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knowledge collected from journals or
textbooks and is profoundly analyzed and
criticized.

2. Case Reports: a short report of an update case
or case series related to dental field which has
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scientific observation.

3. Original Articles: a research report which has
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new and significant contributions to the field of
Dentistry.
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Manuscript Submission
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corresponding author is required for submission.
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whereas for English article, there is no need for Thai
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1. For English article, use font of Cordia New Style size
16 in a standard A4 paper (21.2 x 29.7 cm) with
2.5 cm margin on all four sides. The manuscript

should be typewritten with double-spacing.

For Thai article, use font of Cordia New Style size
16 in a standard A4 paper (21.2 x 29.7 cm) with
2.5 cm margin on all four sides. The manuscript
should be typewritten with 1.5 line spacing.
Thai article must also provide English abstract.
Al references 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.

Numbers of page must be on the top right corner.
The length of article should not exceed 10 pages
of the journal (approximate 24-28 pages Ad, not
includ figures and tables)

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.

. 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.

Position of the teeth may use full proper name such
as maxillary right canine or 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).

Every illustration including tables must be referred
in all illustrations The contents and alphabets in
the illustrations and tables must be in English.
Numbers are 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.

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 one paragraph.
Only English abstract is required for English article. Both

English and Thai abstracts are required for Thai article and
put in separate pages. The abstract should contain title,
objectives, methods, results and conclusion continuous-
ly 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 sections 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,
authors should indicate that the study was
performed according to the ethical Principles for
Medical Research and Experiment involving human
subjects such as Declaration of Helsinki 2000 or has
been approved by the ethic committees of each
institute.

- Results: Results are presentation of the discovery
of experiments 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 or illustrations
etc. Avoid repeating the results both in tables and
in paragraph. Emphasize only important issues.

- Discussion: The topics to be discussed include
the objectives of the study, advantages and
disadvantages of materials and methods.
However, the important points to be especially
considered are the experimental results compared
directly with the concerned experimental study.

It should indicate the new discovery and/or
important issues including the conclusion from
the study. New suggestion, problems and
threats from the experiments should also be
informed in the discussion and indicate the ways
to make good use of the results.

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

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

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

Writing the References

The references of both Thai and English articles
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volume.
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Council on Dental materials and Devices.

New AmericanDental Association Specification

No.27 for direct filling resins. J Am Dent Assoc

1977,94:1191-4.

-No author
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- Authors being writers
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- Authors being both writer and editor
Norman IJ, Redfern SJ, editors. Mental health care
for the elderly people. New York: Churchill
Livingstone; 1996.

- Books with authors for each separate chapter
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- Online-only Article (With doi (digital identification
object number)
Rasperini G, Acunzo R, Limiroli E. Decision making
in gingival rec ession treatment: Scientific evidence
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-Online only article (without doi)
Abood S. Quality improvement initiative in
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- Ahead of printing
McGuire MK, Scheyer ET, Nevins M, Neiva R,
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construct for increasing the width of keratinized
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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
notified 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 if 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.
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Success Rate and Survival Rate of Autotransplantation in Teeth

with Completed Root Formation: Case Report 12 Cases

o a a 1
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Chamroen Leelamanotham'
'Hheviunansnsuay lsameiuiagise Smiaay

'Dental Public Health Department, Phurua Hospital, Loei

UNANELD

nsfnnili i UszasitazAnundamenudidauassnnmsagsenvesmaUgnaneiufiinsadennisgdiuiilu
{12 30 IFumstgndneiiusiuau 13 8 (e 28, flunsiutios 2 3 uasitunsu@iians 9 8) ergadsunslisums
K6in 32 T (17 T 7 Wileu 4 56 T 8 i) Aamumanssnwfiszesia 1 dUani 1, 3, 6 Weu 1 U waendsniulos 1
as srovimfneunalade 4 T 4 dou (1 U 3 1o 1 8 T 8 few) nisfineumamsnyilasmsssianaedinuaznimde
S8 msmsr9vnenddn iiemsussiunsazanveInsugauyss nsdniaureavien msiaseavien nislenvesity nns
1z MInTIInmaesed e sUssiiunsainenduiuveanssgnitnity Inensasafinszgnithity dunszgnithily ves
WBuBauiviud warnsazanevessInilu sansinwimudy ShseudiSaindusesas 61.5 (8 910 13 4 ) Sisinsegsen
winfudosar 92.3 (12 990 13 & ) msUgnaneiluifinisaiesnesydiud Wumsihnildsunsigadannuidediuou
wnfsdnsnisegsengs daumstgndneiuiaiumadendfmenddumssnunagapdeity

Ardnfty: N1sUananeiiy, snsirnudnsa, dnsnisegsen, funinsadesnasayiun

Abstract

The objective of this study was to determined success rate and survival rate of autotransplantation in teeth
with complete root formation. The sample comprised 12 patients with 13 donor teeth (2 canines, 2 premolars, 9
third molars). The mean age of the patients at the time of surgery was 32 years (range 17 years 7 months to 56

years 8 months). Observation period were carried out at 1 week, 1, 3, 6 months, 1 year and once a year thereafter.
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The mean age of observation period was 4 years 4 months (range 1 year 3 months to 8 years 8 months). The follow

up were examined clinically and radiographically. Clinical examination assessed plaque accumulation, gingival

inflammation, pocket depth, tooth mobility and percussion test. Radiographs were used to examined bone healing,

lamina dura, alveolar crest, periodontal space and root resorption. The success rate was 61.5 % (8 of 13 teeth) and

survival rate was 92.3 (12 of 13 teeth). Autotransplantation in teeth with complete root formation has been proved

by several researches of high survival rate. Therefore, autogenous tooth transplantation is one of viable treatment

options for non-restorable tooth replacement.

Keywords: Tooth autotransplantation, Success rate, Survival rate, Completed root formation
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msuUgnanediu (tooth autotransplantation) vising
famsshdadneiiuanuinamidlusatnumiduynnan
Wenfudienaunitusssunatigadeluniolinie aplasia)?
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Table 1 Patient data 12 cases
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# Ineitunndiinsasiesniiuasaaun (Msasrnniiuly
spel 7 Beduunlag Moorrees™®) Uayaveiens 12

318 LAYNANITINY WAAIAIN A151971 1

Ptno Donor Recipient Age Splint type Open Fill root  Follow up Clinical Survival
tooth site access canal Time success

1 15 25 17y 7m suture 15d 3m 8y8m  No (ankylosis) Yes
2 a5 16 19y 10 m  Composite, wire 13d 3m 7y11m  No (ankylosis) Yes
3 28 11 49y dm  Composite, wire 37d 2m2w 6y 11 m  No (mobility) Yes
a4 18 a7 43y 11m suture 37d 3m2w 5y8m Yes Yes
5 38 37 56 y8m  Composite, wire 45d 3milw 5y5m Yes Yes
6 38 37 4dy9m suture 20d 2y6m 5y1lm No (fracture) No
7 18 26 27y Composite, wire 60 d 2y5m 3y3m Yes Yes
8 18 16 23y T7Tm suture 25d 6m 2y 1lm Yes Yes
9 13 13 32y 6m  Composite, wire 7d lyém 2y 10m  No (ankylosis) Yes
10 38 37 21y5m suture 27d 9m 2y5m Yes Yes
11 18 16 26y 6m suture 30d 6m 2y1lm Yes Yes

38 37 26y9m suture 33d 6 m 1y 10m Yes Yes
12 13 23 24y 7m  Composite, wire 10d 3m ly3m Yes Yes

Abbrevation in table 1, y = year, m = month, w = week, d = day
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an wazgAunIenTINuUsELNM 1 - 2 Hadiuns lngseu
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maﬁLﬁﬂ‘WuﬁLW%ﬂﬁﬁu 2214 root canal plugger vualngy
WU RCP 9/11 $3fU879 rubber stop tilafyuasiumia
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Figure 1 Instrument and procedure in tooth autotransplantation

A 1/770593‘7] Round ua fissure #il#lunisinsesntshiiagsessuii (Round and fissure bur for recipient site preparation)

B. uaz C. 01514 root canal plugger lumzinmameraveeiiu (Root canal plugger was used to measure tooth length)

D. ﬁugmﬁui’nwﬁu 0.9 % 1Junae (Tooth was stored in 0.9 % normal saline solution)

E.msiiafiudieneulndnsdusaszain (Tooth was splinted with composite resin and wire)

F. msidunaitudaglvanduusa (Tooth was stabilized with silk)

3. eufURdmaenisien aFutenisuUsalulay
nsldflnudndluegnagnis ilelsidursanunsaguaniny
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Wdaspaemzlane (metallic sound) AgnuNEfan1IEns
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dura) dunszanitnitu (alveolar crest) wasyoududaus
iud (periodontal space) UenINHaEATIINTATaNETRS
51n#Y (root resorption) Hwdansarareanninsinily
(surface root resorption) MsavateveITINTLLUULTILT
ﬁ?&lﬂix@ﬂ (replacement root resorption) N158EaYYB
sinfluiilesannnissniau (inflammatory root resorption)
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Table2 Criteria for success of tooth autotransplantation with completed root formation

Examination Criteria for success

Clinical Examination Gingival healing
Pocket depth < 3 mm

Normal mobility

Negative to percussion test

No metallic sound

Radiographic Examination

Normal periodontal space

Normal lamina dura and alveolar crest

No inflammatory root resorption

No replacement root resorption

No periapical pathology
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Figure 2 Patient no.1 Donor tooth 15 was autotransplanted to recipient site 25 area

A. wvuyuiraeslusiuuu (Upper orthodontic cast)

B. uaz C.omluyeasun 8 U 8 tdou vasn13eein (Oral examination 8 years 8 months after surgery)

D. 0598 1 8Ua1% (Radliographic examination 1 month)

E uas F. 1 U uaz 8 U 8 thou wain1sisin (1 year and 8 years 8 months after surgery)

fUneseil 2 (Ul 3A - 3F)

Athenda 818 19 U 10 wisu lasunisugnanediu
nywifera1snndd 2 (45) Felanudounannludnuay
bucco version NALMUTUNT WA ILULEET 1 (16) nd3an
5u$n%’mwwmaaqmmﬁuuazyimsﬁu SYYYNITAANNUNANT

$nw1 7T 11 weou nuhlivssauanudisaneadinmngs
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nsauiiudszana 1 Jadwes egnslsiany fuvgnaeld
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JUT 3 dthesed 2 iud 45 lasumsugnagadluduneiug 16

Figure 3 Patient no.2 Donor tooth 45 was autotransplanted to recipient site 16 area

A nmlugesinneunswisin (Oral examination before surgery)

B. uaz C. 7 U 11 tfounanisw1eia (7 years 11 months after surgery)

D. awssaneun suen (Radiographic examination before surgery)

E uag F 2 aUnmi uaz 7 T 11 t@ounainissing (2 weeks and 7 years 11 months after sursery)

fheseil 3 (3U 4A - 4F)

Athewe 918 49 U 4 weu lasunisugnanediu
nywuueTn 3 (28) Fslsifigau nauvuitudauurndnans
(11) iflosniing 28 Sarunireduudufadudu (bucco
lingual width) TnalAssiuauninsiulnanatsaudislng
nans (mesio distal width) vesiiud 11 Jaudenldfilud 28
Tunsugnaneity wismndudsinuaassniluiasysoe
ultsuislndifesiuitudameneulngdn sseznisinanu

Han133nw 6 Y 11 Weu nuhlivszaumnudiSamneeadn
esanilud 28 fanug1audies 16 fadiuns shlmilevgn
fefluudy mnugwesiltuiegnilenszgnuinninduves
snilufleglunszgn ildeldanuluui 6 U 11 e flu
lonlusgdv 1 egnlsfimugtredansiianelaluguiuasd
asilu ausaldeulumsumieldd Lifornmsdula 9
warliineemslaituiieunnuia

U4 fhesiei 3 i 28 lasunisugnagaslusumieiug 11

Figure 4 Patient no.3 Donor tooth 28 was autotransplanted to recipient site 11 area

A. amludestnneunisaien (Oral examination before surgery)

B. uaz C. 1 tFou uag 6 U 11 (Aounainisw1sia (1 month and 6 years 11 months after surgery)

D. nwssaneun suen (Radiographic examination before surgery)

E. Uaz F. 1 aUni uaz 6 U 11 (fouvainisai9n (1 week and 6 years 11 months after surgery)

fUheseil 4 (3Uf 5A - 56)
Hthewie 01y 43 U 11 Weu lasunisugnanediu

NIV 3 (18) Beilliidgaunaunuiiunsuannnd
1 2 (a7) Tgvspudituly 90 a9 teiuniuluegusiom
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JU5  ghesiei 4 ud 18 l85unisugnareadlusumioiug 47
Figure 5 Patient no.4 Donor tooth 18 was autotransplanted to recipient site 47 area
A. mmludestnneuniseaign (Oral examination before surgery)
B. uaz C. 5 U 8 t@ounainisaiiem (5 years 8 months after surgery)
D. nwssaneun suein (Radiographic examination before surgery)
E. 5 T 8 tiounaaniswsia (5 years 8 months after surgery)

fUaese? 5 (SUTI6A - 6F)

fUnende 01y 56 U 6 ey ldfunsdwnan  aseuilufuiusummdfideisnniunsine szeznns
vunumdnatinensuiiomsugnaneiiunsenede@ 3 (38)  Aamumanisinw 5 T 5 ou wuindszauaudiienng
nounuitunsmasdiedi 2 (37) vifanugndieituudy  ealn flheaunsalfnulunisuaifeldd
Fedehendulushwdnwaaessniluazysaugituienis

JUil6  ghesieii 5 i 38 l§5unisugnareadlusiumieiug 37
Figure 6 Patient no.5 Donor tooth 38 was autotransplanted to recipient site 37 area
A amludestnneunisega (Oral examination before surgery)
B. waz C. 1 Ao uae 5 U 5 tiounainiskiien (1 month and 5 years 5 months after surgery)
D. nwssaneunIsksia (Radiographic examination before surgery)
E. uag F 1 aUni uae 5 U 5 (dounainisw16m (1 week and 5 years 5 months after surgery)

Leelamanotham, 2017 275



fUheseil 6 (SUATA - D)

fUaends 81y 44 U 9 heu lasunisugnaneity
NTWEsNeTN 3 (38) naunuilunsua1siedi 2 (37) nds
Mniudsinueaossnity egrdlsinuduiesinazaans
Snwaossnituetnsianios lshnaiavanaads sl
ﬁzgmmmimmaam?aml,agﬂuiammsﬁu WUSDIUTTIUR
3-4 Tadwnslagseu AmSsEnuIinsassveInsenin

ulsiauysal fszduveunszgnidnfludiainaediy 2-4
finduns Wesnwiensaufioinisiou Faldsunisanaans
snituislonan 27 6 e uazysauzilusoaeylngn laoi
fiheanansolinulumsuaifelifuiitulonlusedu 1 szoy
MsfamuNan1ssne 5T 1 ieu nuinlivszauanudnsa
ynspAtin fusansininmsuaifen uasdssnauituoentuiign

U7 fhesiedi 6 iud 38 ldsunisugnoneaslusumiiug 37

Figure 7 Patient no.6 Donor tooth 38 was autotransplanted to recipient site 37 area

A 0INSIE AounIsHIeR (Radiographic examination before surgery)

B. 2 T 6 oy ain13%18iA (2 years 6 months after surgery)

C. uaz D nwluvestn 2 T 6 ifou nainiseisin (Oral examination 2 years 6 months after surgery)

fUhese?l 7 (5U7 8A - 8D)

gUaends 81y 27 U 8 heu lasunisugnaneity
AFMULYNTT 3 (18) naunuilunsuuudedii 1 (26) Ty
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gasniulnsseniaudingaan (Oro antrum communication,
OAQ) wu1A 5 Tadluns Feneununssnelagnisgnane
flud 18 veunuuazdn OAC luadufvniu udiniuis
Shwimaessnilu sgslsinudUaednaguianisinwinass
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Figure 8 Patient no.7 Donor tooth 18 was autotransplanted to recipient site 26 area

A. nmludestnnaunisign (Oral examination before surgery)

B. 3 T 3 1dou waan5:16A (3 years 3 months after surgery)

C. 7594 1 1dou (Radiographic examination before surgery)

D. 3 U 3 tiow vasn1369in (3 years 3 months after surgery)

fUhesed 8 (5UT 9A - 9F)

gUaends 81y 23 U 7 hou lasunisugnaneity
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Figure 9  Patient no.8 Donor tooth 18 was autotransplanted to recipient site 16 area

A amludastnneunisega (Oral examination before surgery)

B. 4az C. 9 oy uae 2 U 11 (A9unasnsw1sia (9 months and 2 years 11 months after surgery)

D. nwssaneaunIsksia (Radiographic examination before surgery)

E uag F 1 oy uae 2 U 11 thounasnsw1sia (1 month and 2 years 11 months after surgery)

fUnes1e 9 (5Ul 10A - 10E)

Hthends 01y 32 U 6 e lasunsugnanediu
Aeruurn (13) Saduituilsoguinasumay Tuung
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fanuinsinvesiiulgneeudazegdaiusiniludiafes
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2 U 10 ew wunlduszaumudisanedinmsiziia
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JUAT 10 guhesiei 9 iud 13 lasunsugnaneadlusumioiug 13
Figure 10 Patient no.9 Donor tooth 13 was autotransplanted to recipient site 13 area
A. nNssdneun13t188 (Radiographic examination before surgery)
B. Uaz C. 1 aUm i uaz 2 T 10 idouvasniseign (1 week and 2 years 10 months after surgery)
D. amluasuinaeuniswsia (Oral examination before surgery)
E. 2 T 10 ifouviainisti$n (2 years 10 months after surgery)

FUnes1ei 10 (GU 11A - 11F) 1hilud 38 imnaudh fuegrannszuuauituly 3 Sadums

faevids o1g 21 U 5 ey Iisumsugnaneiiu egnlsfimamdiannisinunasssnity wud ftuiiugnane
n91mae8T7 3 (38) naunuitunsmasiedin 2 (30 las anansawdeusindssuvaviluldiessuaudugau szernns
Arunanandsumnsgldiaioudriuaniuluilide  Aemunansin 29 5 Weu wuhussauanidifamanatin

