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The Effect of COVID-19 Pandemic Among

Dental Students, Naresuan University

Pothidee T* Chaimee C** Phutla R** Rodchalean A**

Abstract

This qualitative study aimed to evaluate the effect of the COVID-19 pandemic among undergraduate dental students at Naresuan University,
Thailand. Semi-structured interviews and focus group discussions were conducted between August 2021 to April 2022. A total of 48 dental students (Year
1-6 of the academic year 2021) were included in the study. The study showed that the COVID-19 pandemic affected dental students in five aspects: education,
health, economic, social, and others. Firstly, for the educational aspect, changing types of teaching from onsite to online classes allowed students more
Slexibility and convenience. However, some subjects were difficult to understand from online learning. In addition, the students could be easily distracted
by unstable devices and internet connection. The exam was much harder and there were a lot more assignments. Furthermore, a decrease in the number of
patients during COVID-19 affected with the students’ clinical practice requirements. Secondly, the spread of the COVID-19 affected the students’ health,
both physically and mentally, such as stress, anxiety, and the risk of getting infected by the disease. For the economic aspect, many students’ families had
lower incomes while there were increasing expenses for both daily use and education. In term of the social aspect, most of the students were challenged by
the change in social interactions, connections, and travel restrictions caused by preventive measures. However, this situation created opportunities for

students to do other activities to increase their skills and income during their free time.
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Table 1 Definition of all parameters

Maxillary growth SNA (Degree, ©)

Angle between the anterior cranial base (SN) and the NA line

NA-Or (Millimeter, mm.)

Perpendicular distance from the orbitale (Or) to the NA line

SN-Or (Degree, °)

Angle between the anterior cranial base and the orbitale point

Mandibular growth SNB (Degree, °)

Angle between the anterior cranial base and the NB line

Co-Gn (Millimeter, mm.)

Distance from condylion (Co) to gnathion (Gn)

Vertical relationship SN-GoGN (Degree, °)

Angle between the anterior cranial base and the mandibular plane

FMA/FH-MP (Degree, °)

Angle between the FH plane and the mandibular plane

Sagittal relationship ANB (Degree, °)

Angle between the NA and NB line
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Table 2 Demographic data of cleft lip and cleft palate patient
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Gender 11 males, 7 females 2 males, 1 female
Mean age (Years) 10.56+0.98 11.00+£1.00
Pre-op radiograph (Months) 7.39+4.27 10.00+2.64
Post-op radiograph (Months) 7.72+4.18 7.67£1.15

UCLCP indicates unilateral cleft lip and cleft palate, BCLCP indicates bilateral cleft lip and cleft palate

Mean age indicates the age which the patients were performed secondary alveolar bone graft
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The sagittal skeletal relationship of 18 UCLCP patients

Table 3

Sagittal relationship

(Skeletal class) I 1T I
I 5(27.77%) 0 0
L0t 1(5.56%) 9 (50.00%) 0
11 0 0 3 (16.67%)
P-value* P=0317

* Marginal homogeneity test was performed, significant at p<0.05
UCLCP indicates unilateral cleft lip and cleft palate

T, ABG indicates before secondary alveolar bone graft was performed, T,ABG indicates after secondary alveolar bone graft was performed




v o d [
ﬂ'ﬂllﬁllwuﬁ!!u?'ﬂﬁ]‘ﬂﬁﬁmﬂﬂﬂi%@ﬂm]ﬂii"lﬂi‘lu

Aihethnurizawanulvidaesdng $1u3u 3 51
nouninisdgnnszgmiilunuunaogi
AnuduRus i MawenszgnuIngs 1nsudie
rnunsumaiuTviaesde wiuduanuduiug
Tassadunazgnuuuiivile nunfidesuasuuuiiawess
az 1519 $ovaz 33.33) nasaniimsilgnnszgmdiu
wuunAegd liwumsasunlaswesnnuduiutiug
wimaimelungu Tasanuduius Inssadunszgnuuy
finfil nuufidewezuuuiiawdinadioeas 1 emiudy
(avay 33.3) (3197 4)
anuFuiuiuuIfsvesnszgnuingslnslu
Aihehawiawaulvitiades S1uau 18 518
nouviinmisgnnszgmiifunuunaeqi
AnuduiusuuiIAtesnszgnuings lns ludieln

1 "9 = 1 a3 @ Y a
unaawau Ivadruder nuaduanyuz luniilna
(Normodivergent) 14 510 (3ooaz 77.77) luni1vqu
(Hypodivergent) 3 518 (F8az 16.67) uazluniioig
(Hyperdivergent) 1 518 (%}’E)EJiﬂz 5.56) Wﬁﬁ%1ﬂﬁ1ﬂﬁﬂgﬂ

y a a = d'
nszgmiMuuuunaegd Unisiddsuniasves
anuduiusuuanenielungy Tasluwifivquanas 1

A 9 ' Y A 2
a0 2 319 (Fevaz 11.11) aamluwihoainau 1 9o

I a ]
sanilu 2 570 $ooay 11.11) wazlunilnd 14 5100
a aa Ia aa g
@y ($eway 77.77) MnddanadouuiIuea laluiia
hiwuaauuanaisegrelifodiAgnieanaves
anuduiusuuamimavesnsygnuings Insludile
e Tnadnadednas Iasunsilgnnszgnirh

WununAeni p=0.317 (M3199 5)

a v @ & Y o 9 ' ' ¥ o
M1919N 4 ﬂ’ﬂllﬁllwuﬁuu’J'ﬁ‘lﬂﬁﬁﬂ"llﬂ\iﬂi%@ﬂ‘lﬂﬂiivlﬂ51uQ“JJ’JEJ“JJWﬂLLﬁ’J\HWﬂ1uTﬁ’J’ET'EN"IIN IUIU 3 578

Table 4 The sagittal relationship of 3 BCLCP patients

Skeletal Class I 1(33.33%)
Skeletal Class II 1(33.33%)
Skeletal Class II1 1(33.33%)

Descriptive statistic was performed
BCLCP indicates bilateral cleft lip and cleft palate

1(33.33%)
1(33.33%)
1(33.33%)

T, ABG indicates before secondary alveolar bone graft was performed, T,ABG indicates after secondary alveolar bone graft was performed
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Table 5 The vertical relationship of 18 UCLCP patients

* Marginal homogeneity test was performed, significant at p<0.05

UCLCEP indicates unilateral cleft lip and cleft palate

Vertical relationship Normodivergent Hypodivergent Hyperdivergent
Normodivergent 14 (77.77 %) 0 0
Hypodivergent 2(11.11 %) 1(5.56%)
Hyperdivergent 0 1(5.56%)
P-value* P=0.317

T, ABG indicates before secondary alveolar bone graft was performed, T,ABG time after secondary alveolar bone graft was performed
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Table 6 The vertical relationship of 3 UCLCP patients

Normodivergent 1(33.33%)
Hypodivergent 1 (33.33%)
Hyperdivergent 1 (33.33%)

1(33.33%)
0 (0.00%)
2 (66.67%)

Descriptive statistic was performed

BCLCP indicates bilateral cleft lip and cleft palate

T,ABG indicates before secondary alveolar bone graft was performed, T,ABG indicates after secondary alveolar bone graft was performed
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Table 7 The growth of maxilla and mandible in UCLCP and BCLCP patients undergoes secondary alveolar bone graft all 21 patients

T,ABG T,ABG T,ABG T,ABG
SNA (Degree) 81.75+6.44 82.917.81 0.160 84.66+3 .47 87.7+5.52
NA-Or (Millimeter) 9.89-3.08 9.32+3.66 0.344 9.33+2.10 10.00+3.05
SN-Or (Degree) 57.81+6.37 59.356.51 0.253 57.7349.60 57.005.30
SNB (Degree) 81.94+5.07 84.06+5.85 0.003* 79.93+7.80 83.10+7.75
Co-Gn (Millimeter) 100.59+7.71 106.51+7.49 0.007* 96.36:8.98 100.209.26

*Paired T-Test was performed in UCLCP, significant at p<0.05

Descriptive statistic was performed in BCLCP

UCLCP indicates unilateral cleft lip and cleft palate, BCLCP indicates bilateral cleft lip and cleft palate

T,ABG indicates before secondary alveolar bone graft was performed, T,ABG indicates time secondary alveolar bone graft was performed
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A Study of The Relationship of Maxilla and
Mandible in Unilateral and Bilateral Cleft Lip
and Cleft Palate Patients Undergoing Alveolar
Cleft Bone Graft Surgery: A Retrospective Study

