, Thailand

. 1
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v
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wansnsfiuegnelidedAnvneadn uasAndoussiasuiuredddanalaweivdiouleth fouliamniusuedelunguaiuauves
wiazUs¥veg 1 lled Ayvneadn Tuvaeiihengdedu q lilinadedwnisuwsfatusiurededanalawes Jsasuinnisede
menseuleurfoudmalfsuulasaniinianarihliuswededaralawefanas winsudionueauavinesiedvieyluiey
Tuisssernandu q mumuusihvesussninanifinadinareledaalawes dwuneuhledaalawesiuliludesunuugih
Tuihenengenowiiedulsglevidlunismununisingenelupdiniiuanssudailu

AdnAgy : N132e, ledanalawes, usens

Abstract

The aim of this study was to compare the effect of different disinfection/sterilization methods on the
mechanical properties of orthodontic elastomeric chain in terms of initial tensile force. A total of 150 elastomeric
chains from three manufacturers were divided into 5 groups and tested with 70% ethanol, 0.12% chlorhexidine,
2.5% umonium™®® and autoclave method. Unexposed chains were also tested as control group. Initial tensile load
was determined by stretching the elastomeric chain using a universal testing machine. Significant differences in tensile
load were observed among different manufacturers (p<0.05). Compared to unexposed chains, tensile force of elastomeric
chain in autoclave group significantly decreased (p<0.05). However, there was no significant differences after immersion
in disinfection solutions including 70% ethanol and 2.5% umonium™®. In conclusion, sterilization by autoclave affects
the mechanical properties of elastomeric chain. Short exposure of elastomeric chain to disinfectant solutions before

use intraorally is recommended in orthodontic clinic.

Keywords : disinfection, elastomeric chain, tensile force
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dhensslnavdorurouldou Judululihongnuudenlae
unyaansnoufiasilUlflugesn uaziinrandssionts
unsnszedelsrnngihoseniisludnenedu ¢ 1¥hes

Fhiadesdioriunnssuunannideiiuuziilag
Center for disease control and prevention (CDC) Tutsgine
ansgewsni Ae n1sldanuseu (heat sterilization) dwsu
wdnaflefinunnudould uazmasidiosziugs (high-level
disinfection) feBmaniidmiuiedesieflsmuseaniou

nsside (disinfection) ansnsavilasmsutiensnidesei
A4 9 mnuUssnnvesgUnsamensunnd' ledanalawesduasen
nananedlndgTin (polyurethane) Mssinidelngliasind
visomsshiteseamuSen oradmasoauTRnang (mechanical

28-12

properties) maﬁaqlm Jeffries Wag von Fraunhofer finwn
WSsusuussnsaunvesadanalauesiudly alkaline

glutaraldehyde firnudududosas 2 naesuTem deiedy

v
° 1

‘mmemL%aﬁﬁﬂizﬁm%mwssﬁuqa (high-level disinfectant)
fisvezian 30 Wit 10 alus 144 Flus wuleBanalame i
alkaline glutaraldehyde finnudududesas 2 Huszosina 144
Filuadlanunusiausai tensile strength) anauazliusianas”
UanNil MIFnwves Evangelista kavanwnuAavLse
usshwasBanalameindiniaes (elastomeric ligature, O-ring)
fudansanide clutaraldehyde imudadiuonas 3.4 uavens
o-phenylphenol $aeay 9 NaufiuaNs o-benzyl-p-chlorophenol
Yovay 1 axdimananiioutanssn@euiuainnniy 1 $alue
agalshmu nsAnviiefvandinianavesdana
Tnweimevdsmsshidedditosnnn uazluenanstiunansias
AlallFszusiBmsshidedmsuldaalauesly fedumswiis
snidefmnzavdmiultdanalawelnglivhaneautiniena
vosTanFedanuddey lunmsdnwidieiinguszasdifie
wWisuievautinenalundnisiiussfsedddanalawes
mendnisenidedaeiseng  ieduusslesilumseuau
msfindenelunatindfunnssudaiiu wasthluguumams
UfuAneatinselulusuian

JangUnIalLazIsnTs

MITedunsAnwALIIRSAY (Initial tensile
force) NMenaINITENRBULIDANALALIBSINNUSEN 3 Ui bawA

Clear generation Il power chain (Ormco corporation, USA),
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Plastic chain (American Orthodontics, USA), Orthodontic
power chain (Sino ortho limited, China) (31971 1) Tneiden
THdaalamesiuustin (closed configuration) v lalifid

A5 1 s1gazidenveslddaialmwesilolunisanyiil

Table 1 Details of the elastomeric chains used in this study

(clear) Waaalmwesgnuteanidu 5 nquanuisniseie
(m1379 2) lnsusdaznguaziledaalames 10 Wy (n=10)
winziduusznausme 5 e andurianun 150 1

Manufacturer/Company Code Brand Lot No
Ormco Corporation ocC Clear Generation Il power chain 072051607
American Orthodontics AO Plastic chain L97192
Sino Ortho limited SO Orthodontic power chain N/A

#1599 2 518axidenveaIsnsendeluusazngu
Table 2 Methods with description of respective groups

No. Code Method Time (min) Volume (ml) Temperature (Celcius)
1 None None - - Room

2 ATC Autoclave 15 - 121

3 CHX 0.12% Chlorhexidine 10 3 Room

[ ETH 70% Ethanol 1 3 Room

5 UMO 2.5% Umonium® 10 3 Room

Tedanalnwesnguitlildinlsndoseisle 4 do
\HundumuauBuandednuasvenatindlio Yanmdni
fufindsanthesnanussafast udmnnssndoilssaa
Tnwesndessouuidlansitdnituananmanndliadu
W0 0.036 H1gUs L wdvhnsmaseuindussidddana
Tnwesieiedosleauasnaaauuss Universal testing

Force (N)

machine (EZ-S 500N Shimadzu) fuuaAnEIAseaLen
(cross head speed) Wiy 50 HadauAsAouI NAGOULTS
Aasusuvesldsanalaweslaenisadedanalaweslitaeen
fisvezin 23.5 Neduns wazsseiissarBasinandly 5 3und
ULLATa universa testing machine floufeuiaztuiinin
AU (U7 1)

«+— Distended for 23.5 mm

Stabilized for 5 onds

«+— Record the force levels

Distance (mm)

Ui 1 [daalawesgnnTeeguugunsalduledaralmuesamiunaaeuuseiuiie) anvasiaunsiuas i uyavuiing 1useia (¥27)
Figure 1 Elastomeric chain was held on the equipment for a tensile force test (Left) Force-Displacement characteristics curve and the

recorded point (Right)
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MIIeseineataliivsunsunenianesdnsogy
e leTion oafileaiod nosdu 22 (1BM SPSS Statistics
22) NeApUNSNSEANEvBIALS AN BanalawesiTaldde
msvageuvedlaliulnsen-awesusy (Kolmogorov-Smirnov
normality test) Jiasevinailiouiisuanadsvetusedas
danalaesvesusaznau lngldatifussuiieuauunnsing
FEINGUMENTUATIERANULUTUTINLUUMAAED (One
way ANOVA) wagilisuiiisuidistoulagldaiiueueoslsi

LYY

(Bonferroni) Asgaudadnd

o

UN9@nm 0.05

7

NaN1SAN®EN

NansYIRaeUALSIRIGIFuvedlddaalaesan
3 U3tmmendinssnidesneiama 7 wandlilumsned 3 Auade
ussrsEuduvedlydaalaesanudazusmduaniing
uansnaiu ngleBanalaue sanusen AO i eRsusaReGusu
figefianlunnnaumeass uazlsdanalawesainuism o 1
AwRdBus BT Tigalunnngumaass atslsAmadiy
Heauuwnasguedddadlamesanuitn OC faifesiign
Tunnngamaaes

#1599 3 ANAAY (FIUTENUNNINTFIY) YOIAINAUTUY (TI611) UaenI15 AT I Naaivelsda1almuasiin1uN 158 1T0A 8350156 9

Table 3 Mean (standard deviation) of initial tensile force (Newton) and Statistical analysis of elastomeric chains tested with different

disinfection/sterilization methods

Groups Methods Initial tensile force (N)
oC p value AO p value SO p value
group group group
1 None 3.562 -2/p = .000* 4.713 -2/p = .000* 4.493 -2/p = .000*
(0.024) -3/p = .154 (0.028) -3/p = .000* (0.041) -3/p = 1.000
-4/p = .054 -4/p = 541 -4/p = .080
-5/p = .057 -5/p = 1.000 -5/p = .443
2 Autoclave 3.210 -3/p = .000% 4.446 -3/p = .000% 3.899 -3/p = .000%
(0.024) -4/p = .000% (0.039) -4/p = .000* (0.153) -4/p = .000%
-5/p = .000% -5/p = .000% -5/p = .000%
3 0.12% 3.534 -4/p = 1.000 4.927 -4/p = .000* 4.491 -4/p = .090
Chlorhexidine (0.024) -5/p = 1.000 (0.063) -5/p = .000* (0.116) -5/p = 1.000
4 70% Ethanol 3.529 -5/p = 1.000 4.758 -5/p = .025% 4.363 -5/p = 1.000
(0.021) (0.071) (0.111)
5 2.5% 3.529 4.685 4.396
Umonium®® (0.030) (0.040) (0.066)

* upnelNeeNddba AN Naas (p <.05)
* statistically significant differences (p <.05)

dlevihnsnedeuseadffisyfutdfty 0.05 wui
Andsusaiauduvesledaalaweslundgy ATC vasi 3
UtmilaadeussfaBusumniingueunuuesuiaz U
ogafideddyneada (3U7 2)

TumwnssiueiadeussdaGusuvestdaalaos
¥9U3E OC ua SO Tunga ETH CHX UMO wazAiadeussis

GuduvedlaBaralaievesuitn AC lungu ETH uaz UMO
fenlsiumnseaneadoussfsGuiiungumunuediidiy
e oncfuredousdeGudurestidanalaweslungy
CHX w9eUFH AO SlangsnirAiadeussdeBusilungumuny

o w

psllEdAYNISERA (0<0.05)

Apiwantanakul et al., 2021 163



3

4 %:f:
ol B
o N a
- gf:f: g:f:
1 gﬂ:f Zﬂ
:.:: e o

oc AO

gz/ﬁ 2

B Control

Autoclave
M 0.12% Chlorhexidine
% 70% Ethanol

#2.5% Umonium®

SO

ASIMUYIUARIAMSIGUTUAY (Ta6) Yeslvdaalawesoiniy 3 uSenisun s nTonieisn1snneg Inedisnysiuansamiluun

NTIUFANAIUUANG 1B NIy NaaFTE NN 98 UTeY TR 199 TuUTINERANAL I (p<0.05)
Figure 2 A bar graph illustrating the initial tensile force of elastomeric chains from 3 manufacturers after disinfection/sterilization.
Different letters indicate a significant difference between disinfection/sterilization methods in the same manufacturer (p<0.05)
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tuddymsaiatenaifinanlassedlinanaiisimadenles
YousElAIaUALINATI Wl (side chain) vwialug
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(force delivery) 1nnnan'**® wiseenalululdinledaralames
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awdwmaremsindeuity viliiuadoudh violiinaeud Souse
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(molecular stretching) wazn1ieulaavewing (polymeric
chain slippage) mié‘maamaﬂmLaqaLﬁmsﬁuLﬁaﬁLLﬁqﬁﬂTﬂi
Sanlnwes uarluianavzAuganmiiuidenussonn nalnd
ausofunduld uidelsdmalnweslaisuusafudndinann
Bamieju (elastic imit) agvilAluianavemediuosinisiadon
Hufukaziu (polymeric chain slippage) wenanil Jade
windeudu 1 fanunsodamanoussnledaalawesldmuiu
W Audeu AT wazusas 2
Fednvazvedidaalawesundnnanansindy
3w Fadusduanevivianil faaaudAnuasuuUadls
deldsulademamenmuazmanil? 9nnsinendsil
mandsnsshieuilgdmalameinuhlgdaalawesivilv
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Abstract

Custom-made orthodontic miniscrews were tested for physical property and primary stability with satisfactory

Do

results. The next step of miniscrew development was a clinical trial. The study objective was to analyze and compare
the success rate of the custom-made miniscrews with those of the imported miniscrews. Patients who required
two miniscrews in each quadrant of an upper arch were recruited into a single-blinded, split-mouth, randomized,
controlled trial. Imported miniscrews were inserted in one side as a control group while custom-made miniscrews
were inserted on the other side as an experiment group. The success rates of each of the two types of miniscrews
were examined. Criteria for the success of miniscrews were an absence of mobility, lose or lost and maintained
for six months. Fisher exact probability test was used to examine the correlation between the success rates and
types of miniscrews. Forty-two patients were included in the study. The success rate of the imported miniscrews
and custom-made miniscrews was 88.1 and 85.7 % respectively. The result was not a significant difference. Factors
potentially affecting the success were investigated. There was no a significant difference in age, sex, sagittal and vertical

skeletal type, and miniscrew applications. In conclusion, custom-made miniscrews have the success rate equal to
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those of imported miniscrews. With lower prices and reduced importation, custom-made miniscrews should be

encouraged to replace the use of imported miniscrews.
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Figure 1 Shape and dimension of imported (A) and custom-made (B) orthodontic miniscrews
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Table 2 Success rate of imported and custom-made orthodontic miniscrews according to patient factor and miniscrew applications

Variables Total Imported miniscrews custom-made miniscrews
Age (years)
<20 9 9 100 8 88.9 ns
>20 33 28 84.8 28 84.8 ns
Sex
Female 38 33 86.8 33 86.8 ns
Male a 4 100 3 75.0 ns
Sagittal skeletal pattern
Class | 24 21 87.5 21 87.5 ns
Class I 11 81.8 8 72.7 ns
Class Il 7 100 7 100.0 ns
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Table 2 Success rate of imported and custom-made orthodontic miniscrews according to patient factor and miniscrew applications
(cont.)
Variables Total Imported miniscrews custom-made miniscrews
Vertical skeletal pattern
Normal 23 21 91.3 21 91.3 ns
Open configuration 15 12 80.0 11 73.3 ns
Closed configuration 4 4 100 4 100 ns
Miniscrew application
Retraction 25 23 92.0 23 92.0 ns
Distalization 17 14 82.4 13 76.5 ns
All 42 37 88.1 36 85.7 ns
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In Vitro the Impact of Surface Components and Environmental Factors on
the Adhesion and Aggregation Ability of Oral Lactobacillus fermentum
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Abstract

Lactobacillus fermentum is considered as a beneficial member of the oral normal microbiota. Bacterial
aggregation and/or adhesion are essential for their persistence and maintaining the balance in a healthy oral ecosystem.
The coaggregation interaction with pathogenic strains is a key factor of the strains to exclude pathogens. The objective
of this study was to investigate the environmental factors affecting the adhesion and autoaggregation of oral L.
fermentum strains and their coaggregation ability with cariogenic pathogen, Streptococcus mutans. The bacterial
cell surface components of these strains were evaluated. The results showed that the adhesion ability of oral L.
fermentum to H357 keratinocyte cells was enhanced by cell surface protein, polysaccharides and S-layer protein,
while aggregation ability was only mediated by a proteinaceous component. The tested factors including acid-base
conditions, calcium ions, sugars and enzymes were analyzed. It was found that the adhesion and autoaggregation of
these L. fermentum strains were not inhibited by any tested factors. Moreover, the acidic condition at pH 4.0 and
calcium treatment significantly promoted adhesion abilities. Most of the tested factors showed no effect on the
coaggregation between L. fermentum and S. mutans, except lactose and lysozyme treatments which decreased
this ability. Overall results showed that oral L. fermentum strains had adaptive traits in various factors which were

representative of various physico-chemical conditions in the oral cavity.
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Introduction

The oral cavity consists of a rich and diverse microbial environmental factors such as temperature, diet, pH level,
population as the commensal microflora. The human oral enzymes and eating habits.' Physiologically interaction
cavity contains approximately 10™ bacteria and more than with these commensal bacteria is usually harmonious
700 bacterial species. The establishment of microbial and beneficial for the host. Equilibrium of the commensal
ecology is directly influenced by the exposure to external microbial community leads to a healthy oral cavity. However,
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if an imbalance occurs, the oral ecosystem may contain an
excess of pathological organisms, and this represents the
first step of oral disease.”’