JUil 11 gaesiei 10 WuF 38 lasumsgnareaslusiumisiug 37
Figure 11 Patient no.10 Donor tooth 38 was autotransplanted to recipient site 37 area
A amludestinaeuniseiga (Oral examination before surgery)
B. 4ag C. 2 U 5 ifounainisgn (2 years 5 months after surgery)
D. nwsadneaun7sksin (Radiographic examination before surgery)
E uae F. 1 fou uae 2 U 5 saunainiseiisg (1 month and 2 years 5 months after surgery)

fUheedl 11 (UTl 12.1 uas 12.2)

fUaemds 01y 26 U 6 o Idsunisugndieity (38) maunuilunsiudnaiedi 2 (37) ndiniudednw
2 fuwmds fio Msugnanedtuns UGN 3 (18) veuny AaeesInily szezmsiamasanisinw 2 U 1 iWouuas 1
flunsuuurn@i 1 (16) wazdgnanedtunsiuansdnedd 3 9 10 iWeunudn Yszauanudidemnaeadn
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JUil 121 hesed 11 tud 18 15unisugnateadlusiumieiug 16
Figure 12.1 Patient no.11 Donor tooth 18 was autotransplanted to recipient site 16 area
A. mwludoatnneuniseign (Oral examination before surgery)
B. 2 U 1 tAounasnisk18ia (2 years 1 months after surgery)
C. amSsdneun5k19m (Radiographic examination before surgery)
D. 2 T 1 i@ou wan5u19n (2 years 1 months after surgery)
JUil 122 grheseitl itud 38 195unisugnateadlusumieiug 37
Figure 12.2 Patient no.11 Donor tooth 38 was autotransplanted to recipient site 37 area
A. mwludostnneuniseign (Oral examination before surgery)
B. 1 T 10 wounasniseigia (1 year 10 months after sursery)
C. amSsaneun sk18m (Radiographic examination before surgery)
D. 1 T 10 tfou viasn136i16in (1 year 10 months after surgery)

gUaeseil 12 (53U 13 A - 13F) naunuiiudesvudie (23) Alivszauanudnsaainnis
dhende 01y 24 U 7 pieu lasunisUgnanediy Shwimaessinily wasaniudednweaessniiy ssegnns
Weauwn (13) Jaduiludownunnludnuae labio version  Famunan1ssn 173 e wuh Ussauaudisansnddn

JUIT 13 gihesiei 12 ud 13 |
Figure 13 Patient no.12 Donor tooth 13 was autotransplanted to recipient site 23 area
A amludosn uag B. 7m3Evesiug 23 Gadumaininnisshwinaessinilu (Oral examination and Radiographic examination tooth 23
failed endodontic treatment)
C. amlugesiniiug 13 fvxiunvgnane (Donor tooth 13)
D. naunIseiia (Oral examination before surgery)
E uag F. 1 T 3 i@ou wawn13%168 (1 year 3 months after surgery)
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The Role of Laser Stimulation (Electro-acupuncture) in Alginate
Impression Making for Patients with a Gag Reflex.
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Abstract

A pronounced gag reflex (GR) is a problem for the acceptance and delivery of dental treatment for children.
Despite a range of management strategies, lasers represent a quantum leap forward in the treatment of pediatric
dental patients. The aim of this study was to evaluate the effect of low level laser stimulation (electro-acupuncture)
in controlling the gag reflex of patients requiring upper alginate impression. Forty-five patients participated in the studly,
and were divided into three groups (Groups A, B, and C) of fifteen patients in each group. GR assessment was estimated
by using the Gagging Severity Index (GSI). Group A underwent a red-light soft magnetic field laser stimulation (electro-
acupuncture) on conception vessel 24 (CV 24) for one minute (min). Group B underwent a combination of laser
acupuncture of CV 24 and acupressure on pericardium 6 (PC 6). Group C, formed the placebo group. During laser
acupuncture and acupressure, a second impression was taken and the Gagging Prevention Index (GPI) was evaluated.
Both the GSI and the GPI were recorded at three different stages of the dental impression making procedure, stage
I- an empty impression tray, stage II- with a loaded tray, stage- Il ability to keep the impression in the mouth until
the alginate sets. Statistical analysis was done using the SPSS version 21 software (SPSS Inc., Chicago IL). A significant
decrease in GPI values as compared to GSI values, was observed after the laser acupuncture in Group A and B
(p<0.05). The average improvement between the GSI and the GPI scores before and during laser acupuncture and
acupressure in Group B was 53.6 %, in Group A was 34.2 % and in Group C was 2.81 %. When the mean values of
GSI and GPI scores of the empty tray, loaded tray, alginate set were compared among the three groups A, B, C
before and during laser acupuncture and acupressure, the results were statistically significant (p<0.05). The study
concluded that both techniques, laser acupuncture on acupuncture points CV 24 and the combination of laser
acupuncture on acupuncture points CV 24 and acupressure point PC 6 were effective methods in controlling the

gag reflex.
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Introduction

The gag reflex is a physiological reaction to
inhibit foreign objects or harmful material from entering
the pharynx, larynx or trachea. It is regulated by nerve
endings situated on the soft palate, the pharynx, the
pharyngeal part of the tongue.' The origin of gagging has
been attributed to be either somatic or psychogenic. In
somatic gagging, touching a trigger area induces the
reflex.” Psychogenic gagging is stimulated without direct
contact. The sight, sound, smell or even thought of
dental treatment is sufficient to induce the gag reflex
in some individuals.

The gag reflex sometimes has an undesirable
impact on the efficacy of dental procedures such as
intraoral examination, making dental impressions and
many other clinical dental procedures. There are several
methods to control the gag reflex. They include relaxation,
distraction, desensitization techniques, psychological
therapy, behavioral therapies, local anesthesia, conscious
sedation and general anesthesia techniques. They also
include complementary medicine therapies comprising
of hypnosis, acupuncture and acupressure.>
The concept of laser acupuncture

Laser acupuncture was first scientifically tested
in Graz, Austria. It represents a novel painless, non-invasive
acupuncture method. The individual combinations of
acupuncture points can be stimulated simultaneously
as in traditional Chinese medicine.” Laser acupuncture
with different wavelengths have been used in several
areas, including for the treatment of headaches, chronic
maxillary sinusitis in children', anesthesia for minor
operations®, therapy relating to the acute obstruction
in asthmatic children™ and vomiting."

A red-light soft laser (power output 2.5W-5W,
wavelength 810 nm) was used which had a pulsating
magnetic field of 9 Hz with a penetration depth of 30 cm
was used for acupuncture. A red-light soft laser stimulates
the organism’s bioenergetic regulation processes on the

cellular level” Litscher’ investigated the peripheral effects

of acupuncture using a continuous laser light at a wavelength
of 685 and 785 nm. A noteworthy increase was observed
in peripheral temperature during laser acupuncture.

The stimulation of acupuncture points has been
defined as the insertion of a solid needle into specific
parts of the human body for disease prevention, therapy
or the maintenance of health. Acupuncture points on
the body are stimulated by needles, pressure (acupressure),
vacuum (cupping), laser or electrical stimulus (electro-
acupuncture).”

Acupuncture points have been utilized as an
alternative method to control the gag reflex. Several
acupuncture points including pericardium 6 (PC 6)’,
located on the forearm and conception vessel 24 (CV 24)',
located in the labio-mental fold on the chin have been
used to control the gag reflex. The laser acupuncture
of acupuncture point CV 24 and acupressure on PC 6
was found to be an effective method in the treatment
of orthodontic patients with gag reflex.” The utilization
of needle acupuncture in children is a very arduous
procedure since it is an invasive technique. However,
laser acupuncture and acupressure are painless and
more felicitous for children.

The aim of this present study was to evaluate
the role of laser stimulation in alginate impression
making for patients with a gag reflex (GR). The objective
of this study was to compare and contrast the effects
of two approaches in patients having GR requiring dental
impression of maxillary arch. First approach involves the
laser acupuncture (Elexxion AG- Dental Laser, Germany)
of the CV 24 acupuncture point. The second consists
of a combination of the laser acupuncture of CV 24

acupuncture point and acupressure on PC 6 using wristbands.

Materials and methods

Ethical clearance was obtained from the

Institutional Review Board of Terna Dental College, Navi
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Mumbai (Protocol number - TDC/IRBEC/121/2016). A
total of 45 (28 female, 17 male) children aged 6 to 12
years participated in this study. The sample size was
determined according to a previous study.”
The patient inclusion criteria were as follows:
1. Patients with moderate (Grade IIl) to severe
gagging (Grade IV) according to the gagging severity
index (GSI)"”
2. Inability to accept dental treatment on a
previous occasion due to severe gag reflex.
3. Patients requiring upper alginate impression
for diagnostic purpose.
4. Parents of the patient who were able to give
informed consent.
The patient exclusion criteria were as follows:
1. Frankl behaviour rating 1 and rating 2.

2. Children with special health care needs.

Patients were randomly divided into three
groups: A, B and C. Fifteen patients were present in each
group. In all the three groups, a dental impression of
the maxillary arch was made with alginate impression
material (Prime dental products, India) before and during
laser acupuncture and acupressure. The alginate was
prepared for 1 min 50 second (s) according to the

manufacturer’s instructions and the tray was inserted

into the mouth where it was kept for 45 s.

Gagging Severity Index (GSI)” was used to
measure the severity of gag reflex in all the treatment
groups before the application of laser acupuncture and
acupressure. Gagging Prevention Index (GPI)"* was used
to evaluate the effectiveness of the laser acupuncture
and acupressure after the procedure. GSI'and GPI were
recorded at the three stages at the impression taking
procedure:

« Stage | evaluation of the patient’s ability to
tolerate an empty tray (placed in the mouth).

« Stage Il evaluation of the patient’s ability to
tolerate a loaded tray (placed in the mouth).

« Stage Il evaluation of the patient’s ability to

tolerate the impression in the mouth until the alginate set.

Group A underwent laser acupuncture of CV
24 for 1 min (Fig 1). The laser used in this study was Elexxion
AG- Dental Laser (Germany, Output level- 100mW, frequency-
20,000Hz, wavelength- 810nm.) The CV 24 acupuncture
point was marked just below the mentolabial sulcus
along the midline. While the loaded tray was inserted
into the mouth, laser acupuncture was applied
simultaneously to acupuncture point CV 24 for 1 min.
The laser probe was applied at a distance of 1 cm from

the patient.

All results were recorded onto the patient’s recording forms.

Figure 1 A. The acupuncture point conception vessel 24 (CV 24). B. View of use of laser acupuncture on acupuncture point CV 24 .

Group B patients were subjected to a combination

of laser acupuncture of CV 24 and acupressure on PC 6 (Fig 2).

The location of acupressure point PC 6 was determined

in terms of cuns. (unit of measurement of acupressure
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point according to Chinese medicine). 1 cun is the
equivalent to the width of the patient’s thumb across
the interphalangeal joint above the horizontal fold at
the root of the hand. The acupressure point PC 6 was
marked 3 cuns from the root of the hand. The patients

wore a band (Aktive Life Motion Sickness Relief Band,

== ]

India) on the acupressure point PC 6 point for 20 min
before the impression was made. The laser acupuncture
of the CV 24 acupuncture point was then performed

for 1 min while making impressions in this group and

the data was recorded.

Figure 2 A The acupressure point PC 6. B. The button on the band was placed over the PC 6

Group C was the placebo group, the location
of the placebo point was on the forearm measuring 6 cuns
from the wrist of the patient. According to traditional
Chinese medicine, the chosen placebo point is used for
treating circulatory disorders in the upper extremity.’

Laser acupuncture was applied on the placebo point

and impressions were made. The placebo point was
selected different from acupuncture point CV 24 and
acupressure point PC 6 to check efficacy of laser
acupuncture on a point which is different from an

acupuncture/acupressure point which does not have

any gag reflex effect.

Figure 3 The location of the placebo point. (Forearm)

Statistical analysis was done using the SPSS
(SPSS Inc., Chicago IL) version 21 software, GSI and GPI
scores were evaluated by the Paired t test. Intergroup
comparison was done by one-way Anova test. Intragroup
comparisons were evaluated by Post hoc Bonferroni
test. The statistical significance level was determined
at p<0.05.

The GSI and GPI scores of groups A, B, C are
presented in Tables 1, 2 and 3 respectively. Comparing
GSIl and GPI scores at each stage, GPI scores were lower
than GSI scores for both Group A and B. Statistically

significant data was observed at stage | in Group A and
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Group B (p<0.05). On intergroup comparison, mean
values of GSI scores among three groups A, B, C before
the procedure were statistically significant at stage I, Ill
(p<0.05) (Table 4). On comparison of the mean values
of GPI scores with all the three groups after the procedure,
it was observed that mean values are reduced than GSI
scores in group B at stage Il but it was not statistically
significant (Table 5). When the mean values GPI scores

were compared among three groups A, B, C during laser

Table 1 The results of GSI and GPI scores in Group A.

acupuncture and acupressure after the procedure, results
were statistically significant at stage lll (p<0.05) (Table 5).
It was calculated that there was a marked increase in
percentage improvement between the GSI and GPI
scores before and during laser acupuncture and
acupressure in Group B (53.6 %) as compared to those
of Group A (34.2 %). 2.81 % average improvement was
seen in Group C. The average improvement was highest
in Group B (Table 6).

GSI GPI
Stages P
Mean SD Mean SD
Stage | (Empty tray) 2.6667 0.84515 2.3333 0.48795 0.000
Stage Il (Loaded tray) 3.3333 0.48795 2.4667 0.51640 0.500
Stage Il (Alginate set) 3.2667 0.45774 2.3333 0.51640 0.616
SD: Standard deviations, n = 15 (p<0.05).
Table 2 The results of GSI and GPI scores in Group B.
GSI GPI
Stages P
Mean SD Mean SD
Stage | (Empty tray) 3.000 0.84515 2667 0.59362 0.000
Stage Il (Loaded tray) 2.6000 0.50709 1.9333 0.25820 0.234
Stage Il (Alginate set) 2.6000 0.50709 1.3333 0.48795 0.297
SD: Standard deviations, n = 15 (p<0.05).
Table 3 The results of GSI and GPI scores in Group C.
GSI GPI
Stages P
Mean SD Mean SD
Stage | (Empty tray) 2.8000 0.86189 2.9333 0.79881 0.00
Stage Il (Loaded tray) 3.0667 0.70373 3.0000 0.00000 -
Stage IIl (Alginate set) 3.0000 0.37796 2.9333 0.25820 0.02

SD: Standard deviations, n = 15 (p<0.05).
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Table 4 Intergroup comparison at stage |, li, lll before laser acupuncture and acupressure in all the groups (Empty tray, loaded tray,

alginate set) (N- 15)

Stage | Stage Il Stage Il
Groups Mean SD P Mean SD P Mean SD P
A 2.6667 .81650 2.3333 .48795 2.1333 51640
B 3.0000 .84515 .555 2.6000 .50709 .004 2.6000 .50709 .001
@ 2.8000 .86189 3.0667 70373 3.0000 37796

Table 5 Intergroup comparison at stage I, Il, lll during laser acupuncture and acupressure in all the groups (Empty tray, Loaded tray,

alginate set) (N- 15)

Stage | Stage Il Stage I
Groups Mean SD P Mean SD P Mean SD P
A 2.3333 .48795 2.3333 .48795 2.1333 .51640
B 2.2667 59362 .012 2.2667 59362 .012 1.3333 .48795 .000
C 2.9333 79881 2.9333 79881 2.9333 .25820

Table 6 Percentage improvement (%) between GSI and GPI scores before and after the acupuncture in the groups

Group A Group B Group C
Stage | 14.60 32.00 4.44
Stage Il 35.00 34.00 2.00
Stage Il 53.00 95.00 2.00
Average improvement 34.20 53.66 2.81

Discussion

The procedure of making a dental impression
in children with gag reflex may pose a challenge to the
dentist. Various methods have been proposed to manage
the gag reflex.”’ Ansari'® suggested a secondary impression
with injection type polyvinyl siloxane in a custom tray
which does not stimulate the gag reflex. Friedman'’
have also proposed that training the patients to extend
their tongue may reduce the gag reflex by transferring
the point of stimulus to the tongue tip. Other studies
have suggested that acupressure on the PC 6 point
using a wrist band is an effective method in the prevention
of nausea. Vachiramon and Wang' have also stated

that digital pressure on acupressure point CV 24 point

is an effective technique to reduce gag reflex. Schlager™

investigated the effect of 670 nm low-level lasers on
the acupuncture point PC 6 in children with vomiting
after strabismus surgery. They found that laser stimulation
of acupuncture point PC 6 reduced the incidence of vomiting.
Dune et al.”’ pursued to determine acustimulation (AS)
effects on postoperative nausea and vomiting in children.
They undertook a meta-analysis to include acupressure,
acupuncture and electrical stimulation (ETS). This meta-
analysis stated that acupressure and acupuncture are
effective treatment modalities in reducing postoperative
vomiting in children.

The effect of laser acupuncture of the acupuncture
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point CV 24 and combination of acupressure and laser
acupuncture on CV 24, PC 6 respectively was evaluated
in this study. PC 6 was chosen as an acupressure point.
The reason for the usage of both CV 24 and PC 6 in
Group B was to investigate whether the two points have
a synergistic effect.

Significant reduction in gag reflex in Groups A,
B was observed, at stage | (p<0.05) (Table 1). Although
on intragroup comparison in groups B and C, mean
values of GPI scores were less than GSI scores at stage |l
and Il but they were not statistically significant (Table 2, 3).
A similar study was conducted by E Sari and T Sari’,
who stated that in all the three stages, GPI scores were
less than GSI scores and difference was statistically
significant (p<0.05). In Group B, it was also observed that
at stage Il and Il initially the patient felt mild gag for
about 10-20 seconds but once laser acupuncture was
initiated the gag reflex reduced as it was continued till 1 min.
Marked reduction in gag reflex was observed in Group
C at stage | (Table 3). The decrease in the GPI scores in
Group C may due to on psychological factors. Note that
psychological and behavioral therapies are one of the
methods are effective in controlling gag reflex.”

