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ﬂ'ﬁ']\‘i‘ﬁ 1
Table 1

Gel Etchant Kerr Corp.,

(Lot No.6235573) CA, USA spinel, water
OptiBond™ FL Kerr Corp.,

(Lot N0.6114198) CA, USA

monomethacrylate, ethanol, water,

camphorquinone

a13uanadvl bisphenol A alycidyl
dimethacrylate, 2-hydroxyethyl methacrylate,

LERSEINUTENDULAY NS MOIUURESERRALUNTNAaDY
Tested materials, their compositions and application

glycerophosphate-dimethacrylate, phthalic acid

37.5% Phosphoric acid, Cobalt alumina blue 1. ynsefslivuinfiuduna 15 vie

60 U
2. tahdunan 20 Junduaziay
wn 9 Willefludindinanuty

aslnsiuas 2-hydroxyethyl methacrylate, 1. manstwswesuuiafiulaenisgauly

w9 Wunan 15 il wWhdhe
AUAYa1n Ll

2. mManswondinuuiafiulivh 19y
Fuansaruiuesn wasaneuaniu
La1 20 d

glycerophosphate-dimethacrylate,

camphorquinone, glycerol dimethacrylate resins,

barium aluminoborosilicate glass, silicon dioxide,

sodium hexafluorosilicate (filled 48% by wt)

Normal dentin

Discolored dentin

v
Etching time 15s
(N=20)

Etching time 60s
(N=20)

Etching time 15s
(N=20)

Etching time 60s
(N=20)

gﬂﬁ 1
Figure 1

N15USUAUANMAIVDINISEARNY UNTUIU

a1 '

MNIUNTNAGOUANTSIEARITEAUANIAUINTIFABUAE
nédosqanssauuvaneile Ad1devee 40 iude
ATIERANMUAULNAIVDINTITART IAULUIAUANLNAR?
panidu 4 dnway Ao NMsBRRndNWEal (Adhesive failure)
wneddinsueninuinusesseveadoilufudusduun
nnn%evay 80 veathinTuNY Nsi@euntudumadly
FuLileflu (Cohesive failure in dentin) M8 edinig
wanvinlureftusnnninfesas 80 vemindat Uy s
Wouududuimarludulsdu (Cohesive failure in resin)
vaneBsfinsuaninludusduuinnindesas 80 vaemii
FATUINY LAZAUAULINAILUUNEY (Mixed failure)
wnefainisuaninratswuuransy nedldfivuulanuy

waRINSHUINAUNM eaesmNTiaveslleflulasssazialunmsldnsaiailoniu
The diagram showed experimental group of normal and discolored dentin with the duration of etching time.

v

wilsunnnin¥esay 80 vowidnTuI AnTgdnvue
AUV INGINTNAFBUAIMAITARITEAUTANIARN
adf Chisquare fisvduadnieiiudesas 95 dae
TUsunsa IBM SPSS Statistics 27.0 (IBM, Chicago, IL, USA).
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Fulunduiilefiuidoud Tngldwusgianannluidodty
Unfi (314 2)
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= o o

10 = v & a = ' a v o aa
wamiwﬂaaummaqaﬂmim‘uqamﬂ nsANALUULIAN 15 UMDY WUUYAIAYNIIADH (p<0.05)

[ '

Anaduresiididnfessduganiauazngy  wargluiisudestunguilleftuundiinldnsadnduen

q
= @

(11571991 3) WU AnRAEYRINAEARTEAURANIATRY 15 U

g
nauiileftuundildnsadmduna 15 Jundilianaan uas N15UT2LAUAIUANNAIVDINITEARITTAY

a

nquileituundnldnsadaluia 60 Junfiliawngn e  9anA
lnsadndefiubuia 15 i ndulefiubeudeed HANINAROUANNALLMGT (FUN 2) Fanudnmn

@

Mawsedaasziuganiadindinguilefiuuniednedl  NguN1INARBINANUAUMAILUUNANLINATIANAIAY

'
@ A

HodAg wazliofiunainsidnsaiauuiefuildoud  Tuluudu 9 edrdidedAy ualddanuuanansiuegiedl

o

Uu 60 Wit zvililimdsdnfaszauganiagendinisld  weddny (0>0.05) veannudumailunsiazngunsvnaes

o—

Msed 2 wamsieszvnndeulnfnazillefluaoud
Table 2 EDS Micro-analysis of normal and discolored dentin (N=5)

IuAlegrlleluund

FuAlegrailanuiasud

uminlanesn
($ovaz)

v

IuN1  IJuN2  IJUN3  IJuNd  IJun IuN 1  TJUN2  TUN3  TuN4  Juns

AsuBL 1879 3771 2070 2041 @ 1492 1850 1670 = 2269 = 19.62 18.92
0ONTLAU 4077 3812 3651 4179 3195 4198 4170 4156  42.65 40.50
Taihew 0.71 0.25 0.11 0.68 0.39 0.68 0.63 0.75 0.65 0.46
wuniide 0.45 0.30 0.34 0.33 0.95 0.54 0.32 0.33 0.50 0.42
Hoanesa 13.54 7.91 2.06 12.09 2.20 1379 1452 1228 1335 14.34
IGRIGRR 2234 12.87 3.30 20.48 6.80 2451 2613 2239 = 2323 25.36
fun 1.56 2.45 36.29 3.24 41.82 - - - - -

fangd 1.84 0.39 0.69 0.98 0.97 - - - - -

aseit 3 uansAedefidusidafissiugania
Table 3 Mean of microtensile bond strengths for each experimental group (MPa+SD) (N=20)

AlRdsvasiausidnfesziugania (MPaSD)
szezanlunsitnsana (Guaii) 5 o 5 a4 -
Woruun® Woruiuaeud
15 42.89 + 13.12° 30.14 + 11.20°

60 29.17 + 10.20° 41.48 +8.89°
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Normal dentin 158 h 17 |
Discolored dentin 155 - 15 |
Discolored dentin 60S - 17 |

0 5 10 15 20
M Adhesive failure M Cohesive failure in dentin M Cohesive failure in resin Mixed failure

linumnuuandnsiuegaitdAguesmnudumailuusiazngunisnaaes (p>0.05) Ineldadia Chi-square

Uit 2 WARIAUALMAITARSTEAUIANA

Figure 2 Numbers of specimen for each mode of failure in each experimental group (N=20)
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Effect of Etching Time on Microtensile
Bond Strength to Amalgam-Discolored
Dentin

Norasettrakoon N* Srimahachota V** Chantarangsu S*** Prasansuttiporn T**** Thanatvarakorn O*****

Abstract

The aim of this study was to examine the effect of etching time on microtensile bond strength (uTBS) to amalgam-
discolored dentin. Twenty extracted restoration-free human molars (normal dentin group) and twenty extracted amalgam-
filled human molars (discolored dentin group) were prepared. After removal of amalgam in discolored dentin group, the
teeth in both groups were cut horizontally to expose flat mid-dentin surfaces. Each specimen was sectioned into 2 subgroups
according to 37% phosphoric acid etching time of 15 and 60 s. Subsequently, the specimens were bonded with 3-step etch
and rinse adhesive (OptiBond™ FL, Kerr, CA, USA) and restored with resin composite. The bonded specimens were subjected
to microtensile bond strength (UTBS) test. Data were statistically analyzed by two-way ANOVA and Tukey’s test at
sienificance level of 95%. The fractured surfaces of all specimens were examined using stereomicroscope. The results
exhibited that UTBS of 15-s etching time on amalgam-discolored dentin group was significantly lower than normal dentin
group. Increasing etching time to 60 s on amalgam-discolored dentin could significantly increase uTBS (p<0.05). From the
result of this study, prolonged etching time to 60 s could improve uTBS of amalgam-discolored dentin with etch-and-rinse
dental adhesive system.

Keywords: Etching time/ Amalgam-discolored dentin/ Microtensile bond strength/ Dental adhesive
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Twenty participants 19-T0 years old with class | or Il cavity depth mere than 1.5 mm. from DEL;

Enrollment mormal respond to percussion and palpation wath normal periapical radicgraph were screened for
lining wath BM GIC and filling wath resin composite
Allocation Randomized double blind (N=20)
Vitrebond group (M=10) Embazed group (M=10)
Received based with Vitrebond and filled Received based with Embazed and filled
with resin composite with resin compaosite
Follow up
M =10 MN=10
(3-menth and 6-month) |
Analysis M =10 N =10
=] a =
E‘I.J‘VI 1 HHUAUNITANYD

Figure 1  Flow chart of study design
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i’aqsmﬁuﬁ%’ yhnsUszifiuensduuinvesituiilésy
n1sysuEANINaeiRel Ao aan13uanLan (Subjective
symptom) 811190 379WU (Objective symptom) N1
novduDIRaIA3s TR TInvesily wavnsusEdiy
91101593 1A80INITUBNLEIEAaUNILEDI01N1
Huteveldenilusedsnsedusing q len annusowdu
VideuasAAAEI8MNS dMSUBINISASITNY NAEEUNNS
navauswwasiiugensiaundy lansfiiulazag
Woawitenlnuseu Tnvavdsefiudu “fonns” uas
“lsiflonns” mnoaadasiennisagliusyiiuagiuy
AMULEUUINR1A ALY 0 Ae lifle1nisiduuan

AZLUY 10 Aadla1n1stdulinuinkazyinn1siudin (Visual

analog scale) 91ntuIN1sAsIaANETInveiiugqe
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Table 1 Composition, light curing duration and ratio of powder/liquid of test materials
Recommended Powder/Liquid
Materials Composition light curing Ratio Manufacturer
duration (g/9)

Vitrebond™ Powder: Fluoroaluminosilicate glass 30 seconds 1.4/1 3M ESPE, MN, USA
Liquid: Copolymer of acrylic and
itaconic acids, HEMA 20-30%, Water,
Photoinitiator

Embaze Powder: Fluoroaluminosilicate glass 20 seconds 1.6/1 Research Unit of Herbal
Liquid: Polyacrylic acid, HEMA (33%), Medicine, Biomaterial and
TEGDMA, Photoinitiator Material for Dental

Treatment, Chulalongkorn
University, Thailand

Optibond FL  Etchant: Kerr gel etchant phosphoric 20 seconds N/A Kerr, Orange, CA, USA
acid 37.5%
Primer: HEMA, GPDM, PAMM,
Ethanol, Water, Photoinitiator
Adhesive: TEG-DMA, UDMA, GPDM,
HEMA, Bis-GMA, Barium glass filler,
Photoinitiator

Filtek Z350 5-20 nm Primary particle size and 40 seconds/ 2mm N/A 3M ESPE, MN, USA
non-agglomerated 20 nm silica filler,
Monomeric matrix-GMA, Bis-EMA,
UDMA, TEGDMA
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Table 2  Correlation between types of lining materials age sex and cavity classification of volunteers in the study

Vitrebond (n=10)

Variable Embaze (n=10)
Age, Years Sex 32.4+14.21

Male 50% (5)

Female 50% (5)
Class

| 60% (6)

Il 40% (4)

Values showed in mean + SD or % (n)
* Wilcoxon rank sum test
** Pearson’s Chi-squared test

36.7+15.33 0.494* 1.00**
50% (5)
50% (5)
1.000%*
60% (6)
40% (4)

A58 3 AnwduiussEniIeiinvesian dunisusslunadinieunisinwm
Table 3

Material Pain Percussion
No Yes No
Vitrebond™ 10(50%) = 10(50%)
Embaze 9(45%) 1(5%) 10(50%)
Total 19(95%) 1(5%) 20(100%)
X? 1.053 -
df 1 -
p-value 0.305 -

Correlation between materials and clinical evaluation before treatment

Baseline (Before Treatment)

Palpation Radiograph
Yes No Yes Normal Pathology
- 10(50%) = 10(50%) -
- 10(50%) - 10(50%) -
- 20(100%) = 20(100%) =
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Table 4 Correlation between materials and clinical evaluation after treatment for 3 and 6 months

After 3 months After 6 months
MEESHES Pain Percussion Palpation Radiograph Pain Percussion Palpation Radiograph
No Yes No Yes No Yes = Normal = Pathology No Yes No Yes No Yes = Normal = Pathology

Vitrebond 10 = 10 = 10 = 10 = 10 = 10 = 10 = 10

(50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%)
Embaze 10 - 10 - 10 - 10 - 10 - 10 - 10 - 10

(50%) (50%) (50%) (50%) (50%) (50%) (50%) (50%)
Total 20 = 20 = 20 = 20 = 20 = 20 = 20 = 20

(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)

Vitrebond: before Vitrebond: 3-month

3U# 2 nisneuysay Anmundsnsysae 3 uay 6 Wou vesTansesiuduiud (Wonuy) wardvsusus (waans)
Figure 2 Peripical radiograph represented restored teeth (before, 3-month, and 6-month follow up) using Embaze (top)
and Vitrebond (bottom) liners
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Clinical Evaluation of A Thai Dental
Inventive Light Activated Resin
Modified Glass lonomer Liner Under
Resin Composite Restorations

Raksakmanut R* Vachiramon V* Vajrabhaya L* Korsuwannawong S** Thunyakitpisal P***,****

Abstract

The purpose of this study was to evaluate the clinical used of resin-modified ¢lass ionomer; Embaze produced by
Research Unit Herbal Medlicine Biomaterial and Material for Dental Treatment, Chulalongkorn University compared to an
imported commercial resin modified glass ionomer; Vitrebond™. Twenty volunteers with age range between 19-62 years old
presented with class | (12 cavities) or Il (8 cavities). Volunteers were recruited and evaluated preoperative clinical and
radiographic examination. Carious lesions with depth more than 1.5 mm from DEJ were randomly divided into two groups
(10 volunteers per group) in accordance with tested glass ionomers. After caries removal under rubber dam isolation, a resin
modified glass ionomer was randomly applied on the pulpal wall of a cavity and filled with resin composite. Post-operative
follows up 1 and 7 day were performed by phone call. Recall examinations were scheduled after 3 and 6 months
respectively. The clinical examination both percussion and palpation including radiographic examination were conducted
in comparing with the pre-treatment records. No significant difference in postoperative pain was found between the two
groups. Lining cavities with resin-modified glass ionomer, a Thai dental invention (Embaze) demonstrated no significant
difference in symptom on percussion and palpation compared with Vitrebond™. The radiographs in both pre-treatment and
post-treatment groups were not significant different (p>0.05). In conclusion, the clinical used of the Thai dental inventive
resin modified ¢lass ionomer (Embaze) demonstrated treatment outcomes not different from the imported commercial glass
ionomer.

Keywords: Clinical studly/ Liner/ Resin-modified glass ionomer/ Embaze/ Vitrebond
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Figure 1

(A) Root apex was covered with filling material, (B) Upper part of external surfaces were covered with nail varnish,

(C) Sample was remounted into silicone mold in a microtube.
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Figure 3 Bar chart comparing the mean amount of TGF-[31 in each irrigation protocols.

*Statistically significant difference at P<0.05
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Table 1  TGF-B1 released within each group

TGF-R1 (pg/ml)

Group Max

Mean+SD
1 (EDTA/N) 656.61+454.47" 202.07 1346.84
2 (EDTA+PUI/N) 1010.75+728.34 220.22 2508.11
3 (EDTA+XP/N) 685.78+318.47 293.15 1209.78
4 (EDTA) 1,341.57+419.46"" 769.23 1944.80

* t fianuuanasegnslivudAgynsaianseautdeddgidosnin 0.05
*, t Statistically significant difference at P<0.05
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The Effect of EDTA with Different
Irrigation Protocols to Transforming
Growth Factor-31 Released from Root
Canal Dentin

Wongwitdecha C* Taweewattanapaisan P** Piyachon C**

Abstract

The Objective of this study is to evaluate effects of irrigation protocols to transforming erowth factor-betal (TGF-
1) released from root canal dentin. Extracted human mandibular premolars (N=37) of aged 16- to 25-year-old were
prepared to simulate open apex teeth. Specimens were divided into 4 experimental groups which were irrigated with one
of the following protocols: group 1; 17% EDTA followed by NSS, group 2; 17% EDTA with PUI activation followed by NSS,
group 3; 17% EDTA with XP-endo Finisher followed by NSS, group 4; 17% EDTA and a specimen was prepared for negative
control. The amount of TGF-[31 released from root canal wall were quantified by enzyme-linked immunosorbent assay
(ELISA). The data were analyzed statistically using one-way analysis of variance and Tukey’s test (P<0.05). Results showed
that the greatest amount of TGF-[31 were observed in group 4 (1,341.57+419.46 pg/ml), followed by group 2 (1010.75+728.34
pe/ml) with no significant difference. The least amount of TGF-[31 were found in group 1 (656.61+454.47 pg/ml) and group
3(685.78+318.47 pg/ml). Under the conditions of this study, it was concluded that the most effective irrigation protocol that
enhanced TGF-[31 released from root canal dentin in regenerative endodontic procedure was 17% EDTA irrigation. The latter
irrigation with NSS showed a comparative efficiency to 17% EDTA irrigation when PUI activation of EDTA was used.