L. fermentum has been reported to be the most
predominant Lactobacillus species in the oral cavity.*’
The species may play an important role in maintaining an
equilibrium between the commensals and oral pathogens.
It has been shown that some L. fermentum strains provide
benefits to human oral health by inhibiting the biofilm
formation of harmful microflora such as cariogenic mutans
streptococci.”’

Adhesion, internalization by host tissues, and
autoaggregation of bacteria are considered as an important
first step of bacterial colonization to persist and form the
biofilm within the host.*” In addition, internalized into the
host cells is one of the strategies of bacteria to survive by
avoiding recognition by the host’s immune system."
Aggregation between the same strains of microorganisms
(autoaggregation) to form multicellular clumps can act as
a barrier to protect the strains from environmental stress,
while aggregation between the species (coaggregation)
can inhibit the growth of pathogenic strains by direct
coaggregation.*'! Bacterial adhesion and/or aggregation
are complex processes that are influenced by many factors.”
Studies of intestinal L. plantarum have shown that pretreating
these strains with enzymes (pepsin, trypsin and lysozyme)
and chemicals (lithium chloride) results in a significant decrease
in their adhesion ability.”” Our previous study reported a
correlation between the adhesion ability of oral L. fermentum
to human oral epithelial cells and the bacterial cell surface
characteristics.”* However, the environment of the oral
cavity is an open, dynamic system, with diverse conditions
that are influenced by several factors such as nutrient
availability, salivary enzymes and variable conditions of
pH. Little is known about the aggregation and adherence
ability of this species, especially when influenced by the
oral environment.

The objective of this study was to investigate the
effects of these factors on the adhesion of L. fermentum

to the H357 keratinocyte oral squamous carcinoma cell

lines and evaluate their autoaggregation and coaggregation

ability with S. mutans ATCC 25175.

Materials and Methods

Bacterial Strains and Culture Conditions

Twenty strains of L. fermentum obtained from
a previous study” were kept at -80°C in the Department
of Stomatology, Faculty of Dentistry, Prince of Songkla
University, Thailand. Each clinical strain was isolated
from a different child. The details of isolation and
identification of the strains were previously described
in the study of Piwat et al.* The bacteria were initially
cultured for 18-24 hours on de Man Rogosa Sharpe (MRS)
agar (Difco™; USA) under an anaerobic condition (80% N,
10% H2 and 10% COZ) at 37°C for 24 hours, and then transferred
to MRS broth (Himedia®; India) for an additional 18-24 hours
of incubation. The cariogenic pathogen, S. mutans ATCC
25175™, used for the coaggregation assay, was grown
in a blood agar plate (BBL™; USA) for 18-24 hours, and
transferred to a Brain Heart Infusion broth (Bacto™; USA)
in an aerobic condition (5% COZ) at 37°C for an additional
18-24 hours of incubation.
Biochemical Characterization of bacterial cell surface

The contribution of protein of the bacterial cell
surface was examined by treating with proteinase K, while
the contribution of the crystalline surface layer (S-layer)
protein was characterized by lithium chloride. Metaperiodate
solution was used for oxidizing cell surface carbohydrates.

After incubation, the bacterial cells were harvested
by centrifugation at 3000 rpm for five minutes and washed
twice with 5 mL of phosphate buffer saline (PBS) pH 7.0.
To investigate the involvement of surface structures in
the adhesion and aggregation ability, bacterial cells were
subjected to surface treatment: 10 mM metaperiodate
in 0.1 M citrate-phosphate buffer (pH 4.5), 5 M LiCl in
distilled water and proteinase Kin 50 mM Tris-HCl buffer
(pH 7.5) at 37°C for 30 minutes. The bacteria in PBS solution
(pH 7.0) was used as the control group.

Treated bacterial suspensions were mixed by

vortexing (Vortex-Genie 2™) for 10 seconds. The optical
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density was measured at 600 (OD600 nm) using a
spectrophotometer (Ultrospec 2000™) to give viable
counts of approximately 10° CFU/mL (©D_, =0.25+0.05)
for adhesion assay and 10" CFU/mL (0D, =0.5+0.05)for
aggregation assay.
Factors affecting adhesion and aggregation ability of
bacterial cells

The effects of the factors were investigated
according to the method of Lang et al.”” with some
modifications. The bacterial cells were treated for one
hour at 37°C with several factors as follows: 1) PBS buffer
adjusted to pH values 4.0 and 8.0, 2) 10 mM of calcium
ions, 3) sugars (50 mM): glucose, sucrose and lactose
and 4) enzyme solution (1 mg/mL): amylase in 15 mM
PBS (pH 7.0), lysozyme in Tris EDTA sucrose buffer (pH
8.0), trypsin in 50 mM Tris-HCl buffer (pH 8.0), pepsin in
10 mM citrate-phosphate buffer (pH 4.5) and lipase in
50 mM Tris-HCl buffer (pH 8.0). The control in this study
was PBS at pH 7.0. Treated bacterial suspensions were
mixed by vortexing for 10 seconds and then adjusted to
the optical density as suggested in a previous protocol.
Adhesion assay

The adhesion assay was performed using the
method of Kintarak et al.'® with modifications. The H357
keratinocyte cells, the oral squamous carcinoma cell line,
were used in this study.

One milliliter of treated L. fermentum suspension
(10® CFU/mL PBS, OD600 nm = 0.25+0.05) was inoculated
into H357 keratinocyte cells in Dulbecco’s modified Eagle’s
medium (DMEM) on 24-well plates. After incubation at
37°C in anaerobic condition for one hour, the non adherent
bacteria were removed by washing twice with PBS pH 7.0
(1 mL/well). The numbers of bacterial cells adhering to
monolayers plus intracellular bacteria were quantified
as the total adhesion. For internalization assay, 1 mL of
DMEM containing gentamicin solution (100 pg/mL) was
added to the treated L. fermentum and H357 keratinocyte
monolayer cells and incubated for two hours at 37°C
to kill extracellular adhered bacteria.

To determine the amount of adherent bacterial
cells, the H357 keratinocyte monolayers were treated
with 0.05% trypsin 150 pl/well. 0.1% Triton X-100 (850ul/

well) was added to lyse the keratinocyte cells. The ten-
fold serial dilutions of the cell lysates were plated onto
MRS agar and incubated at 37°C in anaerobic conditions
for 48 hours to measure the number of viable bacterial
colonies. The adhesion abilities including total adhesion,
internalization and relative internalization (the internalization
related to bacterial cells adhesion ability) were expressed
as follows:

Total adhesion (%) = (A /A ) x 100

Internalization (%) = (A /A ) x 100

Relative internalization (%) = (A /A ) x 100

where A is the number of bacterial cells (CFU/mL)
at the beginning, A is the number of bacterial cells (CFU/
mL) adhered totally, and A2 is the number of bacterial
cells (CFU/mL) internalized.
Autoaggregation and coaggregation assays
The specific cell-cell interactions were assessed.

For autoaggregation assays, the method of Piwat et al.™
was used. The treated L. fermentum suspension was
adjusted t0 0.5+0.050D_ (approximately 10 CFU/mL).
Cell suspensions (4 mL) were mixed by vortexing for 10
seconds. After incubation at 37°C for 24 hours, one milliliter
of the upper suspension was carefully removed to measure
absorbance at ODéOOnm_ The autoaggregation was reported

as percentages using the following formula:
Autoaggregation (%) = (1- Atime)/Ainitial) x 100

where A, s the optical density of the upper
layer of the suspensions at 24 hours after incubation
and Ainitial is the optical density of the suspensions at
baseline.

The coaggregation assays between L. fermentum
and S. mutans ATCC 25175™ were performed according
to Piwat et al.** Equal volumes (2 mL) of the L. fermentum
and S. mutans suspensions were mixed together and
subjected to vortexing for 10 seconds, and then incubated
at 37°C for 24 hours. The controls were set up using 4 mL
of each bacterial suspension on their own. One milliliter
of the upper layer of each suspension was aspirated to
measure the absorbance at OD600nm. The coaggregation

was reported as a percentage using the following formula:
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Coaggregation (%) = [(A )Y 2] -

L. fermentum S. mutans

(Amix Y [(AI_ A anans)/2] x 100

where A

L fermentum

suspensions at the initial time, A

is the optical density of

L. fermentum

o 1S the optical
density of S. mutans ATCC 25175™ suspensions at the
initial time, Amix is the optical density of the mixed L.
fermentum and S. mutans ATCC 25175™ suspensions
at 24 hours after incubation.
Statistical Analysis

All experiments were independently conducted
twice. The results were described as mean and standard
deviation. Our data were non-parametric (normality test
by the Shapiro-Wilks test). The multiple comparisons for
non-parametric (the Kruskal-Wallis test) was performed
and followed by post hoc tests, the Mann-Whitney U test,
with a correction. The differences were considered significant
when P < 0.05. The software package used for the analyses
was the SPSS statistical program (SPSS Inc.; Chicago, IL)

and differences were considered significant when the p<0.05.

Results and Discussion

Effects of Cell Surface Components on Bacterial Adhesion
and Aggregation

The tested oral L. fermentum strains were able
to adhere and to be internalized by keratinocyte cells at
the level of 68.1 % and 47.7 % respectively. The effects
of cell surface components on adhesion and aggregation
abilities of oral L. fermentum are presented in Table 1.

Adherence to H357 keratinocyte cells decreased significantly

after proteinase K, metaperiodate and lithium chloride
treatment (p=0.008, 0.040 and 0.011, respectively). These
results indicated that the adhesion ability of oral L. fermentum
was affected by the role of cell surface protein, poly-
saccharides and S-layer protein. Various cell surface
components probably relate to multiple mechanisms
which mediate the adherence of this species.'” For in-
ternalization, the cells were only significantly (p=0.037)
affected by metaperiodate, therefore the influence of cell
surface carbohydrates was considered. Nevertheless, the
rate of relative internalization was not affected by any
of the treatments. It was found that the autoaggregation
and coaggregation abilities were mediated mainly by a
proteinaceous component due to a significant reduction
(p=0.006 and 0.002, respectively) of these abilities after
proteinase K treatment. This finding is in agreement with
previous reports, which indicated that the adhesion and
aggregation abilities of several Lactobacillus are involved

by specific cell surface components'**'®

and is species
and/or strain-dependent.” Archer et al.*® reported that
there were more than one cell surface protein involved
in the adhesion process of L. fermentum strains obtained
from infant feces. Baccigalupi et al.”” indicated that at
least two small (less than 3 kDa) cell surface proteins were
involved in the adhesion of food isolated L. fermentum
cells to Caco-2 cells. The results suggested that the cell
surface components are essential for the ageregation and
adhesion abilities of the strains, and the condition which
affects these components may show a reduction in

properties.

Table 1 Effects of cell surface component on bacterial adhesion and aggregation of oral L. fermentum when treated by proteinase K,

lithium chloride and metaperiodate

% Adhesion’ (mean+SD)

% Aggregation (mean+SD)

Treatment

Total adhesion Internalization Relative internalization ~ Autoaggregation Coaggregation®
Control 68.08 + 9.12 47.69 + 13.32 69.17 £ 13.09 60.99 + 24.25 47.24 + 12.23
Proteinase K 61.61 + 7.83** 40.77 + 11.98 65.58 + 15.62 40.24 + 9.86** 35.47 + 7.42%¢
Lithium chloride 60.24 + 13.29% 41.50 + 16.01 67.77 + 15.96 57.55 + 25.53 4524 + 14.74
Metaperiodate 62.06 + 8.95% 39.23 + 14.30% 62.16 + 16.82 53.75 + 21.27 41.28 + 8.57

"Adhesion ability for L. fermentum strains with oral squamous carcinoma cell line, H357 keratinocyte cells

Coaggregation between L. fermentum strains and S. mutans ATCC 25175TM

Asterisks indicate a statistically significant difference of treatments in comparison to the control (* p < 0.05, ** p < 0.01).
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Factors affecting the adhesion ability to H357
keratinocyte cells

Mechanisms of adhesion have been studied with
the H357 keratinocyte cells, oral squamous cell carcinoma.
These cell lines were used as in vitro model for oral mucosa
in this study due to their ability to grow indefinitely in
vitro and retain most of the genetic properties as the
oral squamous cell.”’ The environmental factors, which
oral bacteria have been challenged, such as the acids/
bases conditions, calcium ions, sugars and oral and Gl
tract enzymes, were evaluated (Fig. 1). The present study
indicated that among the tested conditions, only acidic
(pH 4.0) and calcium ions significantly (p = 0.001 and < 0.001,
respectively) increased the adhesion to keratinocyte cells
and also increased the internalization of L. fermentum
by keratinocytes, whereas neither kind of sugar and enzyme,
nor the basic condition significantly affected the adhesion.
However, the rate of relative internalization, the internalization

in relation to the bacterial cells adhesion, was not significantly
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different among the tested conditions. It was implied that
the tested conditions directly affected the ability of bacteria
to adhere to the keratinocytes, but did not have any effect
on the rate of adhered bacteria to be internalized.
Adhesion is indeed the initial step to establish
an intimate contact with host cells and subsequently to
invade the host cells, which is considered as an important
role in colonization.” In the oral cavity, adhesion ability
prevents bacterial elimination by swallowing and provides
a competitive advantage in the ecosystem.”” The oral
environment, which is constantly changing, may affect the
adhering properties of these bacteria. The pH of saliva
is usually in the range of 6.5-7.4” but may vary due to
many factors. Acidity can be increased by the consumption
of acidic beverages. Moreover, production of acids by
plague bacterial glycolysis of dietary sugar or fermentable
carbohydrate can also create an acidic condition, while
an alkaline condition may result from the consumption

of fruit or vegetables.”

4, 4, ¢ . 2 &
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Figure 1 Effects of pH, calcium ions, sugars and enzymes on adhesion abilities of oral L. fermentum to H357 keratinocyte cells.