Trakarnphol K* Manosudprasit A** Chaichit R*** Limmonthol S****

Abstract

The aims of this study were to study the relationship of maxilla and mandible in unilateral cleft lip and cleft palate (UCLCP) and bilateral cleft
lip and cleft palate (BCLCP) patients undergoing secondary alveolar bone graft (SABG) and to study the effect of SABG on the growth of maxilla and
mandible. This retrospective study was collected data in cleft lip and palate patients who had SABG at Oral and Maxillofacial surgery clinic, Faculty of
Dentistry, Khon Kaen University from January 2010 to December 2020. The study was performed by digital measuring the angles and distances from the
cephalometric radiographs. The parameters represented the horizontal and vertical relationship and the growth of maxilla and mandible. A total of 21
patients with 18 UCLCP and 3 BCLCP were included in this study. In UCLCP group, we used the marginal homogeneity test to analyze the relationship of
maxilla and mandible and Paired T-Test to analyze the growth of maxilla and mandible after SABG. We found that the relationship of maxilla and mandible
were not significantly change (p=0.317), and found continual growth of both jaws. In BCLCP group, we used descriptive statistic to explain the change of
the relationship of maxilla and mandible and the growth of both jaws. We found that the vertical relationship has change after SABG, by the way maxilla
and mandible are still continue to grow. It is concluded that after SABG, the relationship of the maxilla and mandible in UCLCP was not significantly
change and the vertical relationship of maxilla and mandible in BCLCP has change. Moreover, the maxilla and mandible still have continual growth in

both groups.
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Figure 1 (A) Cephalometric landmarks (B) Plane of reference and parameters on lateral cephalometric radiograph
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Table 1 Cephalometric landmarks, soft tissue landmarks and plane of reference on lateral cephalometric radiograph

MUUAIAVUNIZGDN (Bony landmark) ttasiu (Dental landmark)

S Sella turcica ATINANTBINTZGNIBAAT MBFA

N Nasion ‘gﬂﬁﬁ"]qmjGﬁﬂﬂﬁiﬂﬂﬁﬂﬂﬁﬂmmﬁUﬂi%@ﬂﬂgﬂ (Frontonasal suture)

ANS Anterior nasal spine yamigavesnizgmns Insuulussduoadumeny; foanszgnaynd i

PNS Posterior nasal spine yamdagavasnszannngs nsundussdudeduman: fosnszgnayndunds

B Supramentale anganthgauuvenuenmuniivesnszgaiiuiumiials (Mandibular alveolar
process)

Me Menton sganazmhgauinanumlszauaueanszgnuings 1ns a1 (Bony part of
mandibular symphysis)

3 3" cervical vertebrae smganazmhgauudmdiveInszgndundadaunouil 3 (Body of third
cervical vertebrae)

1 Lower central incisor tip point ﬂﬂﬂmﬂ?jﬂﬂjﬂﬂﬁuﬁﬂﬁﬁﬁw

Q &
gﬂnmuﬂmﬁ'ﬂuummﬁaéau (Soft tissue landmark)

A A 9 9 o
UPhW Upper pharyngeal wall ﬂqﬂuummﬁﬂﬂﬂummNuaﬂawaﬂﬁmwmizﬂuuu (Upper posterior pharyngeal wall)
flo yadavoudumimanainszning Reanszgnayndrumitlinds (Anterior nasal
spine to posterior nasal spine; ANS-PNS) fianuiiioiesauvesniiinonosduna

MPhW Middle pharyngeal wall @ﬂuunﬁmﬁ"aéaummwﬁqﬂawapﬁmwﬁqizﬁunmq (Middle posterior pharyngeal wall)
flo yadavoduaunATI9egN dumis TB tazvuADIZIIY ANS-PNS a1n lda
furiore

LPhW Lower pharyngeal wall @ﬂuusﬁmﬁaéaumagwﬁaﬂa}iaﬂﬁﬁuﬁﬁﬁzﬁudn (Lower posterior pharyngeal wall) fio

AnveuduauNANegN M V iaguinuiuszuy ANS-PNS a1nldady
iiieile souvBINITIRDDIAMUNEY Faogasat A undinega V

UT Uvula tip yailarggaveunaIueeu (Soft palate)
TB Tongue base yaunuduiisTauau wldnaduvisuiiedeseuvesau Aunds (Posterior of
tongue) NogAIgANAZNAIGA
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NAoFoY (Epiglottis)
53U1181999 (Plane of reference)
SN Sella - nasion line szumﬁmﬂmnfgﬂ S "lﬂﬁ’ii;ﬂ N
X (HR) Horizontal reference plane FEUANNA IULUIUDY ﬁﬁmuﬁuszum SN 7 93¢
Y (VR) Vertival reference plane senvaundlunung ﬁﬁzaa1ﬂﬁ"uszumﬁnumuumuauuazvhu@ﬂ S
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Table 2 Measurement of parameters on lateral cephalometric radiograph
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PAS-t (mm) ifzazﬁé’uﬁqmzwiwﬂﬂu?;uﬁu uﬁﬂwmﬂﬂfamnmuwm%muﬂawaﬂi fundanoay (Retrolingual)
WA NBEAIUNAY mniianies mmﬂumnﬂmiaﬂnumqmumﬂ%
PNS-UPhW (mm) 528232431999 PNS 1 UPhW uﬁmmmﬂﬂnmmamumﬂ%muﬂawaﬂmnmﬂaﬂmqwn (Nasopharyngeal
airway) ¥ nliatiog nuuﬂumnﬂmiaﬂﬂummumﬂh
UT-MPhW (mm) 528232471999 UT AU MPhW uﬁmmmmmmamumﬂ“la)muﬂamﬂummwamehn (Oropharyngeal
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In [PAS-p (T0-T2)] = 0.393 [C3-Me (T0-T2)] +0.033

(R =0.874, R*=0.764, P < 0.001)
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In [PAS-t (T0-T2)] = 0.16 [C3-I (T0-T2)] -2.778

(R =0.764, R*=0.584, P =0.01)
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Table 3 Spearman’s rank correlation coefficient between the change in pharyngeal airway space and the change in parameters between TO and T2

m3aeunladdugasna T0-12 PNS-UPhW UT-MPhW V-LPhW PAS-p PAS-t
C3-1 0.169 0.108 0.332% 0.125 0.693**
C3-B 0.112 0.118 0.342%* 0.212 0.576%*
C3-Me 0.068 0.729** 0.168 0.819** 0.408**
VR-1 -0.042 0.029 0.110 0.137 0.341*

VR-B -0.107 0.010 0.269 0.133 0.354*

VR-Me -0.080 0.073 0.254 0.171 0.414%*

** Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Table 4 Spearmans’s rank correlation coefficient between the change in pharyngeal airway space and the change in parameters between T0 and T2

malasumlagly PNS-UPhW UT-MPhW V-LPhW PAS-p PAS-t
1290901 TO-T2 r p-value r p-value r p-value r p-value r p-value
Age 0 0.999 0.26 0.106 0.205 0.204 0.289 0.071 0.07 0.667
Sex 0.078 0.632 0.063 0.698 -0.066 0.685 0.007 0.967 -0.075 0.647
BMI 0.153 0.347 -0.16 0.323 0.02 0.905 -0.16 0.323 -0.041 0.804
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Table 5 Regression coefficients of the change in retropalatal pharyngeal

airway space between T0-T2

Unstandardized coefficients B Sig.
(Constant) 0.033 0.979
Age 0.013 0.32
Sex -0.057 0.753
BMI -0.03 0.48
C3-1 -0.069 0.125
C3-B 0.012 0.779
C3-Me 0.393 <0.001
VR-I -0.011 0.808
VR-B 0.085 0.323
VR-Me -0.126 0.123

a = Dependent variable: PAS-p (T0-T2)
Unstandardized coefficients B = mduilsz@nsoanaslugiazuuuauy
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Table 6 Regression coefficients of the change in retro lingual pharyngeal airway space between T0-T2

(Constant) -2.778
Age 0.015
Sex 0.28
BMI 0.041
C3-1 0.16
C3-B 0.079
C3-Me 0.065
VR-I 0.02
VR-B -0.015
VR-Me 0.043

a = Dependent variable: PAS-t (T0-T2)
Unstandardized coefficients B = duilsz@nsoaneslugiazuuuauy
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Unstandardized coefficients B Sig.

0.135
0.414
0.275

0.52

0.01
0.152
0.299
0.752
0.915
0.726
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Prediction of the Pharyngeal Airway Space
Change after Bilateral Sagittal Split Ramus
Osteotomy (BSSRQO) Setback in Patients with
Skeletal Class II1 Deformity

Tangjunyatam W* Kongsomboon S** Weraarchakul W*** Klai-on N**

Abstract

The patients with skeletal class III deformity who underwent bilateral sagittal split ramus osteotomy (BSSRO) setback procedure may have the
changes of the pharyngeal airway space (PAS). The purposes of the study were to determine the factors and create regression equations to predict PAS
changes using these factors. This was a retrospective analytical cross-sectional study. Lateral cephalometric radiographs were analyzed from 40 patients
before surgery (T0, within 3 months pre-operation) and > 6 months after surgery (T2, long-term follow-up). The PAS changes at level of retropalatal airway
space (PAS-p) showed the greatest correlation with C3-Me changes (r=0.819, p<0.01), while the changes at the level of retrolingual airway space (PAS-t)
demonstrated the greatest correlation with C3-I changes (r=0.693, p<0.01). Regression analysis was used to create predictive equations for PAS changes

using these correlated factors

Keywords: Prediction/ Pharyngeal airway space (PAS)/ Skeletal class III deformity/ Orthognathic surgery/ BSSRO
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Effect of Surface Sealant Coating and Beverages

on Color Stability of Provisional Restorative
Material

Sirithap T* Kanchanavasita W* Nagaviroj N*

Abstract

The study aimed to investigate the effect of surface sealant coating agent on color stability of Bis-acryl composite resin after immersing in different
beverages at various times. Ninety-six disc-shaped specimens were prepared from Bis-acryl composite resin (Luxacrown). The specimens were randomly divided
into 2 groups: the non-surface sealant coating group (Groupl) and the surface sealant coating group (Luxatemp-Glaze and Bond) (Group2). Twelve specimens
of each group were assigned for immersion in distilled water (DW), red wine (RW), coffee (CF) and Coca-Cola (CC). All specimens were immersed in the
beverages and stored in an incubator. The color change (A\E) was measured after immersing for 7, 30 and 150 days with a spectrophotometer, according to the
CIELAB system. Data were analyzed statistically with mixed-design ANOVA. Group 1 showed more mean color change in red wine and coffee (p<0.05). In both
groups, the color change of specimens immersed in coffee was significantly lower than that in red wine at each measurement time except day 150 in Group 1.