Keywords: Regenerative Endodontics/ EDTA/ Transforming growth factor-betal/ Irrigation protocol/ Passive ultrasonic irrigation/
XP-endo Finisher
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M50 1 wIuggeeny ineudniuanuifunIguaguaindesiinldedagndes neuuaznaainsing (n=57)
Table 1  Distribution of elderly people on oral health care knowledge before and after the study (n=57)

Poor oral hygiene can increase the risk of heart infections (+) 32 (56.1) 42 (73.7)
Early caries is a chalky white color. There will be a hole if there is degradation. Food debris 48 (84.2) 57 (100)
can get stuck and cause sensitive teeth (+)

Loose denture or wearing denture while sleep can cause malodor (+) 43 (84.2) 57 (100)
Brushing your teeth back and forth is the proper toothbrushing technique (-) 22 (38.6) 54 (94.7)
The abrasives in toothpaste make tooth whitening (-) 10 (17.5) 43 (75.4)
According to the 2-2-2 brushing protocol, you should brush your teeth twice a day for two 26 (45.6) 50 (87.7)
minutes and visit the dentist every two years (-)

Fluoride in toothpaste will enhance the return of minerals to the tooth surface and prevent 51 (89.5) 56 (98.2)
tooth decay in the early stages (+)

The interdental brush is suitable for people having gaps between teeth due to gum recession (+) 40 (70.2) 49 (86)
To clean dentures, a soft toothbrush and toothpaste should be used (-) 10 (17.5) 16 (28.1)
Wearing dentures to replace missing teeth can improve occlusion (+) 55 (96.5) 57 (100)
Oral dryness can increase the risk of tooth decay and oral thrush (+) 40 (70.2) 54 (94.7)
Regular oral exercise can promote saliva production and enhance swallowing function (+) 48 (84.2) 57 (100)

M50 2 AnadeuazAndotuunsuvesERuANianelavesgieneseusnuen (n=57)
Table 2 Mean and Standard deviation of levels of satisfaction of the elderly on chatbot (n=57)

Chatbot design

An explanation of the initial usage steps 4.58 +0.60 Extremely Satisfied
The format of the chatbot is easy to understand; it is not complicated 4.42+0.50 Very Satisfied
Chatbot is beautiful and attractive 4.54+0.63 Extremely Satisfied
The interactive buttons are easy to use and clear 4.30+0.76 Very Satisfied
Appropriate interactions with users, such as spontaneity, continuity of 4.30+0.71 Very Satisfied

the conversation, etc.
Chatbot content

Content suitability (easy to understand, fun, interesting and up to date) 4.84 + 0.37 Extremely Satisfied
The amount of information presented in a single session is appropriate 4.72 + 0.45 Extremely Satisfied
Comprehensive content tailored to your needs 475+ 0.51 Extremely Satisfied
Suitability of infographic 4.77 £ 0.50 Extremely Satisfied
Suitability of VDO 4.79 £ 0.41 Extremely Satisfied
Practical application in daily life 4.89 + 0.31 Extremely Satisfied

Overall satisfaction 4.63 + 0.27 Extremely Satisfied
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Effect of Oral Health Promoting Chatbot
Program on Knowledge in Oral Health Care
of the Elderly

Wongworasun S* Hunsrisakhun J** Watanapa A* Wannapahool D***

Abstract

The purpose of this study was to develop and evaluate a chatbot program for oral health promotion aimed at
increasing the oral health knowledge of elderly people. Using a quasi-experimental design, 57 elderly students from Ban
Suan Sinor schools in Muang district of Chonburi Province were studied. The study was conducted during December 2021 to
March 2022. The "Chatbot Vaikao Sukkai Sabaipak" oral health education chatbot program for the elderly was developed
using the ChatFuel platform througsh Facebook Messenger. In order to assess oral health care knowledge, baseline and
14-day follow-up interviews were conducted, as well as a satisfaction survey. The percentage, mean, standard deviation,
and paired sample t-test were used to analyze the data. The findings revealed that the majority of participants were female
(81%) and had an average age of 67. The participants completed the 14 day-program for 63.2 percent. The average number
of engagement days was 11. There was a statistically significant difference in their oral health knowledge scores before and
after the program on all aspects of oral health care (before 7.53+1.81, after 9.72+1.60) (P<0.001). The most appealing
feature of the chatbot's content was its practical usefulness. The elderly reported having difficulty with reading small text
messages, touching selection buttons, and chatbot notification system discontinuities. According to the results of the study,
the chatbot program improved the oral health care knowledge of the elderly. Therefore, it is necessary to create a chatbot
for use in providing oral health care to community-dwelling elderly.

Keywords: Chatbot program/ Oral health promotion/ Elderly/ Knowledse/ Oral health education
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WA, 2563 UTaYa 21NNTAUINNAUATIRE1IMIEENS
MIAUILIAGIBEINSUSTINANERd I NSdTnS Iy

w1alseeIns MIuIunguiiegns 332 auludseeins
Fgeo1y 3,631 Ay lelTeuifisugunmyesuinuaznnsg
ndauinisunnssuvesdgeengiionduogluiiuiid
sULUUIMIMIIANSsuRLAneef 4 sUuu Teun

sukuul 1 fufifditumavaliEnmmeiunng
Tu 5. a0, Srufunseenmieliuimsedeuilaeviusuyme
duamiae 1 Ju

v
LY

sULUUT 2 HuifisiiumAualiusmsmeiunnssu
T w. am.

sukuil 3 fufiflegluwauinisvedsmenuna uilsi
TviumnAvaWiusnviusnssulu sw. an.

sukuuil 4 SuiilaifvumAuialiuinsiusnss
T . am.

foyalunisinwiadsiiuszneudeannzgunin
FosUrnvesigeey liun Sruiuituade®@) gauiiunds
1y (g) lusads @) s1nilugades @) nisiAndludn
Uinuvaeiiu @ nsdeiludnudnudiuuaiien @)
nsiAniludnuinaeeiiu @) anuynvesanisyUiud
nslafiudiey Mmen1sussenduuud1siaaunimgealin
NANIETURAVAINURIIE Adedl 8T we. 2561
wdeadiefilélunisnsia Ao indesdionsaauiviuduay
nszandesn Mn1snsiagesiinlaegideiiiesnusien
TnegAdelaniunisuivuinsguludignsiaies (ntra-
calibration) waznsUuanRsgIUUTEUITBURUGRTIDT
vJun1m3g1u (inter-calibration) 138usoauas 130579
gosunlifidsmnisideusuuuidauuaylfuag
sysuvRlunsdeaing uenanianisnfuteyadiunis
WBIUINIIURNSIY IngdinsUssgnduuuaaUaINaIu
nadfeuinsvesgning wasean’ TeEdnmTRdey
wanuRsaEuLon (Content validity index) (CVI winfiu
0.88 uawiimsnaaeunATIdesiuveueiosle (Reliabilty)
Fruduuszanssanivesnseuuia (Cronbach’s Alpha
Coefficient) (Cronbach, 1990)” wirifu 0.864

Myasgitoyarily deyaiumnssu uazdeya
nsidausnsiuanssulagldadfAdn e Mmame s
nsulanaszdunsdnfainislunuideildinusives
Australian adult population Tul 2006 Taguuadu 3
52U Laln
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ArAzLuudild <MeantS.D. Waneds n1swdnda
U3nssus

MeanS.D.< ArAzLULiile<Mean+S.D. vinei
ASNRIUSNSIEAUUILNGNS

A1AzLUUTIlE >MeantS.D. nunede n1sidnds
UINTTEAUGS

mu%%’ﬂﬁlﬁ”%’umsauﬁﬁﬁ%‘ammﬁ%’amn
AansIUMsITinYansatannnuazosfundunsieves

v

HOn3de AeTiuaLNeAIans unnInendeidedlud e

o

Suit 4 fugneu 2562 Wnansiavdi 60/2562

Na

va o

IUﬂ’]iﬁﬂHWﬂ%}\‘iu maamwauaimfﬁwmu 218

Y

Au Andu 65.66% a1nnguAIEe 332 auftduaiull

< . e
M5i 1 deyariluvesngusiiegns
Table 1  General information of the sample

fenngnissruiavendelalsuilada 2019 (COVID-19)
Tutseinelne vildinsinudeyaldanunsanseviseld

9nA5197 1 Fananasruaungudaesna iweanm
01giRde WWemAvidorAug sedunsfine e way
selladsvesnguiedndunsiazsuuuuvesnisuinis
ViuanTsy nunguinegadienyladesening 60-74 T
Taongusnegisluguuuud 1 Hunduaniusils (98.25%)
ngusegrslugunuuil 2 f17o1Alne (100%) nqu
degndluguuuuil 3 dluajidunguunivusiue (50%)
TORWNGUNARUGLEN (25%) Uazngumegaluzuuuy
7l 4 \Rouauniidenflng (98.18%) QG PLERNG P!
Tugdusansdnulusyaudszandnw wayldlauszneu
913w fundnlsznevendninuninssy eldiadose
\WaueYTENIN 1,396.49-2,938.18 UM

Sample (person) 57 54 52 55

Gender

Male 16(28.1%) 8(14.8%) 22(42.3%) 21(38.2%)

Female 41(71.9%) 46(85.2%) 30(57.7%) 34(61.8%)
Average age (years) 69.9+7.09 68.96+7.62 68.50+8.36 66.82+6.45
Ethnicity

Thai 1(1.75%) 54(100%) 13(25%) 54(98.18%)

Hmong group 56(98.25%) - - 1(1.82%)

Yao group - - 13(25%) -

Lisu group - - 26(50%) -

Others - - - -
education level

Didn’t study 47(82.5%) 4(7.4%) 45(86.5%) 4(7.3%)

Primary school 9(15.8%) 44(81.5%) 4(7.7%) 45(81.8%)

Secondary school 1(1.8%) 4(7.4%) 2(3.8%) 4(7.3%)

Vocational certificate - 2(3.7%) 1(1.9%) 2(3.6%)
Occupation

Farmer 24(42.1%) 7(13%) 13(25%) 24(43.6%)

Work for hire 3(5.3%) 10(18.5%) 4(7.7%) 6(10.9%)

Trade 1(1.8%) 2(3.7%) 7(13.5%) 8(14.5%)

Not working 29(50.9%) 35(64.8%) 28(53.8%) 17(30.9%)
Average income

1,396.49+2,819.83 2,742.59+2,979.08 1,871.15+1,576.46 2,938.18+4,767.96

(Baht/month)
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dwiudoyaszogmandsantiusaauuinig
Brsiumandaauuing aauudnsilivsed uas
wignalunisldusnisviunnssuvengudtegnddunsday
sULUUYRINUIMsTiuANss (5797 2) Tnemuinng
Frog1slusuuund 1 fszezmaadslunisifunisluiu
Uinstfosdian fie 2.82 Alawuns lneidumaluiuuins
B MsAuTh anunetunaingusiegdliuinismis
sumnssududszdnduglldun s an. luituil dundu

M99 2 Teyaniluresngudiegng

Table 2 General information of the sample

Average distance(km.) 2.82+3.95
How to travel (persons)
On foot 47(82.5%)
Bicycle 2(3.5%)
Motorcycle 6(10.5%)
Car 2(3.5%)
Bus -
Etc. -
Dental hospital uses
Local health care 42(73.7%)
Community hospitals 6(10.5%)
General hospitals 1(1.8%)
Hospital centers 1(1.8%)
Private clinic centers 7(12.3%)
Reasons for using the service
Near home/Convenient
transportation 52(91.2%)
Inexpensive service 2(3.5%)
Long queues 1(1.8%)
Good services 1(1.8%)
Etc. 1(1.8%)

M54 3 uansAnady drudouuuanag e
JEAUNTTUTNINTIUANTTHYRINgURBE sl ULy
JURUUVBINTUSMSTUANTTHN UTENoumnie sunsiiini
UTN7 (Accessibility) AnuANUNaLies (Availability) A
AUALAINVBINITUITUUINIG (Accommodation) A1
ANEINNTalUNTTANY (Affordability) Aruauianelalu
U315 (Acceptability) LAEANT IR LA (Overall) g
dlousziiuazuuunisidnisuinislaeningy Overal)

#ogslusuiuud 2 uay 4 fszozmandslunsifiums
TUSuusnisUssuna 14 Alauns wagngudlegisly
sULuuil 3 fiszermandslumaiumaluiuuing 6.25
Alaiuns Insngusogdluguuuud 2 3 4 dndlugjiaumg
lusuuinislassadiuda vesnsudiazsa Snseusud
anumeruatiliuinmaiduuszd Wualsmeuiaysed
sne wauandnlunislulduinsidesanlndtug
WWiumaazaan (5197 2)

14.81+11.42 6.25+0.76 14.27+7.02
6(11.1%) - 2(3.6%)
3(5.6%) 3(5.8%) 11(20%)
7(13%) 22(42.3%) 16(29.1%)
27(50%) 24(46.2%) 14(25.5%)
3(5.6%) - -
8(14.8%) 3(5.8%) 12(21.8%)
7(13%) - 8(14.5%)
38(70.4%) 44(84.6%) 41(74.5%)
1(1.9%) = 1(1.8%)
8(14.8%) 1(1.9%) 3(5.5%)

- 7(13.5%) 2(3.6%)
35(64.8%) 41(78.8%) 43(87.3%)
8(14.8%) 4(7.7%) 2(3.6%)
2(3.7%) - 3(5.5%)
4(7.4%) - 1(1.8%)
5(9.3%) 7(13.5%) 1(1.8%)

maaﬂfjmﬁaasmﬁgq 4 ngu nueziuulsTiiuegluszau
Uunans (Moderate) Tae#l ngusnegndluguuuuit 2 1u
nguiifazuuudszidiulaonnsiugeiian (252 Azuuw)
sosaadenguiiegislusduuuil 4236 Azuuu)
sesaunfe nauiegdlugULULT 3 (215 Aziuy) way
nausegdluguuuuil 1 unguitfinsuuuusyiiiuindian
(1.99 Azuiu)
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Table 3 Mean and standard deviation of the level of access to dental services among the elderly
*F test and
model 1 model 2 Model 3 Model 4
p value
Accessibility 2.18(0.57) 2.04(0.51) 2.28(0.47) 1.94(0.70) = 2.45(0.45) 10.066
moderate moderate moderate = moderate p<0.05
Availability 2.00(0.58) 1.73(0.45) 2.34(0.53) 2.02(0.49)  1.93(0.67) 12.333
moderate moderate moderate  moderate p<0.05
Accommodation 2.20(0.49) 1.99(0.39) 2.43(0.45) 2.10(0.41)  2.27(0.56) 9.647
moderate moderate moderate = moderate p<0.05
Affordability 2.44(0.61) 1.98(0.56) 2.75(0.36) 2.48(0.67)  2.59(0.52) 21.595
moderate moderate moderate  moderate p<0.05
Acceptability 2.47(0.54) 2.23(0.51) 2.80(0.34) 2.24(0.52) = 2.61(0.52) 20.248
moderate moderate moderate = moderate p<0.05
Overall 2.25(0.40) 1.99(0.36) 2.52(0.24) 2.15(0.30)  2.36(0.45) 25.541
moderate moderate moderate  moderate p<0.05