Asterisks indicate a statistically significant difference of treatments in comparison to the control (*p<0.05).

Similar findings were observed in other studies
where the acidic pH condition increased the adhesion ability
of the strains of L. acidophilus, L. rhamnosus GG'** and L.

gosser/z"’, whereas the levels of adherence were relatively

consistent at basic pH."”” That may explain how L .fermentum

can survive under various acidic environments.'#%

However,
our previous study reported that a basic condition (at

pH 8.0) is able to increase the adhesion ability of the oral

180 J DENT ASSOC THAI' VOL.71 NO.3 July - September 2021



L. gasseri strain.” The specific adhesive protein located on
the surface of bacterial strains may play a role in adhesion
characteristics. The transcriptomic analysis by Bang et al.””
revealed that the adherent ability of the L. rhamnosus
strain under acid stress at pH 4.5 was enhanced through
the induction of pilus-specific adhesion protein located
on the bacterial surface.

Calcium is one of the main components of saliva
electrolytes, which influences the balance between
demineralization and remineralization of the exposed tooth
surfaces. In the oral cavity, its concentration depends on
the saliva flow rate and consumption of food containing
calcium.” In addition, calcium is an essential component of
the host environment that plays an important role in the
adhesion and colonization of bacteria. The involvement
of calcium ions can influence electrostatic interactions,
and provide an ionic bridge between bacterial surfaces and
host epithelial cells.””***" Calcium levels have been shown to
regulate the invasion of bacteria that are entering a host.”

From these results, it can be implied that various
oral and gastrointestinal tract conditions such as pH, ions,
sugars and enzymes could not decrease and, in some way,
increase the adhesion of L. fermentum, especially in the
acidic condition and calcium treatment. These properties
characterize a microorganism’s adaptive capacity to establish
and persist in the environment.” Therefore, it is not surprising
that L. fermentum strains are found predominantly in
the oral cavity.” This knowledge could be used to extrapolate
or enhance the beneficial properties of this bacteria.
Factors affecting the aggregation ability

After 24 hours, the L. fermentum strain cells
aggregation could be seen to be precipitated at the bottom
of the tube at different amounts of sedimentation depending
on the tested factors (Fig. 2). The autoaggregation and
coaggregation abilities of L. fermentum when treated with
pH, calcium ions, sugars and enzymes are shown in Figure 3.
Autoaggregation was not significantly affected by any

treatment, whereas coaggregation between L. fermentum

and S. mutans ATCC 25175™ was significantly reduced from
47.2 % to 34.0 % and 0.03 % after treatment with lactose
(p=0.008) and lysozyme (p<0.001), respectively. It could be
assumed that L. fermentum maintains their autoaggregation
ability in diverse environments which leads to their potential
to form a barrier to prevent the colonization of pathogenic
bacteria to a host tissue.” However, if these bacteria are
under conditions with lactose and lysozyme, the coaggregation
property with S. mutans may be reduced. The study of
Park et al.** showed similar results in that lactose treatment
was able to inhibit coaggregation between L. rhamnosus
and S. mutans by up to 97 % and suggested that the
inhibition of lactose may be related to the function of
lectin on the surface of Streptococcus leading to inhibit
both of the aggregation and coaggregation abilities of the
oral streptococci. In addition, S. mutans were inhibited by
lysozyme resulting in bacterial lysis*’, which may explain
the near inability of S. mutans to auto- and coaggregate.

For further studies, it would be interesting to
investigate the effects of the factors to these abilities
in microscopic aspects which need SEM or fluorescent
microscopy to show the detail of aggregation in each group.
Moreover, the molecular mechanisms underlying the
physiological characteristics with respect to the adhesiveness
of oral L. fermentum and their corresponding receptors in
the host cells should be further evaluated.

In conclusion, the surface-bound proteins,
polysaccharides and S-layer proteins were involved in
the adhesion of oral L. fermentum strains to the keratinocyte
oral epithelial cells, and only surface proteins component
mediated their aggregation ability. All of the sugars and
enzymes tested showed no effect on the adhesion and
ageregation, except for lactose and lysozyme which decreased
the coaggregation with S. mutans. These resultsimply that oral
L. fermentum strains have adaptive traits to establish in the
oral environment and have the ability to coaggregate with the

cariogenic S. mutans in various physico-chemical conditions.
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Figure 2 Macroscopic co-aggregation assays between L. fermentum and S. mutans ATCC 25175TM in various situations
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Figure 3 Effects of pH, calcium ions, sugars and enzymes on the autoaggregation abilities of L. fermentum, S. mutans ATCC 25175™,

and on the coaggregation between L. fermentum and S. mutans ATCC 25175™. Asterisks indicate a statistically significant

difference of treatments in comparison to the control (*p<0.05).
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Abstract

To investigate treatment preferences and factors influencing treatment decisions of vital permanent teeth
with carious pulp exposure. An electronic questionnaire was randomly sent to dentists in public hospitals in Thailand.
The questionnaire consisted of two parts; 1) four case scenarios with choices of treatment and 2) inquiry of individual
participant data. The relationship of the treatment preferences and participants’ background characteristics variables
were statistically analyzed using the binary multivariable logistic regression analysis. The response rate of this study
was 53.3 % (504 out of 1002 dentists). In teeth with reversible pulpitis, the majority of dentists preferred vital pulp
therapy (75.8 %), especially direct pulp capping (61.2 %). Pulpectomy (>70 %) was the treatment of choice for teeth
with symptomatic irreversible pulpitis. There was no uniform treatment preference of symptomatic immature tooth:
apexification (40.8 %), vital pulp therapy (32.2 %) and reference to a specialist (26.9 %). Dentists with postgraduate
education preferred vital pulp therapy to apexification in symptomatic immature teeth. In teeth with symptomatic
irreversible pulpitis, dentists without experience of root canal treatment on molar teeth preferred to refer cases to
a specialist for further treatment. Treatment decisions have been influenced by clinical signs and symptoms and
stage of root development. Various factors from participants including age, gender, clinical experiences and postgraduate
education affected decision making. Clinical practice guidelines of vital immature tooth with carious pulp exposure

is needed to assist dentists in making decisions about appropriate treatment.

Keywords: Carious pulp exposure, Questionnaire survey, Vital pulp therapy

Received Date: Sep 30, 2020 Revised Date: Oct 26, 2020 Accepted Date: Jan 26, 2021
Doi: 10.14456/jdat.2021.20

Correspondence to:
Pairoj Linsuwanont, Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, 34 Henri Dunant Road, Patumwan,
Bangkok 10330, Thailand. Tel: 02-218-8795 Email: linspairoj@gmail.com

Ethical approval: This study was approved by the Research Ethics Committee of the Faculty of Dentistry, Chulalongkorn University

(HREC-DCU 2018-078). All authors have contributed significantly in the methodology design, conduction of experiments, data analysis and

preparation of the manuscript.

184 J DENT ASSOC THAI VOL.71 NO.3 July - September 2021



Introduction

Management of vital permanent teeth with carious
pulp exposure is controversial. Traditionally, pulpectomy
has been considered as a reliable treatment providing high
successful outcomes.' However, the complete removal
of vital pulp tissue causes the loss of the proprioception
function resulting in the higher incidence of tooth and/or
root fracture of endodontically treated teeth in comparison
to vital teeth.” Alternatively, vital pulp therapy, namely
direct pulp capping, partial pulpotomy, or full pulpotomy
has been shown to provide successful outcomes in vital
permanent teeth with carious pulp exposure.’

The concept of vital pulp therapy involves the
removal of the inflamed pulp and applying the biocompatible
material on the remaining pulp to promote pulpal healing.
Case selection is a critical factor influencing treatment
outcomes of vital pulp therapy. Clinical signs and symptoms
have been suggested as one of the indicative parameters
to evaluate the reversible or irreversible status of the pulp.’
The correlation between clinical diagnosis and histologic
findings in teeth with carious pulp exposure was illustrated
by Ricucci and co-workers.” Spontaneous pain and prolonged
pain to thermal stimulus indicate irreversible pulpitis, and
brief sensitivity to thermal stimulus indicates reversible
pulpitis. Currently, the European Society of Endodontology
statement of the management of deep caries and exposed
pulp illustrated that vital pulp therapy is recommended
in carious-pulp-exposed teeth with either no symptoms or
symptoms of reversible pulpitis. It is not considered as a
treatment of choice for teeth with irreversible pulpitis.®
However, clinical signs and symptoms of irreversible pulpitis
should not be considered as the contraindication of vital
pulp therapy as the demonstration of highly successful
outcomes by several studies.”

A questionnaire survey is an effective tool to collect
information from a large group of a targeted population.
Especially, where controversy exists, the collected information
reveals the extent of the differences and the preferences

of the participants. Several survey studies showed variations

of treatment decisions of vital permanent teeth with carious
pulp exposure.'®** Treatment preferences were different
among studies regarding management of teeth with
symptoms of reversible pulpitis.'”** Moreover, to the best
of our knowledge, there has been no survey study done
investigating the treatment preferences of symptomatic
immature teeth with carious pulp exposure.

This study aimed to investigate treatment
preferences of vital permanent teeth with carious pulp
exposure among dentists in public hospitals of Thailand.
The effects of clinical signs and symptoms, the stage
of root development and the presence of periapical
radiolucency on treatment decisions were examined. In
addition, the relationship of treatment preferences and
participants’ background characteristics were analyzed

to reveal factors influencing treatment decisions.

Materials and methods

This study used a web-based questionnaire to
investigate treatment preferences of dentists in the public
hospitals of Thailand for vital permanent teeth with carious
pulp exposure. The questionnaire was developed and tested
for its content validity on general dentists, endodontists
(dentists with endodontic clinical training) and lecturers
from the Department of Community Dentistry, Chulalongkom
University. The Research Ethics Committee of the Faculty
of Dentistry, Chulalongkomn University granted the approval
on this questionnaire survey (HREC-DCU 2018-078).

In order to obtain the overview perception of
dentists in public hospitals in all four regions of Thailand,
four provinces from each region of Thailand were randomly
selected. A total of sixteen provinces were randomly chosen.
Due to the privacy policy, the list of the dental practitioners’
email addresses could not be obtained. The head of the
public health officers of each selected province were
contacted by phone, and were asked to distribute the
web-based questionnaire via email to the targeted dentists.

Two weeks later, in order to remind non-respondents,
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the web-based questionnaires were resent to all targeted
dentists with the message “Please complete the questionnaire
only if you did not respond to the first survey”. A total of
1002 dentists in 16 provinces were included in this study.

On the cover page of the questionnaire, the
purposes and expected benefits of the study were clearly
stated as well as, detailed instructions on how to complete
the questionnaire, the assurance to protect participants’

anonymity and the contact details of the researcher (for

(a) Case 1: Reversible pulpitis

(c) Case 3: Irreversible pulpitis with immature root

further inquiry). An electronic questionnaire was constructed
in Google Form and consisted of two parts; 1) four case
scenarios of vital permanent teeth with carious pulp exposure
with choices of treatment 2) inquiry of individual participant
data. Four case scenarios were designed to investigate
the effect of three factors, namely; 1) Clinical symptoms
(reversible pulpitis and irreversible pulpitis), 2) Stage of
root development (immature root) and 3) Presence of

periapical radiolucency, on the treatment decisions. (Fig. 1)

(b) Case 2: Irreversible pulpitis

(d) Case 4: Irreversible pulpitis with periapical lesion

Figure 1 Case drawings of simulated radiographs for four case scenarios

Four different simulated clinical cases of lower
right first molar with carious pulp exposure including
the details of dental history, patients’ chief complaints,
clinical signs and symptoms and radiographic findings
were illustrated. The diagnosis of each case is listed:
Case 1. Reversible pulpitis with normal periapical, Case 2.
Symptomatic irreversible pulpitis with normal periapical,
Case 3. Symptomatic irreversible pulpitis with normal
periapical, Case 4. Symptomatic irreversible pulpitis with
symptomatic apical periodontitis. Treatment procedures
namely; direct pulp capping, partial pulpotomy, full
pulpotomy, pulpectomy (or apexification in immature tooth),
and reference to specialists were listed. The participants
were asked to choose one treatment procedure for each

case. In the second part of the questionnaire, participants

were asked for the following information: gender, age,
experiences in dental practice, postgraduate education
and experience in root canal treatment of molar teeth.
Statistical methods

Collected data from Google Form were statistically
analyzed using the SPSS program version 23 (IBM SPSS
Statistics 23, IBM knowledge center). Descriptive statistics
was performed to analyze the participants’ background
characteristics and the frequency of treatment decisions
of each case. Treatment procedures of each case were
categorized into three groups namely vital pulp therapy
group (inclusive of direct pulp capping, partial pulpotomy
and full pulpotomy), pulpectomy (or apexification in immature
tooth) group and refer to specialists group for statistics

analysis. The relationship of the treatment preference
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and participants’ background characteristics variables
were statistically analyzed. The Chi-square test was used
to find out which participants variables influenced treatment
preferences. Only the variables which showed the statistically
significant value (from Chi-square test) were chosen as
independent variables for the binary multivariable logistic
regression analysis. A significant level at p<0.05 and a 95%

confidence interval were set in this study.

Table 1 Descriptive data of participants

A total of 534 of 1002 dentists completed the
questionnaires, which provided the response rate of 53.3 %.
Of these, 171 dentists responded to the first round of
the survey (first response rate = 17.1 %), and 363 dentists
responded at the second round (second response rate =
36.2 %). The summary of the background characteristics

of the participants is presented in Table 1.

Participants factors No. of participants %
Gender

Male 174 32.6 %

Female 360 67.4 %
Age

< 40-year-old 466 87.3 %

> 40-year-old 68 12.7 %
Year in practice

1-10 yrs 383 71.7 %

>11 yrs 151 28.3 %
Education qualification

Bachelor 356 66.7 %

Postgraduate education 178 333 %
Experience in root canal therapy of molar teeth

Yes 332 62.2 %

No 202 37.8 %

The majority of the respondents were female
(67.4 %), dentists with the age of less than 40 years-old
(87.3 %) and dentists with more than 10 years of experience

(71.7 %). Most of the respondents were general practitioners

Table 2 Treatment preferences of four simulated clinical cases

without postgraduate education (66.7 %) and had experience
of root canal treatment in molar teeth (62.2 %).
The summary of treatment preferences of each

case is presented in Table 2.

Vital pulp therapy

Pulpectomy or

. O Refer to
Direct pulp Partial Full Sum of Vital 'ApeX|ﬁcat|on n specialists
capping pulpotomy  pulpotomy  pulp therapy immature teeth
Case 1: 327 67 11 405 86 43
Reversible Pulpitis (61.2%) (12.5%) (2.1%) (75.8%) (16.2%) (8.0%)
Case 2: 9 32 26 67 375 92
Irreversible pulpitis (1.7%) (6.0%) (4.9%) (12.6%) (70.2%) (17.3%)
Case 3: 10 96 66 172 218 144
Irreversible pulpitis in (1.9%) (18.0%) (12.4%) (32.2%) (40.8%) (26.9%)
immature tooth
Case 4: 0 1 3 4 434 96
Irreversible pulpitis (0%) (0.2%) (0.6%) (0.8%) (81.2%) (18.0%)

with PA lesion
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For case 1 (teeth with clinical signs and symptoms
of reversible pulpitis), vital pulp therapy was the treatment
of choice (75.8 %), and direct pulp capping was the most
selected treatment procedure (61.2 %). In mature teeth
with clinical signs and symptoms of symptomatic irreversible
pulpitis with or without periapical radiolucency (case 2
and 4), participants preferred pulpectomy (>70 %) to vital
pulp therapy (18 %). There was no uniform treatment
preference of an immature tooth with clinical signs and
symptoms of symptomatic irreversible pulpitis (case 3).
Treatment preferences could be divided into apexification
(40.8 %), vital pulp therapy (32.2 %) and reference to a
specialist (26.9 %).