Moreover, the types of beverages affected mean color change of all three immersion times. In conclusion, surface sealant coating, type of beverages and various

immersion time affect the color stability of provisional restorative materials.

Keywords: Bis-acryl composite resin/ Color stability/ Beverage/ Surface sealant coating

Introduction

A provisional restoration is essential in temporarily
treating patients receiving indirect restoration treatment. The
optimum requirements of the provisional restorations are
composed of three main features: biological, mechanical and
esthetic aspects. Esthetically, it should provide the color
matching the adjacent teeth throughout the temporary period.1

Sometimes, provisional restorations are used for
long term treatment, such as evaluating periodontal treatment,
orthodontic treatment, dental implant placement, endodontic
treatment and oral rehabilitation. Therefore, this extended
period may lead to substantial color change.2

The color change of the provisional restorations
can reduce the satisfaction of patients. From related studies,
it can be concluded that the color stability of provisional
restorations could be affected by various factors including
incomplete polymerization, the composition of the material,
water sorption, types of immersion solution, exposure time

3-6
and surface smoothness.
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Various techniques, including conventional
polishing, have been used to finish provisional materials.
Recently, another method has been employed for smoothing
the surface of provisional restoration using a surface sealant
coating agent after finishing the surface. By minimizing
microcavities and pores, marginal seal, water resistance and
stain resistance can all be improved.7’ * However, the long-
term performance of these agents remains uncertain.” '’

Provisional restoration materials are also stained by
various foods. The degree of discoloration varies depending
on the substance. On the other hand, coffee, tea and red wine
were shown to stain more than other food simulating
solutions."'

There are many availabilities of different
provisional restorative materials in the market, including poly
methyl methacrylate (PMMA), poly ethyl methacrylate, Bis-
GMA resin and Bis-acryl composite resin. Recently, an
automix Bis-acryl composite resin for semi-permanent

provisional restoration, LuxaCrown (DMG, Hamburg,

* Department of Prosthodontics, Faculty of Dentistry, Mahidol University, Bangkok.




Germany), has been introduced to the market. It has been

claimed to have impressive durability, excellent flexural
strength and fracture toughness, outstanding polishability and
optimum versatility. Due to these advantages, this material is
well suited as a longterm provisional restoration. However,
this material is composed of methacrylate-based matrices,
which are hydrophilic, promoting a higher degree of water
sorption, resulting in discoloration of materials."

To study the color differences, the Commission
Internationale de I’Eclairage has recommended several color
difference formulas including the classic CIE L*a*b* system
and the new CIEDE2000 system. Generally, CIEDE2000
formula provided superior results compared to CIE L*a*b*
formular”. However, some previous studies'* proposed that
AE from CIEDE2000 and CIE L*a*b can be used
interchangeably because both systems were correlated to each
other.

The objective of this study was to investigate the
effect of surface sealant coating agents on the color stability
of LuxaCrown after long periods of immersion in different

beverages.

Materials and methods

The ninety-six disk-shaped specimens were prepared
from LuxaCrown (Tablel), using the metal mold. The metal
mold was placed on the glass slab, and the provisional material

was mixed according to the manufacturer instruction and

filled in the mold. The other glass slab was placed on top of
the metallic mold and pressure was applied by finger loading
until it set. The specimens were removed from the mold and
visually inspected for any defects. The specimens were wet
finishing by silicon carbide abrasive papers grit n0.800, 1,000
and 1,200, respectively for removing irregularities and
smoothening the specimens’ surface. Each specimen was
fabricated into a size of 15+0.1 mm in diameter and 1+0.1
mm thick. The dimensions of the finished specimen were
measured using digital calipers with an accuracy of 0.01 mm.
The specimens were randomly divided in two groups: Group
1: the non-surface sealant coating group (n=48) and Group 2:
the surface sealant coating group (n=48). For Group 1, the
specimens were stored in distilled water in an incubator at
37°C for 24 hours before testing. For Group 2, the Luxatemp-
Glaze & Bond (DMG, Hamburg Germany) (Table 2) was
applied to the specimen's surface according to the
manufacturer instructions. A soft brush was used to apply a
thin, even layer in one direction without rebrushing, and air
bubbles were carefully avoided. After an exposure time of
approximately 20 seconds, the specimens were placed in a
Lumamat®100 light furnace (Ivoclar Vivadent, Schaan,
Liechtenstein) for polymerization. After that, the specimens
were stored in distilled water in the incubator at 37°C for 24

hours before testing. (Table 1) (Table 2)

Table 1  Provisional restoration material used in this study
Polymerization
Material Shade Manufacturer Composition Technique
method
LuxaCrown A3 DMG, Glass filler material in a matrix of multifunctional ~ Paste-Paste Chemically activated
Hamburg, methacrylates; catalysts, stabilizers, and Automix
Germany additives. Free of methyl methacrylate. Filler
content: 46 wt.% = 26 vol.%. (0.02 to 1.5 [lm)
Table2  Surface sealant coating agent used in this study
Polymerization
Material Shade Manufacturer Composition
method
Luxatemp- - DMG, Hamburg, Multifunctional acrylates, methyl methacrylate, catalysts, Light cured
Glaze&Bond Germany stabilizers, additive




The 360 ml of beverages used in the experiment

consisted of 1. distilled water (control group), 2. red wine
(Mont Clair, Siam Winery, Samut Sakhon, Thailand), 3.
coffee (Nescafe red cup, Nestle, Thailand) prepared in the
ratio of 2g of instant coffee and 180 ml of hot water and 4.
Coca-Cola (ThaiNamthip, Bangkok, Thailand). All specimens
were immersed in beverage and stored in the incubator at
37°C during experiment period. The beverages were changed
every other day. Furthermore, the initial pH of all beverages
was also measured in this experiment using a pH meter
(ORION 3-star, Expotech, USA).

After removing all specimens out of the beverages,
each specimen was rinsed in distilled water. Excess water on
the surfaces was removed with tissue paper. The color
measurement of all specimens was performed before
immersing in the beverages and again after 7, 30 and 150 days
with a spectrophotometer (Ultrascan XE, Hunter Lab, USA) using
the Commission Internationale de I'Eclairage (CIE) L*a*b*
system."” The measuring characteristics of spectrophotometer
were standard illuminant D65 and standard observer 10
Before each  measurement

degrees. session,  the

spectrophotometer was calibrated according to the
manufacturer’s recommendations by using the light trap and
white calibrated tile. The specimen was placed at the
reflectance port with a magnetic white ceramic backing disk on
the face of the spring-load sample clamp to provide a consistent
white background. Then, the magnetic white ceramic disk was
replaced by the black pad to provide the dark backing.

The total color change (AE) was calculated for each
specimen in relation to its baseline color using the formula:
AE = [(ALY+ (Aa)’* + (Ab)’]"* where AE represents the color
difference and AL, Aa, Ab represents the changes in
lightness, changes in red-green coordinate, and changes in
yellow-blue coordinate, respectively.

To explore the surface smoothness and porosity of
materials of specimens, the additional specimens were
prepared using the same procedure of Group 1 and 2 and were

examined using scanning electron microscopy (JSM 6610LV,

JEO, JAPAN).

Statistical calculations were analyzed using SPSS
Statistics Software (SPSS, 23.0, SPSS Inc., Armonk, NY,
USA). The mixed-design analysis of variance (at significance
level of 0.05) was used to compare the color stability in this

study.

Results

The mean color change (AE) of provisional
restoration materials between the non-surface sealant coating
group and the surface sealant coating group after immersing
in beverages are shown in Table 3. In distilled water and
Coca-Cola, no significant difference was observed in mean
color change between Groups 1 and 2 at days 7, 30 and 150
(p>0.05). (Table 3)

In Group 1, the pairwise comparison revealed
significant differences in color change when exposed to
distilled water and red wine, distilled water and coffee, red
wine and Coca-Cola, and coffee and Coca-Cola at every
immersion period. On the contrary, the mean color change
showed no significant difference between distilled water and
Coca-Cola. (Table 4) Compared between immersion periods,
significant differences in mean color change were observed at
days 7, 30 and 150 for red wine and coffee, while no
significant difference was observed in all immersion periods
for distilled water and Coca-Cola (Table 4) (Figure 1).

In Group 2, the pairwise comparison showed a
significant difference in mean color change between distilled
water and red wine, distilled water and coffee, red wine and
coffee, red wine and Coca-Cola, and coffee and Coca-Cola at
day 30 and 150. At day 7, significant differences were
observed in mean color change between red wine and other
beverages. Compared between immersion periods, significant
differences were observed in mean color change at days 7, 30
and 150 for red wine. For coffee, significant differences were
observed in mean color change between days 7 and 150.