Previous studies have presented that CV 24
and PC 6 were effective acupuncture points in patients
with gag reflexes. Compared to needle acupuncture,
acupressure and laser acupuncture allowed a less painful
stimulation, hence acupressure and laser acupuncture
were considered in this study. A low-level laser has no
known side effects. Laser irradiation on the body can
have side effects such as increased pain sensation on
the operating area, increased fatigue, drop of blood
pressure and vertigo if the site is close to vessels.”” But
in this study, none of the above-mentioned side effects
were observed in patients undergoing laser acupuncture.

The mode of action in controlling the gag reflex
through acupuncture is not completely understood. It
occupies the spectrum of the gag reflex from the mild
end of nausea to the severe end which results in vomiting.

Vomiting center controls the gag reflex. Although more

recent studies have proposed that multiple brainstem
sites intervene the act of vomiting and no isolated center
exists.”"** The most likely cause of a somatically induced
gag reflex during dental treatment is the activation of
trigger zones in the posterior region of the oral cavity,
which are innervated by the glossopharyngeal nerve (IX).
On the contrary, the anterior part of oral cavity is supplied
by trigeminal nerve (V), which is not considered to take
part in the gag reflex. However, there are close connections
in the points between the cranial nerves V, IX, and X.*'
After both stimulation of acupuncture point CV 24 and
PC 6, the impulses ascend to centres in the mid-brain,
towards the nucleus of the raphe magnus (nRm). The
nucleus of the raphe magnus is the main source of
serotonin (5-HT) in the brain” which is metabolised to
B-endorphine, which may have an anti-emetic function.
[t has been shown that acupuncture accelerates the
synthesis of 5-HT and it is likely that the serotonin
mechanism takes part in the control of the gag reflex.
It could be concluded that both points CV 24 and PC 6
have a synergistic effect because it was found that there
was an increase in the percentage improvement between
GSl and GPI'in Group B compared to the results of Group
Aand C.

Conclusion

The laser acupuncture on acupuncture point
CV 24 and combination of laser acupuncture on CV 24
acupuncture and acupressure on PC 6 was found to be
effective in controlling the gag reflex in old patients

who are 6-12 years old.
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Abstract

The objectives of this study were to compare the effect of different types of mouthwashes on the elastic
force of elastomeric chains and to compare the effect of pH in different types of mouthwashes that were exposed to
the elastomeric chains. A total of 210 elastomeric chain specimens was exposed to five different types of mouthwashes

(Colgate® Plax, Listerine® Cool mint, Systema® Japanese cherry blossom, Fluocaril® Ortho 123 and Punjasri®) and
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two control groups (distilled water and acetic acid). The elastomeric chains were submerged in artificial saliva at

37°C and were exposed to the solution twice a day. Force measurements were performed at six-time intervals

(Initial, Day 1, 7, 14, 21 and 28). The result showed that statistically significant difference was found between the

initial (Day 0) and Day 1 in all groups. The highest percentage of force decay occurred during the first day. And the test

group of mouthwashes that had the highest mean of force remain in Day 28 was Systema® Japanese cherry blossom,

followed by Listerine® Cool mint, Colgate® Plax, Fluocaril® Ortho 123 and Punjasri® respectively. In conclusion, the

mouthwash that had the highest force decay in elastomeric chains was Punjasri® with no significant correlation

between pH of mouthwash and elastic force degradation.
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Table 1 Composition of mouthwashes
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Mouthwash

Composition

Colgate® Plax

Water, Glycerin, Propylene glycol, Menthol, Sorbitol, Poloxamer 407, Flavor, Potassium sorbate,

Sodium saccharin, Sodium fluoride and Cetylpyridinium chloride (CPC), Cl 42051

Listerine® Cool mint

Water, Alcohol, Sorbitol, Sodium benzoate, Poloxamer 407, Flavor, Sodium saccharin, Benzoic acid

and Four essential oils (Eucalyptol, Menthol, Thymol and Methyl salicylate), Cl 42053

Systema® Japanese

cherry blossom

Water, Alcohol denatured, Citric acid, Sorbitol, Xylitol, Sodium benzoate, Sodium lauryl sulfate,
Sodium citrate, Sodium saccharin, Menthol, Flavor, Methylparaben, PEG-60 Hydrogenated Castor oil,

Isopropyl Methylphenol (IPMP; O-Cymen-5-Ol), Dipotassium Glycyrrhizinate (GK2), Hamamelis Virginiana

(Witch Hazel/ Mansaku) extract, Cl 17200

Fluocaril® Ortho 123

Water, Glycerin, Panthenol, Citric acid, Xylitol, PPG-26 Buteth-26, PEG-40 Hydrogenated Castor

oil, Sodium benzoate, Sodium saccharin, Sodium fluoride, Sodium monofluorophosphate, Flavor,

Cetylpyridinium chloride, Aloe Barbadensis (Aloe vera) leaf extract, Centella Asiatica extract, Cl 14720,

Cl 16255

Punjasri®

- Siamese rough bush/ Tooth brush tree/ Streblus asper Lour

(Steroids, Cardiac glycoside, Terpenoids, Alkaloids, Phenolic compounds, Tannins and Flavonoids)

- Harrisonia perforate/ Blanco

(Limonoid, Flavonoids, Steroids and Chromones)

- Psidium guajava

(Nerolidol, Limonene, Caryophyllene, Cineol, Tannins, Sesquiterpenoids, Triterpenoid compounds,

Quercetin and Guaijaverin)
- Salt
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Figure 1 Elastomeric chain specimens were mounted on personalized test jigs made from Polyvinyl chloride (PVC) tubes

Thermometer
&T

5 links of elastic chain

Artificial saliva
at37°C

Ui 2 Waaalawesgndalinuwivdnuazurlilumsavareareienluennivnueaumilil 37 esmwaides

Figure 2 The test jigs submerged in artificial saliva solution at 37°C in a water bath.

Artificial Saliva 37°C

Test Solution

Distilled water

60 seconds
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Figure 3 All groups were exposed to the solution twice a day for 60 seconds each.
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Table 2 pH of the solutions
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Table 3 Means and standard deviations of the elastic force (N) delivered by the elastomeric chains, which was exposed in seven

solutions at six time intervals (Initial, Day 1, 7, 14, 21 and 28)

Means and standard deviations of the elastic force (N)

Solution
Day 0 Day 1 Day 7 Day 14 Day 21 Day 28
Distilled water 744 +0.71 2.67 +0.10 2.59 +0.14 2.49 +0.13 2174016  212+0.18
Acetic acid 7.30 £ 0.57 2.38 + 0.15 2.16 £ 0.20 211 +£0.13 1.82+0.13 1.74+0.16
Colgate® Plax 7.33 +£0.85 244 +0.12 2.25+0.19 2.18 £ 0.16 1.87+£0.17 1.82+0.16
Listerine® Cool mint 7.48 £ 0.52 258 +£0.14 244 +£0.21 2.30 + 0.22 1.98 £ 0.15 1.97 +£0.18
Systema® Japanese cherry blossom  7.68 + 0.48 2.66 +0.11 2.54 +0.20 2.48 +0.14 215+£019 211 +0.19
Fluocaril® Ortho 123 772 +£0.41 223 +0.10 2.04 £ 0.20 197 +£0.11 1.67 +0.12 1.69 +0.13
Punjasri® 7.41 + 0.58 191 +0.17 1.66 + 0.26 1.61 +0.15 142 +£0.14  135+0.15
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Table 4 Means and standard deviations (SD) of the force level (N) and percentage of force decay of elastomeric chains in each

group over 24 hours.

Force (N) and Percentage of Force decay compared with initial mean

Initial (Day 0) Day 1
Solution
Force (N) Force (N) Force decay (%)

Distilled water 7.44 +0.71 2.67 +0.10 63.79 + 3.88 %
Acetic acid 7.30 + 0.57 238 +£0.15 67.21 +£3.43 %
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Listerine® Cool mint 7.48 + 0.52 2.58 £ 0.14 65.38 + 2.04 %
Systema® Japanese cherry blossom 7.68 £0.48 2.66 +0.11 65.05 + 2.47 %
Fluocaril® Ortho 123 7.72 +0.41 223 +£0.10 70.87 + 1.89 %
Punjasri® 7.41 + 0.58 191 + 0.17 73.92 +3.02 %
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Figure 4 Graph represented the mean of force level of elastomeric chains, which was exposed in seven solutions over 28 days.
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Abstract

Acid-base cements mostly create microleakage at tooth-restoration interface, while 4-META/MMA-TBB
resin cement can provide microleakage-free interface. Microleakage has influence on marginal seal and retention
of fixed dental prostheses which might affect their survival and complication rates. This retrospective study was
conducted to explore the effect of luting cements on 5 to 10 years’ survival rates of single crowns and their
complications such as caries associated with restorations, pulp necrosis and detachment. Two types of applied
cement, acid-base cement (zinc phosphate, zinc polycarboxylate or glass-ionomer) and resin cement (4-META/
MMA-TBB) were evaluated in this study. One hundred and fifty nine patients treated with at least 1 single crown were
recruited for examination, given a total of 583 teeth were included in this study. All crowns were performed by
post-graduate students of Prosthodontic Department, Faculty of Dentistry, Chulalongkorn University during the year
2005 and 2010. Survival condition was determined by the absence of extracted teeth or renewal prostheses, while
evaluated complications were caries associated with crown, pulp necrosis or crown detachment. Data was analyzed
using Kaplan-Meier method followed by log-rank test to evaluate the differences of survival and complication rates
between types of cement at significant level of 0.05. It was found that 5- and 10-year survival rates of acid-base cement
were 92.2 % and 67.0 %, while those of 4-META/MMA-TBB cement were 95.5 % and 87.1 % respectively. The
complication rate of caries associated with crown, pulp necrosis and crown detachment of acid-base cement were
12.5 %, 7.3 % and 4.4 %, whereas those of 4-META/MMA-TBB cement were 1.4 %, 2.4 % and 0.0 % respectively. There
were significant differences in survival rate (p=.023), caries (p=.001) and detachment complications (p=.008) between
cement types. In conclusion, crowns fixed with 4-META/MMA-TBB cement that can provide microleakage-free

tooth-prosthesis interface have longer-term function and less complication.
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Table 1 Characteristics of crowns at time of cementation.

Characteristics n = 583 %

Gender - Male 255 437
- Female 328 56.3

Age of patient at time of cementation - 20 - 34 years 19 33
- 35 -49 years 143 24.5

- 50 - 64 years 268 46.0

- From 65 years to highest 153 26.2

Jaw - Maxilla 306 525
- Mandible 277 47.5

Tooth position - Anterior 204 35.0
- Premolar 182 31.2

- Molar 197 338

Type of crowns - Full metal 133 21.3
- Porcelain-fused to metal 423 66.2

- All ceramic 27 4.6

Occluding pair - Natural teeth/crowns 492 84.4
- Removable denture 90 15.4

- Implant 1 0.2

Root canal treatment history - Vital teeth 320 54.9
- Root canal treated teeth 263 45.1

Abutment of removable denture - No 385 66.0
- Yes 198 34.0

Cement types : Acid-base cement - Zinc phosphate 232 39.8
- Zinc polycarboxylate 41 7.0

- Glass ionomer 23 39

: Resin cement - -META/MMA-TBB 287 49.2
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Figure 2 Distribution of the crown position (n=583).
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Table 2 Failures of crowns for two types of cements.
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Acid-base cement

4-META/MMA-TBB

Variables Categories 5years 5-10 years Total 5years 5-10 years Total
n=296 n=273 n=296 (%) n=287 n=274 n=287 (%)
Biological  Caries associated with crown 7 14 21 (7.1) 1 0 1 (0.3)
failure Tooth fracture 6 4 10 (3.4) 6 a4 10 (3.5)
Pulp necrosis/ vital tooth 7 1 8 (5.3) 0 0 0 (0.0)
Periodontitis 1 6 7 (2.9) 3 3 6 (2.1)
Prosthetic ~ Crown detachment 2 1 3 (1.0) 0 0 0 (0.0)
failure Porcelain fracture 1 1 2 (0.7 3 0 3 (1.0)
Loose contact 1 0 1 (0.3) 0 1 1 (0.3)
Total 25 27 52 (17.6) 13 8 21 (7.3)
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Table 3 Failures of crowns with different types of cements and materials of crowns.

Full metal Porcelain fused to metal All-ceramic
Variables  Categories Acid-base 4-META/ Acid-base  4-META/MMA-  Acid-base  4-META/MMA-
cement MMA-TBB cement TBB cement TBB
n=74 (%) n=59 (%) n=222 (%) n=201 (%) n=0 (%) n=27 (%)
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Table 4 Failures of crowns with different types of cements and tooth positions.

Anterior Premolar Molar
Variables  Categories Acid-base 4-META/ Acid-base  4-META/MMA-  Acid-base 4-META/
cement MMA-TBB cement TBB cement MMA-TBB
n=87 (%) n=117 (%) n=95 (%) n=87 (%) n=114 (%) n=83 (%)
Biological Caries 4 (4.6) 0 (0.0) 7 (7.9) 1 (1.1) 10 (8.8) 0 (0.0)
failure  1ooth fracture 2 (23 4 (34 5 (5.3) 3 (34 3 (26 2 (20
Pulp necrosis/ 1 (2.3) 0 (0.0) 3 (5.6) 0 (00) q (7.4) 0 (0.0
vital tooth
Periodontitis 3 (3.4) 2 (1.7) 2 (2.1) 1 (1.1) 2 (1.8) 3 (3.6)
Prosthetic Crown 0 0.0 0 (0.0) 1 (1.1) 0 (0.0) 2 (1.8) 0 (0.0)
failure detachment
Porcelain 1 (1.1) 2 (1.7) 1 (1.1) 1 (1.1) 0 0.0) 0 (0.0)
fracture
Loose contact 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1) 1 (0.9) 0 (0.0)
Total 11 (12.6) 8 (6.8) 19 (20.0) 7 (8.0) 22 (19.3) 5 (6.0)
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Figure 3 Kaplan-Meier curves, showing estimated survival rates of crowns between cements. (p=.023)
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Figure 4 Kaplan-Meier curves, showing estimated complication ‘caries associated with crown’ between cements. (p=.001).
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Shear Bond Strength of Resin Cements to Human Dentin under
Self-Curing Mode

Pannipa Khumtong' and Chaiwat Maneenut'

'Department of Operative Dentistry, Faculty of Dentistry Chulalongkorn University, Bangkok

Abstract

To measure the shear bond strength (SBS) of a dual-cured resin cement to human dentin under self-curing
mode, and compare it with the SBS of two self-cured cements. The SBS of two self-cured resin cements (Super-Bond
C&B, Sun Medical Co. Ltd, Kyoto, Japan (SB); C&B Cement, Bisco Inc., Schaumburg, IL, USA (CB)) and one dual-cured
resin cement (NX3 Nexus, Kerr Corporation, Orange, CA, USA (NX)) were measured according to I1SO 11405. All resin
cements were used according to the manufacturers’ instructions to bond to the dentin of premolar teeth using a
stainless-steel cylinder mold and allowed to self-cure. Shear bond strengths were measured after 1h and 24h
storage in a humidified lightproof box at 37°C. Super-Bond C&B exhibited the highest bond strength at both 1h and
24h ((19.2 + 2.8) MPa, (34.0 + 5.1) MPa respectively) and the lowest was C&B Cement ((5.2 + 1.1) MPa, (10.5 + 2.8)
respectively) (p<0.05). The bond strength at 24h in all groups were significantly higher than at 1h. Resin cements
with different chemical formulations yield significantly different bond strengths to human dentin. The self-cured
acrylic resin cement showed the highest bond strength and should therefore be preferred in clinical situations where the
photo-curing light cannot transmit through the restoration. Time after bonding increased the bonding performance

of all resin cements.
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Introduction

The excessive loss of the tooth structure, e.g,, large
carious lesions, root canal treatment and severe attrition,
weakens the tooth and renders it more susceptible to
fracture."” In these cases, a direct restoration may be
inadequate to support the remaining tooth structure.
Cusp-coverage indirect restorations are more appropriate
treatments to increase the fracture resistance of the
tooth.**

There are many factors that affect the success
of an indirect restoration, such as the height of the tooth,
the type of the preparation® and the luting cement.® To
lute indirect restorations, methyl methacrylate-based
luting agents or resin cements are increasingly used due
to their additional advantages of higher compressive
strength, flexural strength and bond strength to tooth
structure, compared to conventional cements. Furthermore,
resin cements have less microleakage and excellent
color match.” According to their polymerization mechanism,
they may be classified into light-cured, self-cured and
dual-cured.®

If the restoration is a ceramic or indirect resin
composite through which light can pass, an appropriate
resin cement can be light-cured or dual-cured.” A self-cured
resin cement is appropriate for luting metal restorations
because they are opaque. However, many manufacturers
claim that dual-cured resin cements can be used for
luting metal restorations.

Several studies indicated that the rate and
degree of conversion (C=C to C-C, or the extent of the
curing reaction) of dual-cured resin cement without light
activation was less when compared to cement exposed
to light."” The degree of conversion may affect the
surface hardness of resin cements.'* Many studies also
showed that surface hardness was less when dual-cured
resin cement was polymerized by a self-curing mode
only**" and this would affect bond strength and the
success of the treatment if lute metal restoration with

dual-cured resin cement.

There are no studies on bond strength to the tooth of
dual-cured resin cements in a self-curing mode. The
objectives of this study were to measure the bond
strength of a dual-cured resin cement to dentin under
self-curing mode and compare it with self-cured resin
cements. The null hypotheses were that (1) there is no
difference in shear bond strength between the types of
resin cement; (2) there is no difference between 1h and

24h shear bond strength of the same resin cements.