For statistical analysis, treatment decisions were
categorized into three groups namely, vital therapy group,
pulpectomy (or apexification in immature teeth) group
and refer to specialists group. The binary logistic regression

analysis of the relationship between the participant factors

and treatment decisions are shown in Table 3A, B. In case
of reversible pulpitis (case 1), young female dentists (age
of less than 40-year-old), dentists with less than 10-year-
clinical-experience and dentists without experience in
root canal treatment in molar teeth preferred vital pulp
therapy to pulpectomy. Interestingly, though pulpectomy
was the most preferred treatment in case of symptomatic
ireversible pulpitis (case 2), dentists with less than
10-year-clinical-experience preferred vital pulp therapy
to pulpectomy. In teeth with immature roots with clinical
signs and symptoms of symptomatic irreversible pulpitis
(case 3), participants with postgraduate education preferred
vital pulp therapy to apexification, and general dentists
preferred to refer cases to specialists for further treatment.
In all four cases, participants with no experience in root
canal treatment in molar teeth preferred to refer cases
to specialists for further treatment rather than performing

pulpectomy/apexification by themselves.

Table 3A Multivariable binary logistic regression analysis of participants’ background characteristics variables on treatment

preferences of case 1

Case 1 VPT vs RCT VPT vs Refer RCT vs Refer
Factors OR (95% cl) p-Value OR (95% cl) p-Value OR (95% cl) p-Value
Gender
Male 1.75 0.034* 1.10 0.763 1.000
(1.04-2.94) (0.56-2.17)
Female 1.00 1.00 1.46 0.368
(0.63-3.38)
Age
<40 yrs 1.00 1.21 0.766 2.75 0.142
(0.34-4.30) (0.71-10.62)
>40yrs 2.16 0.030* 1.00 1.00
(1.07-4.39)
Year in practice
<10yrs 1.00 1.00 2.74 0.044*
(1.02-7.32)
>10yrs 4.07 <0.001* 1.54 0.302 1.00
(2.20-7.53) (0.67-3.50)
Experience in RCT molar
Yes 1.99 0.019* 1.00 1.00
(1.21-3.53)
No 1.00 1.18 0.600 2.85 0.016*
(0.62-2.230) (1.21-6.68)

VPT vital pulp therapy, RCT root canal treatment, Refer refer to specialists

OR od(ds ratio, Cl confidence interval, * p<0.05
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Table 3B Multivariable binary logistic regression analysis of participants’ background characteristics variables on treatment preferences

of case 2, 3
Case 2 RCT vs VPT RCT vs Refer VPT vs Refer
Factors OR (95% cl) p-Value OR (95% cl) p-Value OR (95% cl) p-Value
Year in practice
<10yrs 3.23 0.003* 1.00 1.00
(1.47-7.08)
>10yrs 1.00 1.38 0.228 5.00 0.001*
(0.81-2.36) (1.98-12.6)
Experience in RCT molar
Yes 1.00 0.9969 1.00 <0.001* 1.00 <0.001*
(0.56-1.76)
No 1.00 5.19 4.68
(3.12-8.61) (2.29-9.57)
Case 3 Apexification vs VPT Apexification vs Refer VPT vs Refer
Factors OR (95% Cl) p-Value OR (95% Cl) p-Value OR (95% CU) p-Value
Education
Bachelor 1.00 1.00 1.69 0.031*
(1.05-2.73)
Higher degree 2.36 <0.001* 1.26 0.324 1.00
(1.54-3.63) (0.79-2.04)
Experience in RCT molar
Yes 1.23 0.346 1.00 1.00
(0.79-1.92)
No 1.00 2.08 0.001* 2.57 <0.001*
(1.35-3.20) (1.60-4.11)

VPT vital pulp therapy, RCT root canal treatment, Refer refer to specialists

OR odds ratio, Cl confidence interval, * p<0.05

Table 3C Multivariable binary logistic regression analysis of participants’ background characteristics variables on treatment preferences

of case 4

Case 4 RCT vs VPT RCT vs Refer VPT vs Refer
Factors OR (95% CU) p-Value OR (95% CU) p-Value OR (95% CU) p-Value
Experience in RCT molar

Yes 1.36 0.526 1.00 <0.001* 1.00 0.196

(0.14-13.39)
No 1.00 3.36 4.64
(2.11-5.35) (0.45-47.55)

VPT vital pulp therapy, RCT root canal treatment, Refer refer to specialists

OR odds ratio, Cl confidence interval, * p<0.05
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Discussion

Web-based questionnaire survey has been considered
as an effective and economical tool to collect information
from a large group of targeted participants.”” One of the
uncontrollable factors of the web-based survey is the
response of the participants. In order to increase the response
rate to the present study, the electronic questionnaires
were sent twice. The response rate of this survey was 53.3 %
(534 out of 1002 dentists), which was comparable with
other survey studies (the response rate ranging from 28 %
t0 56 %).'*"** Since data protection guidelines prohibited
the self-identification of respondents, comparison of demo-
graphic data between responders and non-responders
was not possible in this study. The effect of missing data
from a non-responder is unpredictable, and is considered as
a limitation for the interpretation of the results of this study.

The decision-making process consists of three
phases: diagnosis, decision about intervention and the
selection of a treatment.'® All dentists may not make the
same decision when faced with the same clinical situation,
especially where there is uncertainty or disagreement
concerning the most effective approaches for treatment. '
Logically, the accuracy of the diagnosis can be influenced
by the clinical skills and knowledge of the clinicians. An
understanding of the disease, knowledge of the current
concept of treatment, and the clinical skills and the
experiences including the attitude of the practitioners
may all influence the selection of treatment procedures. This

illustrates the complexity of influence factors on treatment

decisions, which is difficult to simulate in a questionnaire.
Moreover, the provided data in the questionnaire is the
one-way message from the researcher to the participants,
which is different from two-way communication between
clinicians and patients in clinical practices. To assure accurate
diagnosis and proper treatment procedure in clinical
practice, dentists can perform additional tests and discuss
treatment options with patients. It is possible that treatment
decisions from the survey questionnaires may not be identical
to the clinical decisions. Therefore, interpretation of the
survey data should be performed with caution. In this study,
the rationale to divide responders into various groups was
to classify responders into skillful, experienced, level of
education and knowledge-updated groups. The selected
range of numbers were based on the authors’ assumption.
Interpretation of the results should be based on this limitation.
Factor of clinical signs and symptoms on treatment
decisions

The management of vital permanent mature
teeth with carious pulp exposure is controversial. According
to the survey studies, when pulp exposure was indicated
in restorable vital permanent teeth, treatment decisions
have been mainly divided into vital pulp therapy and
pulpectomy.'®**" One critical factor influencing treatment
decisions is the presence of clinical symptoms. The summary
of treatment preferences of teeth with carious pulp exposure
with different clinical signs and symptoms are presented

in Table 4.1

Table 4 Summary of treatment preferences of cases with different clinical signs and symptoms from survey studlies

Studies (references) Asymptomatic Reversible Irreversible
Schwendicke et al., 2012" DPC 75%
Frisk et al,, 2013" DPC 66% DPC 3%
Pulpectomy 17% Partial pulpotomy 6%
Stangvaltaite et al., 2013" DPC 51% Pulpectomy 91%

Partial pulpotomy 7%
Pulpectomy 42%
DPC 68-93%
Partial pulpotomy 0.7-10%

Stangvaltaite et al., 2017"

Pulpectomy 7-22%
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Table 4 Summary of treatment preferences of cases with different clinical signs and symptoms from survey studies (cont.)

Studies (references) Asymptomatic

Reversible Irreversible

DPC 61%
Partial pulpotomy 11%

Koopaeei et al.,, 2017"

Pulpectomy 28%
DPC 65%
Pulpectomy 26%

Croft et al,, 2018"

DPC 4%
Partial pulpotomy 17%

Pulpectomy 79%
DPC 42%
Pulpectomy 43%

DPC 3%
Pulpectomy 94%

DPC Direct pulp capping

Koopaeei et al 201712 pulp exposure with symptoms (not mentioned whether reversible or irreversible pulpitis)

In asymptomatic vital permanent teeth with
carious pulp exposure, the survey studies showed that
direct pulp capping was the preferred treatment.'***"’
Controversy exists in carious-exposed pulp teeth with
clinical signs and symptoms of reversible pulpitis. Croft
and coworkers showed indifference of treatment preferences
between direct pulp capping (42 %) and pulpectomy (43 %)."
In contrast, pulpectomy was the most preferred treatment
(91 %) in the study by Stangvaltaite and coworkers.” In the
present study, vital pulp therapy (76 %), especially direct
pulp capping (61 %), was the preferred treatment. In cases
of teeth with clinical signs and symptoms of irreversible
pulpitis regardless of the presence of radiolucency, the
most selected treatment was pulpectomy as shown in
this study and the study by Croft and coworkers.™

Analyzing respondents’ factors on treatment
decisions showed that gender, age, years in practice,
experience in root canal treatment in molar teeth and
postgraduate education influenced the treatment decisions.
Young female dentists (less than 40 years old) preferred
the conservative treatment of vital pulp therapy in teeth
with clinical signs and symptoms of reversible pulpitis. Similar
to Frisk and coworkers, female gender and age group 25-49
years were predictive factors of selection of less invasive
treatment options."" In the present study, in cases of irrever-
sible pulpitis, dentists without experience of root canal
treatment in molar teeth preferred to refer cases to a
specialist for further treatment. Dentists may be concerned
about the difficulty of pulpectomy in molar teeth with
complex root canal anatomy. Interestingly, though

pulpectomy was the most preferred treatment in case of

symptomatic irreversible pulpitis, dentists with less than
ten years of clinical experience preferred vital pulp therapy
to pulpectomy. The possible reasons may be the attitude
of dentists preferring less invasive treatment and /or to
avoid the difficulty of pulpectomy in molar teeth.

Several survey studies showed various factors
influencing treatment decisions in teeth with carious pulp
exposure.'”"* The outcome expectation and easy procedure
were the main reasons for Norwegian dentists to choose
direct pulp capping over pulpectomy in asymptomatic
teeth with pulp exposure.”" In the same study, dentists
who had access to knowledge on current evidence preferred
vital pulp therapy to pulpectomy.”" Interestingly, Koopaeei
and coworkers showed that the majority of endodontists
(71 %) chose treatment options recommended by clinical
research, in comparison with only 45 % of general dentists.
Moreover, patients’ attitude and the need for further
restoration were important factors in the treatment
decision-making process."”
Factor of the stage of root development on treatment
decisions

Literature search showed the lack of survey study
investigating treatment preferences of vital immature
teeth with carious pulp exposure. This study did not survey
the treatment preferences of immature teeth with clinical
signs and symptoms of reversible pulpitis. The authors
assumed that vital pulp therapy may be the treatment
of choice because of the high healing capability of the
immature teeth, which can be considered as a flaw of this
study. The present study showed that treatment preferences

of a symptomatic immature tooth could be divided into

Thumrongjaruwat et al.,, 2021 191



apexification (40.8 %), vital pulp therapy (32.2 %) and
reference to a specialist (26.9 %). The variations of treatment
preferences may be partly from the lack of consensus
clinical guideline on treatment of symptomatic immature
teeth with pulp exposure. Interestingly, participants with
postgraduate education preferred vital pulp therapy to
apexification. The possible reasons could be the better
understanding of pulp biology in response to caries and
access to current clinical research. In this study, general
dentists and dentists without experience in root canal
treatment in molar teeth preferred to refer cases to specialists
for further treatment. The respondents may not be confident
on “which treatment procedure should be selected?” and/
or “How to perform the selected treatment”.
Current evidence of vital pulp therapy in vital permanent
teeth with carious pulp exposure

To date, evidence from clinical studies”™ and a

1820 | lustrate the successful outcome

systematic review
of vital pulp therapy on vital permanent teeth with carious
pulp exposure. Randomized controlled trial studies showed
successful outcome of direct pulp capping® and partial
pulpotomy”** in vital permanent teeth with clinical signs
and symptoms of reversible pulpitis. Recently, the European
Society of Endodontology (ESE) published a statement
on management of deep caries and exposed pulp. Vital
pulp therapy is indicated in vital permanent teeth with
carious pulp exposure which exhibit either no symptom
or clinical signs and symptoms of reversible pulpitis.’
The concept of vital pulp therapy involves the
elimination of pulpal inflammation and applying bio-
compatible material on the remaining pulp to promote
pulpal healing. Routinely, pulpal diagnosis relies on the
clinical signs and symptoms of the affected tooth. In cases
of irreversible pulpitis, the histological examination
showed the variations of the extent of pulp inflammation
from a small localized area underneath caries to large
area of coronal pulp and extending into radicular pulp.”
Logically, in some cases with localized inflammation, if the

localized inflamed pulp is removed, the remaining healthy

pulp is capable of healing. Several studies reported the

successful outcome of pulpotomy in vital permanent teeth
with irreversible pulpitis.”*** The ESE statement suggests
that better long-term prospective randomized data is
required before suggesting pulpotomy as the treatment
of choice. At this stage, pulpotomy can be performed in
teeth with clinical signs and symptoms of irreversible pulpitis
only if 1) an aseptic technique is applicable, and 2) in cases
where there is partial ireversible pulpitis in the coronal pulp.®
A systematic review showed a highly successful
outcome (the weighted pooled success of >90%) of vital
pulp therapy in immature permanent teeth with carious
pulp exposure * The expected benefit of further root
development as called apexogenesis highlights the
advantage of vital pulp therapy over apexification. Case
selection has been considered as a critical factor influencing
treatment outcome. Most studies limited vital pulp therapy
for asymptomatic immature teeth or immature teeth with
reversible pulpitis.”*" Ricucci and coworkers illustrated
that immature teeth with reversible pulpitis showed
histological features almost similar to normal teeth in
the root canal and the apical region. Those with irreversible
pulpitis showed inflammatory reaction in the pulp chamber
and/or minor areas of necrosis and bacterial colonization,
the absence of odontoblasts on the large area of the canal
walls and extremely reduced cellularity of the apical papilla.”®
Traditionally, if the pulp is severely inflamed resulting in
the incapability of pulpal healing, apexification or re-
vascularization is indicated. However, several studies
demonstrated that pulpotomy in immature permanent
teeth with ireversible pulpitis could be successful.”*****
For a better understanding of the treatment outcomes of vital
pulp therapy in symptomatic immature teeth with carious

pulp exposure, more good quality clinical studies is needed.