(Table 5) (Figure 2).




Table 3  The mean color change (AE), standard deviation (SD) of provisional restoration materials between the non-surface sealant coating group

and the surface sealant coating group after immersion in distilled water, red wine, coffee, and Coca-Cola at 7 days, 30 days, and 150

days (n=12)

_ Non-surface sealant coating group Surface sealant coating group

7 2274082 1.9741.06*
Distilled water 30 2.40"°40.79" 2.0640.68"
150 2.77+1.04" 2.4140.58"
7 13.3643.04" 11.00£1.30"
Red wine 30 19.8542.04" 13.131.07"
150 24.26+2.53" 15.57+1.20"
7 11.2343.69" 2.8140.53"
Coffee 30 17.7743.64"° 3.93+1.22°
150 23.28+4.62" 4.95+1.25"
7 1.24 +0.58" 1.1140.56"
Coca-Cola 30 1.7641.02" 1.4040.71"
150 1.9340.67" 2.0540.73"

* The different capital letters in the same row compare different group of study (non-surface sealant coating group and non-surface sealant coating group)

which represent significant differences in the mean color change of provisional restoration material at 5% level of significant (p<0.05).

Table 4 The mean color change (AE) of provisional restoration materials in the non-surface sealant coating group after immersion in distilled

water, red wine, coffee, and Coca-Cola beverages at 7 days, 30 days, and 150 days (n=12)

Distilled water

Group 1:

Red wine
Coffee

Coca-Cola

Non-surface sealant coating

227"
13.36™
11.23"
1.24™

277
Be
24.26
23.29%
1.93™

*The different capital letters in the same column compare different beverages and the lowercase letters in the same row compare different time of immersion

which represent significant differences in the mean color change of provisional restoration material at 5% level of significant (p<0.05).

Figure 1 Mean color change (AE) of provisional restoration materials in non-surface sealant coating group after immersion in beverages

25

(3]
o

Mean color change (/_\.E)
o G

L

’-—------*-----——-.

L

30

Duration (Days)

= @ =Distilled Water

e=pm= Red Wine

« o @+« Coffee

o= Coca-Cola




Table 5 The mean color change (AE) of provisional restoration materials in the surface sealant coating group after immersion in distilled water,

red wine, coffee, and Coca-Cola beverages at 7 days, 30 days, and 150 days (n=12)

Distilled water 1.97™ 2.06™ 2.41™
Group2: A Red wine 11.00™ 13.13" 15.57"
surface sealant coating - Gab o

Coffee 261 3.93 495

Coca-Cola L™ 1.40™ 2.05™

*The different capital letters in the same column compare different beverages and the lowercase letters in the same row compare different time of immersion

which represent significant differences in the mean color change of provisional restoration material at 5% level of significant (p<0.05).

Figure 2 Mean color change (AE) of provisional restoration materials in surface sealant coating group after immersion in beverages
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Discussion Color is one of the most significant esthetic

Color stability is a key condition for provisional
restoration, and has been described as the material's capacity
to retain its initial shade. Various types of provisional
restoration materials undergo color changes when exposed to
environmental conditions. This study evaluated the effect of
a surface sealant coating agent (Luxatemp-Glaze and Bond)
on the color stability of bis-acryl composite resins
(Luxacrown) after immersing in various beverages for long

periods of time (7, 30 and 150 days).

characteristics in dentistry, and the most frequently used
method of evaluating color in dentistry is visual judgment. To
evaluate color differences, two basic thresholds are
employed: perceptibility threshold (PT) and acceptability
threshold (AT). The PT represents the lowest color change
that a viewer can identify, whereas the AT indicates the
smallest color difference that an observer can alccept.16

According to Paravina et al., the AE for PT and AT was 1.22

and 2.66, respectively.'” If the color changes were valued




greater than 2.66, they were considered clinically
unacceptable. In this study, AE,, and AE_. were less than
2.66 in both groups, except AEDW at days 150 in Group 1,
demonstrating more than 2.66. However, AE,,, and AE,,
were above 2.66 in both groups, except AE, in Group 2 at
day 7 showing a value less than 2.66. (AE,,,, is the mean color
change of distilled water, AE,.is the mean color change of
Coca-Cola, AE,,, is the mean color change of red wine and
AECF is the mean color change of coffee) In this study,
Group2 showed better color stability in red wine and coffee
in a short period of immersion (7 days). On the contrary, for
long-term immersion period, provisional restorative materials
exhibited clinically unacceptable color change.

Surface sealant coating agents are recommended for
the quality of the smoothness of materials by filling the
and defects that

microfissures form after polishing

procedures.'® However, the surface sealant coating agent may
lead to problems such as poor surface quality resulting from
high viscosity of the sealant and too rapid curing causing

uneven spreading.lg The related SEM microphotograph

Figure 3

revealed that Groups 1 and 2 possessed completely different

surfaces. Group 1 revealed many deep, large scratches and
porous structures, whereas Group 2 exhibited few shallow
scratches and a totally distinct smooth surface (Figure 3).
Furthermore, the use of a surface sealant coating agent in this
study resulted in a significant difference in lower AE values
for specimens immersed in high staining potential beverages
such as red wine and coffee, even though they were clinically
unacceptable.
The provisional restorative materials were
discolored to varying degrees by several beverages used in
this study. The discoloration could be caused by both colorant
absorption and adsorption. Small particles may have
accumulated in material pits, but large particles exposed on
the surface will generate surface roughness.20
Beverages including coffee, tea, red wine and sport drinks are
known for extrinsic discoloration factors in common daily
e.'" In many studies,”™ red wine and coffee caused the
greatest color change when contacting resins and the results

in this study also agree with those of related studies.

SEM image of surface of each provisional restorative material before immersion in beverages (x500), scale bar 50 um: (A) Group 1:

non-surface sealant coating; (B) Group 2: surface sealant coating




Coffee and tea contain tannin, a brown pigment that

can discolor teeth and provisional restoratives. Tannins are
high molecular weight molecules that can form insoluble
compounds with carbohydrates and proteins.25 According to
Snyder et al.,”* in reverse phase high performance liquid
chromatography analysis comparing between coffee and tea,
the stationary phase is relatively nonpolar, while the mobile
phase is polar. Because the yellow colorants of coffee are less
polar and less hydrophilic, they were eluted later and resulted
in less discoloration than tea consisting of more polar yellow
colorants.”’

The main pigments in red wine are anthocyanins
and their derivatives.” It may have a considerable impact on
the color change of provisional restorative materials during
aging, resulting in more color change of materials immersed
in red wine.”

Quite possibly, the acidic pH influenced the
materials' structure. Low pH beverages (pH 3—6) damaged the
surface integrity of a compomer by softening the matrix and
loss of structural ions such as calcium, aluminum, phosphorus
and silicon.”® " Initial pH of beverages was measured with
pH meter. The pH of distilled water, red wine, coffee and
Coca-Cola were 7, 3.7, 5.3 and 2.6, respectively. Although
Coca-Cola had the lowest pH and could harm the materials'
surface integrity, it did not discolor as much as coffee and tea,
which could be due to the lack of a yellow colorant in Coca-
Cola.

AERW and AECF in both experiment groups
revealed significant differences in long immersion periods. In
Group 1, AE,,, showed significant differences between days
7 and 150, while AE,,, in Group 2 exhibited significantly
differences in all measurements. AECF in both groups
displayed significant difference between measurement in
days 7 and 150. Therefore, within 30 days, specimens with
surface sealant coating immersed in coffee had better color
stability than that in red wine.

The color changing mechanism of materials can be
described by the water absorption’and filler content,
incomplete polymerization and the existence of air bubbles.”

Thus, long immersion time might cause excessive water

absorption and shorten the lifetime of composite resins by
expanding and plasticizing the resin components and
producing microcracks at the filler and matrix interface
resulting in stained or discolored provisional restorative
materials.” The color change of provisional restorative
materials depends on chemical and physical properties of
materials.’ A research question remains as to which type of
material has better color stability. Further studies of different
materials such as polymethyl methacrylate, polyethyl
methacrylate and other commercial Bis-acryl composite
resins should be studied. Also, experiments including various
types of surface sealant coating agents and analyzing the color

stability after thermocycling that simulated the oral

environment should be considered.