$1uuiluiade Suaugdauiiundaade S
itunuarsnituade SuaufiudnduuniAss (Occlusal
wear) Lady Sruruiludnuiiiaateflunin (ncisal
wear) 1a8 uaziludnuinaaeiiu (Cervical wean) 1ode
veIngusiteg1sluliar JULUUYBINITUTNISAUANT TY
(M55 4) Taewuin ngudognsluguuuud 1 1Hungui
s uuiluyadeesiian (1.58 d/au) fidnsnsldiiu
\fimanndiga (70.17%) Suaugauitundaade (g) un
(4.63 ¢ \lesannguinetng Iesumslafiufiumauny
fluiigydeluludndiuiige uaziiuvaouegluaniwdly
sl dmaugauitunds () Aunnusifidiwouily
Auvdsiadefitien nauiegsluguuuuil 3 1unguiil
Sruuilunamdoadenniian (21.85 3) gauiluvduads
(6) u1niign (5.48 §) Fovazvesgigeenglifilutiosdian
(3.85%), Yovazuosgsongldiluifioutoniian (21.15%)
drungudegisluguuuud 2 uag 4 fan1azdesUin

=

IndiAssiu Tnofiarsanandiuilunuvieinds @)
(ngufl 2: 15.96 @/Au naudl 4: 17.84 &/aw) Smududtuy
\de @) (nguil 2: 3.26 I/Au nawdl 4: 3.15 /A1) gau
luvdaade (@) (nguil 2: 4.13 /au ngudl 4: 3.89 3/Aw)
(5737 9)

dmiuannigwiionuazan1izUsiiudvauday
nguoEs wuingustegndluzuuuud 3 fiaugnues
an12zU3vud My Healthy (%) uanfiga drunga
Fregralugunuud 1 mnugnvesaningyIviudiiy
Healthy (%) fiun AUYNUDY Bleeding (%) Calculus
(%) Calculus ¢ Bleeding (%) fitfaninngudiagiang
9u 9 uagAidunguiifinnuynsesdnuiviug 4-5 uy (%)
J09ANUTHUA >6 uu (%) Aitfosdign drunduiiogidly
sULUUT 2 wag 4 fmnuynussaniizUiviuduagnisi
JsanUITTus (%) TndiABaty (13797l 5)
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ﬁl'ﬁ"]\?’?i q
Table 4
occlusal pairs)

National average

Sample mean

Wiguileuiuanigiiunguainvenguimeg s (eeiede wuiluauviowds S1uiuilugade dauilunduade)
Compare the oral condition between the sample groups (Average age, Remaining teeth, Decayed teeth, Posterior

Sample mean  Sample mean  Sample mean

(60-74 years)*
Average age (years) -

Remaining teeth (teeth/person) 18.6
Decayed teeth (teeth/person) 1.8
Posterior occlusal pairs (pairs) 3.0
Incisal wear (teeth/person) 2.8
Occlusal wear (teeth/person) 2.3
Cervical wear (teeth/person) 21
Older without teeth(%) 8.7

Older wearing denture(%) -
*Based on the 8th National Dental Health Survey (2017)

group 1 group 2 group 3 group 4
69.9 68.96 68.5 66.82
6.14 15.96 21.85 17.84
1.58 3.26 2.33 3.15
4.63 4.13 5.48 3.89
1.51 2.65 3.71 2.96
1.68 3.06 2.48 2.69
2.44 3.41 3.56 4.02

54.39 18.52 3.85 23.63
70.17 51.85 21.15 30.91

M990 5 WSBUluivan e iunaun mMYeInguiiegne (ANuYnvesanIsUsiug Aadevesnsiisesinusviug)

Table 5
(prevalence))

National average

(60-74 years)*

Sample mean

Compare the oral condition between the sample groups (Gingival status (prevalence), Periodontal status

Sample mean  Sample mean  Sample mean

Gingival status (prevalence)

Healthy(%) 7.6
Bleeding(%) 14.7
Calculus(%) 7.3
Calculus with Bleeding(%) 41.3
Not record(%) 29.2
Periodontal status (prevalence)
No pocket(%) 34.7
Pocket 4-5 mm.(%) 24.1
Pocket =6 mm. (%) 12.2
Not record(%) 29.0

*Based on the 8th National Dental Health Survey (2017)

UnIvsal

FULUUUINSTIUANSSUAUNISIIIDIUSNIS Sedu
NSLAIUTNIINITIUANSTHYR IR A0 18 lAE AN TN
favun (overal) fidnadazuuulssdumadnfeing
Frumnssulldunnsnedusi 4 JURUUAR sEAUIUNa1anL
iU Ued Australian adult population Tud 2006 way
WledinszianuuUsUTIunIaiies One Way ANOVA
wuhianuuanaiulunisditieusnisviunnssuynaiu

group 1 group 2 group 3 group 4
12.28 1.85 19.23 1.82
1.75 1.85 7.69 1.82
8.77 25.93 28.85 21.82
2281 51.85 40.38 50.91
54.39 18.52 3.85 23.63
35.09 40.79 59.62 40.00
8.77 38.89 26.92 32.73
1.75 1.85 9.61 3.64
54.39 18.52 3.85 23.63

AUNISIINTIUTNTT (Accessibility) nqusegna
Tugmmuﬁ 1(2.04) uag 3 (1.94) L‘flumjuﬁﬁmuuu
Uszifiutfosniinguiaegialuguuuudl ¢ (2.45) uas 2
(2.28) Misnguiegaudaznguilnuuandaiuludiy

¢ v

WonAlae Tuguuuudl 1 WWunguandiudds suwuui 3

= i aw ¢ a 1 Y ' a o ld a '
WUNAUIANLGNEY (L87) NUNGUYIRNUGAYD (87 du
<

JULUUT 2 wag 4 nquitegduluglduidendlve
(m579911) Yadesudeniinay Tausssuduladeoniend
NARDNITLUNDIUINITTIADAAADINUNUYDL Hjern Lag
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nugdildvinnsAnuinguuAnusluaiiou wuinngud
WugidrFauinisiunnssutiosinnuinidymnidiu
guangosinuinndn’

AUAIUNBLINEIVDIUTNIT (Availability) Ngu
Fregnsluguuuud 2 (234) waz 3 (202) Tszdunzuuy
ﬂimﬁumﬂﬂdwgmwuﬁ 1(1.73) uaz 4 (1.93) msz3uiuy
71 2 uay 3 TupypainsiumsUsedh vauiiguuuui 4
laifiviumyeanns dauguuuuil 1 whnasiiiumauiaussdn
7l . an. usggeengaziniunsinwlaevununmed s
sanvihdUaniay 1w msiviunyaainslviusnisuseadn
Fadutlafenisiviliiinathfinsduioaduny
Anwiveaiqua Anans nudussatuayuanidming
%ﬁguawmmmiuﬁuﬁLﬂuﬂa%’aﬁaﬁvawuﬁiami
Whilsuinsmeiunnssuvesiaseny’

AUANHAYMINYBINTTNTULI NS (Accommodation)
ngusegslusuiuudl 1 (1.99) fazuuuuszidiudingi
ngufog1aluguuuud 2 (2.43) 3 (2.10) uaz 4 (2.27)
uiidlugunuud 1 agdiviumivialiuinisiuanssy
Sufunseenmielagviuawnmg damiar 1 U uingy
feedluguiuuil 1 innmindesaz70 anduuimeviunnssy
Tuanuuinsluituiide ww. an. uazsnnnifesax 80 14
BasiumsismafuhuSanuuinng 3 2)
Usgneufuituiidnuluguuuudl 1 Jugfivssmaiidu
grmsiumsldazaan viduavassalunissuuinis
NINABINTITUINITNIIUANTIN ABAATDIAUNITANY
v8¢ Velez wagame® Tul 2017 wuiinisiiuniawi sy
UINTANALAYATIROAMNINUBINITUINTNVTUANTTH

AuAnaunsalun133ne (Affordability) nqu
frogrslugunuud 2 uar 4 I51eldedsuinnin ndu
fegdlugUuuudl 1 wag 3 (Msnedl 1) eldFadutade
vilwosnsifsuinsaeandesiunudnuves Locker
wazany’ Tl 2008 Anuigthevmueuun Tnsenzs
fiseléiios szyirainuuinadutadofitaunmnisiu
U3IN15 wavaeAAaediy Borreani WagAmy ™ 1wl 2008
NUIAISNYIUINISHNaRaNTTUNITT Y IMITURNSTY
nsUsznevendnduiluiiuivessslduasnuiingy

Yegeluguuuui 1 dlugflailausznauendn (m1519

A
ﬁ ¢

1) sgldndnunanselivesnuesiilutuannsnzi
geoe vibimnnsnvmaiuanssuniiaududeou

e

1% o

Founsuuimssiaileselildiofiuinezinasonis
induladeniuuinig

prunuianelaluuinis (Acceptability) wiiin
pzuuulTTfiuresnguiaegisluiis 4 sunuuiaziuy
Usziluegluszavlndifesiufayiunais aenndesiu
nsfnwves Wge gueillen uay aun1 Useysny 3

geengfiinedeegluiuniivielufiusnisviunnssuly

U q

e

S @

il Alaidwmaderunelavesuinig
TrsasudenBsudisuguuuumsdnmsmaiunnss
Tuiifiuandnsfuiunmsdndusnsmeifunnssamuing
AzbuuUsziiunsnfeusnsluszaulndfesiufessiu
Uunang L’LdJIEJW’]ﬂﬂ’liL%Wﬁdu%ﬂﬂi‘ﬁu@@jﬁUMa’m%aﬁEJ
Uade guuuuvesusnmamariuanssuluiissdadeday
wilsidnadensddeusns uenanildeitesedu q @
NaRBIEAUNITUTEEUNSIAIUTNT Wiy Yaduseaud
yana leun Jedesuguamlaediifguamudaussesd
azuuuUszfiudunsiddsusnisanindidaunmly
uwdausa? Ao Saussruusemd 01w 9lé uay
JaymiauguaindesUinvasisazyana Ingaziining
wANFENAUAINUTUNLazUTELIAARUAS 9 1Tu Uady
auyAaIng Yadeausudszunn wazdadeaiuaiiy
wiou uazanunaLfivaveunsesiiefiarliuing \udu
wonaniluiuiindnissusnsiduniudenlunis
THu3nsuAgae Aflanuazainuazaansaluléuing
szuznshilnauin asiunisazaan arlganelunns
wumaliiga fiusnsinsafuanudesnisvesiiieden
anusadunadonlumslulduinisvesfteladeili
sEAuveINTnfsuIMsliuaneiaiu’®
FULUUUINSTUANSSUAUEUANYRUN Funn
Fosnvesnguitegisluguuuuil 1 fanmitssainngy
fegsludn 3 Uy Aefidnuilunavdendseglu
gosUntiosiianiifies 6.14 4 donu fosay 54 ludiiuly
Fostn vaurfisenaz 70 Snsldiluiion (nsed 4) wax
finnuuansnsanUszinsde 60 Juluresnisdisas
amwﬁumqmmwummﬁﬂ%&ﬁ 8* (W.f1. 2560) AIENAY
Freg9lugluuud 1 Sevas 98 1uwdnudils 39
NM5ANYIVRINITANYIVBY Okunseri LazANE WUILABY
ARavRafisvimsidewuin fgunmdosndilald was
fanueinanuinlunisidndeuinas waznisfinwives
Her fiwui1 annasdrsnemidlugsmudnilvgiiguam
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Fosunitlsifuaznuinnguieaiituguas flugililésy
ns¥ny wagniassdunltufiesiinan g Uivudiou
p1edadon” duhungnisguyideiluwaznisldiiuiioy
ausnlusuianlusasiingudogisluguuuui 3 ilui
widelady 21.85 drenu Sevay 3.85 Liffiulurestin
warSovay 21.15 dnsldfluiien aenndesiun1sfing
99 Lee uazanz™® Wl 2015 wuihdgsongnduilidundu
Alailssuuinsmaiuanssuduusedrazdenaliifa
Hoymiguamdesin Tngaefiqunimdesuinugniinguil
Whilsaauneunauazinisléusnisluyszd

31971 5 dudnnaziien (Gingival status) wWuin
nquiogrdluzuuuul 3 Redluiiegluiunuinisves
Tsamenvnauazlill sw. an. T¥evazvesannnzimieniiiy
Unf (Healthy) waglaifisesd@nu3viug (No pocket (%))
wnnIngudiegdludn 3 JULUY LazUINNIINENIT
dranneiungunuiend adsd 8 lunduuszeng
915111171 60 T lusazAingudaegisluguuuuil 1
dannzwiendiduund (Healthy) wazluflsosdnusvug
(No pocket(%)) ﬂaﬂﬁqm MEFULUUNITUINISUANTTU
Tuwuud 3 eglufiuiflndlamenuia Sszegvrsainiiin
fulsane1uia tade 6.25 Alaluns dedeandeafy
N19AN®IU9Y Ogunbodede wagAnly WUINTIdAM
wanFARIugIAIngesUIn MslduInIsuaznIsinds
Uinssewinassnvuiiondeeglulunyusuiiesiuin
yuun Ingaznuinsznsuiiondoeglulvagusuiiiod
aunwdosUinuaznsdnfeuinsfianin aenadasty
nsAnwwes Vargas wavaaiz Tul 2003 ifjgeeneiteglu
wnidlesfiguningesiniiindy uasdinisgaydeiuian
tioninfgeengienduogluvuun'® uazaonndesiy
AMsANYIYY Kruger kazany ™ 1wl 2007 1avinsd1599
anzgumYesUinuesfgeengfiendeaglulunyuun
vosaAsids duduitufiinaddauinisliazain
wuidisasnsgapdeiiureudnegs uagiiouaisvesiin
nsdrsranuilufiumielutesuin lneguassalunis
TUl4u3nns Teundadediunisvinuinisiidonis
syoglmnsTenesiiuiy uayiadesuelddne

idefiansansening ngusegisluguiuud 1 uas

v o
o o

3 1 ieaesgUkuuAeATnuuInInsiuanssuluin
Wundvaveny lagguuuui 1 ivusduiadseinegi
SW. @9, SaunUN1IseanrUleliuSASlag T UALNNG

Faviay 1 ) favorganunsasuuinisvmnaiuanssule
7l 9w an. Tuituil duguoudl 3 Geegluituiivimaves
malsaneuagiiusnisheviuaunmg wingueieesly
sUuuUi 3 Tgunmdesundidninnguiegidluguuuud
1 1es9nenudlunsliuinsviuanssuve siuaunmed
uansnafy uaznguinesluguuuudl 1 fiszeginemin
TsmegruiaUszardunediunnnit 30 Alawns sl
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Dental Service Model with Access to
Care and Oral Health Status of Elderly:
A Study Area, Phetchabun Province

Leamsombat S* Tuongratanaphan S**

Abstract

Most of the study area in Phetchabun is mountainous, making travel inconvenient. To provide dental services to
the elderly, different dental services are arranged according to the appropriateness of each area. The objective of this study
was to compare the dental service model with the oral health of the elderly living in the study area in Phetchabun
Province. This research was designed to be descriptive research by dividing the samples according to the area and service
model into 4 groups. 1. An area with a dental hysienist at the primary care unit and a dental service unit by a dentist issued
2. An area with a dental hygienist at the primary care unit. 3. An area that did not have a dental hygienist at the primary
care unit but was in the dental service area of the hospital. 4. An area that did not have a dental hygienist at the primary
care unit and outside the service area of the hospital. Information about access to dental services and oral health status
was collected. The data were analyzed by comparing the mean values between the population groups. The results of the
study found that different types of dental services affected the oral health of the elderly, with local dental services grouped
by dentists (eroup 1 and group 3) being better for oral health than those without local dental services by dentists. (Group 2
and Group 4) According to the results of the study, it was found that different dental service patterns in the area affected
the oral health of the elderly. It was found that increasing dental services in the dental area by dentists could improve the
efficiency of dental services.
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Sealing Ability between Calcium Silicate-
based Sealer and Epoxy Resin-based Sealer at
Various Lengths: an In Vitro Study

Likanonsakul S* Ongchavalit L** Laovanitch Srisatjaluk R***

Abstract

The endodontically treated tooth often loses coronal tooth structure over time and a post is needed to retain the core and
crown. The recommended length of remaining gutta percha after post space preparation should be 4-5 mm. The short root could be
compromised between the length of remaining gutta percha and the post length. Recently, a bioceramic impregnated gutta percha and a
calcium silicate-based sealer have been developed. The aim of this study was to evaluate the sealing ability of the remaining root canal
filling materials with various lengths of bioceramic impregnated gutta percha and calcium silicate-based sealer in comparison to gutta
percha and epoxy resin-based sealer. The 88 maxillary central incisors were divided into 4 groups (n=20) based on root canal filling materials
and remaining lengths. Group1: gutta percha using an epoxy resin-based sealer with 4 mm of remaining root canal filling material, Group
2, 3 and 4: bioceramic impregnated gutta percha using a calcium silicate-based sealer with 2, 3 and 4 mm of remaining root canal filling
material respectively. The sealing ability was assessed by conducting the bacterial leakage test using Enterococcus faecalis. After 60 days,
a scanning electron microscope was used to inspect the gap between the interface of leaked and non-leaked specimens. The leakage test
results showed overall percentage of leakage of 31.25%. Group 2 (BC 2 mm) had the highest percentage of leaked specimen (40%,).
Group 3 (BC 3mm) had the lowest percentage of leaked specimens (15%). Group 1 (AH Plus 4 mm) and group 4 (BC 4 mm) had the similar
leakage percentage (35%). There were no statistically significant differences among the four groups (p=0.05). Ninety-two percent of all
specimens were leaked in 30 days. The SEM showed that the leaked specimens had more ¢aps (46.65%) than non-leaked specimens
(19.71%). Taken together, this study indicated that the sealing ability bioceramic impregnated gutta percha and calcium silicate-based
sealer of 2-4 mm lengths were comparable to the 4 mm of gutta percha and the epoxy resin-based sealer.