Conclusion

There is no uniform treatment preference of vital
permanent teeth with carious pulp exposure. Treatment
decisions were influenced by clinical signs and symptoms,
and the stage of root development. Various factors from

dentists including age, gender, clinical experiences and
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postgraduate education affected their decision making.
Clinical practice guidelines of vital immature teeth with
carious pulp exposure is needed to assist dentist decisions

about appropriate treatment.
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Digital Panoramic Radiographic Indices Correlated with BMD Status
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Abstract

This study aimed to investigate the correlation between panoramic radiographic indices and osteoporosis, and
determine whether digital panoramic radiographs could be used as a screening tool for the diagnosis of osteoporosis
in Thai postmenopausal women. This was a cross-sectional study of sixty Thai postmenopausal women with and without
osteoporosis. The participants were divided into three groups based on a diagnosis of their bone mineral density (BMD)
by dual-energy X-ray absorptiometry (DXA): normal, osteopenia, and osteoporosis equally in each group. Panoramic
radiographic indices measured are mental index (MI) and mandibular cortical index (MCl). The Pearson’s correlation
test was performed to analyze the correlation among MI, MCl, and BMD t-score. To determine the ability of the
indices, to classify disease and investigate the cut-off value of Ml for diagnosis of osteoporosis, the receiver operating
characteristic analysis was performed. The P value was set at 0.05. From this study, it was found that MCl were significant
differences between the three groups (p<0.001). There were correlations between panoramic radiographic indices
and BMD in the regions of the hip bone and the lumbar spine. Ml was positively correlated with BMDs: lumbar
spine: r=0.566, femoral neck: r= 0.554, and total hip: r= 0.524 (p<0.001). MCl was negatively correlated with BMDs:
lumbar spine: r=-0.514, femoral neck: r="-0.507, total hip: r=-0.513 (p<0.001). The cut-off value of Ml for the reduced
skeletal BMD groups (both osteopenia and osteoporosis groups) was 3.9 mm and for the diagnosis of osteoporosis
was 3.8 mm. The results of this study suggest that MI and MCl can be used as a screening tool for the diagnosis of

osteoporosis in Thai postmenopausal women.
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Introduction

Osteoporosis is a disease characterized by low
bone mass and structural deterioration of bone tissue
which leads to bone fragility and increases the risk of
fractures in the hip, spine, and wrist. Men, as well as women,
are affected by osteoporosis that are preventable and
treatable. Osteoporosis is considered as a silent disease
because bone loss occurs without symptoms or signs. When
bones are weak, a sudden strain, bump, or fall can cause a
hip to fracture or a vertebra to collapse. Collapsed vertebrae
may initially be felt or seen in the form of loss of height.!

Osteoporosis causes more than 8.9 million fractures
annually. In 2000, there were an estimated 9 million new
osteoporotic fractures, of which 1.6 million were at the hip,
and 1.4 million were clinical vertebral fractures. Following
the hip fractures, up to 20 % of patients died in the first
year, mostly due to pre-existing medical conditions. Less
than half of those who survived a hip fracture regained
their previous level of function.”

Osteoporosis is also considered as a public
health problem in Thailand. Surveys (2008, 2011) on the
prevalence of osteoporosis in Thai females at Thai govern-
mental hospitals and in communities in every region in
the country indicated that an estimated 20 % of females
aged more than 40 years old would have lumbar spine
osteoporosis and 12 % would have femoral neck os-
teoporosis. Hip fracture was a common osteoporotic
fracture with the most clinical complications. During the
first year after hip fracture, the average death rate was 21.1 %,
9.3 times higher than that of the general population.
Increased hip fracture incidence in Thailand in 2025 and
2550 are expected to equal 34,246 and 56,443 cases,
respectively.’

Bone mineral density (BMD) is considered to be
the standard measure for the diagnosis of osteoporosis
and the assessment of fracture risk. The majority of fragility
fractures occur in patients with BMD in the osteopenic
range. The measurement of BMD is performed by dual

x-ray absorptiometry (DXA). It is expressed in absolute

terms as grams of mineral per square centimeter scanned
(g/cm?). A patient’s BMD can also be related to a reference
value for young normal adults of the same sex by using
the T-score. The T-score is the number of standard deviations
that the BMD value of a patient is above or below the
reference value for a healthy thirty-year-old adult. If the
T-score for BMD assessed by DXA at the femoral neck or
spine is defined as a value for BMD 2.5 SD or more below,
the diagnosis is osteoporosis. This definition became widely
used, and osteoporosis was subsequently defined by the
standard deviation rather than by an absolute value of BMD."
The fixed risk factors of osteoporosis are age 50
and older, female, previous fracture or family history of
fracture, menopause, long term glucocorticoid, rheumatoid
arthritis and ethnicity. A previous study of ethnicity and
osteoporosis reported that osteoporosis is more common
in Caucasian and Asian populations.” Hence, according to
international guidelines, all women over 65 years old
should perform bone densitometry, as should younger
postmenopausal women with associated risk factors.®
Although a bone densitometry evaluation is
important, it is not included in annual physical check-
up programs. But the dentist is often the most regularly
visited doctor for the elderly population who are also
under the risk of osteoporosis and associated fractures.
Dental radiographs are the most frequently used imaging
modalities for these patients. Accordingly, there were
several studies that investigated the correlation of digital
panoramic radiograph and BMD score to identify patients
with osteoporosis. However, the methods of these studies
did not allow for a definitive conclusion on using panoramic
radiographic indices to determine BMD status. Some studies
investigated only in the osteoporosis sroup7-8 or osteopenia
and osteoporosis’ that did not compare the indices to
the normal group. There was one study that classified
patients as low skeletal BMD if they were osteopenia or
osteoporosis and all other patients were classified as

normal.'” Nevertheless, there were studies that compared
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the panoramic radiographic indices in osteoporosis, osteo-
penia and normal but did not clarify if their participants
were already treated for osteoporosis or not.'*Moreover,

until now, previous studies using panoramic radiographic

7-10 11-15

indices were performed in Caucasian” " and other Asian
populations such as Korean, Japanese, Indian but there
have not been a study with a Thai population.

Several panoramic radiographic indices were used
in many studies. According to the study" that evaluated
correlations between seven panoramic radiomorphometric
indices and BMD in postmenopausal women, it was
concluded that the most accurate indices were the mental
index (M), mandibular cortical index (MCl), and visual
estimation of cortical width. Nevertheless, there was a
study reported that the mean sensitivity in identifying
women with skeletal low BMD by simple visual estimation
of the mandibular cortex was low." Overall low mean
sensitivity indicated that about half of the women in the
study with low skeletal BMD were not identified by the
simple visual estimation. Ml was a quantitative index,
whereas MCl was a qualitative index. These indices were
the most practical and reproducible for screening."” Thus,
this study aimed to investigate the correlation between
the digital panoramic radiographic indices Ml and MCl and
BMD score in Thai postmenopausal women and find out
whether digital panoramic radiograph may be used as a

screening tool for osteoporosis as well.

Materials and Methods

The present cross-sectional study evaluated
the correlation of Ml and MCI of 60 digital panoramic
radiographs from Thai postmenopausal women and BMD
scores at lumbar spine, femoral neck and total hip. Sample
size estimation was perform by G*power version 3.1.9.2.
The effect size (f) of 0.42 was calculated from previous
study16 with significance level (QL) of 0.05 and power
(1—[3) of 0.8. This study was approved by the human
research ethics committee of the Faculty of Dentistry,
Chulalongkorn University, HREC-DCU 2019-055 and Police
General Hospital IRB, Bangkok, Thailand. All participants

signed an informed consent agreement.

The participants were postmenopausal women
who came to Police General Hospital for first-time bone
densitometry tests. Al BMD scans were conducted with
Horizon® DXA System by a certified radiologist using
standardized procedures and following protocols
recommended by the manufacturer. The T-score was
calculated and the diagnosis was based on WHO criteria.
Osteoporosis was defined as a BMD T score of 2.5 or less,
low bone mass (osteopenia) as a BMD T-score between -1
and -2.5 and normal as a BMD T-score above -1."" All
panoramic radiographs were taken at Faculty of Dentistry,
Chulalongkorn University using Carestream Kodak 9000C.
Eligibility Criteria

The inclusion criteria were: being a healthy
female who had not had a period for one year (post-
menopausal) with a panoramic radiograph that had
adequate quality for locating the mental foramen, and
the radiographic images had no bony pathology lesion at
the mandible, hip or spine.

The exclusion criteria included: a previous un-
controlled or severe systemic condition such as cardiovascular
disease, endocrine disorders, neoplastic disease, renal failure,
rheumatoid arthritis, parathyroid, multiple myeloma or
other metabolic bone diseases, or a history of radiation
therapy or surgery/trauma in the head and neck region.
Patients who had lesions, prostheses and/or fractures at
the hip and spine area were excluded as well. Patients
who smoked, consumed alcohol and/or currently were
using medications such as steroids, chemotherapy, thyroid
hormones and bisphosphonate or any antiresorptive
and anti-anabolic drugs also were excluded.

Data Collection

Participants were divided into three groups based
on diagnosis of osteoporosis: normal (n=20), osteopenia
(n=20) and osteoporosis (n=20). Age, height, weight, BMI,
and BMD scores were recorded.

In this study, two panoramic radiographic indices,
Ml and MCI, were measured by the main researcher under
the close supervision of an experienced radiologist, using
Infinitt® software. Ml was assessed by measuring the lower

border mandibular cortical width in the mental foramen
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region. A line parallel to the long axis of the mandible and border of the mental foramen was constructed, along
tangential to the inferior border of the mandible was drawn. which mandibular cortical width was measured® (Fig. 1).

Aline perpendicular to this tangent intersecting the inferior

4

@90.00(270.00)

Figure 1 A panoramic radiograph showing Ml measurement. A line parallel to the long axis of the mandible and tangential to the
inferior border of the mandlible was drawn. A line perpendicular to this tangent intersecting the inferior border of the mental

foramen was constructed, along which mandibular cortical width was measured

MCl was measured by detecting the inferior C1 = the endosteal margin is even and sharp, C2 = the
cortex on both sides of the mandible at a distal edge of endosteal margin presents lacunar resorption or cortical
the mental foramen. Participants were classified into three residues, C3 = the cortical layer is clearly porous, with heavy
groups according to the following classification of Klemetti': endosteal cortical residues (Fig. 2).

Figure 2 Example of radiographic appearance of mandibular cortical morphology classified by mandibular cortical index (MC). Figure A
is the example of radiographic appearance of mandibular classified as C1. Figure B is a magnification of an example of
radiographic appearance of mandibular classified as C1. Figure C is the illustration of mandibular morphology classified as
C1. Figure D is the example of radiographic appearance of mandibular classified as C2. Figure E is the magnification of an
example of radiographic appearance of mandibular classified as C2. Figure Fis the illustration of mandibular morphology
classified as C2. Figure G is the example of radiographic appearance of mandibular classified as C3. Figure H is the magnification
of an example of radiographic appearance of mandibular classified as C3. Figure [ is the illustration of mandibular morphology
classified as C3
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The Ml which were the average value of the right
and left sides of the mandible were used for statistical
analysis in this study. For MCl, this study evaluated this index
both the right and left sides of the mandible separately.

Statistical Analysis

The collected data were analyzed for the mean
(+SD) and percentage. Each MI measurement was repeated
twice on the right and the left sides, respectively, and the
average value was calculated. MCl measurement calculated
the right and the left sides separately. Intraclass correlation
coefficient (ICC) was used to quantify intraobserver
agreements and for measuring the reliability of measurement
for data that had been collected as groups or sorted into
groups. The intraclass correlation was also done to investigate
that the measurements can be replicated. The relationship
between panoramic radiographic indices and BMD was
calculated by Pearson’s correlation analysis. One-way
ANOVA test was used to determine statistically significant
difference between Ml and the osteoporosis group and
the osteopenia and the normal group. Kruskal-Wallis test

was used to determine statistically significant difference

between MCland the osteoporosis group and the osteopenia
and the normal group. The receiver operating characteristic
(ROC) analysis was used to evaluate the ability of Ml and
MCI to diagnose osteoporosis or osteopenia. The optimal
MI cut-off values for diagnosing osteoporosis and osteopenia
were determined by using Youden’s index. All statistical
analysis was conducted with SPSS statistical software
(version 21 software SPSS Inc., Chicago, IL.). A statistical

significance level of 5% was considered.

The intra-observer ICC was determined. It was
found that the intraclass correlation coefficient values
for intraobserver agreement in this study were 0.988
and at 95% Cl was 0.980-0.993.

The mean age of the participants in this study
was 58.62+10.03 (range 49-87). When divided by the
diagnosis group, the mean age of the normal group
was 56.95+5.89 (range 49-73), the osteopenia group was
64.9+9.06 (range 51-82), and the osteoporosis group was
69.75+10.4 (range 51-87) (Table1).

Table 1 Basic characteristics and parameters of participants (a,b,c Different letters show significant differences, p<0.05)

Normal (N= 20)

Osteopenia (N=20) Osteoporosis (N=20)

Mean £ SD Mean £ SD Mean £ SD
Age (years old) 56.95+5.89° 64.9+9.06" 69.75+10.4°
Weight (kg) 69.87+ 11.94° 56.27+8.21° 49.74+7.06°
Height (cm) 160.72+6.08" 153.64+5.37° 154.75+4.91°
BMI 27.09+4.63° 23.83+3.11° 20.76+2.76°
BMD t-score
Lumbar Spine 0.83+1.47° -1.32+0.92° -2.54+0.79°
Femoral Neck -0.04+0.98° -1.58+0.49" -2.61+0.90°
Total Hip 0.54+1.05° -1.18+0.52° -1.94+0.83°
MI (Average) 4.53+0.6° 4.00+0.57° 3.08+0.47°

There were significant differences of ages between
normal and osteopenia (p=0.014), normal and osteoporosis
(p<0.001), but no significant difference between osteopenia
and osteoporosis group.

The mean height of the normal group was 160.72 cm,

the osteopenia group was 153.64 cm, and the osteoporosis

group was 154.75 cm (Tablel). There were significant
differences in height between normal and osteopenia
(p<0.001), normal and osteoporosis (p=0.003), but there
was no significant difference between osteopenia and
osteoporosis group which was the same as the results of

age and weight.
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The osteoporosis group had the lowest mean
weight which was 49.74 kg (Table1). There were significant
differences of weight between normal and osteopenia
(p<0.001), normal and osteoporosis (p<0.001), but no significant
difference between osteopenia and osteoporosis group.

The osteoporosis group had the lowest mean BMI
which was 20.76 (Table 1). There were significant differences
of BMI between 3 groups, normal and osteopenia (p=0.016),
normal and osteoporosis (p<0.001), and osteopenia and
osteoporosis (p=0.024).