Conclusion

The effect of surface sealant coating agent on color
stability of Luxacrown, a bis-acryl composite resin after
immersing in different beverages at various immersion times
was examined. Within the limitations of this study, it could
be concluded that applying surface sealant coating agent
helps improve the color stability of Bis-acryl composite resin,
especially in a short period. Moreover, different beverages

also affect the color stability of this material.
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The Comparison of The Micro Push-Out Bond
Strength of AH Plus, Endosequence BC, and MTA
Fillapex Sealers: A Laboratory and Finite Element

Analysis Study

Tanintaraarj P* Nguyen TQ** Pholdee N*** Jainaen A****

Abstract

This laboratory study aimed to evaluate the micro push-out bond strength of 3 sealers: AH Plus, Endosequence BC, and MTA Fillapex. The Finite
Element Analysis (FEA) was built and estimated micro push-out bond strength to the laboratory. Thirty extracted single-rooted lower premolars were
instrumented and divided into 3 groups. All root canals were obturated by warm vertical compaction technique using a match gutta-percha cone and 3 different
sealers: AH Plus, Endosequence BC, and MTA Fillapex (n=10 roots/ group). After 2 weeks incubation at 37°C and 100% humidity, three slices of 120.1 mm-
thickness were cut 3 locations: coronal, middle and apical, for the push-out bond strength test. The failure mode of the sample was examined under 10x
magnification. Three samples size 2x2x25 mm of each sealer were prepared and tested for modulus of elasticity, and then the FEA results analysis was created
under ANSYS workbench. The micro push-out bond strength was analyzed using one-way ANOVA, and the correlation between the laboratory and FEA was
evaluated by the Pearson correlation test. The significance was set at p<0.05. Results of the laboratory test showed that AH Plus and Endosequence BC sealers
had a superior micro push-out bond strength compared to the MTA Fillapex sealer (p<0.001), but there was no statistically significant difference between the
AH Plus and the Endosequence BC sealer (p>0.05). For the FEA, AH Plus presented the highest maximum micro push-out bond strength at the coronal dentine,
followed by Endosequence BC and MTA Fillapex sealer (2.48, 2.16 and 1.23 MPa, respectively). The same results were found at middle dentine (2.19, 2.09 and
0.70 MPa, respectively), and at apical dentine (1.72, 1.63 and 0.43 MPa, respectively). The micro push-out bond strength from the laboratory and FEA had
highly positive relationship (r=0.869). In conclusion, Endosequence BC exhibited a micro push-out bond strength comparable to AH Plus, surpassing MTA
Fillapex sealer. The FEA test presented a highly positive correlation in micro push-out bond strength with laboratory testing.
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Introduction

The primary purposes of endodontic treatment are
to eliminate and prevent infection of the root canal system,
which depends on debridement, shaping and obturation
procedures. Gutta-percha cones are the first choice as filling
material due to their suitable physical, chemical, and
biological properties. However, gutta-percha does not bond to
the root dentine, which works as a piston to pull sealer into
the small and irregular spaces of the root canal system and
attach to the root dentine surface.' AH Plus is an epoxy resin-

based sealer, which has been widely used and considered the

standard sealer.”> AH Plus bonds to radicular dentine by
forming a covalent bond with the collagen matrix.*’
However, the moist environment of the root canal will affect
the setting process, hence, the bond strength of AH Plus to the
dentine wall will be decreased.”” The calcium silicate-based
sealers have been developed to overcome the moist
environment of the root canal. Endosequence BC'™
(Brasseler, Savannah, GA, USA) and MTA Fillapex (Angelus,
Londrina, PR, Brazil) are two of the most famous calcium

silicate-based sealers in dental market. They presented an
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excellent flowing ability, releasing calcium ions and bonding
to the dentine by a biomineralization process.8 Therefore, it is
essential to compare the adhesion of these sealers to radicular
dentine, which will provide new information for clinical
choice.

The micro push-out test is a modification method
that evaluates the bond strength of root canal filling materials.
In this method, a loading force is applied on the root canal
filling materials through a plunger until the dislodgement
occurs.” The plungers are placed on the center of root canal
filling specimen, without making contact with the dentine
wall. This method allows for evaluating the bond strength of
the root canal filling materials and the failure mode of the
bonding interface.'™"" However, the micro push-out bond
strength test can be affected by various factors, including root
canal anatomy, plunger diameter and sample thickness.”"" In
order to minimize the factors that affect the micro-push out
test in individual tooth samples, the micro-computer is
involved in tooth model creation for the Finite Element
Analysis (FEA). FEA is an engineering method that is used
to determine the stress distribution when a force is applied to
a structure by the numerical analysis of complex structures
based on their material properties. The fundamental principle
of FEA involves dividing the problem domain into elements
and connecting each element through a node."” FEA analysis
is performed by creating a mesh that contains millions of
small elements to form the shape of a structure. " For the study
of root canal therapy, FEA simulates and analyzes the stress
within the root canal and on the root canal wall.'"* FEA was
also reported to simulate a push-out test by established 3
parameters: the diameter of the pin, the specimen's thickness,
and the elastic modulus of the intracanal filler.”

This study aimed to determine the micro push-out
bond strength of AH Plus, Endosequence BC, and MTA
Fillapex to root dentine and evaluate the relationship between
the laboratory and the FEA test. The null hypotheses tested
were: (i) There was no difference in the micro push-out bond

strength of three experimental sealers; (ii) There was no

correlation between the laboratory and the FEA test for micro

push-out bond strength.

Materials and methods

Sample of study

Thirty-extracted lower premolar teeth with a length of
at least 15 mm from Cemento-Enamel Junction (CEJ) to the
root apex were used. After extraction, the teeth were stored in
0.1% thymol solution for disinfection. Then, the teeth were
radiographed in mesiodistal and buccolingual directions to
evaluate root canal curvature. Roots with a single-rooted
canal and a curvature less than 5° according to Schneider’s
method were included.”

Instrumentation and obturation

The crowns were transversely sectioned 2 mm below
the CEJ with a diamond saw (Isomet 1000, Buehler, Lake
Bluff, NY, USA) at low speed under copious water cooling.
To determine the working length, a K-file n0.20 (SybronEndo,
Orange, CA, USA) was inserted into the root canal until the
tip of the file was observed at the apical foramen. The file was
removed from the root canal, and the length of the file was
measured using an endodontic ruler. Then, the working length
was determined by subtracting 1 mm from the file’s length.
Thirty canals were prepared by WaveOne™ rotary instrument
(Dentsply, Maillefer, Tulsa, Oklahoma, USA) to size 40/08.
The canals were irrigated between each file with 5 ml of 2.5%
NaOCl. To remove the smear layer, the root canals were
irrigated with 5 ml of 17% EDTA followed by 5 ml of 2.5%
NaOCl. The teeth were randomly divided into three groups
(n=10). Then, the canals were filled using a match gutta-
percha cone (Large Wave One™ obturation, Dentsply,
Maillefer, Tulsa, Oklahoma, USA)) and warm vertical
compaction technique with one of 3 kinds of sealer.

Group 1: The canals were obturated by gutta-percha cone
and AH Plus™ Jet (Dentsply Maillefer, Tulsa, Oklahoma, USA)

Group 2: The canals were obturated by gutta-percha cone
and Endosequence BC™ (Brasseler, Savannah, GA, USA)

Group 3: The canals were obturated by gutta-percha
cone and MTA Fillapex (Angelus, Londrina, PR, Brazil)




Sealers were prepared according to manufacturers’

instructions. AH Plus" was mixed using the AH Plus Jet
mixing system with the intraoral tip. MTA Fillapex came with
auto mix syringe while Endosequence BC™ was a ready
mixed sealer (Table 1). The sealer was inserted into the canal

using a K-file no.40, the master cone was also lightly coated

Table 1

with sealer and seated to working length in a slow plunging
motion. The main cone was cut until 4 mm left at apical with
System B endodontic cordless unit (SybronEndo, Orange,
CA, USA) and filled up the rest of the canal with
thermoplasticised gutta percha with System B endodontic
cordless fill unit (SybronEndo, Orange, CA, USA).

Root canal sealers used in this study, with their respective manufacturer, composition and batch number.

AH Plus Paste A: Bisphenol-F epoxy resin, calcium tungstate, zirconium oxide, 0705000020
(Dentsply Maillefer, Tulsa, silica, iron oxide, pigments
Oklahoma, USA) Paste B: Dibenzyldiamine, aminoadamantane, tricyclodecanediamine,

calcium tungstate, zirconium oxide, silica, silicone oil y !""'"'"'J p—
Endosequence BC Zirconium oxide, filler, calcium silicates, calcium phosphate, calcium 15223-1

(Brasseler, Savannah, GA, USA) hydroxide, thickening agents

MTA Fillapex

(Angelus, Londrina, PR, Brazil) nanoparticles, MTA, pigments

Salicylate resin, resin diluent, natural resin, bismuth oxide, silica

Preparation of samples for micro push-out bond
strength testing

After the obturation process, all roots were
radiographed at labiolingual and mesiodistal directions to
verify the quality of root canal filling. The canal orifices were
restored with Cavit (3M ESPE, Seefeld, Germany). All
samples were placed at 37°C in 100% humidity for 2 weeks
to allow for complete setting of root canal sealers. Then, each
root was sectioned perpendicular to the long axis at 2 mm
(apical), 7 mm (middle) and 12 mm (coronal) from the apex
using a diamond saw (Isomet 1000, Buehler, Lake Bluff, NY,
USA) under continuous water cooling. The thickness of the

root sections was 1+ 0.1mm. Thirty slices per group were

tested for micro push-out bond strength.

The micro push-out bond strength testing

Each root section was mounted on a rigid metal plate
with the apical side facing to the plunger. The root canal was
centered above an opening hole of the metal plate to allow the
filling material to fall from the canal. The micro push-out test
was performed by applying a compressive load to the apical
side of each section by using plungers. The diameter of
plungers was selected according to the root canal diameter of
the slice: 0.8 mm for the coronal dentine, 0.5 mm for the
middle dentine and 0.3 mm for the apical dentine section
(Figure 1). The micro push-out bond strength was measured
using a universal testing machine (LR30K, Ametek Inc,
Pennsylvania, USA) with a crosshead speed of 0.5 mm/min.
The maximum force (F-max) was recorded in Newton (N)
and transformed to Mega-Pascal (MPa) according to the

following equation:




The micro push-out bond strength (MPa)=F,__/ A
A was sealer adhesion area in mmz, which was

calculated using the following equation:

A= TR + 1) [h*+ (R-1)*]*

LOAD CELL

TU = 3.14; R = radius of the canal in the coronal side;
r = radius of the canal in the apical side; h = height of the
specimen.16 The radius of the coronal and apical sides in each
specimen was measured under the stereomicroscope

(Olympus, Tokyo, Japan).