Keywords: Calcium silicate-based sealer/ Epoxy resin-based sealer/ Remaining root canal filling/ Sealing ability
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Introduction

Root canal obturation is one of the critical
steps in root canal treatment. The objectives of filling
root canal are to entomb surviving microbes and
prevent leakage from both the coronal and apical
paths of root canal.' Several core materials and
sealers are used to obturate the root canal. Gutta
percha is the most marketable core due to its ease of
manipulation, inertness and radiopacity.2 Epoxy resin-
based sealer has been used with gutta percha for
more than a decade. The beneficial properties of

epoxy resin-based sealer are adequate flow,”" suitable

film thickness,”® adhesion to dentin,? antibacterial’” and
radiopacity.“‘ P10

The endodontically treated tooth often loses
coronal tooth structure caused from dental caries,
tooth fracture or restorative procedure.'’ In some
circumstances, a post was needed to retained the
core and crown." The length of post is suggested to
be equal to the crown height13 and the apical
extension should be at least half of the length
between alveolar crest supporting bone to the apex

of root."* This from a biological point of view, the

* Residency Training Program in Endodontics, Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University,

Bangkok.
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remaining gutta percha was the important factor to
prevent leakage. Many previous studies have concluded
that the remaining gutta percha should be at least

15,16

4-5 mm. There were reported that the leakage

increased when gutta percha length decreased.”'"*®
Short-rooted teeth cause a significant problem due to
the fact that they do not having a suitable gutta
percha length for post preparation.

Recently, bioceramic impregnated gutta percha
and calcium silicate-based sealer were developed.”
Calcium silicate-based sealer is hydrophilic, slightly
expansive when setting, insoluble in tissue ﬂuid,20
biocompatible” and bond to dentin.”” Recent studies
have claimed that bioceramic impregnated gutta
percha can be bonded with bioceramic particles in
calcium silicate-based sealer, which may improve the
sealing ability of root canal filling materials.

To test the sealing property of root canal filling
materials, the bacterial leakage test is the most clinical

23-25 .
. Various

relevance among microleakage methods
bacterial species have been used as the indicator of the
test. The most frequently used is Enterococcus faecalis,
due to the fact that it is most commonly found in
persistent endodontics infection and it is easy to grow in

18,26,27 .
However, the bacterial

laboratory conditions.
leakage test has some limitations, for example, the
negative leakage results may be obtained from teeth
that still have small number of bacteria within root
canal filling material and dentinal tubules.”® For this
reason, a marginal adaptation test, such as the histology
section or microcomputed tomography were needed to
validate the routes of leakage in the classic two chamber
bacterial leakage model.”’

According to a previous study, the sealing
ability of gutta percha and epoxy resin-based sealer
were dependent on the length of root canal filling
material."® Recently, different lengths of gutta percha
and calcium silicate-based sealer were studied for
their sealing ability, however the method used in this

studies was dye leakage.”

The purpose of this study is to compare the
sealing ability of various lengths of the remaining root
canal filling materials, bioceramic impregnated gutta
percha and calcium silicate-based sealer, to gutta

percha and epoxy resin-based sealer.

Materials and methods

1. Specimen preparation

The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry/Faculty of
Pharmacy, Mahidol University, Institutional Review
Board (COE.No.MU-DT/PY-IRB 2019/034.1706). A total
of 88 extracted mature maxillary central incisors
without root caries were selected and stored in 0.1%
thymol solution. Periapical radiograph was taken in the
labiopalatal and mesiodistal directions to confirm the
presence of a single root canal without developmental
anomalies, root caries or resorption. The crown was
removed by using a diamond bur with water coolant,
leaving the root 10 mm in length. Kfile No. 15 (Dentsply
Maillefer, Tulsa, OK, USA) was used to confirm root
canal patency and determine the working length by
subtracting 1 mm from apical foramen. The root was
examined under a dental operating microscope (OPMI
Pico, Zeiss, Jena, Germany) at 20x magnification. The
roots which had fractures, cracks or other damage to
the root structure were excluded. All roots were stored
in 0.1% thymol solution at 4°C until use.

All specimens were instrumented using a RaCe
NiTi rotary instrument (FKG Dentaire SA, La Chaux - de
- Fonds, Switzerland) to size 50/04. The specimens
were irrigated with 1 ml of 2.5% NaOCl using a 25-gauge
needle between each file. Final irrigation was
performed with 3 ml of 17% EDTA for 1 minute,
followed by 5 ml of 2.5% NaOCl and dried with paper
points. The specimens were randomly divided into 4
groups of 20 specimens each according to the
obturation technique and the lengths of remaining root
canal filling materials (Figure 1). The remaining eight
teeth were used as positive and negative controls. The

specimens were obturated as follows:
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Group 1: Epoxy resin sealer (AH Plus®; Dentsply
Sirona, Baillagues, Switzerland) was mixed according to
the manufacturer’s instructions and coated in root
canal with a K-file. A matched taper gutta percha cone
size 50/.04 (FKG Dentaire SA) was coated with sealer
and inserted into the root canal to the working length.
The coronal section of the gutta percha was removed
with an electronic heat carrier (System B™, SybronEndo,
Orange, CA, USA) which was set to 200°C and vertically
compacted with a 5/7 root canal plugger to the length
4 mm from the working length.

Group 2: Calcium silicate-based sealer (TotalFill®
BC Sealer™. FKG Dentaire SA, La Chaux - de - Fonds,
Switzerland) was injected into the root canal according to
the manufacturer’s instructions. The lentulo spiral size 40

was utilized to distribute the sealer into root canal system

AH Plus BC sealer
\ J/ \ /’
Gutta percha BC cone
50/04 50/04
P é
""'-’*_
|4 mm \/jme \, 3 mm
Group 1 Group 2 Group 3

Khon Kaen Dent J ® Volume 26 ® Number 1 ® January — April 2023

.

according to Huang et al (2018)". A matched taper BC
pointTM (FKG Dentaire SA, La Chaux-de - Fonds,
Switzerland) size 50/.04 was coated with sealer and
inserted into the root canal to the working length.
Coronal section of BC point™ was removed with
electronic heat carrier which was set to 200°C and
vertically compacted with a 5/7 and 1/3 root canal
plugger to 2 mm from the working length.

Group 3: Used the same obturation procedures
as group 2, but BC the point™ was removed and
vertically compacted with a 5/7 root canal plugger to a
length 3 mm from the working length.

Group 4: Used the same obturation procedures
as group 2, but the BC point™ was removed and vertically
compacted with a 5/7 root canal plugger to 4 mm from

the working length.

No sealer

.}

{7

D,
Gutta percha
50/04

$

4 mm

7 7

Experimental groups (n=20)

Control groups (n=8)

Figure 1 Illustration of experimental groups and control groups
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The positive control and the negative control:
Specimens were obturated with a matched taper
gutta percha cone size 50/.04 without sealer. Gutta
percha was removed to 4 mm from the working
length.

Periapical radiographs were taken in the
labiopalatal and mesiodistal directions to confirm the
obturation quality and length of remaining root canal
filling. The inadequate root canal filling specimens

were excluded.

All specimens were kept in 37°C and 100%
humidity for 14 days to allow the sealer completely set
before the leakage test was performed. Subsequently,
all specimens from groups 1-4, positive and negative
control groups were prepared with DT drill no. 0.5
(Acteon Co., Mérignac, France) to the length of remaining
root canal filling materials and then finally irrigated with
1 ml of 0.9% NSS. The periapical radiographs were taken
in the labiopalatal and mesiodistal directions to confirm
the length of root canal filling material after post space

preparation (Figure 2).

Figure 2 Radiographic of root canal filling after post space preparation in mesiodistal and labiopalatal directions
a) AH Plus 4 mm b) BC 2 mm ¢) BC 3 mm d)BC 4 mm

2. Bacterial leakage test

2.1 Preparation of the bacterial leakage
model

The specimens from groups 1-4 and the
positive control group were coated with two layers of
nail varnish (Revlon Inc., New York, NY, USA) on entire
root surface except 2 mm from root apex. The
specimens from the negative control group were
coated with two layers of nail varnish on the entire
root surface and the apical foramen.

The bacterial leakage model was performed
by using the two chambers method which was
modified from Mozini et al (2009).® The upper
chamber used a 1.5-mL Eppendorf plastic tube (Treff
Lab., Schweiz, Switzerland) with the bottom was cut
off. The specimen was inserted into the upper
chamber until a half-length of the root protruded
through the buttom of the tube. A sticky wax,
cyanoacrylate adhesive and nail vanish were used to
seal the space between the specimen and the tube.

The upper chamber was sterilized with ethylene

oxide gas for 12 hours and left for 7 days. The lower
chamber was set up using a screw-capped glass vial,
which contained a brain heart infusion (BHI) broth
(Difco Laboratories, Detroit, MI, USA) and sterilized by
autoclaving for 20 minutes. Subsequently, the upper
chamber was inserted to the lower chamber and the
2 mm of root tip was immersed in the BHI broth. The
models were incubated at 37°C for 24 hours to

confirm their sterility (Figure 3).

Figure 3 The bacterial leakage model
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2.2 Bacterial leakage model testing with
Enterococcus faecalis

Enterococcus faecalis ATCC 23125 was used
for the leakage test. The bacteria were subcultured
on an BHI agar plate and incubated at 37°C for 24
hours. Then, the 2-3 isolated colonies were transferred
in 5 ml of BHI broth and incubated at 37°C for 24
hours. The turbidity of culture was adjusted to
McFarland density of 0.5 using BHI broth. The 200 ul
bacterial suspension was filled into the upper chamber.
The models were incubated at 37°C and at 100%
humidity. The fresh media were replaced into the upper
chamber every 2 days to ensure bacterial viability. The
turbidity of BHI broth in the lower chamber indicated the
bacterial leakage. The turbidity change was observed for
60 days. If turbidity was observed, a gram staining, bile-
esculin test, and 6.5% NaCl tolerance test were
conducted to validate the presence of E. faecalis.
After 60 days, the BHI broth in the upper chamber of
unchanged specimen was cultured to confirm the
viability of E. faecalis.

To compare the results of each group, survival
analysis was applied. The results of leakage were
shown in a Kaplan-Meier curve. The difference among
the groups were evaluated by using a Log-rank test.

3. Scanning electron microscope (SEM) analysis

The SEM (JSM-66101LV, JEOL Ltd., Tokyo,
Japan) was used to examine the gap to confirm the leakage
test results. Two leaked specimens and 2 non-leaked
specimens of each group were randomly selected for
examination.

The gap analysis was done by using the resin
replica technigue. The specimen was removed from
the bacterial leakage model, then the external surface
was cleaned with 95% alcohol. Before the root section,

the root was marked with longitudinal lines at labial,

palatal and proximal areas of the root surface to
indicate inspection points (Figure 4). Additionally, the
root was sectioned horizontally every 1 millimeter
from the apex to the upper position of the root canal
filling material. The specimens were polished with wet
sandpaper and ultrasonically cleaned for 10 seconds.
The impression was made by using polyvinylsiloxane
(DMG Chemisch-Pharmazeutische, Hamburg, Germany)
and the resin replica was created by pouring low
viscosity epoxy resin (SpeciFix-40 kit; Struers, Sarasota,
FL, USA) into the impression and allowed the resin to
set (Figure 5). The replica was mounted on metal stub,
coated with gold (SC7620, Quorum, East Sussex, UK)
and inspected under SEM to assess the gap between
gutta percha, sealer and dentin wall.

The specimen was divided evenly into 8
inspection points according to the reference lines on
the external surface of the root (Figure 4). The gap at
each point was inspected at 2000x magnification. The
gap was defined as a deep black groove with a width
>1 pm. The results of SEM examination were reported

by descriptive analysis.

La

Figure 4 Illustration of the root section and inspection points
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Figure 5  Illustration of replication
Table 1 The number and percentage of leaked specimens

Number of leaked

.

Results

Bacterial leakage test analysis

After 60 days, none of negative control
specimens showed the turbidity of the lower chamber.
All positive control specimens leaked within 1 day. The
E. faecalis was present in all leaked specimens and all
non-leaked specimens showed viable E. faecalis in the
upper chamber throughout the 60-day experimental
period.

The results of bacterial leakage test were
shown in Table 1. Overall percentage of leakage was
31.25%. Group 2 (BC 2 mm) had the highest percentage
of leaked specimen (40%). Group 3 (BC 3 mm) had the
lowest percentage of leaked specimens (15%). Group 1
(AH Plus 4 mm) and group 4 (BC 4 mm) had the similar
leakage percentage (35%). There were no statistically

significant differences among the four groups (p>0.05).

Leakage period

% Leakage

specimens
1. AH Plus 4 mm 20 7
2. BC2mm 20 8
3. BC3mm 20 3
4. BC4mm 20 7

The Kaplan-Meier survival curve was shown in
Figure 6. The leaked time was between 1-56 days.
Ninety-two percent of all specimens were leaked in 30
days. All of the leaked specimens in group 1 leaked
within one month (6-29 days). Most of the leaked
specimens in group 2 also leaked within one month
except one specimen which leaked on the first day and
two additional specimens leaked during the last period
of experiment. All of leaked specimens in group 3
leaked within 8-12 days. Group 4 leaked within 20 days
(3-20 days).

(days)
35 6-29 0.389
40 1-56
15 8-12
35 3-20

Scanning electron microscope analysis

The average gap number of non-leaked specimens
was 19.71% (9.38-45%). Most of the specimens in this
group had one or more sections which no gap was
present. The mean gap number of leaked specimens
was 46.65% (29.2-62.5%). Most specimens from the

leaked group exhibited a gap in every section.
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Figure 6  The Kaplan-Meier survival curve of bacterial leakage test

Figure 7 The area of the leaked specimen was examined under a scanning electron microscope at a 2000x magnification.
A-H pictures displayed all 8 points of view. The black arrow showed the gap between root canal filling material
and root canal wall. The white arrow showed the gap between gutta percha and sealer.