The mean BMD t-score at the lumbar spine,
femoral neck, and total hip of the normal, osteopenia and
osteoporosis groups were evaluated. It was found that the
mean BMD t-score was 0.83,-1.32, and -2.54, respectively,
the mean femoral neck BMD t-score osteoporosis was
-0.04, -1.58, and -2.61 respectively, and the mean total
hip BMD t-score was 0.54, -1.18, and -1.94, respectively
(Table 1). There were significant differences of lumbar
spine BMD t-score between the three groups, normal and
osteopenia (p<0.001), normal and osteoporosis (p<0.001),
and osteopenia and osteoporosis (p=0.002). There were
significant differences of femoral neck BMD t-score between

the three groups, normal and osteopenia (p<0.001), normal

Table 2 Mandibular cortical index (MCI) distribution of participants

and osteoporosis (0<0.001), and osteopenia and osteoporosis
(p=0.001). There were significant differences in total hip BMD
t-score between the three groups, normal and osteopenia
(p<0.001), normal and osteoporosis (p<0.001), and osteopenia
and osteoporosis (p=0.015). The mean BMD t-score at femoral
neck was the lowest among lumbar spine and total hip
in the osteopenia and osteoporosis group.

The panoramic radiographic indices in this study
were Ml and MCl. The mean Ml which was the average
value of the right and left sides had no significant difference.
The average MI of the mandible in normal, osteopenia,
osteoporosis groups were 4.53, 4.00, and 3.08 respectively
(Table 1). The MCl classified the morphology of the cortical
border of the mandible into three groups: C1, C2, and
C3. The results of MCl in this study were similar on both
the right and left sides of the mandible. In the normal
group, C1 was the most found index (90 %) and followed
by C2 (10 %). C3 was absent in the normal group. In
osteopenia, the most found index was C2 (60 %) and
followed by C1 (30 %). In the osteoporosis group, C2
(55 %) was also the most found index and followed by
C3 (40 %) as shown in Table 2.

Normal Osteopenia Osteoporosis
(N=20) (N=20) (N=20)
N (%) N (%) N (%)
MCI
Cc1 18 (90%) 6 (30%) 1 (5%)
c2 2 (10%) 12 (60%) 11 (55%)
c3 0 (0%) 2 (10%) 8 (40%)

The Mland MCl were significantly different between
the normal, osteopenia, and osteoporosis groups (p<0.001).
The analysis of Pearson’s correlation between radiographic
indicators of mandible and BMD t-score are both correlated.

MI was positively correlated with BMDs: lumbar spine:

r=0.566, femoral neck: r=0.554, and total hip: r=0.524
(p<0.001), respectively. MCl was negatively correlated with
BMDs: lumbar spine: r=-0.514, femoral neck: r=-0.507, total
hip: r=-0.513 (p<0.001), respectively as shown in Table3.
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Table 3 Correlation between radiographic indicators of mandible condition and BMD

Correlation coefficient; BMD t-score at BMD t-score at BMD t-score at
r (p-value) lumbar spine femoral neck total hip

M 0.566 (<0.001) 0.554 (<0.001) 0.524 (<0.001)
MCI -0.514 (<0.001) -0.507 (<0.001) -0.513 (<0.001)

The area under the ROC curve were used for were 0.845 and 0.875 (Fig. 3, 4) and the ability of Ml and
evaluating the ability of Ml and MCl to classify the reduced MCI to classify the osteoporosis group were 0.934 and
BMD group (both osteopenia and osteoporosis) which 0.831, respectively (Fig. 5, 6).

ROC Curve

. —

0g

Sensitivity

0.2

oo T T T
00 02 0.4 06 08 1.0

1 - Specificity

Figure 3 The receiver operating characteristic (ROC) curve to determine the ability of mental index (M) to evaluate reduced BMD

group (Osteopenia and osteoporosis). Area under the ROC curve = 0.845
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Figure 4 The receiver operating characteristic (ROC) curve to determine the ability of mandibular cortical index (MCl) to evaluate

reduced BMD group (Osteopenia and osteoporosis). Area under the ROC curve = 0.875
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Figure 5 The receiver operating characteristic (ROC) curve to determine the ability of mental index (M) to evaluate osteoporosis.
Area under the ROC curve = 0.934
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Figure 6 The receiver operating characteristic (ROC) curve to determine the ability of mandibular cortical index (MCI) to evaluate
osteoporosis. Area under the ROC curve = 0.831. The optimal cut-off value of Ml for the reduced BMD group was 3.9 mm

at sensitivity = 72.5% and specificity = 90%, and for the diagnosis of osteoporosis group was 3.8 mm at sensitivity 100%
and specificity = 75% (Table 4)

Table 4 Diagnosis performance of mental index (M) in predicting reduced BMD and osteoporosis

Mental index Youden’s Diagnostic
Sensitivity 1-Specificity Specificity
(MI) index accuracy
Reduced BMD 3.9175 0.725 0.1 0.9 0.625 88.3 %
Osteoporosis 3.8075 1 0.25 0.75 0.75 77.5 %

Chongruangsri et al,, 2021 201



For M, the sensitivity of the index was 82.5 %
and specificity was 90 % for the diagnosis of the reduced

BMD group. The sensitivity and specificity of MCl for the

diagnosis of osteoporosis group were 95 % and 60 %

respectively (Table 5).

Table 5 Diagnosis performance of mandibular cortical index (MCl) in predicting reduced BMD and osteoporosis

Sensitivity 1-Specificity Specificity Youden's index  Diagnostic accuracy
Reduced BMD 0.825 0.1 0.9 0.725 89.3 %
Osteoporosis 0.95 0.4 0.6 0.55 63.5 %

Discussion

The aim of the present study was to investigate
whether the panoramic radiograph can be a screening tool
for the diagnosis of osteoporosis in Thai postmenopausal
women or not. It was found that based on the results
of this study, there were significant differences of ages
between normal and osteopenia (p=0.014) and normal
and osteoporosis (p<0.001). Because with increasing age,
there is also a significant reduction in bone formation.
Studies have shown that when a woman’s estrogen levels
drop after menopause, bone loss speeds up.” Thus, the
reason that there was no significant differences the between
osteopenia and osteoporosis group maybe because the
timing of the onset and the duration of the menopausal
transition and the timing of the final menstrual period
were not the same in every women which was why the
ages of women with osteopenia and osteoporosis were
not different.”’

The body mass index (BMI) is a measure that
uses height and weight to work out if the weight is healthy.
The BMI calculation divides an adult’s weight in kilograms
by their height in meters squared. For BMI and obesity, the
World Health Organization defines obesity as a body mass
index (BMI) =30, overweight as a BMI=25 to 29.9, and
underweight as a BMI<18.5. A previous study reported
that low BMI increases fracture risk, possibly because low
BMI is associated with low BMD, less soft tissue, and
muscle weakness.” In the same way as the results from
this study, there were significant differences of BMI between

the three groups, normal and osteopenia (p=0.016), normal

and osteoporosis (p<0.001), and osteopenia and osteoporosis
(p=0.024). However, the average BMI of the participants in
this study was not considered as underweight. This data
showed that not only postmenopausal women who were
in the underweight group had a risk for osteoporosis but
postmenopausal women who were in the normal weight
group could be at risk as well, therefore BMI is not a
good indicator.

The results of the present study demonstrated
that panoramic indices (Ml and MCI) were correlated
with BMD t-score which are in accordance with previous

studies?®*®

that MI was positively correlated with BMD
t-score and MCl was negatively correlated with BMD t-score.
MI was positively correlated with BMDs: lumbar spine:
r=0.566, femoral neck: r= 0.554, and total hip: r= 0.524
(p<0.001), respectively. MCl was negatively correlated with
BMDs: lumbar spine: r=-0.514, femoral neck: r=-0.507, total
hip: r=-0.513 (p<0.001), respectively. Correlation is an
effect size and can describe the strength of the correlation
using the guideline for the absolute value of r. Whenr is
between 0.40-0.59 it would be considered as moderate
correlation. Thus, from this study, the strength of the
correlations between Mland MCl and three BMD t-scores were
moderately positive and moderately negative, respectively.”

The area under the ROC curve was used for
evaluating the ability of Ml and MCI to classify the
reduced BMD group which were 0.845 and 0.875. The
ability of Ml and MCI to classify the osteoporosis group
were 0.934 and 0.831, respectively. All the results from
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this study were higher than other studies which meant the
ability of the indices to classify the disease in this study
were better. A previous study” reported that the area
under the ROC curve in the appearance of MCl observed
on digital panoramic radiographs for the reduced BMD
group was 0.71. Another study'” showed that the area
under the ROC curve for identifying women with reduced
BMD and osteoporosis were 0.751 and 0.703 for Ml which
were lower than this study as well.

The optimal cut-off value of MI for diagnosis
of osteoporosis in this study was 3.8 mm which had a
sensitivity of 100 %, specificity 75 % and for diagnosis of
reduced BMD was 3.92 which had a sensitivity of 72.5 %,
and a specificity of 90 %. Based on our results, Thai post-
menopausal women with mandibular cortical thickness
below 3.9 mm should be referred for bone densitometry
evaluation. These results were similar to those found in
other studies but there were some differences. A previous
study of "” the European population concluded that
the thinnest MI (<3 mm) should be referred for further
osteoporosis investigation. Another study that looked at
the Brazilian population® reported that the MI optimal
cut-off value for identifying women with osteoporosis was
3.15 mm and for reduced BMD was 3.38 mm. A study in
Saudi Arabia'* found that if the cut-off value of Ml is <3 mm
considered abnormal; sensitivity, specificity were 10.3 %,
98.4 % respectively. But, when the MI cut-off point was
changed to 4.5 mm, sensitivity and specificity were found
to be 76.9 %, and 54.1 % respectively. Another study done
in Korea® reported a lower cut-off value of Ml than in other
studies. The optimal cut-off value of Ml was 2.22 mm
(sensitivity 67.9 %, specificity 78.5 %) for the diagnosis of
osteoporosis. It was supposed that the reasons for difference
cut-off value in every study would be the difference of
statistical analysis for determining cut-off value, the difference
in the magnifying ratio of the panoramic radiographs, ethnic/
race differences which play an important role for the
variation in BMD.

The sensitivity of MCI for diagnosis of reduced
BMD was 82.5 % which was close to the study” in Brazil.

According to a study’ in Iran and compared with the results
from this study, the distribution of MCl tended to be similar.
The most indices found in osteopenia and osteoporosis
patients were C2, and followed by C1 and C3, respectively.
However, in a study8 of Korean postmenopausal women
with osteoporosis, dissimilar distribution was found. It was
reported that MCl distribution was 48.9 % for C2, 30.4 %
for C3, and 23.7 % for C1. Nevertheless, C2 is still the most
index that found in postmenopausal women with reduced
BMD. Thus, the suggestion for the present study in Thai
postmenopausal women who have mandibular cortical
morphology that identified as C2 or C3 should be referred
to evaluate the bone densitometry. The meta-analysis
study" reported that MCI could be a reliable tool for
screening the early BMD loss of osteopenia group in females
with a summary point above 80 % sensitivity and also around
60 % of specificity. MCl for the reduced bone density group
may have a potential value for screening because of high
sensitivity. The index that has high sensitivity will describe
as rarely missing participants with the disease via this index.

This study was based on ADA recommendations
with the ALARA consideration that digital panoramic
radiographs have low dose of radiation compared to an
annual chest x-ray check-up. Furthermore, the protocol
for the first visit at the Faculty of Dentistry, Chulalongkorn
University included an oral examination, a panoramic
radiograph and bite-wing. Bite-wing radiograph is necessary
for dental caries evaluation. Meanwhile, a panoramic
radiograph is also necessary for the dental treatment
plan, because some lesions, such as cyst or tumors, were
accidentally found in a panoramic radiograph. However,
this study showed that panoramic images might have an
additional benefit for suspected osteoporosis in post-
menopausal women.

The present study has several limitations. First,
this study only focuses on postmenopausal women and
did not include elderly men. Second, this study could
not report the change of panoramic radiographic indices
after the patient received treatment with antiresorptive

or anti-anabolic drugs.
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Third, a small sample size causes low reliability
of indices and cut off values in this study. Lack of a number
of sample sizes was one of the limitations in this study.
Further studies with the above considerations need to

be done.

Conclusion

In conclusion, the results of this study suggest

that Ml and MCl can be used as a screening tool for the
diagnosis of osteoporosis in Thai postmenopausal women.
In daily practice, both Ml and MCl can be useful tools for
all dental specialists including general dentists. However,
taking the Ml measurement will be easier when it is done
in a digital radiograph. But, an MCI will be more often
recommended if the digital panoramic radiograph is not
available because it is viable and does not require any

measurement program.
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Study of Methods to Improve the Physical Properties of Bioceramic Cement
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Abstract

This study aimed to investigate the effect of particle size, the addition of various concentrations of calcium
chloride and calcium tungstate on the physical properties of white Portland cement. White Portland cement with
two different particle sizes (12 and 5 Microns) were used as the main component. Calcium chloride with various
concentrations was added as an accelerator, and calcium tungstate was used as a radiopacifier. The 1SO 6876:2012
and ISO 9917-1:2007 standard testing protocol were applied for setting time, compressive strength and radiopacity
evaluation. White Portland cement with calcium tungstate showed the radiopacity of 4.2 mmAL. Calcium chloride
accelerated the setting time but also decreased the compressive strength. The dose dependent effect of 5 %, 10 %,
15 %, 20 %, 25 % and 30 % calcium chloride on setting time and compressive strength was not in a linear pattern.
Small particle size Portland cement with 15 % calcium chloride provided a short setting time with acceptable

compressive strength.

Keywords : Bioceramic cement, Calcium chloride, Calcium tungstate, Particle size, Physical property

Date: Oct 8, 2020
Doi: 10.14456/jdat.2021.22

Revised Date: Oct 26, 2020 Accepted Date: Feb 2, 2021

Correspondence to:

Pairoj Linsuwanont, Department of Restorative Dentistry, Faculty of Dentistry Chulalongkorn University 34 Henri Dunant Road, Bangkok

10330, Thailand Tel: 02-218-8795, 085-313-7665 E-mail: linspairoj@gmail.com

Introduction

Since the introduction of commercial Mineral
Trioxide Aggregate (MTA) in 1998, it has been widely used
in dentistry. MTA fulfills many of the ideal properties of
endodontic materials partly because of its hydraulic
nature and the formation of calcium hydroxide, as a by-
product of the hydration process. However, some physical
properties such as a long setting time and causing tooth
discoloration raise concern among clinicians regarding its

usage in some clinical situations.

MTA is a derivative of Portland cement with both
having a similar composition; mainly tricalcium silicate
and dicalcium silicate, except for the presence of bismuth
oxide as a radiopacifier in MTA." Studies have shown that
Portland cement has similar physical properties” and a
biological response’ to MTA. The physical properties of
Portland cement have been improved by various methods
such as adding an accelerator, plasticizer and radiopacifier.

Calcium chloride has been added to accelerate the setting
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process of Portland cement.*® Studies showed the decreased
setting time ranging from 20 % to 68 % with the addition
of a calcium chloride concentration from 2 % to 10 %",
but a decreased compressive strength was also observed.”’
The most suitable percentage of calcium chloride to be
added to Portland cement to provide the acceptable
physical properties is still unknown.