GUTTA PERCH, ‘
ll]r:m ‘\;{

SEALER

Figure 1 The illustration of micro push-out bond strength testing. The root section was affixed onto a rigid metal plate, with the apical side oriented

towards the plunger. The plunger was positioned at the center of the root canal (left image). Plunger diameters were chosen as follows:

0.8 mm for coronal dentine (A), 0.5 mm for middle dentine (B) and 0.3 mm for apical dentine section (C) (right image).

After the laboratory test, the root section was
evaluated with a stereomicroscope at 10x magnification to
detect the failure mode between the filling material and the
root canal wall.” The failure mode was classified as follows:
cohesive, adhesive, or mixed.

- Adhesive: The sealer was totally removed from the
root canal dentine wall.

- Cohesive: The fracture occurred within the material,
with the sealer covering the dentine.

- Mixed: Mode was a combination of two kinds of
failure: adhesive and cohesive.

Young’s modulus and Poisson’s ratio

Nine bar shape specimens were prepared using
stainless steel mold with the dimensions 25x2x2 mm according
to 1S04049/2000" from the AH Plus, Endosequence BC and
MTA Fillapex sealer. After specimens were set, they were

removed from the mold and stored at 37°C and 95% humidity

for 2 weeks to allow complete setting. The three-point bending
test was prepared using the universal testing machine (LR30K,
Ametek Inc, Pennsylvania, USA) with a crosshead speed of 0.5
mm/min and the load cell set at SON for maximum load. The
maximum values were recorded in Newton (N), and Young’s

modulus was determined as follows:

E=FL’/4bH’d

Where F was the maximum load; L was the distance
between the support; b was the width of the specimen; H was
the height of the specimen; d was the deflection corresponding
to load F."”

The Poisson’s ratio was calculated as the transverse to
the longitudinal strain, derived from the model validation

from the ANSY'S workbench program in FEA.




Finite element analysis

A three-dimensional sample of a lower premolar
tooth was created from a Micro CT scan (Skyscan Micro-CT,
Kontich, Belgium) and sectioned into 1 mm-thick slices
perpendicular to the longitudinal axis of the root,
corresponding to the laboratory preparation level. The FEA
models consisted of root dentine, sealer, and gutta-percha.
The simulation model had a thickness of 1 mm, with an
additional 0.01 mm layer of endodontic sealer. The FEA

model was fixed at the outermost of the root dentine surface,

Table2  Young’s modulus and Poisson’s ratio

and the nodal force was applied only to endodontic materials.
In the FEA analysis, Young’s modulus and Poisson’s ratio of
the sealers were determined through a three-point bending
test, while the values for dentine and gutta-percha were
derived from a previous study (Table 2).” The FEA results
were presented in terms of the maximum shear stress area
within the sample considered as a push-out test since this test
is modified from the punch shear test as its more suitable test
for evaluating the bond strengths of intracanal filling

. 21
materials.

AH Plus
Endosequence BC
MTA Fillapex
Dentine
Gutta-percha

* From the laboratory, **From a study of Belli et al, 2014”

Correlation between laboratory and FEA test

The means of the micro push-out bond strength of 3
experimental sealers in 3 regions (coronal, middle and apical)
were utilized to establish a comparison and determine their
correlation with the FEA test results through the Pearson
correlation test.

Statistical analysis

Homogeneity and normality of data were tested by
Levene’s and Kolmogorov-Smirnov’s tests. The outcome
data of the micro push-out test were analyzed statistically by
one-way analysis of variance (ANOVA). The correlation
between the laboratory and FEA findings was examined using
the Pearson correlation test. The level of statistical

significance was set at 00=0.05.

Table 3

Micro push-out bond strength in the laboratory

Coronal (n=10)

(Mean + SD)
AH Plus 1.22°£0.14
Endosequence BC 1.13°+0.18
MTA Fillapex 0.50°+0.08
p-value <0.001

0.074-0.079**

0.48* 0.1*
0.44* 0.1*
0.12* 0.1*
18.6%* 0.31**

0.45%*

Results

Micro push-out bond strength (Laboratory)

The mean values of micro push-out bond strength
(in MPa) for each group were found in Table 3, which
presented a comparison among different sealers. The
laboratory tests revealed that AH Plus sealer exhibited the
highest mean push-out bond strength across all three root
regions. In contrast, MTA Fillapex sealer demonstrated
significantly lower micro push-out bond strength than AH
Plus and Endosequence BC sealers in all three root regions
(p<0.001). Nevertheless, no statistically significant difference
was observed between AH Plus and Endosequence BC

sealers (p>0.05) in any of the three root regions (Table 3).

Middle (n=10) Apical (n=10)

(Mean + SD) (Mean + SD)
0.61"+£0.10 0.39"+ 0.04
0.56 +£0.06 0.37°+0.08
0.19°+0.06 0.16°+0.06

<0.001 <0.001

Groups with different superscript letters indicate a statistically significant difference within the same column (p<0.001).




Micro push-out bond strength (FEA)

The FEA test results indicated that AH Plus
exhibited the highest micro push-out bond strength (MPa)
among the three root regions, while MTA Fillapex displayed
the lowest bond strength, as detailed in Table 4 and Figure 2,

Figure 3, and Figure 4.

Table 4

Coronal

AH Plus 2.48/0.01
Endosequence BC 2.19/0.003
MTA Fillapex 1.72 /0.005

0.24385
0.010174 Min

®)

0.000 3.000 (mm)

(Maximum / Minimum)

Correlation between laboratory and FEA test

The Pearson correlation test assessed the correlation
between the laboratory and the FEA test results. The findings
demonstrated a highly positive relationship between both
tests, with a correlation coefficient of r=0.869 and a

significance level of p<0.001.

The maximum and minimum micro push-out bond strength in the FEA.

Middle Apical

(Maximum / Minimum) (Maximum / Minimum)
2.16/0.01 1.23/0.005
2.09/0.003 0.70/0.001
1.63/0.005 0.43/0.001

©

3.000 (mm) 0.000 3.000 (mm)

1.500 1.500

Figure 2 The maximum and minimum shear stress (MPa) in FEA at coronal in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).

3.000 (mm) (C) 0.000

(A) 0.000 3,000 (mm) (B) 0.000
1.500 1.500

3.000 (mm)

1.500

Figure 3 The maximum and minimum shear stress (MPa) in FEA at middle in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).

0.000 2.000 (mm) [ ) 0.000 2.000 (mm) ( ) 0.000
— ) — )
1.000 1.000 1.000

2.000 (mm)

Figure 4 The maximum and minimum shear stress (MPa) in FEA at apical in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).




Failure mode

Endosequence BC; coronal dentine 60%, middle dentine 60%

A stereo microscope at 10x magnification was used  and apical dentine 80%). In contrast, the MTA Fillapex sealer

to examine the failure mode of sealers. The failure mode of  showed mostly adhesive failure (100% at coronal dentine,

the AH Plus and Endosequence BC sealers showed 80% at middle dentine and 80% at apical dentine) at the

predominantly cohesive failure (AH Plus; coronal dentine  dentine-sealer interface (Figure 5).

50%, middle dentine 50% and apical dentine 70%,

Group
Adhesive failure
AH Plus
Coronal 30%, Middle 40%,
Apical 30%
Endosequence
BC
Coronal 40%, Middle 30%,
Apical 20%
MTA
Fillapex

Coronal 100%, Middle 80%,
Apical 80%

Failure

Cohesive failure Mix failure

Coronal 50%, Middle 50%, Coronal 20%, Middle 10%,
Apical 70% Apical 0%

Coronal 60%, Middle 60%, Coronal 0%, Middle 10%,
Apical 80% Apical 0%
o Wy
- 4
/ )
5 y
¥ s
” ‘: " J ’I(
Coronal 0%, Middle 10%, Coronal 0%, Middle 10%,
Apical 20% Apical 0%

Figure 5 The failure mode of sealers at 10x magnification at coronal, middle and apical sections in percentage.




Discussion

This study compared the micro push-out bond
strength of 3 kinds of root canal sealer and found a correlation
between laboratory and FEA tests. According to the results
obtained, the null hypothesis tests were rejected, as the one-
way ANOVA and the Pearson correlation test confirmed
differences in the micro push-out bond strength among three
experimental sealers and a correlation between the laboratory
and FEA.

The morphology of root canals varies among tooth
type and location. In this study, the anatomic features of the
lower premolar root canals were standardized by a proper
radiographic examination performed in mesiodistal and
buccolingual directions. Furthermore, we used the straight or
slight curvature root to eliminate the influence of canal
curvature. A large rotary file was used to complete the
shaping process to create a round canal, replacing the ones
with large oval canals or flattened roots. Importantly, the
three different punch sizes were used according to the canal
size: 0.8 mm for coronal dentine, 0.5 mm for middle dentine
and 0.3 mm for apical dentine. The same punch size to the
root canal wall was crucial to cover all the test material and
reduce the excessive force surrounding the canal wall.