Figure 8  The area of the non-leaked specimen was examined under a scanning electron microscope at a 2000x magnification.
A-H pictures displayed all 8 points of view. No gap formation was found in this specimen.
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Discussion

To study the sealing ability of root canal
filling materials, despite several methods have been

this study used the

. . 15,32-36
used by many investigators,

bacterial leakage test. Although the advantage of
bacterial leakage test is clinically relevant”’ Its
limitation is the inability to detect the route of bacterial
penetration. It’s difficult to use with anaerobic bacteria
which grows in specific conditions and the same
specimen can’t be retested. Therefore, SEM was used
to confirm bacterial leakage results and to investigate
the marginal adaptation and bacterial penetration
pathway. Nevertheless, the limitation of SEM is that
it’s an inherently two-dimensional technique, in which
the specimen was completely destroyed.

In this study, the gutta percha was cut to the
required length using a heat carrier. Although the
manufacturer’s instruction recommends using a
calcium silicate-based sealer to fill root canals without
the heat, a previous study reported that increased
temperature had no adverse effect on the leakage of
calcium silicate-based sealer.”® The experimental
period for the bacterial leakage test was 60 days which
should be long enough to allow the penetration of
bacteria. The previous studies indicated that a large
number of specimens leaked at an earlier point in

. 36, 38
time.™

However, our study results show that almost
all of the specimens leaked within 30 days.

The overall percentage of leakage during this
study was 31.25% (25/80), which was lower than the
previous studies.””*****" The factors which affected
the bacterial leakage test are the antimicrobial effect
of root canal filling material and the vitality of the
tested bacteria. From Chotvorrarak in 2017,% the
antimicrobial effect of AH Plus® and BC sealer was
diminished after 7 days, therefore the antimicrobial
property of BC sealer might not affect the test result.
In addition, the bacteria vitality in the upper chamber

was confirmed throughout the entire duration of this

experiment. It suggested that the beneficial properties
of the calcium silicate-based sealer such as the high
tubular penetration,” low dimensional changem1 and
the sealer expansion® may cause of the results of
the low rate of leakage.

The bacterial leakage of 2, 3 and 4 mm groups
of calcium silicate-based sealer showed no discernable
statistical differences. In reference to the contrast with
the epoxy resin-based sealer, another study reported
that the length of root canal filling material affected
the sealing ability. The 2 mm remaining lengths of gutta
percha with AH Plus® sealer showed significantly more
leakage than at 4 and 6 mm."®

The leakage of 2 mm length was highest
among calcium silicate-based material groups although
the results were not significantly different. It should be
noted that the process of doing the root canal
obturation on the 2 mm group was significantly more
difficult than the others in this study. The root canal
diameter at 2 mm was 0.58 mm and the electronic
heat carrier used at this level had a diameter 0.4 mm.
As a result, the plugger had not enough force to
produce hydraulic pressure. Therefore, this may
adversely affect the integrity of root canal filling
materials. In comparison, the leakage of 3 mm length
group was lower than 4 mm length group. The root
canal diameter at 3 and 4 mm were 0.62 and 0.64 mm
respectively. The electronic heat carrier size of .06
(diameter = 0.6 mm) was used at these levels and
therefore the size of electronic heat carrier was adjusted
to fit the diameter of the root canal at 3 mm than 4 mm.
As a result, it was able to create more hydraulic
pressure and promote 3-dimensional seal at the 3 mm
level. Furthermore, the warm vertical compaction
technique showed that the gutta percha from the 3 mm
length geroup was more homogeneous than 4 mm
length group.[15

Our study showed that the leakage of calcium
silicate-based sealer groups at any length was not

significantly statistically different from that of the 4 mm
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of the epoxy resin-based sealer group. Therefore, it is
suggested that in a clinical case when the root canal filling
length is compromised after post-space preparation,
3 mm of the calcium silicate-based sealer (TotalFill® BC
Sealer™; FKG Dentaire SA) with gutta percha-impregnated
bioceramic (BC pointsTM; FKG Dentaire SA) may be the
better option.

The result from SEM analysis has shown the
correlation between the leaked specimen and the gaps
in SEM. The mean gap number of leaked specimens
was higher than non-leaked specimens. This finding is
consistent with the study of Sinkhanarak in 2021
which also identified the correlation between the void
volume and bacterial leakage. The specimen which
leaked in the first day of the experiment had a continuous
gap formation. The gaps were found between gutta
percha and root canal wall, sealer and root canal
wall, and gutta percha and sealer. Almost of the early
leaked specimens (3-8 days) had the gap between
gutta percha and root canal wall in which the sealer
was absent. Some leaked specimens showed a gap
between the sealer and root canal wall. Another
leaked specimen showed a gap between gutta percha
and sealer. This result was found in both sealer groups.
Based on this result, the bond between gutta percha-
impregnated bioceramic and calcium silicate-based
sealer should be reevaluated. In corresponding to the
study of Banphakarn in 2019," the bond of calcium
silicate-based sealer and impregnated gutta percha
was not superior to the bond of epoxy resin-based

sealer and gutta percha.

Conclusion

Due to the limitations of this study, the various
lengths of calcium silicate-based sealer groups were
comparable to the 4 mm of epoxy resin-based sealer
group. However, the remaining root canal filling was not
administered to prevent microleakage completely. In
addition, there are various other clinical factors
affecting the sealer leakage, therefore clinical research

should be carried out for further investigation.
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Antioxidant Activity of Chlorhexidine
in Various Concentrations and Effect of
Chlorhexidine on Tooth Bond Strength
with Resin Composite after Non- Vital
Tooth Bleaching

Bunrit N* Khongpreecha T **

Abstract

The aim of this study was to compare the antioxidant activity between chlorhexidine in various concentrations and sodium
ascorbate and to compare dentin bond strength between composite resin and dentin surface treated by chlorhexidine or sodium ascorbate
solution after non-vital tooth bleaching. The solution of 20%, 10%, 5%, 2.5% and 1.25% chlorhexidine and 10% sodium ascorbate were
prepared to analyse antioxidant activity by DPPH assay. Two concentrations of chlorhexidine with the highest antioxidant activity were
selected to perform this study on surface treatment and shear bond strength test. Sixty extracted human upper premolar teeth were
divided randomly into 4 groups (N=15): no surface treatment (negative control: C1); surface treatment with sodium ascorbate (positive
control: C2); surface treatment with 20% chlorhexidine: T1 and 10% chlorhexidine: T2. Specimens were sectioned with slow-speed diamond
disc. Dentin surface were prepared and bleached with sodium perborate for 7 days 3 cycles, surface treated by cotton pallet moistened
with each solution for 5 mins, rinse off and immediately restored with two-step self-etch and composite resin in the cylinder with 4 mm
height and diameter. The shear bond strength test was performed. Median Antioxidant Activity (AA%) by DPPH Assay of 20%, 10%, 5%,
2.5%, 1.25% chlorhexidine and 10% sodium ascorbate solution group were 33.44 (23.20,43.14), 20.80 (19.23,30.47), 23.98 (11.84,28.60), 10.40
(9.53,14.03), 15.86 (6.46,17.65) and 37.96 (34.54,53.28) % respectively. Median SBS in C1, C2, T1 and T2 group were 22.07 (18.14,25.08), 72.69
(67.56,81.67), 6.14 (2.91,8.41) and 14.30 (12.42,23.13) MPa respectively. Data was statistically analyzed by Kruskal-Wallis test and Pairwise
Comparison. There were no significant differences of antioxidant activity between chlorhexidine and sodium ascorbate solution (p>0.05)
except between sodium ascorbate solution group and 2.5% chlorhexidine group. There were significant differences of shear bond strength
between both control group and experimental group (p<0.05) except between C1 group and T2 group. In summary, the antioxidant activity
of highly concentrated chlorhexidine was not different from sodium ascorbate solution but effected to decrease dentin shear bond strength
of composite resin after non-vital tooth bleaching.
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Introduction

Walking bleaching is a method of non-vital
tooth bleaching. It is a popular technique for
traumatized tooth and minimal tooth structure loss.
10% sodium perborate are typically used in non-vital
tooth bleaching which turns into active free oxygen or
free radicals. Oxidation reaction affects the double

bond of the organic and inorganic pigment molecules

inside the dentinal tubule.” Sodium perborate is easier
to control, safer, and has lower cervical resorption than
a concentrated hydrogen peroxide solution.”

The principal adverse effect of free radical is
the inhabitation of composite resin polymerization,”
decreasing the enamel or dentin bond strength of

restorations placed immediately after bleaching.

* Residency training program, General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok.
** Department of Advanced General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok.
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Optimal bond strength can be restored after 1-3

weeks and is recommended,® therefore it s
recommended to place composite resin at least 1
week after bleaching. Several studies have shown that
antioxidant agents react to free radicals, called
“sodium ascorbate”, which immediately increase the
bond strength between composite resin and dentin.”®
Several agents have been found that also exhibit
antioxidant activity, such as alpha tocopherol (vitamin
E), green tea extract, aloe vera extract, ethanol, and
acetone.® However, these agents are not generally
present in dental clinics and difficult to prepare.
Chlorhexidine
dentistry. It is easy to prepare and stock up. Some

found that 0. 12%

is a useful solution in
studies chlorhexidine has
antioxidant activity, but is not as high as sodium
ascorbate. ’ However, some studies reported a
relationship between chlorhexidine concentration
and antioxidant activity; when the concentration of
the solution is increased, the antioxidant activity is
also increased. ° In addition, some studies have
shown that it plays a role in inhibiting the process of
collagenolytic activity by metalloprotease enzyme
(MMPs), which results in a hybrid layer. This process
makes the bond strength values last longer. iz
Moreover, some studies showed that tooth surface
treatment with chlorhexidine has no negative effect
on the dentin bond strength of composite resin. *
However, the antioxidant activity of chlorhexidine and
the effect of chlorhexidine on the dentin bond
strength of composite resin after non-vital tooth
bleaching have not been studied especially at high
concentration.  Therefore, this study aimed to

investigate the antioxidant activity of various
concentrations of chlorhexidine and its effect on

dentin bond strength of composite resin.

Materials and methods

The study was approved by the local ethics
committee (Faculty of Dentistry/Faculty of Pharmacy,
Mahidol University, Institutional Review Board, COE.
No.MU-DT/PY-IRB 2020/037.2608

1. Antioxidant activity of chlorhexidine by
DPPH Assay

Prepared absolute ethanol (Merck, Darmstadt,
Germany); the 2,2-Diphenyl-\-picrylhydrazyl (DPPH)
(Sigma-Aldrich, Darmstadt, Germany) solution 0.5
mmol in ethanol; the solution of 10% sodium
ascorbate (Sigma-Aldrich, Darmstadt, Germany) in
distilled water; 20%, 10%, 5%, 2. 5% and 1. 25%
chlorhexidine (Sigma-Aldrich, Darmstadt, Germany) in
distilled water. The study was divided into 3 groups

for analysis (Figure 1).

|
i m

Figure 1 Demonstration of solution group preparation:
Control group (C); Experimental group (T); Blank
group (B); A: 3.5 ml of absolute ethanol, B: 0.5 mmol
of DPPH solution in 0.3 ml of ethanol, C: 3 ml of
absolute ethanol, D: 0.5 mmol DPPH solution in 0.3
ml of ethanol, E: 0.5 ml of the substance, F: 3.3 ml

of absolute ethanol, G: 0.5 ml of the substance
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Control group (C):

Added 3.5 ml of absolute ethanol (A) to 0.5
mmol of DPPH solution in 0.3 ml of ethanol (B) in a
15 ml tube.

Experimental group (T):

Added 3 ml of absolute ethanol (C) to 0.5
mmol DPPH solution in 0.3 ml of ethanol (D) and 0.5
ml of the substance (E): 20% chlorhexidine (T1), 10%
chlorhexidine (T2), 5% chlorhexidine (T3), 2.5%
chlorhexidine (T4), 1.25% chlorhexidine (T5), 10%
sodium ascorbate solution (T6) in 15 ml tubes.

Blank group - No DPPH (B):

Added 3.3 ml of absolute ethanol (F) and 0.5
ml of the substance (G): 20% chlorhexidine (B1), 10%
chlorhexidine (B2), 5% chlorhexidine (B3), 2.5%
chlorhexidine (B4), 1.25% chlorhexidine (B5), 10%
sodium ascorbate solution (B6) in 15 ml tubes.

The prepared solution was placed on a
vibrator (Bohemia, N.Y. USA) for 10 seconds to mix and
waited for 30 mins for a complete reaction. Then,
group,
experimental group, and blank group were placed in

200ul of each solution from the control

96 well plate (Figure 2) and transferred into a
microplate BioTek,
Vermont, U.S.A) by ELISA technique using the GEN 5

program to measure. The absorbance of the solution

spectrophotometer  (Epoch,

(Abs) at a wavelength of 517 nm calculated the
scavenging activity percentage (AA%) according to the

following formula.

AA % = 100 — [ (ADS o — ADS o) X 100]

Abs control

The results of the study were analyzed by
using the Kruskal -Wallis statistic test and the
difference was identified with Pairwise comparison at

a 95% confidence level.
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Figure 2 Demonstration of solution preparation in 96 well
plate: Control group (C), Experimental group (T); 20%
chlorhexidine (T1), 10% chlorhexidine (T2), 5%
chlorhexidine (T3), 2.5% chlorhexidine (T4), 1.25%
chlorhexidine (T5), 10% sodium ascorbate solution
(T6), Blank group (B); 20% chlorhexidine (B1), 10%
chlorhexidine (B2), 5% chlorhexidine (B3), 2.5%
chlorhexidine (B4), 1.25% chlorhexidine (B5), 10%
sodium ascorbate solution (B6)

2. Shear bond strength between composite
resin and dentin in non-vital bleaching teeth

Tooth Preparation

Sixty extracted human upper premolar teeth
were used in this study. Each tooth was visually
examined to verify the absence of caries, fillings,
cracks, and history of tooth bleaching, as well as
morphological or structural abnormality, and half of
tooth structure loss. The teeth were cleaned with an
ultrasonic scaler and hand scaling instruments to
removed soft tissue debris and calculus, stored in
0.1% thymol solution (M Dent, Mahidol University,
Thailand). Each tooth was horizontally sectioned at
the cementoenamel junction and approximately 5
mm coronal from first line (red line), then vertically
sectioned approximately 4 mm lingually to the labial
surface (Figure 3) using a low speed, water-cooled
diamond disc (Isomet®, Buehler Ltd., Lake Bluff, NY).

Labial portions were used.
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The dentin surface was examined under a
microscope at 40X magnification to check for dentin
cracking. The buccal surface of buccal portion was
embedded by self-cured acrylic (Curefast, Tokuso,
Japan) in PVC block. The dentin surface was ground
with 600-grit silicon carbide paper under running

water to achieve a smooth and flat dentin surface

-

(Figure 4). The samples were rinsed thoroughly with
10 ml of 2.5% sodium hypochlorite (M dent, Mahidol
University, Thailand) and dried lightly — with
compressed air, following 10 ml of 17% EDTA (M dent,
Mahidol University, Thailand) and dried lightly with
compressed air. The samples were stored in distilled

water for 3 weeks in the dark.

Buccal Lingual

portion portion

=

Figure 3 Demonstration of sectioning the tooth to produce specimen

Figure 4 Demonstration of sample preparation

Specimen Preparation

The teeth were divided randomly into 4
groups (N=60) by surface treatment after tooth
bleaching;, negative control group (C1), positive
control group (C2), the first experimental group (T1),
and the second experimental group (T2); each group
contained 15 samples.

Group C1: No surface treatment.