In principle, the reduction of particle size of a
powder reactant should result in a high surface area, and
should promote the setting reaction. Ha and co-workers®
investigated the effect of the particle size of various
commercial MTA and Portland cement on setting time.
The correlation between a faster setting time and a smaller
size particle of MTA and Portland cement was reported.
However, different commercial brands are composed with
different compositions which can influence the physical
properties of the materials. The real effect of particle size
on the setting time of the materials should be found by
grinding materials to smaller particle size. Comparing the
setting time between the large and small particle sizes of
the same material will show the accurate effect.

MTA contains bismuth oxide which acts as a
radiopacifing agent. It has been reported that bismuth
oxide is a causative factor of tooth discoloration. Calcium
tungstate provides acceptable radiopacity, and therefore is
suggested as a substitution to bismuth oxide as a radiopacifier.”
Though, its potential interference with the physical properties
of Portland cement should be examined.

The purpose of this study was to investigate the
effect of particle size, the addition of various concentrations
of calcium chloride and calcium tungstate on the setting
time, compressive strength and radiopacity of white

Portland cement.

Materials and Methods

This study used white Portland cement (Date
of manufacturer June-2019, Tiger décor, The Siam White
Cement CO., LTD, Thailand) as a main component. Calcium
chloride and calcium tungstate were used as an accelerator

and a radiopacifier, respectively.

Preparation of small particle size Portland cement
Fifty erams of white Portland cement and 100 ml
of Acetone were put into the Planetary Mill Pulverisette
6 machine (Fritsch, Idar-Oberstein, Germany). The grinding
process was performed by the machine with the use of a
zirconia ball (1 centimeter in diameter) at the speed of
500 rounds/minute for 60 minutes. The ground materials
were oven-dried at 110°C for 24 hours. The ground cement
was examined by using the particle size analyzer (Malvern
Panalytical, Mastersizer 2000: Downers grove, IL 60515,
USA). After grinding, the particle size was reduced from
12 to 5 microns.
The experimental groups were divided into five main groups.
Group 1: MTA
Group 2: White Portland cement + calcium tungstate
Group 3: White Portland cement + calcium tungstate
+various concentration of calcium chloride
Group 4: Small particle size white Portland cement
+ calcium tungstate
Group 5: Small particle size white Portland cement
+ calcium tungstate + various concentrations
of calcium chloride
The powder and liquid ratio of MTA and white
Portland cement was 3:1 (by weight). Calcium tungstate
was added to the white Portland cement at the ratio of 1:4
(by weight). Calcium chloride was mixed into distilled water
at various powder-liquid ratios to provide the concentration
of calcium chloride at 5, 10, 15, 20, 25 and 30 % (by weight).
Setting time evaluation
Setting time was evaluated following the protocol
described in the ISO 6876' and 1SO 9917-1 standard".
[niti ing ti
The gypsum molds with an inner diameter of 10 mm
and a thickness of 1 mm were stored at 37°C and 95 %
humidity for 24 hours before testing. The materials were
mixed and filled in to the molds to create ten samples for
each experimental group. Setting time was determined
with a Gillmore needle test. The indentor needle with a
flat end tip of 2 mm in diameter was placed vertically

on the sample surface with a load of 100 g at the rate
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of 1 mm/min. The indentation test was repeated every
30 seconds until no indentation was observed on the
cement surface. The initial setting time was the time from
mixing cement to the time when the needle marks could
not be observed on the cement surface. All testing was
conducted in a cabinet with controlled temperature
and humidity (37°C and 95 % humidity).
Eil ing ti

The cements were mixed and compacted into
stainless steel rectangular molds with the dimension of
10 mm x 8 mm and 5 mm deep. Each experimental group
contained ten samples. The testing procedures were
similar to the initial setting time test but with a different
indentor needle size and load (a flat-end needle with a
diameter of 1 mm/with the load application of 400 g).
The final setting time was the duration of time that
elapsed from the start of mixing to when the indentor
needle failed to make an indentation in the material.
Compressive strength evaluation

The compressive strength was determined
according to the methods recommended by the ISO 9917-1.
The cement was mixed and packed into the metal split
mold (internal dimension 6 mm high, 4 mm diameter),
and then was stored in the cabinet at 37°C with a relative
humidity of at least 90 % for 24 hours. The test specimens
were removed from the metal split mold and were subjected
to test. Each experimental group contained ten samples.

The compressive strength was measured by a Universal

Table 1 Setting Time of Experimental and Control Groups

Testing Machine (LR10K, LLOYD Instruments, England), with
a crosshead speed of 1 mm per minute. A compressive
load was applied along the long axis of the test specimens.
The maximum force when the test specimen fractures was
recorded, and calculated for the compressive strength
in megapascals (MPa).
Radio-opacity evaluation

The radiopacity was determined according to the
method recommended by ISO 6876:201210. There were
three experimental groups: MTA, white Portland cement
and white Portland cement mixed with calcium tungstate
(at the ratio of 1:4 by weight). Each experimental group
contained six samples. The test specimens were mixed
with distilled water with the powder to liquid ratio of 3:1
by weight. After mixing, the test materials were placed
into a ring mold (internal diameter of 10 mm, height 1 mm).
The fully-set specimen was placed in the center of the
x-ray film adjacent to the step wedge, and was irradiated
with X-rays at 65 kV at a target-film distance of 300 mm.
After developing, fixing and drying the exposed film, the
density of the image of the specimen was compared with the
aluminium step wedge. The radio-opacity equivalent of the
specimens was expressed in millimeters of aluminium (mmAL).
Statistical Analysis

Data were statistically analyzed by analysis of
variance (ANOVA) and Tukey post hoc test. A p value of

less than 0.05 was considered statistically significant.

liquid OPC SPC MTA
Initial Final Initial Final Initial Final
setting time setting time setting time setting time setting time setting time
(min) (min) (min) (min) (min) (min)
Distilled water 89.50 + 237"  121.80 +2.66° 2580+ 175"  44.60 +151* 11590 + 3.35  159.50 + 2.32
5% CaCl, 76.00+275% 100.00 + 1.89° 2280+ 1.75% 3950 + 2.46 ™" - -
10% CaCl, 6930 +1.89°  87.80+215° 21.70+1.64% 3860+ 1.35" - -
15% CaCl 3600+ 125° 6090+ 179°% 14.40+1.43C 2390+ 1.37 - -
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Table 1 Setting Time of Experimental and Control Groups (cont.)

liquid OPC SPC MTA
Initial Final Initial Final Initial Final
setting time setting time setting time setting time setting time setting time
(min) (min) (min) (min) (min) (min)
20% CaCl, 3300 +231° 5280+ 1.62° 850+ 1.08" 17.80+1.93% - -
25% CaCl, 29.70 £2.00 " 39.00 £ 1.25" 7.60 £ 1.07®° 17.70 + 1.34 © - -
30% CaCl - -
o 2460 +1.17° 3430+ 1.64° 740+097™ 1670+ 1.16%

OPC, Original size white Portland cement; SPC, Small size white Portland cement; MTA, Mineral trioxide aggregated; CaCl2, Calcium chloride. Results

are shown as mean + standard deviation for ten samples in each group. In the same column, different letter indicates statistically significant

differences (p < 0.05)

Setting time

Table 1 illustrates the setting time of all OPC,
SPC and MTA samples. OPC and SPC mixed with distilled
water showed a shorter setting time than MTA (p<0.05).
The reduction of particle size resulted in the shorter setting
time when comparing between the SPC and OPC groups
(p<0.05). The addition of calcium chloride caused the
reduction of setting time. In general, at the same concentration
of calcium chloride, SPC exhibited a shorter setting time
than OPC (p<0.05). The OPC group, the higher percentage
of calcium chloride added, the shorter setting time was
observed. With the addition of 30 % calcium chloride,
the setting time was reduced to as much as 70 % (initial
setting time of 24 minutes and the final setting time of 34
minutes). The setting time of SPC with the addition of 5 %

and 10 % calcium chloride was not statistically significantly

Table 2 Compressive strength of Experimental and Control Groups

different (there was a reduction of setting time by 10-15 %).
The higher concentration of calcium chloride can further
reduce the setting time. However, the setting time of SPC
with the addition of 20 %, 25 % and 30 % of calcium chloride
was not significantly different (there was a reduction of setting
time by 60 %).
Compressive strength

The mean and standard deviation of compressive
strength at 24 hours of all samples are presented in Table 2.
OPC and SPC mixed with distilled water exhibited higher
values of compressive strength in comparison to MTA (p<
0.05). The addition of calcium chloride to OPC and SPC
decreased the compressive strength. At 20%, 25% and
30% calcium chloride, the compressive strength of OPC

and SPC were significantly lower than the MTA group.

Liquid OPC (MPa) SPC (MPa) MTA (MPa)
Distilled water 62.75 £ 5.04 * 66.29 + 10.36° 50.93 + 10.95
5% CaCl, 44.68 + 4.03 ° 62.08 + 6.89 ° -
10% CaCl, 42.48 +2.42 ° 42.86 + 6.26 ° -
15% CaCl, 41.20 + 3.01 ° 41.36 + 4.46 ° -
20% CaCl, 3756 + 9.42 € 39.09 + 3.56 © -
25% CaCl, 36.09 + 4.00 © 39.14 + 7.04 © -
30% CaCl 35.44 + 4.35 € 38.22 + 6.67 © -

OPC, Original size white Portland cement; SPC, Small size white Portland cement; MTA, Mineral trioxide aggregate; CaCl y Calcium chloride. Results

are shown as mean + standard deviation for ten samples in each group. In the same column, different letters indicate statistically significant

differences (p<0.05)
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Radiopacity
The radiopacity values of MTA, White Portland
cement and White Portland cement with the addition of

calcium tungstate are presented in Table 3. MTA showed

Table 3 Radiopacity of Experimental and Control Groups

the highest radiopacity among tested specimens (p<0.05).
White Portland cement with the addition of calcium
tungstate was significantly more radiopaque than just

White Portland cement (p<0.05).

Materials Mean * Standard deviation
(mmAL
White Portland cement 1.01+0.01°
White Portland cement with Calcium tungstate 432 +025 °
MTA 6.78 +0.18 ©

Results are shown as mean + standard deviation for six samples in each group.

Different letters indlicate a statistically significant difference (p < 0.05)

Discussion

For decades, MTA has been considered as the
gold-standard material for various endodontic treatment
procedures such as perforation repair, root-end retrograde
filling, apexification and vital pulp therapy, due to its good
physical, chemical and biological properties. However, in
some clinical situations such as endodontic surgery with
root-end filling, the extended setting time of MTA may
increase the high rate of washout and a possibility of blood
or serum contamination during setting. In cases of vital pulp
therapy, with the application of the fast setting bioceramic
cement, the treatment can be completed within one visit.
To date, researchers have attempted to improve the properties
of bioceramic materials such as adding the accelerator

agents to decrease the setting time™"

,adding the plasticizer
to improve the handling properties”, and etc.

The guidelines for testing the physical properties
of dental materials have been provided by two organizations
namely; the International Organization for Standardization
(ISO) and the American Society for Testing and Materials
(ASTM). The ISO 6876" and 9971-1" are quite similar to
ASTM C 26614 in terms of the weight (100 and 400 grams)
and test methods using the Gillmore needle type. ISO 6876
uses a parameter similar to the defined initial setting time
of ASTM C 266, and the ISO 9971-1 uses a parameter

similar to the defined final setting time of ASTM C 266. As

described by Shen and coworkers"™, this study used I1SO
6876 to determine the initial setting time and 1ISO 9971-1
to establish the final setting time.

Portland cement is considered as a much cheaper
alternative material to MTA. However, it still requires
some modifications to improve its physical properties.
In this study, White Portland cement was grounded by
the grinding process of the Planetary ball mill machine,
and the particle size was reduced from 12 to 5 Microns.
When mixed with water, SPC exhibited a shorter setting
time than OPC (60 % difference) (p<0.05). This finding is
in agreement with the study of Ha and coworkers®which
showed that the smaller size particle resulted in a faster
setting. The possible explanation is that the increased
surface area enhances the setting reaction.

Bioceramic materials used for endodontic treatment
should provide adequate radiopacity in order to aid diagnosis
and treatment. In this study, MTA showed the radiopacity
of 6.7 mmAlwhich is comparable with the study of Torabenejad
and co-workers."® Portland cement showed the radiopacity
of 1.01 mmALl which is not sufficient to allow distinction
from dentine (radiopacity of 1.7 mmAl).” Adding calcium
tungstate to Portland cement increased the radiopacity
from 1.01 mmAl to 4.3 mmAl, which is higher than the
requirement of 1SO 6876: 2012 of 3 mmAL."
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Calcium chloride has been added to Portland
cement as an accelerator. It increases the hydration rate,
thereby accelerating the setting time.” It is hypothesized
that as the progress of hydration, the area of hydrated
tricalcium silicate paste gradually increases due to the
formation of hydration product such as calcium silicate
hydrate gel and calcium hydroxide, and the addition of
calcium chloride would accelerate this increasing rate."’
Though, there is no explanation for the mechanism. Another
possible mechanism is that calcium chloride penetrates
the pores of the cement, and accelerates the hydration of
silicate leading to faster crystallization.” The information
regarding the dose dependent effect of calcium chloride
on setting time is limited. Most studies investigated the
setting time of only one concentration of calcium chloride
per study such as at 5 % or 10 %.“° Only the study by
Kogan et al., 2006° showed the dose dependent effect.
The addition of 3 % calcium chloride did not reduce the
setting time but the addition of 5 % calcium chloride
decreased the setting time by 50 % (from 50 minutes to
25 minutes). Results from our study showed that increasing
the concentration of calcium chloride did not always
further decrease the setting time. The addition of calcium
chloride at a concentration of 20 % and more (25 % and
30 %) to SPC showed similar results with the decreased
setting time by approximately 60 % (approximately 8
minutes for initial setting time and 17.5 minutes for the
final setting time).

In this study, the compressive strength was
evaluated to determine whether the calcium chloride
had an adverse effect on the mechanical properties of
Portland cement. The compressive strength of MTA at 24
hours was 51 MPa which was higher than the reported
value of 40 MPa." The possible explanation is the difference
of the test methods between two studies. This study followed
the guidelines of ISO 9917-1: 2007"! which recommended
the tested specimen with the dimension of 6x4 mm, and the
cross-head speed was 1 mm/minute. The published study
in 1995 by Torabenejad and coworkers'® cited the reference

of ISO 6896: 1986 (Specification for dental root canal sealing

materials)", and the prepared specimen had the dimension
of 12x6 mm with no information on the loading application.
The addition of calcium chloride decreased the compressive
strength which is similar to other studies.”” The dose
dependent effect of the addition of various concentrations
of calcium chloride was investigated by Kogan and coworkers’
and this study. The addition of 3 % calcium chloride reduced
the compressive strength by 30 %, and the higher
concentration at 5% calcium chloride did not further
reduce the compressive strength.” Our results showed
that increasing the concentration of calcium chloride
decreased the compressive strength but not in a linear
pattern. At the 15 % concentration of calcium chloride,
Portland cement showed a lower compressive strength
of 41 MPa, (reduction by 35 %) but was not statistically
significantly different from MTA (51 MPa). Increasing the
concentration of calcium chloride to 20 % and higher
reduced the compressive strength to the values of
35-38 MPa (reduction by 40 % and more) which was
significantly lower than MTA. Similar to other studies,
a low compressive strength of 19.9, 37.2 and 41.5 MPa
with the addition of 5 %, 10 % and 2 % calcium chloride
respectively were reported.”” The limitation of this study
is that the compressive strength was evaluated only at one
day after mixing without repeating at twenty-one days as
conducted by Torabinejad and co-workers." The compressive
strength increased from 40 MPa to 67 MPa after 21 days.
Therefore, in this study, it is possible to observe higher
compressive strength with the longer observation periods.