Materials and Methods

Preparation of the specimens

The study received approval from the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (No.43/2015). Ninety non-carious
human premolars extracted for orthodontic treatment
were frozen at - 4°C and used within 6 months after
extraction.

The apices of the teeth were cut off 10 mm
below the cemento-enamel junction and the crown cut
off at the dentine-enamel junction using a low-speed
diamond saw under water cooling (Isomet 1000; Buehler,
Lake Bluff, IL). The resulting roots were embedded in
epoxy resin in polyvinylchloride rings (diameter 22 mm,
height 20 mm) with their occlusal surfaces exposed.
The surfaces were polished with wet 600-grit silicon
carbide paper (SiC) on a polisher (NANO 2000; PACE
Technology, AZ) to create a standardized smear layer.
The specimens were randomly divided into three groups
for each of the three resin cements (n=30), and each
group further divided into two sub-groups (n=15) for 1h
and 24h shear bond strength testing. All groups comprised
the same number of upper and lower teeth.

Bonding procedure

Super-bond C&B (Sun Medical Co., Ltd, Kyoto,
Japan), C&B Cement combined with All-Bond 3 (Bisco
Inc., Schaumburg, IL, USA), and NX3 Nexus combined
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with Optibond Solo Plus (Kerr Corporation, Orange, CA, covered with a 5x5 mm lightproof glossy paper. A load
USA) were used (Table 1). A stainless steel cylindrical of 9.8 N was placed on the paper for 10 min. All resin
mold, inner diameter 3.5 mm, height 3 mm, was localized cements were allowed to cure in self-curing mode
onto the dentin surface by a shear bond strength rig according to the respective manufacturer’s instructions

(Fig 1; SDI Ltd, Bayswater, Victoria, Australia). The respective (Table 2). Thereafter, the specimens were store in a

resin cement was placed into the mold, and the mold humidified lightproof box at 37°C for 1h or 24h.

Table 1 Materials, components, and manufacturers

Resin cement Manufacturer Components
(Classification)
Super-Bond C&B Sun Medical Co. Ltd (Kyoto, Japan) Catalyst V: TBB, Hydrocarbon
(Self-cured) Monomer: MMA, 4-META
Polymer: PMMA, pigment
Green activator: Citric acid, FeCl3
C&B Cement Bisco Inc. (Schaumburg, IL, USA) Base: Bis-GMA, Ethoxylated Bis-GMA, Triethyleneglycol
(Self-cured) Dimethacrylate
Catalyst: Bis-GMA, Triethyleneglycol Dimethacrylate
Al-BOND 3:
Part A: Ethanol, NTG-GMA Salt
Part B: Bis-GMA
Uni-Etch:
32% Phosphoric acid
NX3 Nexus Kerr Corporation (Orange, CA, USA) Uncured methacrylate ester monomers,
(Dual-cured) nonhazardous inert mineral fillers, nonhazardous

activators and stabilizers, radiopaque agent
OptiBond Solo Plus:

Ethyl alcohol, Alkyl dimethacrylate resins, Barium
aluminoborosilicate glass, Fumed silica (silicon
dioxide), Sodium hexafluorosilicate

Kerr gel etchant:

37.5% Phosphoric Acid, Water, fumed silica, dye

colorant

TBB: tri-butylborane. MMA: methyl methacrylate. PMMA: polymethyl methacrylate. 4-META: 4-methacryloyloxyethy trimellitate
anhydride. FeCl3: Ferric Chloride. Bis-GMA: bisphenol A ¢lycidyl methacrylate. NTG-GMA: N-—toluene ¢lycine and glycidil methacrylate
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Figure 1 Stainless steel mold seated on dentin with shear bond strength rig. A: prepared dentin, B: polyvinylchloride rings, C: stainless

steel mold

Table 2 Resin cements and application procedure

Dental adhesive/ .
Resin cements Etching . Application procedure
primer

Super-Bond C&B Green Activator None - Apply the Green Activator using a sponge pledget on dentin
for 10 s.
- Rinse thoroughly with water for 15 s and air dry for 10 s.
- Dispense 4 drops of monomer and 1 drop of catalyst V into
the chilled dispensing dish and stir lightly with brush.
- Add 1 standard spoon of polymer powder and stir lightly for
10 s.

- Apply the cement to dentin immediately after mixing.

C&B Cement Uni-Etch All-BOND 3 - Etch dentin for 15 s and rinse thoroughly with water for 15 s.
- Remove excess water using a gauze for 10 s.
- Dispense an equal number of drops of AlIl-BOND 3 Parts A
and B (1:1) into a mixing well and mix with a brush for 5 s.
- Apply adhesive onto the dentin with a light agitating motion
for 5 s and gently air dry starting from 5 cm for 5 s.
- Light cure for 10 s.
- Mix equal amounts of C&B base and catalyst into a uniform
paste (10-15 s).
- Apply the cement to dentin with dispenser gun.

NX3 Nexus Kerr gel etchant OptiBond Solo - Etch dentin for 15 s and rinse with water for 15 s.
Plus - Remove excess water using a gauze for 10 s.
- Apply OptiBond Solo Plus for 15 s using light brushing
motion.
- Air thin for 3 s.
- Light cure for 10 s.

- Dispense NX3 dual-cure cement onto dentin.
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Shear bond strength testing

Shear bond strength was determined according
to ISO/TS 11405:2003 using a universal testing machine
(EZ-S; Shimadzu, Japan) at a cross head speed 1 mm/
min. Load at failure (N) was recorded and bond strength
calculated (MPa). The de-bonded dentin surfaces were
inspected visually under a stereomicroscope (ML 9300;
MELI, Japan) at x40 magnification to determine failure
mode, and classified into one of four categories:

- Complete adhesive failure at the resin-dentin

interface (Adh)

- Cohesive failure in the resin cement (CohC)

- Cohesive failure in dentin (CohD)

- Adhesive failure and cohesive failure in the

resin cement and/or Dentin (Mixed)
SEM examination

Two specimens were randomly selected from
each group, cut in a sagittal section in bucco-lingual
direction to obtain a 2-mm thick dentin disk. Specimens
were surfaced with wet SiC papers of increasingly finer
grit (#600, #800, #1000 and #1200), polished with soft
clothes with diamond pastes of decreasing grit sizes (6, 3,
1 and 0.25 um) and ultrasonically cleaned in deionized
water. Specimens were superficially demineralized with
32 9% phosphoric acid for 10 s, immersed in a 1 % sodium
hypochlorite solution for 60 s, dehydrated for 20 min
in increasing concentrations of ethanol (25 %, 50 %, 95 %
and 100 %), immersed in hexamethyldisilazane (HMDS)
for 10 min and sputter coated with gold (JFC-1200, JEOL,

45

R 8 & 38

19.2/(a,%)

BN
o wu o

Shear bond strength (MPa)

o wv

Super-Bond C&B  C&B™ Cement

ih

Figure 2 Shear bond strength of three resin cements at 1h and 24h.

NX3 Nexus

Japan). Gold coated specimens were observed using
SEM (JSM-5410 LV, JEOL, Japan) at 10-25 kV (x3000 and
x6000 magnification).

Statistical analysis

Statistical analysis was performed using SPSS
22 software for Windows (SPSS Inc., Chicago, IL, USA) at
a significance level of 5 % (p<0.05). Descriptive statistics
were applied to the data. A comparison of shear bond
strength between different resin cements at the same
time was done using 2-way ANOVA. An independent

t-test was used to compare between groups of the same

resin cement.

Shear bond strengths

The results of the shear bond strength meas-
urements are summarized in Fig 2. At 1h, no significant
difference was seen between the shear bond strengths
of SB and NX group (19.2+2.8 MPa, 17.5+3.4 MPa). CB
group showed significantly the lowest bond strength
(5.2+1.1 MPa). At 24h, the shear bond strength of all
groups was significantly higher than at 1h (SB = (34.0+5.2)
MPa, NX = (28.8+4.7) MPa, CB = (10.5+2.8) MPa). The
bond strength of the three cements was significantly
different (p<0.05) at 24h.

34 (d.#)

10.5-|(e,#)

Super-Bond C&B  C&B™ Cement NX3 Nexus

24h

Lowercase letters indicate comparisons between material at the same time intervals. Symbol indicate comparisons within

materials at different time. Mean values with the same superscript letters or symbol were not statistically different (P<0.05).
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The failure mode distribution (%) of the three
resin cements indicated by stereomicroscopy is shown
in Fig 3. Nearly all (67- 87 %) failures in the SB and NX

groups were mixed at both 1h and 24h. CB group specimens

80%

733%

Number of specimens

26.790

Super-Bond C&B  C&B CEMENT NX3 Nexus

1h

Figure 3 Failure mode of three resin cement at 1h and 24h.

SEM observation

Ficure 4 show examples of the resin cement-
dentin interface bonded with the three cements. A
well-defined hybrid layer with a thickness approximately
2.8-3 pm in the SB group and 3.8-4 um in the NX group

SB group

CB group

NX group

Figure 4 Scanning electron micrographs of the cement-dentin interfaces. (a): 1h, (b): 24h, R: resin cement, D: dentin, Arrow: hybrid layers.
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had the highest percentages of adhesive failure at both
evaluation times. The failure modes at 1h and 24h

among all groups were not different.

7%

13%

|

was observed. In the CB group, a gap between resin

cement and dentin was found. A hybrid layer could not

be observed clearly but resin tags were still evident at
both times.

60%

24h

W Adhesive

O mixed

0%
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Discussion

The stresses at the interface of restoration and
tooth structure are complex, but can be identified
mainly as either tensile or shear. When chewing, the
forces of displacement tend to be closer to shear”, so
a shear bond strength test was used according to ISO
TR 11405.” The SB group exhibited the best SBS results,
while the lowest bond strength was found for the CB
group at both 1h and 24h. Based on the results, the
first null hypothesis, that there is no difference between
materials regarding the shear bond strength, was rejected.
The shear bond strength of the 24h group was significantly
higher than the 1h group for all cements (p<0.05), so
the second null hypothesis was also rejected.

The relatively high bond strength values of the
SB group at 1h may be attributed to the use of 10 %
citric acid combined with 3 % ferric chloride solution
to condition the dentin, while other two resin cements
used 32 % and 37.5 % phosphoric acid (CB and NX group
respectively). A previous study reported that a 4-META/
MMA resin cement (known commercially as Super-Bond,
Sun Medical Co. Ltd Kyoto, Japan), when initiated with
oxidized tri-n-butylborane (TBBO), provided excellent
bond strength to dentin when the dentin surface was
pre-treated with citric acid solution containing ferric
chloride.” Ferric ions diffuse into collagen in dentin
during acid conditioning and help to maintain spaces
between the collagen fiber networks, even after air-drying,
so that monomers can penetrate and form better hybridized
dentin after polymerization.” Furthermore, ferric chloride
accelerates free radical polymerization that is initiated
by TBBO.” The predominant failure mode in this group
was mixed (80 %), which may imply that the bond
strength at the resin-dentin interface exceeds the cohesive
strength of the cement itself in some areas. A previous
study also reported the same correlation between
failure mode and bond strength as in our study.” Moreover,
SEM evaluation showed the well-defined and uniform

3-pm thick hybrid layer that may provide an adequate

support for the good bond strength of this cement.

Even though NX is a dual-cured resin cement,
the 1h bond strength was not significantly different from
that of the SB group. This indicates the effect of light-curing
to adhesive, applied to the dentin before the resin
cement, in stabilizing the hybrid and adhesive layer. By
immediately sealing the dentin and thus preventing
water uptake from the tubules by osmosis”, the favorable
immediate bond strength can be obtained even though
this resin cement is polymerized by a self-cured mode.
LUhrs et al. found that favorable bond strengths of
resin cements were achieved when the adhesive was
light-cured even resin cement was polymerized in self-cured
mode, except for a group of RelyX Ultimate (3M ESPE, St.
Paul, MN, USA) with Scotchbond Universal (3M ESPE, St.
Paul, MN, USA)27. In our study, most of the NX specimens
failed in mixed mode (67 %), indicating the high bond strength
between resin cement and dentin that exceeds the cohesive
strength of the cement itself. SEM evaluation also found
a hybrid layer approximately 3.8 pm thick.

In the CB group at 1h, there was a significantly
lower shear bond strength when compared to SB and
NX groups. This resin cement is used combined with
All-Bond 3 adhesive system, following the manuflacturer’s
instructions for an indirect restoration, that only a
hydrophilic mixture of part A and B was used without
subsequently applying a hydrophobic All-Bond 3 Resin.
Previous studies showed that water can be taken up
from dentin if only a hydrophilic primer is applied,
polymerization of resin cement and the bond strength
will be impaired.”®” Hydrophobic resin should be applied
after a primer in order to seal the dentin and enhance
the bond strength. The failure mode of the CB group
supports the result of shear bond strength, in that most
of the failure mode is adhesive (73.3 %), indicating that
the weakest point is at the interface between resin
cement and dentin. This agrees with a previous study

which reported that adhesive failures were consistently
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found in association with lower bond strengths.”” SEM
analysis also confirms the result, as there is a gap between
resin cement and dentin such that the hybrid layer
could not be clearly observed.

When comparing the shear bond strength between
the 1h group and 24h group, that at 24h was significantly
greater for all resin cements. This greater bond strength
could be ascribed to greater degree of conversion as
shown in a previous study.”

At 24h, SB group presented the highest bond
strength, followed by NX and CB. In dark conditions,
self-cure resin cement has a higher degree of conversion
than dual-cured resin cement™, so the SB group provided
a favorable bond strength. In contrast, the CB group,
which is also a self-cure resin cement, provided the
lowest bond strength. This might due to not applying
hydrophobic resin following the hydrophilic primer
before luting with the cement, thus water uptake from
dentin may have impaired the polymerization process
and bond strength. In general, for dual-cure resin cement,
adhesive/resin cement combinations presented a lower
degree of conversion after auto-curing than when they
were light-cured.”*” Also in a previous study, self-cure
resin cement had a higher surface hardness than dual-cured
resin cement polymerized by the self-cure reaction
only." This low degree of conversion would impair the
bond strength of NX group.”**

For all cements, the failure mode at 24h was
the same as at 1h. For SB and NX, 87 % of specimens
showed mixed failure mode, while 60 % of CB specimens
showed an adhesive failure mode. The failure mode of
CB specimens was nearly all adhesive at both times,
which may because of the low bond strength. A previous
meta-analytical study showed a strong correlation between
bond strength and fracture mode, in that the higher
bond strength, the higher incidence of cohesive failure.”
In our study, there was no cohesive failure, which might
be because the bond strength was not higher than the
strength of the cement or the dentin.

The result from SEM evaluation at 24h revealed

a hybrid layer in SB and NX group specimens of approximately
2.8 and 4 pm thick, respectively. There was no significant
different in hybrid layer thickness compare to 1h group.
In the CB group, a gap between resin cement and dentin
was still observed and a hybrid layer could not be
clearly seen. According to the low bond strength of this
group, a gap could be formed while preparing specimen
for SEM evaluation. Bond strength may depend on
hybrid layer quality rather than thickness.”

A shear bond strength test is to quantify adhesion.
Clinically, there are many criteria which can be used to
assess the effectiveness of a resin cement, such as the
retention form of the preparation, marginal integrity and
clinical microleakage. Choosing an appropriate resin
cement for an indirect restoration is one important key
to success. In this study, the self-cured acrylic resin
cement showed the highest bond strength and could
therefore be preferred in clinical situations where light
transmission cannot penetrate through the restoration.
Applying hydrophobic resin before luting is necessary
when using a self-cured dimethacrylate cement. The
patient should be advised to avoid using the indirect
restoration after luting with resin cement for at least 24

hours.

Conclusion

Resin cements with different chemical formulations
yield significantly different bond strengths to human
dentin. Under only self-curing mode, self-cured acrylic
resin cement created the highest bond strength. The shear
bond strength of all resin cements were significantly

greater after 24h compared to 1h.

References

1. Ng CC, Dumbrigue HB, Al-Bayat MI, Griggs JA, Wakefield CW.
Influence of remaining coronal tooth structure location
on the fracture resistance of restored endodontically
treated anterior teeth. J Prosthet Dent 2006;95:290-6.

328 J DENT ASSOC THAI VOL.67 NO.4 OCTOBER - DECEMBER 2017



2. Caron GA, Murchison DF, Cohen RB, Broome JC.
Resistance to fracture of teeth with various preparations
for amalgam. J Dent 1996;24:407-10.

3. Hayashi M, Takahashi Y, Imazato S, Ebisu S. Fracture
resistance of pulpless teeth restored with post-cores
and crowns. Dent Mater 2006;22:477-85.

4. Smales RJ, Berekally TL. Long-term survival of direct
and indirect restorations placed for the treatment of
advanced tooth wear. Eur J Prosthodont Restor Dent
2007;15:2-6.

5. Goodacre CJ, Campagni WV, Aquilino SA. Tooth
preparations for complete crowns: an art form based
on scientific principles. J Prosthet Dent 2001;85:363-76.
6. Attia A. Bond strength of three luting agents to zirconia
ceramic - influence of surface treatment and thermocycling.
J Appl Oral Sci 2011;19:388-95.

7. Nakamura T, Wakabayashi K, Kinuta S, Nishida H, Miyamae
M, Yatani H. Mechanical properties of new self-adhesive
resin-based cement. J Prosthodont Res 2010;54:59-64.
8. Stamatacos C, Simon JF. Cementation of indirect
restorations: an overview of resin cements. Compend
Contin Educ Dent 2013;34:42-4, 6.

9. Kumbuloslu O, Lassila LV, User A, Vallittu PK. A study
of the physical and chemical properties of four resin
composite luting cements. Int J Prosthodont 2004;17:
357-63.

10. Di Francescantonio M, Aguiar TR, Arrais CA, Caval-
canti AN, Davanzo CU, Giannini M. Influence of viscosity
and curing mode on degree of conversion of dual-cured
resin cements. Eur J Dent 2013;7:81-5.