Acrylic

. Surfac.:-

Group C2: Surface treatment with 10% sodium
ascorbate solution

Group T1: Surface treatment with the first value of

the antioxidant activity of chlorhexidine

Group T2: Surface treatment with the second value

of the antioxidant activity of chlorhexidine

Tooth Bleaching Treatment
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The bleaching agent was prepared by mixing
2 ¢ of sodium perborate with 1 ml DI water. Agent
was placed in the cylinder silicone tube with 3 mm
thick base on the dentin surface. Agent was changed
every 7 days for 3 weeks. The samples were stored in
dark environment at 37° temperature 100% humidity
during the bleaching period. The dentin surface was
cleaned thoroughly in running distilled water for 15
seconds and dried lightly with compressed air.

Tooth Surface treatment

After 3 weeks of bleaching cycles, sodium
ascorbate and chlorhexidine were prepared and ready
to use. A cotton pellet moistened with 10% sodium
ascorbate, 20% chlorhexidine, 10% chlorhexidine
were used to apply the solution on the prepared
tooth surface in C2, T1, T2 group respectively. Then
left for 5 mins, rinsed off with water spray for 15 s,
and dried with a cotton pellet represent clinical
practice.

Restorative procedure

Self-etching bonding agent was applied
(Clearfil SE bond®, Kuraray dental, NY). Firstly, dentin
primer agent was applied, leaved 20 s, did not rinse,
and dried with mild air blow. Then applied dentin
bonding agent, distributed evenly with mild air blow
Ivoclar Vivadent,
Liechtenstein) for 10 Next,
composite resin (Filtek Z350 XT; 3M ESPE, Seefeld,

Germany) was placed in the cylinder silicone tube

and light-cured (Bluephase®,

seconds. nanofiller

with ¢ mm height and diameter. Each layer of the
composite resin was 2 mm thick and light-cured for
40 seconds for 2 layers.

Shear Bond Strength Measurement

Shear bond strength (SBS) was determined
after 24 h storage using a universal testing machine
(Instron 5566: Instron Ltd, Massachusetts, United
State) at a strain rate of 1 mm/minute. SBS was

calculated from the force at specimen failure. The

results of the study were analyzed by using the
Kruskal-Wallis statistic test and the difference
identified with Pairwise comparison at a 95%

confidence level.

Results

Median AA% by DPPH Assay of 20% 10%,
5%, 2.5%, 1.25% chlorhexidine and 10% sodium
ascorbate solution group were 33.44 (23.20, 43.14),
20.80 (19.23, 30.47), 23.98 (11.84, 28.60), 10.40 (9.53,
14.03), 15.86 (6.46, 17.65) and 37.96 (34.54, 53.28) %
respectively (Table 1). The results showed that the
20% chlorhexidine group revealed the highest median
AA% in all chlorhexidine groups, followed by the 10%
chlorhexidine group. The median AA% of 10% sodium
ascorbate solution revealed the highest and higher
than all groups of chlorhexidine. No significant
difference were detected in various concentration
chlorhexidine group and chlorhexidine-sodium
ascorbate solution group (p>0.05) except sodium
ascorbate solution group -2.5% chlorhexidine group
was significant difference (p<0.05). Although, no
significant difference was found on sodium ascorbate
solution group -1.25% chlorhexidine group but there
was a trend of decrease antioxidant activity of 1.25
chlorhexidine group.

Median SBS in Clgroup, C2 group, T1 group
(surface treatment with 20% chlorhexidine) and T2
group (surface treatment with 10% chlorhexidine)
were 22.07 (18.14, 25.08), 72.69 (67.56, 81.67), 6.14
(2.91, 8.41) and 14.30 (12.42, 23.13) MPa respectively
(Table 2). The results showed that the median SBS of
the T1 group, T2 group revealed lower than the C1
group. The C2 group revealed the highest median SBS.
A significant difference were detected in all groups

except between C1 group - T2 group, which showed

no significant difference (p>0.05).
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Table 1 Percentage of antioxidant activity

Mean + SD Median (Q1, Q3) IQR Min Max
20% Chlorhexidine 33.26 + 5.75 33.44 P (23.20, 43.14) 19.94 23.20 43.14
10% Chlorhexidine 23.50 + 3.51 20.80 *(19.23, 30.47) 11.24 19.23 30.47
5% Chlorhexidine 21.47 + 4.50 23.98 2 (11.84, 28.60) 16.76 11.84 28.60
2.5% Chlorhexidine 11.3% + 1.376 10.40 ° (9.53, 14.03) 4.50 9.53 14.03
1.25% Chlorhexidine 13.26 + 3.45 15.86 2 (6.46, 17.65) 11.19 6.46 17.65
10% Sodium ascorbate 41.93 + 576 37.96 ® (34.54, 53.28) 18.74 34.54 53.28

Data was statistically analyzed by Kruskal-Wallis test and Pairwise Comparison. Groups identified by different lower-case letters

are significantly different (p<0.05).

Table 2 Shear bond strength (MPa)

Mean + SD
C1 2155+ 0.97
Cc2 73.83 + 2.68
T1 6.40 £ 0.93
T2 16.88 + 1.70

Median (Q1, Q3) IQR Min Max
22.07 (18.14, 25.08) 6.94 16.36 38.81
72.69°(67.56, 81.67) 14.11 51.54 89.42

6.14°(2.91, 8.41) 5.50 0.23 14.14
14.30°(12.42, 23.13) 10.71 8.02 26.93

Data was statistically analyzed by Kruskal-Wallis test and Pairwise Comparison. Groups identified by different lower-case letters

are significantly different (p<0.05).

Discussion

To compare the antioxidant activity between
chlorhexidine in various concentrations and sodium
ascorbate and to compare dentin bond strength
between composite resin and dentin surface treated
by chlorhexidine or sodium ascorbate solution after
non-vital tooth  bleaching. Currently, sodium
ascorbate has been widely recognized as an
antioxidant agent used to treat the bleached tooth
surface. This enables immediate restoration with
composite resin and improves the dentin bond
strength of composite resin.”***> However, sodium
ascorbate needs to be prior prepared. On the chair-
side because it is not generally used in dental clinic
which make it an important limitation

In dentistry, chlorhexidine is a versatile, pre-
prepared solution and no tooth staining in short term

6

and plaque-free area.'® Studies have shown that

chlorhexidine has antioxidant activity, but still less

value compared with sodium ascorbate solution. It
has been found that when the concentration of
chlorhexidine was higher, antioxidant activity was also
higher.g’10 In this study, it was found that the highest
antioxidant activity of chlorhexidine was 20%
chlorhexidine and antioxidant activity was decreased
in concentration dependent manner. Although the
antioxidant activity of 20%, 10%, and 5% chlorhexidine
was lower than sodium ascorbate solution, but there
was no significant difference. Therefor 20% and 10%
chlorhexidine were selected for using on SBS test part
of this study. The antioxidant activity of 2.5%
chlorhexidine was significantly lower than the sodium
ascorbate solution and antioxidant activity of 1.25%
was a trend of decrease. Therefore, low
concentrations of chlorhexidine were not selected for
using on SBS test part of this study. Chlorhexidine has
the ability to bind free radicals due to the structure

having electrons that can bind electrons, as well as
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other antioxidants, but the intensity of binding is
inequivalent to vitamin C, and vitamin EfIn additions,
the more concentration of the chlorhexidine is the
better ability to compete free radicals."

Chlorhexidine is also useful in dentistry. It
inhibits the process of collagen breakdown in the
hybrid layer. It directly affects the rate of collagen
breakdown. Some studies have shown that the dentin
bond strength of chlorhexidine treated group was
significantly better than untreated group after follow
for many years."" Moreover, many studies have
shown that chlorhexidine did not interfere with the
bonding ability of adhesive in low concentration.”**
Because it both inhibits the breakdown of collagen in
the hybrid layer and owns antioxidant activity, highly
concentrated chlorhexidine surface treatment may
have the benefit to dentine bond strength of
composite resin after non-vital tooth bleaching. This
hypothesis was not assumed. The median SBS of 20%
and 10% chlorhexidine group was revealed lower
than both untreated and sodium ascorbate groups,
particularly the 20% chlorhexidine group. Therefore,
other factors tend to affect the dentin bond strength
of composite resin.

In general, several factors tend to affect the
dentin bond strength of composite resin. Both
mechanical factors such as stress, strain, temperature
changes, water absorption, restorative material
shrinkage, and chemical factors such as type of
adhesive, composition of adhesives, and restorative
materials. However, this study controlled other

factors except for different  chlorohexidine
concentrations. In previous studies, chlorhexidine had
a positive effect on the dentin bond strength of
composite resin, but a very low concentration of
chlorhexidine was used. Some studies showed that a
higher concentration of chlorhexidine has decrease
the dentin bond strength of composite resin.”
Consistent with this study, the 20% chlorhexidine
group revealed the lowest SBS and lower than 10%

chlorhexidine group significantly. Furthermore, the

tendency for SBS in the 5% chlorhexidine treated
group was estimated to be close to the surface
untreated group. Study showed that 5% chlorhexidine
bond

lower

group decreases dentin strength  when

compared with other concentration  of
chlorhexidine group.'® Thus, 5% chlorhexidine should
not be used for surface treatment in this study.

Chlorhexidine has a cathode that can bind
well with the anode of a phosphate group (PO,”) in
hydroxyapatite, resulting in substantivity.”” Studies
have shown that more concentrated chlorhexidine
has a stronger dentin binding capacity. In additions,
cations can bind to an anode of other substances in
the oral cavity%’ﬂ.

Clearfil SE Bond, two-step self-etch adhesive
system, was chosen because it creates good dentin
bond strength and suitable hybrid layer thickness.”
In case of surface treatment with chlorhexidine and
two-step self-etch improve dentin bond strength.” A
weak acidic primer was applied on the dentin, which
partially dissolute the smear layer.”® This anode has a
chance to bind the cathode of chlorhexidine. In 2013,
Nishitani et al showed that 4MET acidic primer consist
of negative ion which interfered by positive ion of
highly concentrated chlorhexidine, accordingly dentin
bond strength was reduced.'® This event reduces the
acidity of adhesive, resulting in lower solubility of the
smear layer and diffusion of the adhesive agent in the
hybrid layer. This directly affects the dentin bond
quality of composite resin. Highly concentrated
chlorhexidine has more cathode with the ability to
bind the more an anionic phosphate group in self-
etch adhesive agent. According to the results of this
study, highly concentrated chlorhexidine was found
to have antioxidant activity, but it reduces the dentin
SBS of composite resin. The results revealed lower
SBS than the no surface treatment group. Therefore,
in case of non-vital teeth, chlorhexidine should not
be used for tooth surface treatment, especially in high

concentrations.
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Conclusion

Within the limitations of this study, the

antioxidant activity of highly concentrated chlorhexidine

was not different from sodium ascorbate solution but

decrease dentin shear bond strength of composite

resin. Further study chooses etch and rinse bonding

system which did not interfere by highly concentrated

chlorhexidine.
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Accuracy of Computer-Aided Surgical Simulation
(CASS) Planning Program for Orthognathic Surgery in
Skeletal Type lll Relationship

Buaphan R* Tantidhnazet S** Raocharernporn S*** Nisalak P** Santiwong P** Kretapirom K****

Abstract

Nowadays, the surgical prediction for orthognathic surgery using Computer-Aided Surgical Simulation (CASS) planning
program has become the main trend in three-dimensional (3D) applications for patients with skeletal discrepancies. So, this
study was aimed to assess the accuracy of surgical prediction by CASS planning program to treat two-jaw orthognathic surgery
in skeletal type Il non-growing patients. Nineteen participants were treated by orthodontic-orthognathic surgery. The first CBCT
scans and 3D virtual model scans were presurgical recorded 2-4 weeks (T0). The simulation plans were generated by software,
Simplant O & O, and were transferred to the operating room by 3D splints. The second CBCT scans were postsurgical recorded
2-6 weeks after surgical procedures or splint-off period. (T1). The differences between T0 and T1 were compared by linear and
angular measurements relative to 3 planes, Frankfort Horizontal Plane (FHP), Midsagittal Plane (MSP), and Coronal Plane (CP),
respectively, and statistically analyzed by one-sample t-test and intraclass correlation coefficient (ICC). For repeated
measurement, ICC showed an excellent correlation (0.787-0.998). Statistically significant differences were found in U6L to FHP,
L6R to MSP, PP to FHP, MP to FHP, and MP to MSP with P-value less than 0.05. The overall mean linear and angular differences
were 0.57 mm and 0.93 degrees. The overall linear and angular differences were within the acceptable criteria which could be
interpreted as clinical insignificance. The mean intraclass correlation coefficient was 0.94 for the simulation plans and 0.95 for
the actual outcomes. The application of CASS planning program for two-jaw orthognathic surgery in skeletal class Il patients
had acceptable accuracy which facilitated diagnosis and surgical planning effectively.
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Introduction

Treatment of skeletal discrepancies in adult
patients requires combined treatment of orthodontic
and surgical procedures. The aims are not only for
achieving normal occlusion but also for improving
facial esthetics.”” Because of the complex 3D

anatomy of dentofacial structures, orthognathic
surgery usually requires sophisticated presurgical
planning to allow patients to be familiar with sudden
and dramatic alterations brought by orthognathic
surgery. Conventional planning methods  for
orthognathic surgery have a number of problems

causing a less than ideal surgical result.”” The

development of CASS planning program shifts a
paradigm in surgical planning for patients with skeletal
discrepancies. Up to date, it has been reported in a
prospective multicenter study to apply surgical guides
as a template to properly transfer the designed
simulation planning into the actual surgical
positioning, thereby increasing the accuracy of the
surgical result.’

In 2013, Chang et al."’ assessed the accuracy
of simulation and prediction of the computerized
method of 3D

orthognathic

simulation and prediction in

surgery (CASPOS) that they have

* Residency Training Program, Department of Orthodontics, Faculty of Dentistry, Mahidol University, Bangkok.
** Department of Orthodontics, Faculty of Dentistry, Mahidol University, Bangkok.

*** Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok.

**** Department of Oral and Maxillofacial radiology, Faculty of Dentistry, Mahidol University, Bangkok.



79 Khon Kaen Dent J ® Volume 26 ® Number 1 ® January — April 2023

developed which did not only enable clinicians to
plan and simulate the surgical procedures, but also
provides a bony guiding splint to allow surgeons to
precisely position the bony segments into the
planned location. Their CASPOS technique provides a
novel approach for orthodontists and surgeons to
accurately remedy patients with complex craniofacial
discrepancies.

Nowadays, the development of 3D
technology has increased use for diagnosis, analysis,
data  documentation, surgical  planning  for
orthognathic surgery, and research. The application of
3D surgical prediction has now become the main
trend in the 3D application for orthognathic planning.
Nevertheless, no meta-analysis of the accuracy of
CASS was reported due to the different prediction
software, different landmark, and data interpretation.
So, this study was aimed to assess the accuracy of
CASS planning program (Simplant 0&0™, Materialise
Dental NV, Leuven, Belgium) in comparison with the
actual outcomes in patients treated by bimaxillary

orthognathic surgery.

Materials and Methods

Participants

The inclusion criteria were: 1) Thai patients
who were older than 19 years at the Department of
Orthodontics of  Oral
Maxillofacial Surgery, Faculty of Dentistry, Mahidol

and  Department and
University; 2) skeletal type Il relationship; 3) no
congenital craniofacial deformities or trauma, and no
history of head and neck surgery; and 4) required
bimaxillary orthognathic surgery operated by one
surgeon. The exclusion criteria were: 1) previous
orthognathic surgery; 2) active temporomandibular

joint disorder; and 3) periodontal disease. This study

Table 1  Time schedule for data collection

Period Time
T0 2-4 weeks presurgically

T1 2-6 weeks postsurgically CBCT

Data collection
CBCT, dental model scan

was approved by Mahidol University Institutional
Review Board (MU-IRB) with COA. No. MU-DT/PY-
IRB2016/035.