The AH Plus sealer showed the highest micro
push-out bond strength at three regions of all experimental
sealers. This study’s result corroborates with previous

22-25
reports.

AH Plus shows good flow and adequate setting
time, allowing it to penetrate the dentinal tubules and lateral
canals. Besides, AH Plus can create a covalent bond with
amino groups of collagens in root dentine. These phenomena
will increase the bond strength and improve the sealing ability
by mechanical interlocking.’*”" Similar results were also
found in previous studies, which confirmed that the push-out
bond strength of the AH Plus sealer was higher than other
sealers.”®” In this study, although a higher micro push-out
bond strength was found in the AH Plus sealer, there was no
statistical difference between the AH Plus and Endosequence
BC sealer (p>0.05). Previous study also reported no
significant difference in push-out bond strength of the AH

Plus and the Endosequence BC.” However, some authors

found the opposite results when they concluded that

Bioceramic-based sealer presented a superior bonding force
compared to AH Plus sealer. Endosequence BC can release
calcium hydroxide and interact with phosphate in the dentine
wall to form a hydroxyapatite layer on the canal wall and
improve the bond strength.”*

MTA Fillapex sealer showed the lowest micro
push-out bond strength with a statistically significant
difference from the AH Plus and Endosequence BC sealer
(p<0.001). The low bond strength can be explained by short
resin tag formation in dentinal tubules and a high shrinkage
rate during the setting process.24 Previous studies confirmed

that MTA Fillapex presented the lowest bond strength to the
A weak bonding between the MTA

6,24,25,31,33,34
root canal wall.

Fillapex and dentine wall resulted from the composition of
this sealer. The salicylate resin is added to the MTA in a ratio
of 1:1, which allows MTA to be used as a root canal sealer.”
The high percentage of salicylate resin in MTA Fillapex is
responsible for its properties, such as long setting and
working times, excessive flowability, and solubility. The
decrease in volume following the setting time is found in

. .. 35,36
salicylate-containing root canal sealers.

This shrinkage
will lead to the formation of short sealer tags in the dentinal
tubules and increase the risk of sealer detachment from the
root surface.”’

The comparisons in the root sections showed the
highest micro push-out bond strength at the coronal region,
followed by the middle and at least in the apical part with a
statically different (p<0.001) (Table 3). The reason for this
finding may be the dentinal tubules are greater and denser in
the coronal region.38 In the apical area, the root canal exhibits
a narrower diameter, resulting in diminished smear layer
removal.” Conversely, the ease of removing the smear layer,
combined with larger tubule dimensions in the coronal
dentine, can improve the depth and percentage of sealer
penetration into the dentinal tubules when compared to the
middle and apical dentine."”** This improvement will
increase the adhesion ability of the sealer to the root canal

wall and prevent the dislodgement of the material filling in

the root canal.




Enhancing the bonding interface between sealer and

dentine wall is always the crucial goal in development process
of sealer. A high bonding will reduce the risk of creating root
canal gaps. In this study, AH Plus and Endosequence BC
sealers showed predominantly cohesive failure. In
comparison, MTA Fillapex sealer showed that the most
common failure mode was adhesive failure in the dentine-
sealer interface. This phenomenon could be explained by a
difference in micro push-out bond strength of 3 kinds of
sealer. MTA Fillapex illustrated the lowest bond strength, so
bond failure was usually present in the dentine-sealer
interface because the low push-out bond strength
corresponded with adhesive failure and dislodgement at the
dentine-sealer interface.”** AH Plus and the Endosequence
BC presented a superior bond strength to the dentine wall,
therefore the bond failure usually occurred in the gutta-percha
cone-sealer interface, ******

In root canal treatment, if endodontic materials have
a modulus of elasticity similar to dentine (10-20 GPa), a
monoblock unit can be created in the root canal sys‘[em.47 The
monoblock unit can prevent stress concentration at their
interfaces, reinforce root and reduce tooth fracture in the
masticatory and restorative procedure.‘";'51 Gutta-percha and
sealers have been accepted as the standard material in
endodontics, so sealers should have the same physical
properties as dentine. However, no information has been
available for the modulus elasticity of the AH Plus,
Endosequence BC and MTA Fillapex sealers. In this study,
the three-point bending test showed that the modulus of
elasticity in the AH Plus, Endosequence BC and MTA
Fillapex sealers were 0.48, 0.44 and 0.12 GPa, respectively.
The modulus of elasticity of experimental sealers was much
lower than dentine (18.6 GPa) but relatively higher than
gutta-percha (0.074-0.079 GPa).” The modulus of elasticity
of root canal filling and sealer should be close to dentine to
distribute stress and prevent root susceptibility to fracture.”
Therefore, with a relatively low modulus of elasticity of the
three sealers, these would not be able to resist fracture of root

dentine. Poisson’s ratio is a mechanical parameter describing

the material’s elasticity property. In the laboratory, it has a
value between 0.0-0.5. The model validation of three sealers
showed a Poisson’s ratio value of 0.1 and correlated to the
brittle material.” Therefore, the monoblock concept of root
canal filling to enhance fracture properties of root dentine has
been questioned.54

In this study, the results of the FEA test were higher
than in a laboratory. FEA was a computerized simulating
program that could define a specific position, direction, and
magnitude of the force with no confounding factor.”
However, the relationship between the micro push-out bond
strength from the laboratory and FEA with Pearson
correlation had a strong positive relationship (r=0.869 and
p<0.001). With the high correlation, the FEA test can possibly
substitute laboratory study for evaluating new material micro
push-out bond strength by adding Young's modulus and
Poisson's ratio of each new material. The advantages of the
FEA method not only help eliminate the limitations of
laboratory tests, such as the variability of root canal samples
and technique sensitivity of laboratory study, but also reduce
cost and time in laboratory work. Although FEA is a useful
and multifunctional technique, it has some limitations. The
precise simulation of the structure of teeth remained a
challenge for FEA. Furthermore, most of FEA experiments,
this could assume that the distribution of forces on the canal
surface is uniform.® The FEA technique is not clinically

applicable compared with the conventional laboratory study.

Conclusion

In the confines of this in-vitro study, the findings
indicated that Endosequence BC exhibited a comparable
micro push-out bond strength to AH Plus, surpassing MTA
Fillapex sealer. Consequently, Endosequence BC emerged as
a superior choice for root canal treatment. Additionally, FEA
proved a valuable tool for assessing the push-out bond
strength of root canal filling materials, given its strong

correlation with laboratory testing.




Clinical relevance

Endosequence BC sealer should be regarded as

superior material options, particularly due to their high micro

push-out bond strength to root dentine, effectively mitigating

factors contributing to post-treatment failure.
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Faqgunsaidmiumsiamsilad luaisod
153 unouInda (Resin composite) du17ga 2 ¥iia laun
indes Naeidnd (Clearfil AP-X, Kuraray; Okayama, Japan:
Agu CX) & A2 uaziudfla®idnd (Metafil CX, Sun
medical, Shiga, Japan; nqu MX) @ Al Tunisilaiuga
vousguasy Indaytialamaans 131518049 (Filtek
7350 XT, 3M, Minnesota, USA; FT) & A6 Tagl4anstia (Bonding
agent) 2 uuy 1aun indesfla’lasieauoudgiinessoa
(Clearfil Tri-S Bond Universal, Kuraray; Okayama, Japan)
waylavs ﬂ‘U@‘mﬁ' M (Hybrid bond ONE, Sun medical, Shiga,
Japan) Wi Endmua drulszneunanveiagysue

IFUADN INFAUADEFUA (A1519N 1)

Table 1 Main components of resin composite
sFuneNInEn Clearfil AP-X (CX) Metafil CX (MX)
Gl A2 Al
é’waﬂ Kuraray Sun medical
szianeymaduau Microhybrid Microfill

WNINHIFY  Bis-GMA 1192 TEGDMA UDMA 112 TEGDMA

peAsznoy
o a silanated barium glass filler, silanated silica filler TMPT (organic filler) 8% colloidal silica
DUNINNAUAN ) . . . .
° 1A silanated colloidal silica (inorganic filler)

VUIABYAA 1-3 Um 0.02-1 Pm
oAU 86% Taglmiiin 3o 70% laell5uns Tnorganic filler 27.2% lao1/5uas
SWamMAUAUM (Lot number) 140115 FE2403

bis-GMA: bisphenol A diglycidyl methacrylate; TEGDMA: Triethylene glycol dimethacrylate;
UDMA: Urethane dimethacrylate; bis-EMA: Ethoxylated bisphenol A diglycidyl methacrylate;

TMPT: Trimethylolpropane trimethacrylate
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Taald m%q Formlabs Form 3B+ (Formlabs, Massachusetts,
UsA) (31 1)
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Figure 1 A resin sheet with 8x8 millimeter openings, a total of 6

openings, and a thickness of 1 millimeter
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Figure 2 A resin sheet with dark-colored resin composite of A6 shade

inside, before being sealed with white-colored resin composite
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Figure 3 A simulated diagram illustrating the steps of creating a resin
composite test specimen
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Figure 4 Resin composite test specimen (A) Resin composite test

specimens of type CX with thicknesses of 0.5, 1, 1.5 and 2
millimeters (B) Resin composite test specimens of type MX
with thicknesses of 0.5, 1, 1.5 and 2 millimeters
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Figure 5