11. Rueggeberg FA, Caughman WF. The influence of
light exposure on polymerization of dual-cure resin
cements. Oper Dent 1993;18:48-55.

12. Tanoue N, Koishi Y, Atsuta M, Matsumura H. Properties
of dual-curable luting composites polymerized with
single and dual curing modes. J Oral Rehabil 2003;30:
1015-21.

13. Fonseca RG, Cruz CA, Adabo GL. The influence of
chemical activation on hardness of dual-curing resin

cements. Braz Oral Res 2004;18:228-32.

14. Lopes Cde C, Rodrigues RB, Silva AL, Simamoto
Junior PC, Soares CJ, Novais VR. Degree of Conversion and
Mechanical Properties of Resin Cements Cured Through
Different All-Ceramic Systems. Braz Dent J 2015;26:484-9.
15. Braga RR, Cesar PF, Gonzaga CC. Mechanical properties
of resin cements with different activation modes. J Oral
Rehabil 2002,29:257-62.

16. Valentino TA, Borges GA, Borges LH, Vishal J, Martins
LR, Correr-Sobrinho L. Dual resin cement knoop hardness
after different activation modes through dental ceramics.
Braz Dent J 2010;21:104-10.

17. Mendes LC, Matos IC, Miranda MS, Benzi MR. Dual-curing,
self-adhesive resin cement: influence of the polymerization
modes on the degree of conversion and microhardness.
Materials Research 2010;13:171-6.

18. Arrais CA, Kasaz Ade C, Albino LG, Rodrigues JA, Reis
AF. Effect of curing mode on the hardness of dual-cured
composite resin core build-up materials. Braz Oral Res
2010;24:245-9.

19. el-Mowafy OM, Rubo MH, el-Badrawy WA. Hardening
of new resin cements cured through a ceramic inlay.
Oper Dent 1999;24:38-44.

20. Mioche L, Bourdiol P, Peyron MA. Influence of age
on mastication: effects on eating behaviour. Nutr Res
Rev 2004;17:43-54.

21. Technical specification ISO/TS 11405. Dental materials
—testing of adhesion to tooth structure. Switzerland; 2003.
22. Nakabayashi N, Kojima K, Masuhara E. The promotion
of adhesion by the infiltration of monomers into tooth
substrates. J Biomed Mater Res 1982;16:265-73.

23. Piemjai M, Iwasaki Y, Nakabayashi N. Influence of
dentinal polyelectrolytes on wet demineralized dentin,
a bonding substrate. J Biomed Mater Res 2003;66:789-94.
24. Kadoma'Y, Imai Y. Effect of ferric salts on polymerization
of MMA by TBBO in the presence of a collagen sheet--a
model to study the mechanism of adhesion of MMA
resin to dentin. Jon J Dent Mater 1988;7:817-23.

25. LUhrs AK, Guhr S, GUnay H, Geurtsen W. Shear bond
strength of self-adhesive resins compared to resin cements

with etch and rinse adhesives to enamel and dentin in

Khumtong and Maneenut, 2017 329



vitro. Clin Oral Investig 2010;14:193-9.

26. Van Landuyt KL, Snauwaert J, De Munck J, Coutinho
E, Poitevin A, Yoshida Y, et al. Origin of interfacial droplets
with one-step adhesives. J Dent Res 2007;86:739-44.
27. Luhrs AK, De Munck J, Geurtsen W, Van Meerbeek
B. Composite cements benefit from light-curing. Dent
Mater 2014;30:292-301.

28. Momoi Y, Akimoto N, Kida K; Yip KH, Kohno A. Sealing
ability of dentin coating using adhesive resin systems.
Am J Dent 2003;16:105-11.

29. Bouillaguet S, Duroux B, Ciucchi B, Sano H. Ability
of adhesive systems to seal dentin surfaces: An in vitro
study. J Adhes Dent 2000;2:201-8.

30. Yan YL, Kim YK, Kim KH, Kwon TY. Changes in degree
of conversion and microhardness of dental resin cements.
Oper Dent 2010;35:203-10.

31. Hofmann N, Papsthart G, Hugo B, Klaiber B. Comparison
of photo-activation versus chemical or dual-curing of
resin-based luting cements regarding flexural strength,

modulus and surface hardness. J Oral Rehabil 2001;28:

1022-8.

32. Arrais CA, Rueggeberg FA, Waller JL, de Goes MF,
Giannini M. Effect of curing mode on the polymerization
characteristics of dual-cured resin cement systems. J
Dent 2008;36:418-26.

33. LUhrs AK, Pongprueksa P, De Munck J, Geurtsen W,
Van Meerbeek B. Curing mode affects bond strength of
adhesively luted composite CAD/CAM restorations to
dentin. Dent Mater 2014;30:281-91.

34. Cho SH, Lopez A, Berzins DW, Prasad S, Ahn KW.
Effect of Different Thicknesses of Pressable Ceramic Veneers
on Polymerization of Light-cured and Dual-cured Resin
Cements. J Contemp Dent Pract 2015;16:347-52.

35. Leloup G, D’Hoore W, Bouter D, Degrange M, Vreven
J. Meta-analytical review of factors involved in dentin
adherence. J Dent Res 2001;80:1605-14.

36. Hashimoto M, Ohno H, Endo K, Kaga M, Sano H,
Oguchi H. The effect of hybrid layer thickness on bond
strength: demineralized dentin zone of the hybrid layer.
Dent Mater 2000;16:406-11.

330 J DENT ASSOC THAI VOL.67 NO.4 OCTOBER - DECEMBER 2017



Original Articles

Microtensile Bond Strength of Repaired Ceramic Using Resin
Composite with Universal Adhesive System Compared to

Conventional Bonding System In Vitro

Chisanu Lertthawinchira' and Sirivimol Srisawasdi’
"Faculty of Dentistry, Chulalongkorn University, Bangkok

“Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok

Abstract

The effectiveness of 2 types of ceramic repaired using resin composite and a universal adhesive were
compared to a conventional adhesive. Leucite-reinforced glass ceramic ingots (IPS Empress® Esthetic; “EE”; Ivoclar
Vivadent, Germany) and lithium-disilicate glass ceramic ingots (IPS e.max® Press; “EM”; Ivoclar Vivadent, Germany)
were fabricated into 8x8x4 mm ceramic blocks with a total number of 288. The ceramic surfaces were wet-polished
with silicon carbide paper and then treated with 9.5 % hydrofluoric acid (Ultradent® Porcelain Etch; Ultradent, USA).
Resin composite (Filtek™ Z350 XT, shade Ad; 3M ESPE, USA) was built-up with 2 adhesive systems, one half (“U”)
using universal dental adhesive (Single Bond™ Universal; 3M ESPE, USA) and the other (“C”) using total etch dental
adhesive (Adper™ Scotchbond™ Multipurpose Plus; 3M ESPE, USA) combined with ceramic primer (Relyx™ Ceramic
Primer; 3M ESPE, USA). The specimens were stored in water at 37°C for 24 hours and then subjected to thermocycling for
10,000 cycles prior to a microtensile bond strength (UTBS) test. The specimens were then divided into a group of 36,
for 8 groups, according to type of ceramic, adhesive system, and storage condition. Modes of failure were analyzed
using a stereomicroscope (ML 9300; MEUI, Japan). Three-way ANOVA and a Bonferroni post-hoc test were used to
analyze the data (n = 36, O = 0.05). There was no significant difference between the aged and non-aged groups
(p = 0.207). However, a Bonferroni post-hoc test revealed significant differences among all tested groups. The highest
WTBS was recorded by the “EMC” group (36.310+13.12), while the lowest was found in the “EEU” group (22.020+7.94).
The UTBS between the resin composite and ceramic repaired using a conventional adhesive system was higher

compared with a universal adhesive system, especially in the lithium-disilicate type.
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Introduction

Esthetics is a major concern in many aspects
of daily life, and possibly even more so in dentistry.
Dental ceramics are restorative materials that fulfill
esthetic requirements in both form and functional aspects.
Due to their strength and esthetic properties, ceramics
became popular for dental restorations including anterior
crowns, veneers, and veneers on substructures." Many
classes of ceramic systems are available including
feldspathic glass, leucite-reinforced glass, lithium-disilicate
glass, and zirconia.

In the past, feldspathic glass ceramic was most
commonly used for veneer restorations as its excellent
optical properties, translucency, and color; resulted in
a natural appearance. Later, leucite-reinforced glass
ceramic was developed, composed of about 45 %
leucite by volume. IPS Empress® Esthetic (Ivoclar
Vivadent, Germany) is one example of commercialized
leucite-reinforced ceramics that are most widely used
nowadays. This material has flexural strength around
100-120 MPa, with such low strength, the clinical indication
of leucite-reinforced ceramic is limited to anterior teeth
restoration.” Another type of ceramics was developed,
containing 65 % of lithium disilicate by volume, lithium-
disilicate glass ceramic has flexural strength around
350-450 MPa which is sufficient for 3-unit fix partial
denture prosthesis in anterior region.’

Despite both providing favorable esthetic result,
ceramics have greater strength and durability compared to
resin composites. Even so, fractures of ceramic restorations
sometimes occur.*” Replacing the fractured ceramic
restoration with a new one is the treatment of choice;
however, in most situations, patients decline this treatment,
due to time constraints and/or financial limitations. In
these cases, repairing the ceramic with resin composite
can be an attractive alternative treatment.®

The ceramic repair procedure begins with surface
conditioning which can be performed using many

techniques including etching the ceramic surface with

2.5 %, 4.9 %, 5 %, 9.5 %, 9.6 %, 10 % hydrofluoric acid"™,
sandblasting the ceramic surface with aluminum oxide
particles", etching the ceramic surface with 1.23 %
acidulated phosphate fluoride™, or silica coating'.
Although 5 % hydrofluoric acid is particularly suggested
as surface conditioning agent by the manufacturer, the
gel-like form of 9.5 % hydrofluoric acid can be easily
controlled when applying intra-orally for repairing ceramic
with resin composite. Moreover, there are many previous
studies reported that higher concentration of hydrofluoric
acid provided higher bond strength comparing to lower
concentration when applying for the same amount of
time.""® According to these reasons, 9.5 % hydrofluoric
acid was chosen as surface conditioning agent in this
study. After surface conditioning, a silane coupling agent
is applied in order to promote chemical bonds between

organic and inorganic components'*"

, accompanied by
an adhesive agent and resin composite. This procedure is
known as conventional adhesive system. Disadvantages
of this procedure include requiring various products,
taking many steps and consuming chair-time, which
make conventional adhesive system technique-sensitive.
Hence, universal adhesive were developed to resolve
these problems.

Many universal adhesives, commercially available
now, have been claimed to be able to bond to many
substrates such as enamel’®, dentin'®, glass ceramic'®"’
or even zirconia."® In this study, Single Bond™ Universal
was selected as a representative of universal adhesive
system. Due to its composition that differs from the
other adhesives, which is the incorporation of silane
coupling agent in the bottle, Single Bond™ Universal is
able to bond with glass ceramics."’

Even though many procedures have been
developed for repairing ceramics with resin composites,***
with the performance of each technique intensively
investigated, hydrofluoric acid in combination with a

silane coupling agent was the most popular method of
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choice.*"****” However, few studies have compared the
microtensile bond strength (UTBS) of the repair using
method for two types of ceramic systems. This study
compared the performance of a universal adhesive with
a conventional adhesive for ceramic repair. Two types of
ceramic systems; lithium-disilicate and leucite-reinforced
glass ceramics, were chosen.

The null hypotheses tested were: (1) there was
no difference in uTBS between repaired ceramic using
resin composite with a universal adhesive and conventional
adhesive system and (2) there was no difference in uTBS
between aged and non-aged groups of repaired ceramic

using different adhesive systems.

Materials and Methods

16 ingots of leucite-reinforced glass ceramic
(IPS Empress® Esthetic, ETC2; EE; Ivoclar Vivadent, Germany)
and 16 ingots of lithium-disilicate (IPS e.max® Press,
HTA2; EM; Ivoclar Vivadent, Germany) were fabricated
into ceramic blocks with dimensions of 8x8x4 mm (Fig. 1A)

using a heat-pressed technique according to manufacturer’s

G

instructions. The ceramic blocks were placed in stainless
steel holder and passively polished with 240-, 400-, and
600-grit silicon-carbide paper (TOA, Germany) through
running water for 2 minutes each, respectively, by
grinder-polisher machine (Automet® 250; Buehler, USA). All
the ceramic surfaces were treated with 9.5 % hydrofluoric
acid (Ultradent® Porcelain Etch; Ultradent, USA), 60 seconds
for EE and 20 seconds for EM. Resin composite (Filtek™
Z350 XT, shade Ad; 3M ESPE, USA) was used as a build-up
material using a silicone mold with dimensions 8x8x4
mm (Fig. 1B), then bonded to the treated ceramic sur-
face according to the manufacturer’s instructions. The
dimensions of the final specimens of ceramic bonded
with resin composite were 8x8x8 mm. Each 2-mm in-
crement was polymerized using a LED light-curing system
(Demi™ Plus; Kerr, USA) with 1,100 mW/cm?2 intensity
for 40 seconds (Fig. 1D). The light guide was held per-

pendicularly 1 mm above the silicone mold. Light

output from the light-polymerizing unit was checked by
a radiometer (Model 100 Optilux; Kerr, USA) throughout

the experiment.

Figure 1 A) Surfaces of the ceramic ingot with dimensions 8x8x4 mm prepared by silicon carbide paper of various ¢rit, 9.5% hydro

fluoric acid, followed by the adhesive procedure according to the manufacturer’s instructions.

B, C) The ceramic ingot was seated inside the silicone mold with 4-mm space for further resin composite buildup.

D) Each 2-mm layer of resin composite was cured by a light-curing unit for 40 seconds.

E) The specimen was then stuck to a plastic block and cut into a slab with dimensions 1x8x8 mm by a diamond wafering blade.

F) The slab was cut into non-trimming bar shapes with dimensions 1x1x8 mm using a diamond wafering blade.

G) The bar-shaped specimen was stuck to an experimental ji¢ for microtensile testing using cyanoacrylate glue.
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Following the bonding procedures in Table 1,
the specimens were stored in water at 37°C for 24 hours.
Thereafter, the specimens were sectioned into slabs with
dimensions 1x8x8 mm (Fig. 1E). The specimen was prepared
into 1x1x8 mm non-trimming bar-shaped beam:s. (Fig. 1F),

using a low-speed cutting machine at a speed of 350 rpm

and loading of 150 g (Isomet® 1000, Buehler, USA) with
constant water spray. The bonded specimens were then
divided into 8 groups, with 36 specimens in each group
according to ceramic type, bonding technique and storage

condition. Details of all the groups are shown in table 2.

Table 1: Materials showing manufacturer, composition, and instructions for use

Material / Manufacturer Composition

Procedure following the manufacturer’s

instructions

RelyX™ Ceramic Primer Methacryloxypropyl trimethoxysilane, 1) Apply 0.04 microliter of primer, measured

(lot no. N636821, 3M ESPE, USA) ethanol, water

by micropipette, on the ceramic surface in
one direction

2) Allow it to react for 3 mins

3) Blow gently for 10 s, with 2-bar pressure,

from 10-mm distance

Adper™ Scotchbond™ Multi- Adhesive: Bis-GMA, HEMA, EMAB, 1) Apply 0.04 microliter of adhesive,

Purpose Adhesive dimethacrylate, initiators
(lot no. 596612, 3M ESPE, USA)

measured by micropipette, on the ceramic
surface in one direction
2) Light-cure for 10 s

Single Bond™ Universal Adhesive Adhesive: MDP phosphate monomer, 1) Apply 0.04 microliter of adhesive,

(lot no. N553960, 3M ESPE, USA) dimethacrylate resins, HEMA, measured by micropipette, in one
methacrylate-modified polyalkenoic acid direction
copolymer, filler, ethanol, water, initiators, and rub it for 20 s on the ceramic surface
silane

2) Blow gently until no movement of liquid
with 2-bar pressure, from 10-mm distance
3) Light-cure for 10 s

Abbreviations: Bis-GMA, bisphenol A glycidyl methacrylate; MDP, methacryloyloxydecy! dihydrogen phosphate
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IPS Empress Esthetic 16 ingots IPS e.max 16 ingots

(ETC2) (HTA2)
I I

l Heat-pressed technique

Ceramic block fabrication

(8x8x4 mm)

v

Surface polishing with 240, 400, 600-grit silicon carbide paper
I

9.5% HF for 60s 9.5% HF for 20s
I
EEC EEU EMC EMU
8 ingots 8 ingots 8 ingots 8 ingots

I I I I

v

Attached specimen on a plastic block using cyanoacrylate glue

{

Specimen preparation with Isomet

(non-trimming bar-shaped size 1x8x1 mm)

|
2R 2 2 2R 2 2

EECI EEUI EMCI EMUI EECA  EEUA EMCA  EMUA
(n=36) (n=36) (n=36) (n=36) (n=36) (n=36) (n=36) (n=36)
Immediate bond strength test Bond strength test after

thermocycling 10,000 cycles
I |

!

Classified type of failure

Abbreviations: EE, IPS e.max® press; EM, IPS empress® esthetic; C, conventional adhesive system;
U, universal adhesive system; |, immediate microtensile bond strength test; A, thermocycling 10,000 cycles

before microtensile bond strength test

Figure 2 Diagram of studly design
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Specimens were then stuck on an experimental
jig for microtensile testing using cyanoacrylate glue
(Model Repair Il Blue; Dentsply, USA) (Fig. 1G). The uTBS
test was performed using a universal testing machine
(EZ-S Shimadzu; Shimadzu, Japan) with cross-head
speed 1 mm/min and data were recorded in MPa.