The question is “What is the proper concentration
of calcium chloride to be added to Portland cement?
ISO 9917-1 (2007)11 provided the requirement for water-
based cement. Depending on the usage of the materials,
high compressive strength is compulsory for restoration and
lower compressive strength for base/liner. Therefore, one
specific formulation of cement may not be suitable for all
kinds of dental procedures. In vital pulp therapy, it will be
beneficial to patients if the treatment could be completed
within one visit. According to the results, the addition of

15 % of calcium chloride to SPC provided a setting time
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of 15 minutes which will allow the placement of restorative
material on top of the cement at the same visit. At this
concentration of calcium chloride, SPC exhibited the
acceptable compressive strength (not significantly different
to MTA). However, the limitation of this study is that only
setting time and compressive strength were investigated.
Other aspects of the physical properties such as solubility

should be examined in future research.

Conclusion

The small size particles of white Portland cement
set faster than the original size particles of white Portland
cement. The addition of calcium tungstate to the Portland
cement provided the acceptable radiopacity at 4.3 mm
Al. Calcium chloride accelerated the setting time but also
decreased the compressive strength. The dose dependent
effect of the addition of 5 %, 10 %, 15 %, 20 %, 25 % and
30 % calcium chloride on setting time and compressive
strength was not in a linear pattern. The small size particles
of Portland cement with the addition of calcium tungstate
and 15 % calcium chloride provided a short setting time

with acceptable compressive strength.
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Abstract

This study aimed to elucidate any evidence on adverse events, defined as an unprecedented event which
potentially could lead to injury, occurring to child patients during their dental visits. The study was mainly divided
into 2 parts: part 1- before treatment and part 2- during treatment. A survey of the dentists who were taking care
of child patients was performed using a questionnaire asking their direct experience on any kind of adverse events

throughout their working period but within the past 10 years. Percentage and frequencies on their experienced
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cases of non-treatment related adverse events were described. Association between factors of the respondents
and their experiences of cases was assessed by Chi-square and logistic regression. A total of 390 dentists who were
taking care of child patients responded to the questionnaire. Those who experienced any kind of adverse events in
which child patients got involved before dental treatment at the waiting area was 49.49 % of all respondents (95 %
confidence interval (Cl), 44.53-54.45), while 39.23 % (95 % Cl, 34.38-44.08) of the respondents witnessed adverse
events before dental treatment began inside the operatory. A slip and fall injury was the most frequently reported
event at the waiting area, whereas wound or cut by sharps was reported highest inside the operatory. No other
association between experiences on adverse events outside the operatory room and the dentists’ demographic
data was found, whereas pediatric dentists tended to experience more adverse events inside the operatory (odds
ratio: 1.57, p=0.032). The study suggests that dentists have experienced a substantial amount of injuries to their
child patients at the waiting area, as well as in the operatory room, even before dental treatment begins. Sufficient

care and preventive measures should be emphasized from the time child patients are awaiting dental treatment.
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Variables Mean+SD N = 390 %
Gender
Male 78 20.00
Female 312 80.00
Age 34.3+8.4
20-29 y 142 36.4
30-39 y 146 374
40-49 y 58 14.9
50-59 y 23 5.9
> 60y a4 1.0
Not identified 17 4.4
Working years
<5y 150 38.5
5-10y 138 35.4
11-20 y 68 17.4
>21y 34 8.7
Workplace
Public hospital 248 63.6
Dental school 60 15.4
Private clinic 54 13.8
Private hospital 28 7.2
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Table 1 Demographic data of the respondents (cont.)

Variables Mean+SD N = 390 %
Practice
General practice 178 45.6
Pediatric dentistry 170 43.6
Other specialties a2 10.8
Education
D.D.S. 179 45.9
Post-graduate training 80 20.5
Master/Ph.D. 71 18.2
Certified board 60 15.4

Abbreviation: SD, standard deviation

Ineinauuuvaeunuaulvgiumenddosay hlu $eway 45.6 uavdlngaunsinuilussiuiunuwme-
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Table 2 Adverse events reported outside the dental operatory

Adverse events N =390 % 1 time 2-5 times >5 times 95% CI
Injury
Slip and fall
Yes 141 36.15 51 67 23 31.39-40.92
No 249 63.85
Hit/bump
Yes 108 27.69 a1 52 15 23.25-32.13
No 282 72.31
Fall from high
Yes 45 11.54 23 20 2 8.37-14.71
No 345 88.46
Wound/cut by sharps
Yes 57 14.62 31 24 2 11.11-18.12
No 333 85.38
Swallowing small particles
Yes 21 5.38 16 5 0 3.14-7.62
No 369 94.62
Chemical irritation
Yes 9 231 5 3 1 0.82-3.80
No 381 97.69
Burn
Yes 8 2.05 7 1 0 0.64-3.46
No 382 97.95
AUl kinds 193 49.49 44.53-54.45

Abbreviation: Cl, confidence interval.
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Table 3 Adverse events reported at the dental operatory
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Hit/pinch 68 17.44 42 24 2
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Slip and fall 53 13.59 33 20 0
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Fall from dental chair 20 5.13 17 3 0

Yes 370 94.87
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Chemical irritation 10 2.56 7 2 1

Yes 380 97.44

No 0.64-3.46
Burn 8 2.05 7 1 0

Yes 382 97.95
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AUl kinds 153 39.23 34.38-44.08
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Abstract

This study aimed to collect adverse events happening during pediatric dental care. The article part 1 has
described non-treatment related adverse events, whereas this article presented treatment-related adverse events
during treatment. A survey of the dentists who were taking care of child patients was performed using a questionnaire
asking their direct experience on any kind of adverse events throughout their working period but within the past 10 years.
Experiences on body wounds/injury and soft tissue irritation that were related to dental treatment were asked. Percentage
and frequencies on their experienced cases, as well as types of dental objects and parts of body involved, were
described. Association between factors of the respondents and their experiences of cases was assessed by Chi-square
and logistic regression. Among 390 respondents, 89.23 % experienced any kind of body wounds/injury during pediatric
dental treatment (95 % confidence interval (Cl), 86.15-92.31): burs, mouth gag and needle of syringe were the top
three of most common instruments involved. Soft tissue irritation was reported by 179 respondents (45.90 % with
95 % Cl, 40.95-50.85): prophylaxis paste/pumice and etchant were most commonly reported. Lip and eye were parts
of body that were most frequently involved in adverse events. No other association between experiences on soft tissue
irritation and the dentists” demographic data was found, whereas dentists working in private hospitals and clinics
tended to experience fewer body wounds/injury during dental treatment than those in public hospitals and dental
schools (odds ratio: 0.43, p=0.016). The study indicates that many kinds of adverse events actually occur during
pediatric dental care. Protective equipment, such as rubber dam and protective eye-glasses, can be useful, if possibly

applicable. Awareness and culture of patient safety should be raised among dental professionals.

Keywords: Dental treatment, Children, Adverse event
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Table 1 Wounds/injury during dental treatment categorized by cause

Experienced (N=390)

Cause of wounds/injury 1 time 2-5 times >5 times 95% ClI
n (%)
Bur 269 (68.97) 84 147 38 64.38-73.57
Mouth gag 217 (55.64) 60 97 60 50.71-60.57
Needle of syringe 175 (44.87) 85 81 9 39.94-49.81
Suction (tip) 147 (37.69) 43 82 22 32.88-42.50
Explorer 124 (31.79) 59 57 8 27.17-36.42
Elevator 113 (28.97) 60 a8 5 24.47-33.48
Rubber cup 68 (17.44) 27 35 6 13.67-21.20
Papoose board 32 (8.21) 19 11 2 5.48-10.93
Others* 18 (4.62) 2.53-6.70
All wounds/injury 348 (89.23) 86.15-92.31

*Others include abrasive disc (n=5), band pusher & band seater (n=5), extraction forceps (n=2), matrix band (n=2), ultrasonic scaler (n=1) and

scalpel blade (n=1).

Abbreviation: Cl, confidence of interval
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Table 2 Soft tissue irritation during dental treatment categorized by cause

Cause of irritation Experienced (N=390) 1 time 2-5 times >5 times 95% Cl
n (%)
Prophylaxis paste/pumice 117 (30.00) 38 54 25 25.45-34.55
Etchant 79 (20.26) 29 a0 10 16.27-24.25
Amalgam fragment 52 (13.33) 12 27 13 9.96-16.71
Root canal irrigant 35 (8.97) 25 9 1 6.14-11.81
Sealant 34 (8.72) 12 15 7 5.92-11.52
Acrylic chip 29 (7.44) 12 16 1 4.83-10.04
Metal chip from cutting SSC 10 (2.56) 8 1 1 1.00-4.13
Others* 6 (1.54) 0.32-2.76
All kinds of irritation 179 (45.90) 40.95-50.85

*Others include wire cut (n=2), zinc oxide eugenol (n=1), bonding agent (n=1), anesthetic (n=1) and fluoride gel (n=1).

Abbreviations: Cl, confidence of interval; SSC, stainless steel crown.
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Souav13.33 1hendenaess it (root canal irigant) Soeay 8.97
ansTanaud (sealant) Sovay 8.72 UaziAunsosyesan souaz 7.44
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Table 3 Parts of body reported to get involved in wounds/injury and irritation during dental treatment

Adverse event Parts of body involved

Frequency by reports

Reported cause

Wounds/injury Lip 74 Bur/Mouth gag/ Needle of syringe
(n=161)* Tongue/floor of mouth 50 Bur/Suction tip
Buccal mucosa/gingiva 33 Bur/Needle of syringe
Palate 8 Elevator/Band pusher
Wrist/arm 7 Papoose board/Needle of syringe
Cheek 6 Needle of syringe/Explorer
Irritation Eye 36 Prophylaxis paste/Etchant/Sealant/
(n=45)* Bonding agent/Fluoride gel/
Anesthetic/Amalgam fragment/
Acrylic chip/Metal chip from SSC
Facial skin 6 Etchant/ Root canal irrigant
Lip 4 Etchant/ Root canal irrigant
q

Oral mucosa

Tongue

Root canal irrigant

1 Etchant

* Number of the respondents who had reported the relevant injured/irritated parts of body.

Abbreviations: SSC, stainless steel crown.
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Table 4 Association of demographic variables of the respondents and experiences with adverse events during dental treatment

Wounds/injury Soft tissue irritation
Variables Experienced OR (95% CI) p value Experienced OR(95% CI) p value
N =390 (n=348) (n=179)
Gender
Male 78 65 (18.7%) Ref 30 (16.8%) Ref
Female 312 283 (81.3%) 1.95 (0.96-3.96) 0.064 149 (83.2%) 1.46 (0.88-2.43) 0.142
Age# (n=373)
<35y 256 226 (68.3%) Ref 109 (63.7%) Ref
>35y 117 105 (31.7%) 1.16 (0.57-2.36) 0.679 62 (36.3%) 1.52(0.98-2.36) 0.062
Working years
<10y 288 258 (74.1%) Ref 126 (73.8%) Ref
>10y 102 90 (25.9%) 0.87 (0.43-1.78) 0.706 53 (29.3%) 1.39 (0.88-2.19) 0.153
Workplace
Public hospital/dental school 308 281 (80.7%) Ref 138 (77.1%) Ref
Private hospital/clinic 82 67 (19.3%) 0.43 (0.22-0.85) 0.016* 41 (22.9%) 1.23(0.76-2.01) 0.402
Practice
General practice/other specialties 220 198 (56.9%)  1.20(0.63-2.28)  0.578 101 (56.4%)  1.00 (0.67-1.50)  0.996
Pediatric dentistry 170 150 (43.1%) Ref 78 (43.6%) Ref
Education 0.124
DDS 179 155 (44.5%) Ref 76 (42.5%) Ref 0.210
Post-graduate & others 211 193 (55.5%)  1.66 (0.87-3.17) 103 (57.5%)  1.29 (0.87-1.93)

Abbreviations: Cl, confidence of interval; Ref, reference.
*Sienificant difference at p<0.05
#Age group having 17 missing respondents.
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Elastomeric Chain

Wuniad afdununa’, UM veazusnY’, AuYes Funsining!

Nantharat Apiwantanakul’, Janeta Chavanavesh’, Pintu-On Chantarawaratit’
madrviuanssudaily pasiuaumemans Pansaluvinine1dy ngmnauas Usemnelng
lDepartment of Orthodontic, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

1. dalagndias
n. raestendudnfuansendeniiusyansamsesius (ow-level disinfectants)
9. lmusaiaudidudosas 70 daduthensderiiussavsnwssuuiunans (intermediate-level disinfectants)
a. msaudgloth¥ey (autoclave) Safiunsilidsiaanide (sterilization)
a. gnunde
2. teladuiiadudfyiitinadenisanasvasusslsdaralawefidoutluvasvan

n. Ysunauveamian A. YAYDINYULNIUTIRVDUN?
. sgpzianwluveuvian 4. @NNRIMAYLUYYD IR

3. dalngndesannisfinunil
n. Auedsusirsudurededmalaweindtevlathouiimsiniusiaielunduauauveuras uin
9. M3udenuearudiduiosay 70 WWunan 1 wiit Liinaderadsussissuduredlidaralames
A, nsugienginde Umonium 38° Wunan 10 wiit lifinaserndsusiiesuduvededanalawes
1. gnunde

4. Weannisunsnazaeidelsnszuinadiasuasiiuayaang uasnisunsnszaeidelsadaluadiasnedugluadiniuansa
Iy dalaligndas
n. uwilgdanalaweideemusannudutusesas 70 Wuna 1 wiil newihlvldnulugesuinglae
2. uldBaalaiosdetiensnde Umonium 38 ifunan 10 wi deuthluldanlugesingiae
A. lgBaalmwesililugihoudanlidlasiunausioomueanududuiosas 70 deuthlulfaulusesinge
1. gnunde

5. delafounaguannsnwnil
n. feuthlgdaalawesluliluesnuusiliuthesdoreuiaifuusslonilunsnuaumsinideneluadiniunnssudniiy
9. uuzthlvedeuulidanalnweideenusamududuiosas 70 Huna 1wt deuihlulinuludesuiniae
A. uuzihlvedeuulidanalnweifeiiensinde Umonium 38° wunan 10 it dowhlldanlugosingiae
1. gnunde

nyau aamnzileuvse Login lu www.cdec.or.th ilemaudnuuaz3uATLLY 3 MheRansu
http://descdec.cda.or.th/CDECExam/ExamAns?EXAMKEY=94636