Nineteen patients (5 males and 14 females)
were included which was calculated from the study
of Chang et al." (mean 1 = 0.74 + 0.30, mean 2 = 1.15
+ 0.23). All patients were undergone bimaxillary
orthognathic surgery which included bilateral sagittal
split osteotomy (BSSRO) for mandibular setback and
Le fort | osteotomy for maxillary advancement. All
patients were older than 19 years at the time of
surgery. Four to six weeks before surgery, a high-
resolution CBCT scan (Planmeca Promax 3D Mid,
Helsinki, Finland), and a 3D virtual model scan (R900
3D Scanner, 3Shape, Copenhagen, Denmark) of the
plaster model were performed. Heads of participants
were positioned with the Frankfort plane parallel to
the floor, the midsagittal plane perpendicular to the
floor, and teeth were occluded in centric relation. The
CBCT data will be exported in a Digital Imaging and
Communication in Medicine (DICOM) format on a CD-
ROM for each patient. Postoperative CBCT scans were
performed 2 - 6 weeks after orthognathic surgery on
the day that the surgical splint was off.

Virtual surgical planning
The traditional assessment tools, such as
examination  (history extraoral

clinical taking,

examination, intraoral examination, and primary
impression) and standardized photographs (intra-oral
and extra-oral pictures, including dental occlusion
and oblique, frontal, and profile views of the face)
were used for planning. In addition, presurgical CBCT
scans (T0) were performed 2-4 weeks before surgery
and presurgical orthodontic  preparation  was
completed with stabilizing wire. A postsurgical CBCT
scan (T1) was performed 2-6 weeks after surgery.

(Table 1)

Outcome from CASS
Surgical prediction (Prepared surgical outcome)

Actual outcome
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Three-dimensional  virtual models  were 1. Presurgical CBCT scans were transferred to
generated from CBCT data by segmentation using CASS  the planning software and were fused with 3D virtual
planning program, Simplant O&0™ (Figure 1) as  dental models scanned from the R900 3D scanner by

follows: surface-based matching methods (Figure 2).

Inclusion criteria (OCT 2016 to

Dec2017) | e » |Orthodontic clinic, MU|

1. Older than 19 YOA

2. No congenital anomalies, trauma Qe Complete PSOT,
or previous OGS l Stabilizing wire

3. Skeletal type III relationship 5
4. Treated by conventional 2-jaw TO: presurgical CBCT and .

STL model scan (3Shapetm) ’
\ 4

Surgical prediction by CASS (Simplant O&O0)
and transfer by splints

OGS ienusnniniin IS l T iBy one surgcon!

[T1: postsurgical CBCT + same STL

Compare To and T1 values and statically
analysis (one sample T-test and ICC)

PSOT = Presurgical orthodontic treatment
|T1 : 2-6 weeks after surgery I STL = Steriolithography

Figure 1 Overall processes of this study (YOA : year of age, OGS : Orthognathic Surgery)

9GaBeAQR [ O & @

Figure 2 STL dental model scan was fused to virtual 3D skull by surface-based matching methods in 3 facial reference planes
before identifying all selected landmarks.
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Table 2  The definition of Landmarks and planes for measurement on T0 and T1
Point Description
ul Midpoint between upper central incisors
LI Midpoint between lower central incisors
U6R Mesiobuccal cusp of upper right first molar
ue6L Mesiobuccal cusp of upper left first molar
L6L Mesiobuccal cusp of lower left first molar
L6R Mesiobuccal cusp of lower right first molar
A The deepest midline point in the curved bony outline from base to the alveolar process of maxilla
ANS The tip of the bony anterior nasal spine in the median plane
B The most posterior point in the outer contour of the mandibular process in the median plane
Pog The most anterior point of the bony chin in the median plane
PP Palatal plane (ANS to PNS)
FOP Functional occlusal plane (L6R and L6L to LI)
MP Mandibular plane (GoR and GolL to Me)
FHP Frankfort horizontal plane (OrR and OrL to PoR)
MSP Plane through S and N and normal to FHP
CcpP Plane through S and normal to MSP and FHP

2. Six landmarks on 3D virtual dental models
(Figure 3) were identified for the linear and angular
measurement (T0) relative to three facial planes
(Figure 4) including Frankfort Horizontal Plane (FHP),
Midsagittal Plane (MSP), and Coronal Plane (CP). Four
landmarks (A, ANS, B, and Pog) on the 3D virtual skull
were also identified for the linear measurement (T0)
relative to the Nasion perpendicular line (Nperp).
Virtual surgical simulation planning was performed by
one surgeon. The final simulation plans were sent to
the CAD/CAM center and surgical splints (Dental LT
Clear, Formlabs™) were fabricated by means of a 3D
rapid-prototyping machine.

3. Postsurgical CBCT scans were performed 2-
6 weeks after surgery on the day that the splint was
off. The 3D virtual dental model was fused by surface-
based and the

measurement of linear and angular differences (T1)

matching  methods same
relative to the same 3 planes.
Outcome evaluation
Twenty-two linear parameters and six angular

parameters of TO and T1 were obtained when

comparing 6 dental landmarks (Ul, LI, U6R, U6L, L6R
and L6L) to 3 reference planes (FHP, MSP, and CP), 4
bony landmarks (A, ANS, B, and Pog) to Na
perpendicular line (Nperp) and 3 planes (FOP, PP, and
MP) to 2 (FHP and MSP),

respectively. discrepancies of individual

reference planes
The
landmarks and planes between simulation plans (T0)
and actual outcomes (T1) were assessed by the
difference in geographical locations and reported in
terms of the differences in linear and ansular
measurement as shown in Table 3.
Statistical analysis
The accuracy of CASS planning program was
evaluated by calculating the differences in linear and
angular measurement of 22 linear parameters and 6
angular parameters between TO0 and T1 and
statistically analyzed by the one-sample t-test in
order to assess the presence of significant differences
between TO and T1 of participants. Intraclass
correlation coefficient (ICC) was done to evaluate the

intra-observer reproducibility of the measurements.
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Figure 3  Six landmark identifications in 3D virtual dental model as Ul, U6R, U6L, LI, L6R and L6L for 3D comprehensive
evaluation of linear and angular measurement relative to three facial planes

Figure 4  Three facial reference planes (MSP, CP and FHP)

Figure 5 illustrated one sample underwent conventional 2-jaw orthognathic surgery in this study. The simulation plan (To) in
frontal (1a) and lateral view (1b) and the actual outcome in frontal (2a) and lateral (2b) view, respectively.
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Table 3

Mean
Linear and angular parameters difference
(T1-TO)
Ul to FHP (mm) 0.51
LI to FHP (mm) 1.09
U6R to FHP (mm) 0.48
UéL to FHP (mm) 0.95
L6R to FHP (mm) 0.56
L6L to FHP (mm) 0.51
Ul to MSP (mm) 0.31
LI to MSP (mm) -0.19
U6R to MSP (mm) -0.44
U6L to MSP (mm) -0.63
L6R to MSP (mm) -0.95
L6L to MSP (mm) 0.04
Ul to CP (mm) 0.94
LI to CP (mm) 0.39
U6R to CP (mm) -0.35
U6L to CP (mm) 0.74
L6R to CP (mm) 0.66
L6L to CP (mm) 0.45
A to Nperp (mm) -0.09
ANS to Nperp (mm) 0.92
B to Nperp (mm) 0.78
Pog to Nperp (mm) 0.62
FOP to FHP (degree) 1.10
PP to FHP (degree) 0.84
MP to FHP (degree) 0.91
FOP to MSP (degree) 0.65
PP to MSP (degree) -0.53
MP to MSP (degree) 1.56

Results

Nineteen participants with 5 males and 14
females with a mean age of 30 years and 3 months
(from 20 to 57 years of age). Fourteen participants
were operated on by Le Fort | osteotomy and BSSRO
and 5 participants were operated on by Le Fort |
osteotomy, BSSRO and advanced genioplasty. The
simulation plan and actual outcome of one
participant were illustrated in figure 5.

The results of prediction variations were all

within either less than 1.5 mm. for linear parameters

or 2 degrees for angular parameters. Most of the linear

SD

2.84
331
1.68
1.76
2.36
2.02
2.65
2.47
3.01
2.23
1.75
221
2.38
212
2.45
2.14
1.69
1.97
2.67
2.53
2.95
4a.17

277

1.74
1.26

2.03
1.11
2.38
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Mean differences of TO and T1 measurement (* mean statistically significant different)

95% Confidence Interval

P-value
Lower Upper
0.448 -0.87 1.88
0.178 -0.50 2.68
0.227 -0.33 1.29
0.031* 0.98 1.80
0.316 -0.58 1.70
0.284 -0.46 1.49
0.615 -0.96 1.59
0.741 -1.38 1.00
0.532 -1.89 1.01
0.233 -1.70 0.44
0.030% -1.79 -0.10
0.943 -1.03 1.10
0.103 -0.21 2.09
0.434 -0.63 1.41
0.540 -1.53 0.83
0.148 -0.29 1.78
0.108 -0.16 1.47
0.336 -0.50 1.40
0.884 -1.38 1.20
0.131 -0.30 2.14
0.267 -0.65 2.20
0.525 -1.39 2.63
0.100 -0.23 244
0.049* -0.01 1.68
0.006* 0.30 1.52
0.182 -0.33 1.62
0.050 -1.07 0.00
0.011* 0.41 2.71
and angular parameters were not statistically

significant different except U6L to FHP, L6R to MSP,
PP to FHP, MP to FHP, and MP to MSP with P-values
0.031, 0.030, 0.049, 0.006, and 0.011,
respectively, (Table 3) which interpreted that the

were

simulation plans were different from the actual
outcomes in these parameters.

The mean linear differences in the distance
between Ul, U6R, U6L, LI, L6R, and L6L to FHP, MSP,
and CP were 0.68, 0.42, and 0.58 mm, respectively.
(Table 4) The mean linear difference of maxillary and

mandibular landmarks was 0.59 mm. and 0.54 mm,,




84 Khon Kaen Dent J ® Volume 26 ® Number 1 ® January — April 2023

respectively. The overall mean angular difference was
0.93°. The mean angular differences relative to FHP
and MSP were 0.95° and 0.91°, respectively. (Table 3)

Thirteen out of 19 participants had a mean
linear difference of less than 2 mm and 19 out of 19
participants had a mean angular difference of fewer
than 4 degrees which meant that CASS planning
program for orthognathic surgery in this study had an
accuracy for linear and angular measurement as 69%

and 100%, respectively. (Figure 6)

.

The repeated measurements of simulation
plans and actual outcomes were done 1 month after
the first The

correlation coefficient was 0.94 (range from 0.727 to

measurements. mean intraclass
0.997) for the simulation plans and 0.95 (range from
0.144 to 0.999) for the actual outcomes, respectively.
So, the data

between both repeated measurement. (Table 5)

indicated an excellent correlation

Mean Linear and Angular Difference

- MLD (mm)

Figure 6

Table 4

FHP
ul 0.51
LI 1.09
U6R 0.48
6L 0.95
L6R 0.56
L6L 0.51

Average 0.68

m l 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mean Linear Difference (MLD) and Mean Angular Difference (MAD) for all participants.

B VD (degree)

20UDIAJJI(] UL

Mean differences on 6 dental landmarks compared to 3 facial reference planes

MFP CP Average
0.31 0.94 0.59
-0.19 0.39 0.56
-0.44 -0.35 0.42
-0.63 0.74 0.77
-0.95 0.66 0.72
0.04 0.45 0.33
0.42 0.58
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Table 5  ICC of the repeated measurement between simulation plan (T0) and actual outcome (T1)
Intraclass Correlation Coefficient (r)
Measurement
Simulation Plan (T0) Actual Outcome (T1)
Ul to FHP 0.998 0.995
LI to FHP 0.996 0.978
U6R to FHP 0.994 0.990
UébL to FHP 0.993 0.994
L6R to FHP 0.994 0.970
L6L to FHP 0.992 0.982
Ul to MSP 0.987 0.821
LI to MSP 0.987 0.899
U6R to MSP 0.940 0.973
UébL to MSP 0.924 0.973
L6R to MSP 0.976 0.862
L6L to MSP 0.987 0.992
Ul to CP 0.997 0.997
Ll to CP 0.999 0.991
U6R to CP 0.998 0.992
UébL to CP 0.996 0.992
L6R to CP 0.999 0.993
L6L to CP 0.999 0.997
A to Nperp 0.995 0.928
ANS to Nperp 0.970 0.940
B to Nperp 0.997 0.958
Pog to Nperp 0.994 0.843
FOP to FHP 0.991 0.956
PP to FHP 0.991 0.972
MP to FHP 0.994 0.994
FOP to MSP 0.787 0.727
PP to MSP 0.114 0.855
MP to MSP 0.987 0.808
Discussion could be from the unintentional destruction of ANS

Lin et al'” reviewed the published studies of
CASS in orthognathic surgery over the past 10 years
and summarized that the surgical prediction by CASS
was accurate and clinically acceptable in transferring
the simulation plan to the operating room which,
finally, produced the optimal functional and esthetic
outcomes.

Statistical  significant
observed in U6L to FHP, L6R to MSP, PP to FHP, MP
to FHP and MP to MSP (Table 3). The errors in U6L to
FHP and L6R to MSP could be from the extrusion
effect of the fixation technique. The error in PP to FHP

differences  were

during the operation in some cases and the error of
MP to FHP and MP to MSP could be from the
immediate premature contact after the splint was off.
Another

relapses could affect the differences between the

consideration was that minor surgical
prepared and the actual outcomes. However, most of
the results had no significant differences and were
within the clinical acceptableness. Moreover, the
simulation plan allowed superior control of the
deviation from MSP (0.42 mm) than CP (0.59 mm) and
FHP (0.68 mm), respectively. So, CASS planning
program in bimaxillary orthognathic surgery was

considered accurate for this study.
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Due to the previously published studies,” "

success criteria for the mean systematic difference of
linear and angular measurement of this study were
set as 2 mm and 4°, respectively (Table 6). If errors
of orthognathic surgery were within these criteria, a
minor postsurgical relapse could be properly manage
by postsurgical orthodontic treatment. This study
selected only skeletal type Il subjects treated by
bimaxillary orthognathic surgery which utilized the
different software compared to Peterman et al." and
different surgical techniques compared to Trans et

18 7-19
the

al.” When compared to the previous studies’

results of this study were consistent with the study of

Table 6
Approach and NR = no report).

Skeletal Surgical
Study . N
pattern technique
Peterman et al, 2016 Il CA (2 jaws) 14
Zhang et al, 2016" I, 1i CA (2 jaws) 30
Tran et al, 20187 II SFA (2 jaws) 15
This study If CA (2 jaws) 19
Conclusion

Statistically significant differences were found
in 5 from 28 parameters (18%) including U6L to FHP,
L6R to MSP, PP to FHP, MP to FHP, and MP to MSP (P
<0.05). Overall mean linear and angular differences
relative to 3 facial reference planes were 0.57 mm
and 0.93 degrees which were consistent with the
previous studies. CASS planning program for
bimaxillary orthognathic surgery in skeletal type |l
relationship was clinically acceptable and facilitated
the surgical-orthodontic team to effectively deal with
patients who underwent combined orthodontic-
orthognathic treatment for predictable treatment
outcomes. However, further investigation is still
required to prove whether CASS planning program
could accurately transfer the simulated surgical plan
to the other class of skeletal relationships and the

other surgical technique.

L' which evaluated the accuracy of 3D

Tran et a
planning in surgery first orthognathic approach (SFA)
by using the same software and method for
interpretation.

The keys to success for transferring the
simulation plan to the operating room of this study
were the development of a CBCT scan, single-center
study, bimaxillary procedures were performed by one
surgeon, and selected participants were in the same
skeletal relationship which was different from the

. . 17-19
previous studies.

So, precise treatment outcomes
can be accomplished by utilizing these advanced

technologies.