The mode of failure was determined using a
stereomicroscope (ML 9300; MELI, Japan) at a magnification
of 40x, and classified into one of four categories as follows:

Type I: Adhesive failure - fracture occurred at
the resin-ceramic interface (>50% of failure between
resin-ceramic interface)

Type II: Cohesive failure in resin composite
- fracture occurred within the resin composite layer
(>50% of failure within the resin composite)

Type llIl: Cohesive failure in ceramic - fracture
occurred within the ceramic layer (>50% of failure
within the ceramic)

Type IV: Mixed failure - fracture occurred

involving both the resin-ceramic interfaces and the

neighboring substrates

If any of the specimens were broken prior to test,
the bond strength value was recorded as a minimum
MTBS of each group.

Data were analyzed using statistical software
(IBM SPSS Statistics 20, SPSS). Mean uTBS values were
collected and analyzed by three-way ANOVA followed
by a Bonferroni post hoc test. Results with p-value < 0.05

were considered statistically significant.

A Shapiro-Wilk’s test (p>0.05) and a visual
inspection of their histograms, normal Q-Q plots, and
box plots showed that the mean pTBS in all tested
groups was approximately normally distributed.

There were no pretest failures in any group.
Mean values of uTBS of each group are shown in Table 2.
The highest mean pTBS was recorded in the EMCI group
and the lowest in the EEUA group.

Table 2: Mean microtensile bond strengths and number of specimens

Group Mean Microtensile Bond Standard Deviation Number of Specimens (N)
Strength (MPa)

EECI 28.2%¢ 10.5 36

EECA 26.7° 8.9 36

EEUI 23.6°° 8.6 36

EEUA 20.4° 7.0 36

EMCI 38.3" 13.9 36

EMCA 34.3%* 12.2 36

EMUI 25.3° 6.6 36

EMUA 24.9 8.1 36

Abbreviations: EE, IPS e.max® press; EM, IPS empress® esthetic; C, conventional adhesive system; U, universal adhesive system; |,

immediate microtensile bond strength test; A, thermocycling 10,000 cycles before microtensile bond strength test

The overall values of UTBS are shown in Table
2. EMCI and EMCA groups showed significantly highest
mean PTBS among the tested group (P<0.05), following
with EECI, EECA, EMUI, EMUA and EEUI groups respectively
(P<0.05). EECI group was not significant different from

EMCA group (P>0.05), and the lowest uTBS was found
in EEUA group (P<0.05).

Three-way ANOVA results indicated a significant
interaction between “bonding” and “ceramic type”
(p=0.013) (Fig. 3). Thus, the main effect of the two
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factors could not be tested. For bonding and ceramic adhesive system was higher when using EM ceramic
type, EM and EE groups with conventional bonding gave type than EE ceramic type; however, there was no such
significantly higher UTBS than groups using universal correlation between the universal bond groups (Fig. 3).

bonding (p<0.05). The effectiveness of the conventional

Types of

400+ bonding

— Conven tional
— Universal

30.0

20.0

Mean microtensile bond strength (MPa)

T T
Empress e.max

Types of ceramic

Figure 3 There was an interaction between the factors “bonding” and “ceramic type” (P-value = 0.013).

“Aging” was the only factor that did not show (Table 3), No significant difference of uTBS was observed
any interaction with the others (Fig. 4). Comparing the between the groups.

UTBS between the “immediate” and “aging” groups

Table 3 Mean microtensile bond strength between “immediate” and “aging” groups

Group Number of Specimens (N) Mean Standard Deviation
(MPa)
Immediate 144 28.9" 11.6
Aging 144 26.6" 10.4

(Thermocycling 10,000 cycles)

Upper case letters indicate statistical difference in the row (p < 0.05).

Agin ‘
w0 ging. oo Aging
:Im::egdlare -~ Immediate

— Agi

30.04 30.0-

Mean microtensile bond strength (MPa)
Mean microtensile bond strength (MPa)

20.0 2007

T T
T T Empress e.max
Conventional Universal e

Types of bonding Types of ceramic

Figure 4 A showed no interaction between “aging” factor and “bonding” (P-value = 0.689).
B showed no interaction between “aging” factor and “ceramic type” (P-value = 0.946).
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The percentages of failure modes were
investigated using a stereomicroscope at 40X magnification.
The majority of the failures were adhesive failure between

the resin composite and the ceramic (83.34 %), followed

Table 4 Mode of failure of the debonded specimens

by cohesive failure in the resin composite (9.02 %), and
mixed failure between the resin composite and the
adhesive layer (7.64 %) (Table 4).

Mode of failure

Group Cohesive Cohesive
Adhesive (composite) (ceramic) Mixed failure

EECI 30 3 0 3
EECA 26 5 0 5
EEUI 22 6 0 8
EEUA 35 1 0 0
EMCI 28 5 0 3
EMCA 27 6 0 3
EMUI 36 0 0 0
EMUA 36 0 0 0
Total 240 (83.34%) 26 (9.02%) 0 (0%) 22 (7.64%)

Abbreviations: EE, IPS e.max® press; EM, IPS empress® esthetic; C, conventional adhesive system; U, universal adhesive system; |,

immediate microtensile bond strength test; A, thermocycling 10,000 cycles before microtensile bond strength test

Discussion

Results indicated that the mean pTBS from the
universal adhesive group (Single Bond™ Universal) was
low compared with the conventional adhesive system;
thus, the first hypothesis, presented that there was no
difference in uTBS between repaired ceramic using resin
composite with a universal adhesive and conventional
adhesive system, was rejected. Silane is known to
promote wettability and form flexible siloxane bonds;
with one side, the non-hydrolysable group reacting with
the carbon-carbon double bond in the resin composite,
and the other side, the hydrolysable group reacting with
the hydroxyl group on the ceramic surface.””” The
incorporation of silane is found in Single BondTM Universal
as claimed by the manufacturer. However, there are

some studies reported that universal bonding systems

containing water and acidic agent caused dehydration
condensation of silane #?* which did not bond with
the glass phase of the ceramic surface, causing bond
strength reduction.** Similarly to the study from Kim R.
et al. (2015) which found that the microshear bond strength
of Single Bond™ Universal was not significantly different
from that of All-Bond Universal (Bisco, USA), despite the
fact that the latter does not contain silane. The microshear
bond strength of the two universal adhesives was also
lower when compared with conventional adhesive."” It
was also supported by Yoshihara et al. (2016), reporting
that when using universal adhesive, the silica glass plate
showed lower shear bond strength compared to the
fresh silane and bonding agent group.” They noted that
a suitable pH for silane was 4.6, but the pH of the uni-
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versal bonding agent was acidic at 2.7 and possibly
caused the silane solution to become unstable and
inactive faster with a correspondingly shorter shelf life.””
A stable siloxane bond requires water for condensation
between silanol and the OH group.” However, Chen et
al. (2013) determined that the condensation reaction
was inhibited by Bis-GMA in the universal adhesive which
slowed down water evaporation. Thus, bond strength
and stability of the universal adhesive were inferior
compared to conventional adhesive.”

It was well-established in many previous studies
that surface treatment with 9.5 % hydrofluoric acid
following by applying silane when repairing ceramic with
resin composite provided the most effective result. The
interest of this study was focused on the performance of
Single Bond™ Universal, which claimed to have included
silane in one bottle, compared with gold standard
technique using separated silane and hydrophobic
adhesive. Applying only 9.5 % hydrofluoric acid or only
silane were not included as negative control groups
since the effect of hydrofluoric acid or silane alone was
not considered in this study.

An aging process utilizing thermocycling affected
the UTBS of ceramics repaired by resin composite.””
Some studies indicated no significant difference of uTBS
between testing groups aged using thermocycling.”””!
ISO TR 11450 standard (1994) states 500 cycles of
thermocycling in water between 5°C and 55°C as a
suitable condition for the aging test. Gale and Darvell
(1999) found that 10,000 cycles of thermocycling were
comparable to one year of function in vivo.” In this
study, 10,000 cycles of thermocycling with dwell time
of 60 seconds (5°C, 35°C, 55°C, and 35°C for 5, 25, 5,
and 25 seconds, respectively) were used to test the
performance of the two adhesive systems. Results
showed no significant differences from thermocycling
on PTBS between the “immediate” and “aging” groups
(p=0.083). Therefore, the second hypothesis stating

there was no difference in uTBS between aged and

non-aged groups of repaired ceramics using different
adhesive systems was accepted. Moreover, Foxton et
al. (2002) stated that hydrolytic degradation weakened
the bonding interface after water storage for six weeks *;
therefore, the aging process used here may not be
adequate since the actual storage time was only 10 days.™

The EMC group recorded a statistically significant
higher UTBS than the EEC group (p<0.001) for repaired
ceramics using conventional adhesive; however, this
trend was not found in the universal adhesive system.
Della Bona et al. (2003) reported that the uTBS of lithium
disilicate treated with 9.6 % hydrofluoric acid followed
with silane was higher compared with leucite-reinforced
ceramic under the same conditions as HF did more
damage to leucite-reinforced ceramic surface than that
of lithium disilcate. As hydrofluoric acid targeted more
at the interface between leucite and glass phase, leaving
the remaining glass phase impaired, causing UTBS of
leucite-reinforced ceramic to be lower.”

Shear and pTBS tests are common techniques
used for measuring adhesive materials. But the advantages
of microtensile bond strength test over shear bond strength
test is that stress distribution is more focused in adhesive
interface, causing adhesive failure, due to its smaller
bonding area®™ which is also supported by Della Bona
and Van Noort (1995). Their study found that tensile
stress occurring near the adhesive interface initiated
cracks or fractures at the base of the specimen when
conducting the shear bond strength test and these
caused misinterpretation as a cohesive failure. Moreover,
finite element analysis (FEA) revealed an uneven distribution
of force applied by the shear bond strength test.”’ The
preparation of specimens for microtensile testing is very
technigue-sensitive requiring an experienced investigator,
meaning they need to be cut into slabs with thicknesses
ranging 0.5-1.5 mm in order to have small bonding area.
Shape also affected the testing results which hourglass
shapes provide more accurate uTBS values than those

with non-trimmed bar-shaped but require a more complex
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preparation method.”

Results showed that the most common modes
of failure of both ceramics repaired by conventional
and universal adhesive systems were adhesive failures
(83.34 %). Thus, the mean values of uTBS for ceramics
repaired by both adhesive systems were lower than the
tensile strengths of the ceramics and resin composites.
Specimens of ceramics repaired by the conventional
adhesive system showed cohesive and mixed failure in
greater numbers than those repaired by the universal
adhesive system. The mean values of YTBS for the
conventional adhesive system were higher than those
of the universal adhesive system. Therefore, repairing
ceramics using the former was considered to be more
effective than using the latter.

Aging processes had no effect on mode of
failure in the experimental groups, except for the EEU
group. Before aging, the EEUI group showed dominant
cohesive and mixed failure of the specimens. After aging,
specimens in the EEUA group broke at the adhesive layer,
indicating that the immediate bond strength of repaired
EE ceramics using universal adhesive systems was effective;
however, the thermocycling process reduced the bonding
ability resulting in adhesive failure.

Pretest failures could be dealt with in many ways.
When pretest failures were excluded from sum of bond
strength value, the mean uTBS would be overvalued.” On
the other hand, assigning them the value of zero would
minimize the mean UTBS.”“ In this study, they were
assigned as minimum PTBS of each group, so the mean
WTBS stayed in normal level.”

Thermocycling at 10,000 cycles did not produce
any difference in the repair performance between the two
adhesive systems, therefore, alternative aging processes
are suggested, such as increased numbers of thermocycling
cycles and longer water storage. Other aging techniques
including cyclic loading may provide useful data, and
the ability of both adhesive systems to repair recently

launched ceramics should also be trialed.

Conclusions

Within the study limitations, the following
conclusions can be drawn. Higher uTBS between a resin
composite and ceramic was achieved using a conventional
adhesive system, compared to a universal adhesive
system. This advantage was most distinct in the lithium-
disilicate group. Aging process utilizing 10,000 cycles of
thermocycling had no effect on the uTBS of repaired
ceramics using resin composite and adhesive systems.
Clinical implications

After a period of aging, both universal and
conventional adhesive systems demonstrated acceptable
reparability. However, ceramic repaired with resin
composite and conventional adhesive technique, using
9.5 % hydrofluoric acid as surface treatment, may provide
favorable results, especially for lithium-disilicate ceramic.
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Abstract

At present, Thai dental specialists work in various specialties; providing specific dental services, nationwide.
However, there are many factors influencing the retention and turnover intentions of dental specialists. Previous
studies on the distribution of Thai dentists were mostly limited to general dentists or included both general dentists and
specialists. The objectives of this study were to investigate geographic distribution and to explore factors influencing
the turnover intentions of dental specialists. The study was a cross-sectional survey. Data collection was from the
Royal College of Dental Surgeons of Thailand and questionnaires. The data were analyzed using descriptive statistics,
chi-square and binary logistic regression analysis. In 2015, there were 1,441 dental specialists, in which 51.7 % were
non-residency training specialists (NRT) and 48.3 % were residency training specialists (RT). The data revealed that
83.1 % of dental specialists worked in the public sector, while 16.9 % worked in the private sector. Most of NRT
group worked at the Faculty of Dentistry, while most of RT group worked under the Ministry of Public Health.
Regarding geographic distribution, 37.8 % worked in Bangkok with the rest scattered in various regions Out of the
1,297 questionnaires, 652 were returned and 605 were complete. Only 23.4 % expressed a turnover intention. There
were more specialists in the RT than in the NRT group who wanted to move their working locations. While over
half of the NRT wanted to relocate to work in the private sector, most of the RT wanted to relocate to the public
sector. The variables, which was most related to turnover intentions, included hometown and current work in the
public sector. In conclusion, dental specialist mostly worked in public sector, and only one-fourth of them expressed
turnover intention. Dental specialists who not working in their hometowns showed their interests to move than

those already working in their hometowns.

Keywords: dental specialists, distribution, Thailand, turnover intention
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Table 1 General information of dental specialists
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Variables Non-residency training group Residency training group Total
n % n % n %
Gender
Male 128 443 87 28.2 215 36.0
Female 161 55.7 221 71.8 382 64.0
Age (years)
Up to 36 21 7.2 188 60.8 209 34.9
37-49 128 aa.1 120 38.8 248 414
50 and over 141 48.6 1 0.3 142 23.7

Min=30 Max=73

Mean =49.6 SD =8.8

Min=30 Max=51 Min=30 Max=73

Mean=36.3 SD=4.2 Mean=42.8 SD=9.5

Marital status

Single 95 32.8 174 56.3 269 44.9
Married 180 62.1 132 a2.7 312 52.1
Divorced/ Widowed 15 52 3 1.0 18 3.0
Children
No 126 43.6 222 72.1 348 58.3
Yes 163 56.4 86 279 249 417
Hometown- current address
(Are hometown-current address the same place?)
Yes 178 61.6 184 59.7 362 60.6
No 111 38.4 124 40.3 235 39.4
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Table 2 Educational and work information of dental specialists

Non-residency training group  Residency training group Total
Variables
n % n % n %
University (Bachelor’s degree)
CuU 97 33.7 84 27.2 181 30.3
MU 71 24.7 74 239 145 24.3
CMU 61 21.2 54 17.5 115 19.3
TU 1 0.3 7 2.3 8 1.3
KKU 34 11.8 24 7.8 58 9.7
PSU 20 6.9 36 11.7 56 9.4
SWU [ 1.4 18 5.8 22 3.7
NU 0 0 12 3.9 12 2.0
Years after board certification
Upto5 101 35.8 194 63.6 295 50.3
6-10 a9 17.4 14 25.2 126 215
11-15 56 19.9 34 11.1 90 15.3
16 and over 76 27.0 0 0.0 76 12.9
Min=1 Max=18 Min=1 Max=13 Min=1 Max=18
Mean=9.6 SD=6.2 Mean=5.0 SD=3.8 Mean= 7.2 SD=5.6

Working place-hometown
(Are current working place-hometown the same place?)

Yes 181 63.5 164 53.4 345 58.3

No 104 36.5 143 46.6 247 a1.7

Current working sector
Public 233 82.3 235 76.5 468 79.3

Private 50 17.7 72 235 122 20.7

Overtime working practice (specialists in public sector)
No 54 22.8 25 10.6 79 16.7

Yes 183 7.2 210 89.4 393 83.3

Income (Baht)

10,000-40,000 11 38 62 20.3 73 12.3
40,000-70,000 101 35.1 139 45.6 240 40.5
70,000-100,000 93 32.3 a2 13.8 135 228
100,000 and over 83 28.8 62 20.3 145 24.5

Working place before training-current working place
(Are working place before specialty training - current working place the same place?)

Yes 191 69.0 132 43.3 323 555

No 86 31.0 173 56.7 259 4a4.5

Turnover of working sector after completed training
Move to public 51 59.3 111 64.2 162 62.5

Move to private 35 40.7 62 35.8 97 37.5
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Table 3 Turnover intention of dental specialists, categorized by board-certified type

Non-residency training group Residency training group Total
Turnover Intention (n=276) (n=302) (n=578)
n % n n % n

No 233 84.4 210 69.5 443 76.6
Yes a3 15.6 92 30.5 135 23.4
Move to public 14 5.1 55 18.2 69 11.9
Move to private 25 9.1 24 7.9 49 8.5
Not specified 4 1.4 13 4.3 17 29

Mean = 4.51 SD = 2.611 Mean = 2.84 SD = 2.715 Mean = 3.35 SD = 2.782
vears before turnover Min =1 Max = 10 Min =1 Max = 15 Min =1 Max = 15
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Table 4 Stepwise binary logistic regressions of factors related to turnover intention among dental specialists in Thailand

Model Factors OR (95% Cl) p-value Nagelkerke R®
All Dental Specialists Work in public sectors 4.51(1.81, 11.24) 0.001* 0.136
Not working in one’s hometown 2.09 (1.07, 4.08) 0.031*
Non-residency training Not working in one’s hometown 3.09 (1.50, 6.34) 0.002* 0.109
Work overtime 3.53(1.17, 10.70) 0.026*
Residency training Have no child in family 2.85(1.09, 7.45) 0.033* 0.129
Have been transfer to public sector 3.71(1.34, 10.29) 0.012*
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Abstract

This study aimed to investigate and compare fluoride levels in saliva and plaque between the MU caries
preventive program and a standard program. A randomized controlled trial was conducted on 77 preschool children
from five daycare centers in Pathum Thani, Thailand. Children were randomly arranged into 2 groups: 1) a control
group was provided a standard program including oral examination, oral hysgiene instruction, diet advice and a
fluoride varnish application; 2) a treatment group was provided the MU caries preventive program, which added
extra interventions, including Interim Therapeutic Restoration (ITR) and sealant on posterior teeth with glass-ionomer
cement. Plaque and saliva samples were collected before and after the program implementation at 24 hours, 1
week, 1 and 3 months, respectively. Salivary fluoride level was measured by a fluoride electrode, while plaque
fluoride level was analysed by micro-diffusion technique and using a fluoride electrode (Model 96-09 Orion). The
difference of plaque and salivary fluoride levels between the two groups was analyzed by Repeated ANOVA and
Mann-Whitney U test, respectively. The treatment group showed a significantly higher plaque fluoride level than
the control group at 24 hours (p<0.001), 1 week (p=0.018), and 1 month. (p=0.022). However, no significant difference
was observed between the two groups at 3 months (p=0.228). The salivary fluoride levels showed the same tendency.
The treatment group showed significantly higher salivary fluoride levels than the control group at 24 hours (p<0.001),
1 week (p<0.001), and 1 month (p=0.028). However, no significant difference was observed between the two groups
at 3 months (p=0.055). This study was concluded that the plaque and salivary fluoride levels of children in MU
caries preventive program were significantly higher when compared with the standard program at 24 hours, 1 week

and 1 month.
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Introduction

Salivary and plaque fluoride play an important
role in caries prevention as enhancing remineralization
and inhibiting demineralization. Thus, salivary fluoride
concentration could be used as a predictor of caries risk."
Shields et al. (1987)* found that subjects with no caries
experience had salivary fluoride levels of 0.04 ppm or
higher, whereas high caries subjects had salivary fluoride
levels of 0.02 ppm or less. Furthermore, maintaining
the salivary and plaque fluoride level within an optimum
therapeutic level could promote preventive effect and
caries reduction. Evidences from in vitro studies showed
that a concentration of fluoride as low as 0.03 ppm was
able to enhance remineralization of demineralized
enamel specimens. In addition, increasing fluoride levels
up to 0.08 ppm could reach an optimal therapeutic
effect for dental caries prevention.

Because of this reliable evidence, fluoride
releasing materials, especially glass ionomer cement
are generally used in dentistry. The advantages of
glass-ionomer cement include biological compatibility;
chemical adhesion to the tooth structures, fluoride
release, acceptable looks and less moisture sensitivity
compared with resin composite.” For these properties,
using this material under field condition or in remote
area is possible.

Numerous studies have been on glass ionomer
cement and its ability to release fluoride. The study of
Koch et al. (1989)° showed fluoride concentrations in
saliva increased immediately after being restored with glass
ionomer cement. Three weeks later, the concentrations
of fluoride decreased about 35 %. After that, it decreased
by another 30 % within 6 weeks. The increasing of fluoride
level during the entire observation period equaled 10-30
times greater than baseline levels. This concept results
in embracing glass ionomer cement in a preventive
program for daycare centers because preschool children
have high risk dental caries. Moreover, most of them

already had cavitated dental caries. Therefore, the MU

caries preventive program was developed from a standard
program which included oral examination, oral hygiene
instructions, diet advice and fluoride varnish application.
The MU caries preventive program also consisted of the
managements of occlusal caries, including Interim
Therapeutic Restoration (ITR) for cavitated lesions and
sealant for initial carious lesion or deep pits and fissures
of posterior teeth. Because fluoride releasing material (glass
ionomer cement) is added to this preventive program,
the MU caries preventive program was hypothesized to
improve oral environment by increasing salivary and
plaque fluoride levels in higher amounts than the

standard program.

Materials and Methods

This study protocol was approved by the
Committee on Human Rights Related to Human
Experimentation, Faculty of Dentistry/Faculty of Pharmacy,
Mahidol University, Bangkok (MU-DT/PY-IRB 2015/ 043.0909).
Sample size calculation

The sample size was based upon DenBesten
and Ko, 1996'. The salivary fluoride level in the treatment
group was 0.33+0.13 ppm while the control group was
0.22+0.13 ppm. Using a 2-sided, a=0.05, 1-B = 0.8, a
sample of 22 subjects was required for each group. To
compensate for a 30 % dropout, at least 29 participants
for each group were included.

Inclusion and exclusion criteria

The subjects were healthy, co-operative and
had at least one occlusal caries on posterior teeth,
without pulpal exposure and any signs of irreversible
pulpitis. The exclusion criteria were children with caries
free or allergic to adhesives or colophony which is a
component of fluoride varnish. Data of subjects, including
medical history and all additional information were

derived from a structured interview.
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Oral examination for selection

The oral examinations were performed in the
daycare center rooms under fluorescent light. An explorer,
a mouth mirror and a spoon excavator were used as
examiner tools. Plaque accumulation was recorded using
plaque index (PI) criteria of Silness and Loe, (1964 Dental
caries was scored according to the criteria for classifying
caries modified from Warren et al, (2002) as follows; score
0 = Sound tooth, score 1 = Demineralization but no loss
of enamel structure, score 2 = Lesions with loss of enamel
structure that are confined to the enamel layer only,
score 3 = Small lesions with loss of enamel structure that
penetrate into dentine, score 4 = Moderate to large
lesions that penetrate into dentine , score 5=Large lesion
with pulpal involvement, and score 6=Lesion with pul-
pal involvement which can not restorable The posterior
teeth score 1 to 3 were treated with glass ionomer
sealant, while score 4 were treated with Interim Therapeutic
Restoration (ITR).
Standardized examiners

Subjects were orally examined and followed
up by two dentists. Intra-examiner productivity was
assessed on ten subjects (13 % of subjects). The kappa
values of plaque index and classifying dental caries
record were 0.77 and 0.74, respectively. In addition the
kappa value of sealant and ITR retention record at
follow-up period was 0.83.
Research procedure

The study was conducted at five daycare centers:
Nong Suea, Nong Sam Wang, Watjaroenboon, Bueng Ba, and
Srikhakkanang in Nong Suea District, Pathum Thani Province.

The subjects were randomized by drawing lots
method. Due to avoiding the differing characteristics of
subjects among five daycare centers, the subjects of each
daycare center were randomized to treatment and control
group. The total was 77 subjects who allocated into a control
group (n=38) and a treatment group (n=39) then received the
preventive program as described below; the control group
was provided standard program, consisting of hands on oral

hysiene instruction with fluoride toothpaste to parents,

diet advice and fluoride varnish (Duraphat®) application.
The treatment group was provided the MU caries
preventive program which, all interventions were similar
to the standard program, but added ITR and/or sealant
with glass ionomer cement (GC Fuiji VII®) on posterior
teeth. The study flow is shown in Figure 1.
Treatment procedure

The treatment was performed in the daycare
center by two dentists. The operators properly brushed
children’s teeth without toothpaste. Then all primary
molars were isolated with cotton rolls. Then cotton
pellets were used to dry the occlusal surfaces. When ITR
was performed, soft caries was removed using a spoon
excavator after that dentin conditioner (GC Corporation
Tokyo, Japan) was applied with a small cotton pellet
for 20 seconds. Then wet cotton pellet was used to
wipe out the dentin conditioner followed by a dry
cotton pellet. Next, glass ionomer cement (GC Fuji VII®
pink GC Corporation Tokyo, Japan) was mixed in the
ratio following the manufacturer’s instructions. After
that, the filling material was applied to the cavity using
a plastic instrument filled with finger press technique and
then coated with Vaseline. When sealant was indicated, the
procedures were as similar as [TR except it was not needed
to remove caries. The mixing ratio for sealant was strictly
followed according to the manufacturer’s instructions.
Children were instructed not to eat for one hour after
treatment. All children in both groups were applied
fluoride Duraphat® varnish for full month after wiping
the teeth with sterile gauzes and they were
instructed not to brush their teeth that day.

After program implementation, plaque and saliva
samples were collected under the time interval of 24
hours, 1 week, 1 and 3 months. For the treatment group,
retention of ITR and sealant was recorded in each indi-
vidual time interval using the criteria adapted from Perei-
ra et al, 2001."° The plaque index was recorded at one and
three months but decay-missing-filled teeth (dmft) and dmfs
(decay-missing-filled surfaces) indexes were recorded only

at three months.
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Preschool children in selected five daycare centers (n=255)

Enrollment

Excluded at study invitation
For exclusion criteria (n=154)

Excluded at the allocation day
Absent from school (n=24)

Final samples: n=77

Randomized (n=77) allocation to treatment (n=39), control (n=38)

L

Allocation

Allocated to treatment group (n=39)
MU program

Allocated to control group (n=38)

Conventional program

1-day follow-up (n=77)

Lost follow-up (n=2)

Lost follow-up (n=4)

1-week follow-up (n=71)

Lost follow-up (n=5)

l

Lost follow-up (n=4)

1-month follow-up (n=62)

Lost follow-up (n=4)

Lost follow-up (n=3)

3-month follow-up (n=55)

Lost follow-up (n=3)

Lost follow-up (n=3)

Final analyzed samples (n=49)

Treatment group

Main reason of lost follow-up was school absence
Figure 1 Study flow diagram

Control group
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Sample collection

Samples were collected in the morning after
subjects had breakfast and brushed their teeth for at
least two hours.

Plaque collection: The subjects were instructed
to swallow all remaining saliva then a spoon excavator
was used to collect a pooled plaque sample from the
buccal, palatal, lingual, and interproximal surfaces of all
posterior teeth. Moreover, plaque was scraped gently
without directly contacting the enamel surface. This
scraping avoided food debris or calculus. The plaque
sample was kept in a pre-weighed re-sealable plastic
tube with a plastic strip placed inside.

Saliva collection: The unstimulated saliva
sample was collected by asking subjects to spit saliva for
3 ml. in a re-sealable plastic bottle. During transportation,
all samples were kept in a foam box containing ice then
stored at -20°C.

Sample analysis

Fluoride concentration in saliva was determined by
direct analysis, while fluoride in plaque was determined
using the microdiffusion method by Taves." The fluoride
measurement was performed by one examiner blinded
as to which samples belonged to the treatment or
control group as all samples were labelled by a number.
Salivary and plague fluoride levels were measured with a
fluoride electrode (96-09 Orion, Thermo Electron, Beverly,
MA, USA). Each sample was measured in duplicate. The
accuracy of measurement was evaluated by reverse
extraction of standard fluoride at the concentrations of

0.1 and 1 ppm.

Statistical Analysis

The plague fluoride level and plaque index
between treatment and control group at different time

intervals were compared using analysis of repeated

measures (repeated ANOVA) adjusted with the Bonferroni
method. While the salivary fluoride level was analyzed
by Mann-Whitney U tests. In addition, the dmft and
dmfs were analyzed using the independent sample

t-test with a level of significance set at 0.05.

After three month follow-up, forty-nine subjects
could participate for all follow-up periods. Information
of general characteristic and tooth brushing is shown in
Table 1. At the baseline, no significant difference was
observed in plague index, dmft, dmfs, plaque, and
salivary fluoride level between treatment and control
group. No significant difference was observed in plaque
index between the two groups at 1 month (p=0.404).
However, the plaque index of treatment group was
significantly lower than in control group (p=0.018) at 3
month follow-up (Table 2).

After program implementation, the plaque
fluoride level in treatment group was significantly higher
than in control group at 24 hours (p<0.001), 1 week
(p=0.018) and 1 month (p=0.002). However, no significant
difference of plaque fluoride level was observed at 3
months (p=0.228) (Table 3). In addition, salivary fluoride
level in the treatment group was significantly higher
than in the control group at 24 hours, 1 week (p<0.001),
and 1 month (p=0.028). While at 3 months, the results
showed no significant difference of salivary fluoride
level (p=0.267) (Table 4). In the control group, the pattern
of fluoride release in both plaque and saliva illustrated
peak fluoride level at 24 hours, and then continuously
declined until reaching baseline level in 3 months.
However, in the treatment group, the fluoride level in
both plaque and saliva did not completely return to

the baseline level.
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Table 1 General characteristic and tooth brushing of subjects in the control and treatment group

Group Factors

Treatment group

Control group

(n=25) (n=24)
Gender Boy 12 6
Girl 13 18
Age (years, Mean+SD) 375 +0.24 4.08 +0.28
Daycare Nong Suea 6 4
Nong Sam Wang 8 7
Watjaroenboon 3 4
Bueng Ba 4 3
Srikhakkanang 4 6
Type of toothpaste Fluoride 25 24
Non-fluoride 0 0
Frequency of toothbrushing < 1 time/day 5 9
2 times/day 18 13
> 2 times/day 2 2
Tooth brushing without supervision 13 12
with supervision 7 7
by caretaker 5 5
Table 2 Mean=+SD of plaque index (Pl), dmft, and dmfs before and after the program
Group n 0 1 month 3 months p - value
Pl
Control 24 1.86+0.59° 1.13+0.38° 1.37+0.42° <0.001*, <0.001*, 0.018*
Treatment 25 1.8+0.52° 1.05+0.32° 1.06+0.44° <0.001%, <0.001*, 0.807
p - value 0.888 0.404 0.018*
dmft
Control 24 8.96+4.10 - 9.04+4.07 0.162
Treatment 25 8.72+3.53 - 8.8+3.54 0.161
p - value 0.828 0.825
dmfs
Control 24 14.04+9.97 - 14.25+10.23 0.022*
Treatment 25 13.28+9.30 13.4+9.52 0.083
p - value 1.00 0.765

*p< 0.05 is statistically significant difference.

Different superscript letters show significant difference
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Table 3 Mean=SD of plaque fluoride levels (ppm) at different time intervals

Mean+SD of plaque fluoride levels (ppm)

Time Group n Baseline 24 hours 1 week 1 month 3 months
Control 24 35.16+7.04 95.74+29.95 39.99+12.95 36.40+12.80 34.17+10.09
Treatment 25 34.85+5.86 151.04+43.9 56.50+30.55 56.48+27.28 38.46+14.04
p-value 0.866 <0.001* 0.018* 0.002* 0.228
*p< 0.05 is statistically significant difference.
Table 4 Mean=SD of saliva fluoride levels (ppm) at different time intervals
Mean+SD of plaque fluoride levels (ppm)
Time Group n Baseline 24 hours 1 week 1 month 3 months
Control 24 0.021+0.008 0.061+0.026 0.031+0.008 0.033+0.008 0.027+0.006
MU 25 0.019+0.006 0.163+0.110 0.067+0.031 0.042+0.018 0.032+0.010
p-value 0.401 <0.001* <0.001* 0.026* 0.246

*p< 0.05 is statistically significant difference.

The progression of dental caries at 3 month
follow-up period was shown in Table 5. The subjects in
the treatment group presented the progression of dental
caries only in anterior teeth. The progression from
decalcification (score 1) to enamel caries (score 2) was
found the most (11 %). Meanwhile, for subjects in the

control group, dental caries progression was found in

Table 5 Dental caries progression at 3-month follow-up

both anterior and posterior teeth. In addition, the
progression from decalcification (score 1) to enamel
caries (score 2) was mostly found in the anterior teeth
(10 %). However, the progression from enamel caries
(score 2) to small dentin caries (score 3) was found the

most frequently in posterior teeth (16.7 %).

Treatment (9 teeth)

Control (25 teeth)

Dental caries progression*

Anterior teeth (%)

Anterior teeth (%) Posterior teeth (%)

Sound tooth (score 0)

3 (1.5%) 3 (1.6%) 3 (1.6%)
Decalcification (scorel)
Decalcification (scorel)

2 (11%) 3 (10%) -
Enamel caries (score2)
Enamel caries (score2)

1 (1%) 1 (3%) 5 (16.7%)
Small dentin caries (score3)
Small dentin caries (score3)

l 2 (2.8%) 4 (6%) 2 (3%)
Moderate dentin caries (scored)
Moderate dentin caries (scored)
4 (6%) -

l 1(1.5%)

Dental caries involving pulp (score5)

*Criteria classifying dental caries (Modified from Warren et al., 2002)°
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The treatment group added ITR and sealant on
posterior teeth, so the retention rate of both was shown
in treatment group only. From twenty-five subjects in
the treatment group, 48 teeth were treated with TR
and 152 teeth were treated with sealant. The retention
rate of 48 TR teeth after follow up at 24 hours, 1 week,
1 and 3 months were 100 %, 93.75 %, 93.75 % and
83.33 %, respectively. Additionally, the retention rate
of 152 sealant teeth were 97.37 %, 94.74 %, 85.52 %
and 72.37 %, respectively.

Discussion

In this study, the average salivary fluoride level
at baseline was 0.02+0.008 ppm, slightly lower than
previous studies; that were 0.29+1.7 ppm’ and 0.26+0.2
ppm." Nevertheless, the level of salivary fluoride was
similar to the study of Petersson et al, 2002", that was
0.01-0.02 ppm. The possible reason might cause from
the subjects living in low fluoridated area (~0.1 ppm)."*
The baseline of plaque fluoride level in this study was
34-35 ppm which was slightly higher than previous
studies; those were 14-16 ppm ** and 10.4-14.2 ppm.*
In present study, the baseline fluoride level in saliva
was low while fluoride level in plague was high. The
plague and salivary fluoride levels were not parallel. It
could have been caused from the study design that
subjects were still using fluoridated toothpaste. Further,
fluoride clearance from plaque took longer than from
saliva. After being exposed to fluoride, plaque fluoride
level took over six hours for clearance times.'® However,
salivary fluoride level took only 60 to 120 minutes to

reach baseline level.""’

Hence, the subject’s collection
times after brushing teeth for at least two hours in the
present study were not adequate to achieve plaque
fluoride clearance times.