Results of recently reported studies compared to this present study (CA = Conventional Approach, SFA = Surgery First

Mean Systematic Difference (MSD)

Software
Linear (mm) Angular (Degree)
Dolphin Imaging +/- 2 NR
Dolphin Imaging 0.81 0.95
Simplant O&O 0.88 1.16
Simplant O&O 0.57 0.93
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Figure 1  Order of the permanent teeth eruption
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Figure 2

Previous treatment of unerupted tooth 11 while the patient was 7-year-olds. A) Preoperative intraoral views

B) Paralleling periapical radiograph (Left) and distal-shift periapical radiograph (Right) reveal the position of

mesiodens. C) Periapical radiograph after 1 year 7 months of treatment (Left) and panoramic radiograph was taken

on the same day (Right), showing the position and space size of tooth 11.
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Figure 3  Extraoral and intraoral views before treatment. (Temporary acrylic teeth in the space)
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Figure 4  Panoramic radiograph and cone beam computed tomography before treatment show the tooth 11 are located high
below the floor of nasal cavity with antero-posterior transverse position.
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Figure 6
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Surgical procedures and instruments. A) Ridge expansion instruments (HIOSSEN ESSET KIT) B) Surgical incision line (Temporary
acrylic teeth in the space) C) Donor site before (Left) and after (Right) removing embedded tooth 11 D) Position of
transplanted tooth’s incisal edge aligned with the adjacent teeth at palatal view E) Position of transplanted tooth before
(Left) and after (Right) splinting with composite wire.
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Postoperative follow up after tooth 11 transplantation A) Periapical radiograph after 5 days of tooth transplantation
B) Periapical radiographs after tooth transplantation 2 weeks; before root canal filling (Left) and after root canal filling
(Right) C) Periapical radiograph after tooth transplantation 6 months D) Intraoral views after tooth transplantation
6 months; Anterior view (Left) Occlusal view (Right)
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Management of Delayed Eruption of
Maxillary Central Incisor: A Case Report

Saksrisuwan R* Arayatrakoollikit U** Limmonthol S***

Abstract

Unerupted upper central incisor is not a common problem in oral cavity, but it is important to be treated as soon
as possible because it can impact on esthetic, confidence, mental status, personality and patient’s pronunciation in the
future. It is a frequent reason for parents to take their child to the dentist for treatment. This report reveals a case study of
an 11-year-old Thai boy whose unerupted right upper central incisor has previously been treated with primary right upper
incisors (51 and 52) extraction and surgical removal of a mesiodens at 7 years old and waiting for spontaneous eruption of
permanent right upper central incisor. The radiograph showed the permanent right upper central incisor (11) was located
high beneath the floor of nasal cavity. Therefore, autotransplantation of tooth 11 was performed and bony socket was
prepared with alveolar ridge expansion technique. The treatment outcome was satisfying. In this report, the diagnosis and
management of unerupted upper central incisors were discussed.

Keywords: Delayed eruption/ Unerupted tooth/ Mesiodens/ Autotransplantation/ Ridge expansion/ Central incisor
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Prevention and Correction of Tooth
Discoloration due to Regenerative
Endodontic Treatment

Phuvoravan C* Boonyarith P* Pongchaipaiboon T*

Abstract

Tooth discoloration is a condition that may occur after regenerative endodontic treatment and has a negative impact on
patients’ quality of life. The staining of dental structures can occur from the root canal disinfectant which is composed of minocycline and
cervical barrier which contains bismuth oxide. This review article explores the prevention and correction of tooth discoloration caused by
triple antibiotic paste (TAP) and mineral trioxide aggregate (MTA) in regenerative endodontic treatment. Studies show the prevention of
TAP-induced staining can be achieved by reducing concentration, modifying compositions, occluding dentinal tubules, and using calcium
hydroxide as root canal medication. MTA-induced staining can be prevented by using non-bismuth oxide-containing materials and improving
bismuth oxide stability with stabilizers. Bleaching is a conservative option to correct tooth discoloration with an acceptable outcome. Side
effects after bleaching such as cervical resorption could be prevented by proper sealing of dentinal tubules with cervical barrier or using

non-peroxide bleaching material.

Keywords: Bleaching/ Mineral trioxide aggregate/ Regenerative endodontics/ Tooth discoloration/ Triple antibiotic paste

Introduction

Regenerative endodontics is a biologically
based approach that regenerates stem cells to
replace the damaged pulp and tooth structure in
necrotic immature permanent teeth.' The result of
this procedure is continuation of root maturation and
apical closure. According to American Association of
Endodontists  (AAE),

procedures (REPs) consist of several steps (Figure 1)

regenerative  endodontic
and some steps in the protocol can commonly
discolor the tooth, such as disinfecting root canals
with triple antibiotic paste (TAP) and placing of
mineral trioxide aggregate (MTA) as a barrier in cervical
area.”

In cases of tooth discoloration, bleaching can
be an option to alleviate esthetic damage. However,

the resolution of discoloration using dental bleaching

Received: Dec 28, 2021
Revised: Aug 18, 2022
Accepted: Oct 04, 2022

may cause cervical resorption, which is a progressive
and aggressive inflammatory response that destroys
dental structures.’ Moreover, some authors have
reported that tooth discoloration caused by TAP has
a dubious prognosis with bLeaching.%’8

This article reviews the published information
accessed through five electronic databases: PubMed,
ScienceDirect, Wiley, ResearchGate, and Elsevier. The
keywords used include “tooth discoloration”,
“regenerative endodontic”, “triple antibiotic paste”,
“mineral trioxide aggregate”, and “bleaching”. The
review of this information focuses on 1) prevention of
discoloration caused by TAP and MTA during REPs and
2) correction via tooth bleaching of discoloration after

REPs.

* Department of Endodontics, Faculty of Dentistry, Thammasat University, Khlong Luang, Pathum Thani..
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Regenerative
endodontic procedure

\

Case selection and informed consent
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Restore

Retreatment

Figure 1 Flow chart of regenerative endodontic procedures as described by AAE. Red boxes indicate steps that could induce

tooth discoloration.

Discoloration due to TAP in root canal
disinfection TAP is the most commonly used root
canal disinfectant in REPs. The combination includes
metronidazole, ciprofloxacin, and minocycline. In
direct contact with dentine, minocycline, a derivative
of tetracycline, bonds to calcium ions and forms
insoluble compounds that cause discoloration.’
Greater discoloration was observed when TAP was
placed in the pulp chamber, because coronal
dentinal tubules are more permeable than dentinal
tubules in the root canal’ For this reason, AAE
recommends that TAP should be placed below CEJ
to minimize coronal staining.2 To date, there is no
definitive protocol to prevent dental discoloration,
but several studies report that the prevention can be

accomplished by 1) reduction of TAP concentration

10-14 13,15-19
, 3)

, 2) modification of TAP composition

20-22 . .
, and 4) using calcium
2333

dentinal tubule occlusion

hydroxide as intracanal medication.

Reducing of TAP concentration to 1-5 mg/mL
were recommended by AAE 2 An'in vitro study proved
that 1 mg/mL TAP caused less discoloration than the
conventional 1 g/mL TAP.'*"* While antibacterial
effect could be maintained by mixing TAP with
13-14

hydrogel or macrogol.

TAP  modification includes substituting

minocycline with other antibiotics .” As recommended

by AAE, minocycline could be replaced with
doxycycline, amoxicillin, cefaclor, or clindamycin .?
However, reports showed that doxycycline,

amoxicillin and cefaclor were not esthetically suitable
substitutes for minocycline, because they could
cause color changes within 1 to 7 days after

applications e

, while clindamycin did not cause
discoloration within 3 weeks. "> However, Porciuncula
de Almeida et al'’ reported that when minocycline
was substituted by clindamycin, the antibacterial
effect of TAP was also reduced. To maintain the

antibacterial property without disturbing tooth
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coloration, macrogol could be used as vehicle instead
of propylene glycol. Another modification which was
recommended is the minocycline-removed paste or
double antibiotic paste ( DAP). The antibacterial
efficacy of DAP at 1 mg/ ml against E. feacalis, S.
Aureus, and P. Intermedia were found similar to 1
mg/ml of TAP "' with little or no staining.” ™
Studies showed that occlusion of dentinal
tubules with desensitizing paste, dentine bonding
agent, or Nd: YAG laser could significantly reduce

intensity of coronal discoloration.”?

Sealing coronal
dentinal tubules should be done before applying
minocycline- containing TAP. However, in REPs in
which TAP was left in the root canal for up to 3 weeks,
the color change is still clinically detectable in every
method.”*%

Instead of TAP or DAP, calcium hydroxide has
also been used successfully in many cases of REPs
without visible discoloration. Since calcium hydroxide
does not have the potential for crown discoloration.
# % Calcium hydroxide can be used as single
medication or in a combination with 2% chlorhexidine
gel (CHX gel) to increase the antimicrobial activity

29-32 .
In studies of

against some endodontic pathogens.
Nagata et al ? and Soares et al. *> showed that the
outcomes in both calcium hydroxide with 2% CHX gel
group and TAP group have similar clinical and
radiographic results. Therefore, calcium hydroxide can
be an alternative intracanal medication for REPs to

overcome the esthetic problem of TAP.

Discoloration due to MTA in root canal
sealing MTA,

cement, is widely used in regenerative endodontics

a mineral tricalcium silicate-based

for its desirable biological and mechanical properties;
recommended by AAE.? Its ability to release calcium
hydroxide provides its antibacterial and sealing
property.

MTA powder is the combination of Portland
cement and bismuth oxide. It is composed of fine
hydrophilic particles and sets when in contact with
water.** Marciano et al * showed that bismuth oxide,
a radiopacifier in MTA, played an important role in
tooth discoloration due to destabilization of bismuth
molecules when in contact with certain factors
namely amino acids in dentine, sodium hypochlorite,
oxygen, and radiation. The change of bismuth oxide
results in dark precipitation in dentine.”® To prevent
bismuth  oxide-induced  discoloration,  several
methods have been proposed. The methods include
1) improving bismuth oxide stability, 2) using MTA
without bismuth oxide such as NeoMTA®, 3) using
types of MTA-based
Biodentin®, EndoSequence bioceramic putty, or 4)
(CEM).

Different types of radiopacifies used in cements were

other cement such as

using Calcium-enriched mixture cement

summarized in Table 1. These alternative cements
showed satisfactory aesthetic results in laboratory

. 37-41
studies.

Table 1 Composition of calcium silicate-based cements and CEM

Bismuth oxide

Tantalum oxide
Zirconium oxide

Zirconium oxide

MTA Purified Portland cement, Tricalcium silicate, Tricalcium aluminate, Calcium
sulfate, Tetracalcium aluminoferrite, Bismuth oxide

NeoMTA Tricalcium silicate, Dicalcium silicate, Tantalum oxide

EndoSequence Calcium silicates, Zirconium oxide, Tantalum oxide, Calcium phosphate

BioDentine Tricalcium silicate, Dicalcium silicate, Calcium carbonate, Zirconium dioxide,
Iron oxide

CEM

Calcium oxide, Sulfur trioxide, Phosphorous pentoxide, Silicon dioxide, Trace

Barium sulfate

amounts of aluminum trioxide, Sodium oxide, Magnesium oxide, Chloride
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Additional substances used to reduce color
studied. The

speculation is to add the molecules that would

change from MTA have been

stabilize bismuth oxide by preventing phase changes
in the presence of a strong oxidizing agent.” The
suggested inorganic compounds include zinc oxide *
and aluminium fluoride “°. Marciano et al* found that
by adding 5% zinc oxide to MTA, tooth discoloration
was prevented without alterations of radiopacity,
While

aluminum fluoride has also been tested by Marciano

volume change, pH, and biocompatibility.

et al in 2019 * studies showed that color change
was prevented without significantly affecting the
physical, chemical, and biological properties of MTA.
Therefore, both zinc oxide and aluminium fluoride

have potential to develop novel formulae of MTA in

the future.
However, MTA with stabilized bismuth oxide
or even without bismuth oxide can cause

discoloration when it is contaminated with blood.*

The speculated mechanism of blood contamination
includes the cement porosity and absorption of heme

4,38

from hemoglobin.”™ In this situation with blood

contamination, both Biodentine and CEM also caused

significantly less staining than MTA. ***" Thus,
Biodentine and CEM were recommended for
endodontic  treatment  with  coronal  blood

contamination, such as REPs in the esthetic zone.
However, the long-term color stability has not been
investigated and the result in presence of blood has
not been reported.

Since bismuth oxide is confirmed as the
cause of discoloration in MTA, prevention can be
accomplished by using alternative cement with
different radiopacifers or adding stabilizers. Since
experimental reports lack clinical factors such as
blood, experiments in various conditions especially in
the presence of blood is required.

Bleaching of discolored teeth after
regenerative endodontic procedures Bleaching is a

conservative option to correct tooth discoloration.

Normally, it is indicated for non-vital teeth, but since
the regenerated tissue in REPs is restricted within the
root canal and the pulp chamber is unoccupied,
bleaching is possible for teeth treated with REPs.*
Though there are other methods available, several
case reports showed that patients preferred bleaching

44,4546

to veneers or crowns. However, internal

bleaching of tooth discoloration by TAP has uncertain

3,6,7,8
prognoses™ ",

and cervical resorption may be
present due to the toxicity of the bleaching agent
itself. *’

The action of bleaching agents is due to the
active hydrogen peroxide, which results from the
reaction of bleaching agents with water. B The
common  bleaching include

agents hydrogen

peroxide, sodium perborate, and carbamide
peroxide.” In vitro studies showed that, in case of TAP
discoloration, 37% carbamide peroxide demonstrated
better bleaching efficacy than 30% hydrogen peroxide
and sodium perborate.>® However, case reports
revealed that acceptable results could be accomplished
with either sodium perboratem—”16 or carbamide
peroxide.47 Zaugg et al >t proposed that changing the
bleaching agent over a period of 16 days was
recommended in mild to moderate discoloration, while
changing the agent every 4 days was preferred in cases
of severe discoloration. The whitening effect of
bleaching agents was gradually increased, and the effect
of day 8 and day 12 was found superior to day 4.
Rebound effect or color relapse is usually
occurred after bleaching. Longevity of color stability
varies after its completion. Berzebio et al > found a
slight color regression one month after completion of
treatment. While Bizhang et al " and Lise et al >
observed color relapse at six-month and one-year
recall respectively. Some authors recommended
chromatic

overwhitening to compensate the

regression 56, and 1l-year check-up should be
performed after the treatment.
Another severe complication after bleaching

is cervical resorption. Cervical resorption arise with the
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leakage of the agent. Evidence of cervical root
resorption shown as early as 3 months in animal study
78 or even delayed many years after bleaching. >
Diffusion of hydrogen peroxide to cervical tissues is
increased by different predisposing factors such as
wide opened dentinal tubules in young teeth
traumatic induced or a natural anatomic defect at the
CEJ"® The leaked peroxide-containing bleaching
agent could increase the level of IL-13 and RANKL,
which may lead to cervical resorption.49 Ribeiro et al”
reported that by using the cysteine protease enzyme
such as papain, bromelain, and ficin as bleaching
agents, the cytotoxicity was decreased with similar
bleaching efficacy. It was discussed that cervical
resorption could be minimized if the coronal barrier
was properly sealed, which would prevent leakages
of bleaching agents outside the tooth.”

Recently, a new non-peroxide bleaching
agent has been introduced in the market. It contains
phthalimido peroxy caproic acid (PAP) as an active
ingredient and has a high potential of oxidation with
release of active oxygen. This alternative bleaching
agent also gave a favorable result with significant
whitening effects immediately and 24 hours after a
single-use treatment.®® Further investigations should
aim to study the potential to use non-peroxide

solutions as bleaching agents for TAP discoloration.

Conclusion

This review of in vitro and in vivo studies
shows that tooth discoloration from TAP and MTA is
preventable. Prevention of TAP-induced staining can
be done through  concentration  reduction,
composition modification, dentinal tubule occlusion,
and using calcium hydroxide as root canal medication.
Utilization of materials without bismuth oxide and
stabilization of bismuth oxide with stabilizers helps
prevent MTA-induced discoloration. The review also
shows that external cervical resorption can be

prevented if the dentinal tubules are properly

occluded. The other possible solution involves non-
peroxide bleaching agents. The fact remains that
there is still an insufficient number of clinical studies
and case reports. Therefore, more reports are
required to propose the utilization of these solutions

in the dental clinic.
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