The patterns of fluoride release in both saliva
and plaque were similar to numerous previous studies.'*!
Fluoride level had “burst effect” at 24 hours. After that, it

rapidly decreased. Then, it continuously declined until

back to baseline level. For the treatment group, the
burst effect was a consequence of a majority of fluoride
released within first 24 hours. It may be ascribed to an
instability and erosion of glass ionomer cement during
the early setting period'®" combined with a high amount
fluoride release from fluoride varnish. However, the burst
effect in the control group was only the
consequence of fluoride release from fluoride varnish.
It led to significantly higher salivary and plaque fluoride
level in the treatment group than that in the control
group at 24 hours.

Related in vitro studies™ have shown salivary
fluoride level as low as 0.03 ppm could slightly enhance
the remineralization process. Moreover, the optimal
therapeutic level for caries prevention was up to 0.08
ppm.>* In the treatment group, the salivary fluoride
level at 24 hours (0.163+0.11 ppm) reached the optimal
therapeutic level, exclusively. Regarding other periods
of time in the treatment group; one week (0.067+0.03
ppm), one month (0.042+0.018 ppm) and three months
(0.032+0.01 ppm), salivary fluoride level merely
enhanced the remineralization of tooth structures.
Additionally, salivary fluoride level in the control group
could not reach the optimal therapeutic level. However,
at 24 hours (0.061+0.026 ppm), 1 week (0.031+0.008
ppm) and 1 month (0.033+0.008 ppm) the salivary
fluoride concentration was in the range of slightly enhanced
remineralization levels.

In the previous studies'™*°

on plaque collection,
subjects should refrain from brushing for a few days or
in the morning of that day. However, the subjects of
this study were allowed to brush their teeth as usual
because these subjects had poor oral hygiene and most
had moderate to high plague deposit. Therefore, this
study could obtain sufficient plaque without refraining
from brushing. The average amount of plague collection
from treatment and control group were 4.6+ 1.0 mg and
6.0+0.5 mg; respectively. Furthermore, this parameter

was considered as a plaque index (PI) which was measured

at baseline, one and three month follow-up period.
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After program implementation at three months,
the dmfs in the control group was significantly increased
when compare with baseline. However, both dmft and
dmfs between the two groups did not significantly
differ, due to the study design, which included ITR and
sealant only on posterior teeth. Hence, the anterior
teeth of both groups had an equal chance to initiate
dental caries. However, the chance to develop dental
caries in posterior teeth was greater only in the control
group. Moreover, the dental caries process required more
time to develop lesions.

The reducing of plaque index in both groups
at one month follow-up period was caused from children
in both groups, who also received oral hygiene instructions
for the parents once. Moreover, one month was a short
period of time so that parent could be enthusiastic to
follow the dentist’s advice. However, at three month
follow-up period, plaque index was slightly higher than
at one month in both groups. In contrast, the plaque
index in the treatment group was lower than in the
control group. Because the posterior teeth, treated with
ITR, could better function, plaque accumulation was
reduced. In addition, the oral hysiene instruction to
parents should be stressed again after three months.

According to, the results of the plaque index,
dmft, and dmfs corresponded to the results of plaque
and salivary fluoride levels. Therefore, the fluoride
level within the oral cavity could be another alternative
outcome to evaluate the effectiveness of the recent
program.

This study perceived a high number of missing
subjects i.e., 36 %. However, the 28 children lost to
follow-up presented no different characteristics from the
remaining subjects, due to the comparison of dmft,
dmfs, PI, and salivary fluoride level at baseline between
final subjects and missing subjects. No significant difference
was observed between both groups in dmft (p=0.617), dmfs

(p=0.688), Pl (p=0.210), and salivary fluoride level (p=0.275).

The estimated cost increase in the MU caries
preventive program due to additional ITR and sealant
with glass ionomer cement was 47.36 baht per child.
Despite the increased cost, three months results showed
that the MU caries preventive program could effectively
counter the progression of dental caries in posterior
teeth. Likewise, it could significantly reduce much more
plaque index, compared with a standard program. As a
result, the MU caries preventive program could be
concluded to be effective.

The limitation of this study was that subjects
were always absent from school because of fever and the
common cold. Furthermore, time to conduct research
was quite short in the daycare centers. Only two hours
were available during the day to perform the whole
procedures, because children must have lunch at 11.30
am before taking a nap. Moreover, children commonly
stayed in the daycare centers for only one year before
moving to kindergarten. Therefore, the only possible
follow-up period for children in this age group was six

months.

Conclusion

The MU preventive program which added ITR
and sealant with glass ionomer cement could elevate
plague and salivary fluoride level significantly when

compared to standard program within 1 month.

Acknowledgements

The authors would like to thank Dr. Porntip
Chaipareetorn, Nong Sua Hospital, all teachers of daycare
centers at Nong Suea, Nong Sam Wang, Watjaroenboon,
Bueng Ba, and Srikhakkanang for their assistance in this

study.

368 J DENT ASSOC THAI VOL.67 NO.4 OCTOBER - DECEMBER 2017



References

1. Leverett DH, Proskin HM, Featherstone JD, Adair SM,
Eisenberg AD, Mundorff-Shrestha SA, et al. Caries risk
assessment in a longitudinal discrimination study. J Dent
Res 1993;72:538-43.

2. Shields CP, Leverett DH, Adair SM, Featherstone JDB.
Salivary fluoride levels in fluoridated and non-fluoridated
communities. J Dent Res 1987;141:Abst 277.

3. Featherstone JD, Glena R, Shariati M, Shields CP.
Dependence of in vitro demineralization of apatite and
remineralization of dental enamel on fluoride concentration.
J Dent Res 1990,69:620-5.

4. Damato FA, Strang R, Stephen KW. Effect of fluoride
concentration on remineralization of carious enamel:
an in vitro pH-cycling study. Caries Res 1990;24:174-80.
5. Cho SY, Cheng AC. A review of glass ionomer restorations
in the primary dentition. J Can Dent Assoc 1999;65:491-5.
6. Koch G, Hatibovi¢c-Kofman S. Glass ionomer cements as
a fluoride release system in vivo. Swed Dent 1990;14:267-73.
7. DenBesten P, Ko HS. Fluoride levels in whole saliva
of preschool children after brushing with 0.25 g (pea-sized)
as compared to 1.0 g (full-brush) of a fluoride dentifrice.
Pediatr Dent 1996;18:277-80.

8. Silness J, Loe H. Periodontal Disease in Pregnancy II.
Correlation Between Oral Hygiene and Periodontal Condition.
Acta Odont Scand 1964,22:121-35.

9. Warren JJ, Levy SM, Kanellis MJ. Dental caries in the
primary dentition: assessing prevalence of cavitated and
noncavitated lesions. J Public Health Dent 2002,62:109-14.
10. Pereira AC, Pardi V, Basting RT, Menighim MC, Pinelli C,
Ambrosano GM, et al. Clinical evaluation of glass ionomer
used as fissure sealants. Twenty four month results.
ASDC J Dent Child 2001:168-74.

11. Taves DR. Separation of fluoride by rapid diffusion

using hexamethyldisiloxane. Talanta 1968;15:969-74.

12. Nagpal DI, Damle SG. Comparison of salivary fluoride
levels following use of dentifrices containing different
concentrations of fluoride. J Indian Soc Pedod Prev
Dent 2007;25:20-2.

13. Petersson LG, Arvidsson |, Lynch E, EngstrOm, Twetman
S. Fluoride concentrations in saliva and dental plaque
in young children after intake of fluordated milk. Caries
Res 2002;36:40-3.

14. Siripipat J, Rattanapongpaisarn C, Maketone P,
Sukontasing W, tuntakul C, Thitipitaya J, et al. Quantity
of fluoride ion in drinking water from school in Pathum
Thani district: Proceedings of the 1st Academic Science
and Technology Conference ASTC2013 Science and
Technology for Better Life; 2013 Mar 18 ; Bangkok, Thailand.
p.74-7.

15. Rajtboriraks D, Nakornchai S, Bunditsing P, Surarit R,
lemjarern P. Plaque and saliva fluoride levels after
placement of fluoride releasing pit and fissure sealants.
Pediatr Dent 2004;26:63-6.

16. Naumova EA, Kuehnl P, Hertenstein P, Markovic L,
Jordan RA, Gaengler P, et al. Fluoride bioavailability in
saliva and plaque. BMC Oral Health 2012;12:1-6.

17. Ingle NA, Sirohi R, Kaur N, Siwach A. Salivary fluoride
levels after toothbrushing with dentifrices containing
different concentrations of fluoride. J Int Soc Prevent
Communit Dent 2014,;4:129-32.

18. el Mallak BF, Sarker NK. Fluoride release from glass
ionomer cements in deionised water and artificial saliva.
Dent Mater 1990;6:118-22.

19. DeSchepper EJ, Berr EA, Cailleteau JG, Tate WH. A
comparative study of fluoride release from glass ionomer

cements. Quintessence Int 1991;22:215-9.

Phranet et al,, 2017 369



LUUDIUABUUNAINUIBINITAISANEINDLILD

Wenansiuaunneeans U 67 atun 4 nanau - Sunau 2560

CONTINUING EDUCATION QUIZ

Salivary and Plaque Fluoride Level after MU Caries Preventive Program in Daycare Centers

Warinthorn Phranet’, Siriruk Nakornchai', Rudee Surarit’ and Tippanart Vichayanrat®
'Department of Pediatric Dentistry, Faculty of Dentistry, Mahidol University, Bangkok
“Department of Oral Biology, Faculty of Dentisty, Mahidol University, Bangkok
’Department of Community Dentistry, Faculty of Dentistry, Mahidol University, Bangkok

1. Wawnsuviuanssudesiu MU dwsugudianidndnuansisanlusunsuiunnssuuinsgiuesdls
N wanudlunisvigeslsdndy
v, i suUssitutadineudiFou
A 1uMsensesRiInITIcnY IRM wazindeusesitufiolsdu

A diumsaaseendinsm wavndeusesiiusenatalololumesdiuud

o A

2. wiewad A viiilusunsuriuanssutesiu MU denldiannanaleleluwes@uwudlunisensesntinsniuas
=1 | =
\nFeunguTesily Aeeyls
. TupauNvinde uwarTanansayasevigealnla
[ al\

v, JanFldmilouiluvhliveniiuie

A, ausavilatuneiideniu

'
N

1. Tuseunsnanianineniniang

q

3. anududurigeslsn HanansadaasuliAnn1sAunduussin (Remineralization) Aasdinunduduegetosngainla
. 0.01 ppm A. 0.05 ppm
9. 0.03 ppm 3. 0.08 ppm

4. aevaadhTlsunsuriuanssudesiu MU Usinamgeslsdluiiaty uagiiuasuduiss dWinduadan o

NP RI
A, 24 97lue A, 1heu
9. 1 &Uawi 4 3ifou

5. Uiinuigoslsdluthats uasusunsuqdunds vesnduiessillésulusunsuviunnsaadoatu MU Ui
wnninguiiegeiladulusunsuiunnssudeafusnsgiuesaiiddfn u vanala
n. 24 Hilus
v 20 $lus uay 1 &Uansi
A, 24 Falua, 1 &Uavi uay 1 e

4 24 lug, 1 &A1 1ieu way 3 Lheu

nsau asngideunie Log in Tu www.cdec.or.th LW OROUAI0INLAZTUATMUY 3 WU 8RNI
https://des.cda.or.th/CDECExam/ExamAns?EXAMKEY=92623

370




Y o A
LAAINA Erratum
esmnusngiisluunarailuidngrasviununnemans U9 67 atudl 3 U DENT ASSOC THAI 2017; 3:199) &g
soluil

1. 79971 (Case Report)
$as  Root Canal Therapy and Intentional Replantation of The Maxillary Central Incisor with A Combined Periodontic
and Endodontic Lesion from A Palatogingival Groove: A Case Report
w199
Wy funued (pustule)
wiidu dugdeaRuatesinily (parulis)

371



Name

A

Anyaporn Teekakul

Apa Juntavee

Arintaya Phrommintikul
Ashveeta Shetty

Attapon Saelo

B

Butsakorn Akarawatcharangura
@

Chaiporn Karaket2/152
Chamroen Leelamanotham
Chatchai Chatmahamongkol
Chaiyasri Thunpithayakul
Chaiwat Maneenut
Chidchanok Leethanakul
Chidsanu Changsiripun
Chinalai Piyachon

Chisanu Lertthawinchira
Chonlaya Bumrungruan

E

Farhin Katge

J

Jaruma Sakdee

Julaporn Krisanaprakornkit
K

Kanittha Chinprasert
Kanlaya Insee

Kanvara Virojsakulchai
Kanyanun Ramayasinpong
Kassara Pattamapun
Kemachart Wangpitukwong

Kemarajt Kemavongse

Issue/Page

3/212
3/179
2/152
4/288
3/197

2/143

4/268
3/189
3/236
4/321
1/15, 3/250
2/133
1/55, 2/170
4/331
1727

4/288

1/55
3/197

4/296
4/296
1777

2/163
3/197
2/163
1777

Author index

J Dent Assoc Thai Vol.67, 1 - 4, 2017

Name Issue/Page
Khitparat Kamoltham 2/119
Khuanchanok Laongnualpanich 2/163
Krit Leemasawat 2/152
L

Lalita Jeamkatanyoo /77
La-ongthong Vajrabhaya 2/163
M

Manohar Poojari 4/288
Morakot Piemjai 4/307
Mutita Wongsuwanlert 3/250
N

Namchai Sooksuntisakoonchai 1/43
Napapa Aimjirakul 1767
Naruwan Ruadrew 1/43
Natkrita Wongsupa 1715
Nattida Vipaschiwin 4/296
Natthaporn Juntila 4/296
Nonglax Thunyakitpisal 3/225
Noppawan Adunphichet 4/307
Nuntiporn Jiamijit 3/197
Nutta Pinyosopon 1/55
)

Onauma Angwaravong 1/43
Onusa Saravari 3/225
Orapan Wiparattanapong 1/43
P

Pachara Gulgovit 1/43
Pajima Thaitammayanon 2/133
Palin Sappinan 1/91
Pannipa Khumtong 4/321
Pasutha Thunyakitpisal 3/225
Patimaporn Pungchanchaikul 1/43

372 J DENT ASSOC THAI VOL.67 NO.4 OCTOBER - DECEMBER 2017



Name

Pattra Sumonsiri

Pimtida Watcharapreechawong
Pintu-on Chantarawaratit
Pitchayapa Aroonraj
Piyanart Ekworapoj
Phuntsho Choden
Phanomporn Vanichanon
Ploychat Ingsakulrungruang
Pornputthi Puttaravuttiporn
Pooja Balgi

Prayoonsiri Kananuruck

R

Rasmee Jindarojnakul
Ruchanee Ampornaramvet
Rudee Surarit

S

Samornphun Sinthawornkul
Sani Boonyakul

Sanmati Pol

Siripan Sutthisuwan

Siriruk Nakornchai

Sirithan Jiemsirilers

Sirivimol Srisawasdi

Issue/Page

2/107
2/163
3/225
2/163
1/67
177
1727
4/343
3/250
4/288
177

1727
1/1
4/360

3/225
2/163
4/288
2/170
4/343, 4/360
3/225

1/27,1/91, 3/212, 4/331

Name

Songvuth Tuongratanaphan
Srisurang Suttapreyasri
Sukarnjanat Silapason
Supanee Suntornlohanakul
Sutt Pansawangwong
Suttichai Krisanaprakornkit
Suwanna Korsuwannawong
-

Thanabat Yiampanomkun
Thawat Kaewsgun

Thiansiri Luangwilai
Tippanart Vichayanrat

u

Udom Thongudomporn
Uraiwan Chokechanachaisakul
\

Vamsi Krishna

Vivara Watcharanuruk

W

Warinthorn Phranet
Warisara Ouyyamwongs

Y

Yossawadee Manapakdee

Issue/Page

4/434

1/77,2/143

1743

3/189
3/260
3/197
2/163

2/163
2/163
1/55

4/360

2/107, 2/119

3/260

4/288
177

4/360
1/143

3/236

373



Name

n

Nilwgn AUUsELERg
fiagn Bunsd

N3 Ununiug
feye)asn Asavdanade
Y

WNFT lUeA

3

9151 ANAA

35 danulusssy
PUINT NwEUTENIAY
2

An578 NTUNILNRE

=]

U 1Beadsna
alngn Angleglana
algngm 1A
algian In1aTiu
algnsal Jufivian

n

NI M9SRURUS
Wieuds waeaila
u

UNITI DAY
ugTud S5
Huing Weudn

Issue/Page

4/296
4/296
3/197
17

17

1/55
4/268
3/197

3/189

1727
3/236
1/15, 3/250
1/55, 2/170
2/133

1/67
1/55
1715
4/296
4/296

4/343
1/55

4/307
1/43
3/197

(%4

IS4 1
%uﬁ;}LLGl\‘I

2.91UR 67, 1 - 4, 2560

Name

inde guduianade
4

U Inesssuenuun
UFams flanaydona
Yozursn LoNITNa
Uszysds Aanuing
Unau dUtuni

n

WUUNT NTYYIUUA
NINNT NTIANT
nagedng deanazates
Wus nalnin

w

Wule lowdiu

3

usne Wewla

11N JosgTIaUaA
q

YAIA UUTANA

5

Suil dunseTmnmng
$mil Juanlsauna

a

aanT WeuNAeysy

2

191 Tvusng

fl

Avas A grsUIenas
AINTI gdEITIO
A33nY upstY
A3ua ASatan

Issue/Page

1743

2/133
1743
1/67
177
1/91

1727
3/250
3/343
1743

117

4/307
3/250

3/236

1/1
1727

177

177

117

2/170
4/343

1/27, 1/91, 3/212

374 J DENT ASSOC THAI' VOL.67 NO.4 OCTOBER - DECEMBER 2017



Name

N

an1aunn Aalasy

q

anide nouazUsEnsia

gunel qunslaveug)a
0

DINTTOU ANTAUNIA
DIIONG UAe

93931 89351296
dyansal flana
9107 FUNINT

Issue/Page

1743
3/197
3/189

1743
3/197
1743
3/212
3/179

375