Funand (ﬁ; 21) Lm%ﬁ:uﬂﬂﬂﬂil (c‘?'f 11) voussunen Inaaluuuudiassyestn Lﬁfﬁﬂmiﬂﬂ‘ﬁﬁ")ﬂmm@ﬁ (A) 15BUARN NG
il CX inrum 0.5 faawas (B) sduaenIndaria CX finnwmu 1 fadwas (©) sdunenIndasia CX finnwmun
1.5 Haawas (D) 15Funeu Indayiia CX fiarmumun 2 dadwas (B) 5Funay Ingaria MX fiarumu 0.5 Hadmns (F)
isFuneN TWAAYIa MX AnNuyun | Jaawas (G) sFunay Indaria MX fianumun 1.5 aamns (H) 15Funon Ingasia
MX fiarumin 2 fiadwas

Test specimens (Tooth 21) and control specimens (Tooth 11) of resin composite in dental model, for assessing human visual shade
matching (A) Resin composite type CX with thicknesses of 0.5 millimeters (B) Resin composite type CX with thicknesses of 1
millimeters (C) Resin composite type CX with thicknesses of 1.5 millimeters (D) Resin composite type CX with thicknesses of 2
millimeters (E) Resin composite type MX with thicknesses of 0.5 millimeters (F) Resin composite type MX with thicknesses of 1
millimeters (G) Resin composite type MX with thicknesses of 1.5 millimeters (H) Resin composite type MX with thicknesses of 2

millimeters
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Figure 6 Line graph demonstrates the correlation between each group's 15-Sum masking median (Blue line) and the AE mean (Red line)
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Masking Efficiency Measurement of Resin
Composite Using Human Eyes Compared with A
Spectrophotometer

Nantasen K* Piemjai M**

Abstract

The masking efficiency of resin composite affects the aesthetics of dental restorations. There are several methods for measuring color masking.
Using the human eye has the advantage of being easy to perform, but the drawback is that it is unreliable. Using a spectrophotometer has the advantage of
being more accurate, but it can be more challenging to use. In clinical practice, color selection for dental restorations is often done using the human eye.
This research compared the masking efficiency measurement of the human eye and a spectrophotometer. Two resin composites, Clearfil AP-X shade A2 and
Metafil CX shade A1, with 0.5-, 1-, 1.5-, and 2-mm thickness levels, were restored to measure color masking using the human eye and a spectrophotometer.
The results were analyzed using Sum masking values obtained from the human eye and A\ E values obtained from the spectrophotometer. It was found that
both values were correlated. In summary, the masking efficiency measurement of the human eye corresponds to the spectrophotometer. The Metafil CX resin

composite has higher masking efficiency than the Clearfil AP-X in achieving an aesthetically acceptable shade.

Keywords: Colour masking/ Resin composite/ Human eye/ Spectrophotometer

Corresponding Author

Morakot Piemjai

Department of Prosthodontics,

Faculty of Dentistry, Chulalongkorn University,
Patumwan, Bangkok, 10330.

Tel. : +66 81 820 0234

Email : Morakot. T@chula.ac.th

* Postgraduate, Master of Science Program in Prosthodontics, Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok.
** Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok.




A d Y 4' d' Y v a
qumm‘smuazﬂmﬂmnﬂwmﬂunmnﬂiﬁﬂﬂ@ﬂ
dNITUNINAVUNIBTIaINITHIfasnssuyest 1nuay
NIZQANUINTS INT

a o a o o o v Ja o a a 14 !
YUY UYUAT* Fsan3 gITTUNA* AUANA D1NITITAH* IA1I0Y 35&’@7‘#7&7@** A ITTUTITUETF** UNUT ﬂﬁ'maau****

UNARED
. . ,

Tjﬂi]ﬂﬂaﬂ!ﬂll‘l’l!nﬂ‘lluﬂ"Iﬂ?fﬁ\ifﬂi?’l"lﬂﬁf]ﬂiill fle T?ﬂi]@ﬂ@ﬂ!ﬂﬂ‘l’llﬂﬂsﬂuﬂ7&Wﬁ@ﬂ75ﬂ7ﬁﬁﬂﬂ571’ wmﬂmﬂmiﬁmmaYHTNWHnnﬁ 745?]
Wﬂé‘]f@ﬂlﬂﬂ?ﬂlﬂ\?ﬂﬂlﬂ53\7‘]’?&7’”5??LI”T?\T 48-72 ‘F?TJJ\] f”jﬂﬂlﬂ71!(517\71/55!7]?/Wﬂﬂﬂﬂﬂ75ﬂlﬂ75!ﬂﬂTiﬂl]ﬂﬁaﬂlﬁ'ﬂﬂ!ﬂﬂsﬂuﬂ757’7@\7ﬂ157’7ﬁ'ﬁﬂﬂ551"ﬂ5\7
ﬂ?ﬂl!ﬁ;’ﬂf&'ﬂﬁm7ﬂ57,Zﬂifﬂﬂﬁu 18.8 7” 'Z‘Vlﬂﬂq 'lellﬂ75ﬁﬂ75]7!ﬂﬂ?ﬂﬂﬂﬂﬁﬂ75ﬂ!!lﬂwﬂﬂﬂﬂﬂﬂl’wuﬁﬂﬂlﬂﬂﬂ7?wL! miﬁ’ﬂymllimm/ju ﬂdﬂlw@ﬂﬂy"l
E)Uﬂﬂ"liﬂlléﬁé'ﬁﬂﬂﬂﬂﬂﬂﬂ??ﬂﬂﬂwuﬂﬂﬂﬂ"lﬂﬂﬂ Timlﬂﬂamﬁ’ﬂmﬂﬂ‘ulm75174mmjvnﬂﬁfmjii/wa\n/mua::nj::ﬂmnﬂii'Zﬂi ﬂ"ljﬁf”sl"li!!i]”ﬂ"l?ﬂﬂlfl
1!1]1]?1]‘1/7\774‘”7!‘11\7?!?7773”!!7_]1]‘51@‘1/?7\7 !ﬂﬂ‘l/@llﬁﬂ"lﬂﬁ?ﬂﬂ"l\?ﬂ?u?u 93 57&7"7""Iﬂﬁﬂﬂiill‘]fﬂdi]”lﬂ“ﬁ;’ﬂi:fﬂﬂ?l7ﬂ557ﬂ7 3l Ii\?WffllﬂﬁW”ﬁﬂiilJ f213704
Wuﬂl!WWﬂﬁ'7ﬂﬂj uae 75\7Wﬂ7ﬂ7ﬁﬁ'5uﬂ5u7’li ﬂﬂ!&’“w‘nffﬁ'?ﬂﬁi llW"lfJWﬂ"lﬁﬂﬂlﬂu“ﬂu Nﬁﬂ"liﬁ'ﬂH?WU?"Iﬂﬁllﬁ?ﬂﬂ"N!ﬂﬂIfﬂﬂ@ﬂﬂﬂ!ﬂﬂﬂn’wa@ﬂ?i
W7ﬁﬁ3ﬂ55ﬂﬂﬂlﬂu5@ﬂﬁw ]08 Tﬂﬂﬂﬂﬂff‘nﬁ'ﬂwuﬁﬂﬂﬂ"lﬂﬂﬂ Tiﬂ 'Zﬂl!ﬂ @"mﬁxﬂlﬂ 55 7_/5!/1'!,11] nmmﬁ’aﬂniiﬂnmnmv 360 7«”7” N30 Uas ASA
classification Faudzeay 3 ul muwﬂwnuawmm 55 Tl Tomaidn Timlaﬂammmmmvmlwmlawuaam? 557 8927.750M uﬁ:mlm‘n
ill?ﬁ"l‘n"lﬁ'ﬁﬂﬂiillil"lﬂﬂ?"l 360 UIN ll?ﬂﬂ"lfﬂﬂﬂ Tjﬂi]f]ﬂ?]ﬂ!ﬂﬂll"lﬂﬂ?"lﬂjj?ﬂ?’llli:fﬂ&’l?ﬁ"luﬂﬂﬂ37 fN 7.91 Wn miﬂﬂymﬁ’ii/?mmllﬁmimmimﬂTjﬂ
ﬂﬂﬂaﬂlﬁ'ﬂﬂ75T/iﬁ\?ﬂ771’]"lﬁ'ﬂﬂﬂjjll‘ﬂ@\ﬁhﬂllﬁ:ﬁ”ﬂijYﬂjﬂﬂﬂjuf@ﬂﬁw 10.8 TﬂﬂWU?"lWi/?ﬂ‘nllﬂ"lﬂ@NMﬁ 55 7_/5'/1'!?7] !!ﬁ;’Wi]?ﬂWll!?ﬁ77’7ﬁﬁﬂﬂ55ﬂlﬂﬂﬂ?7
360 UIMN llﬂ?7i/ﬂllwuﬁﬂﬂ!ﬂﬁTjﬂIl@ﬂZ‘]ﬂ!ﬂll‘VHﬂﬂ‘UlJﬂ757’757\”775W7ﬂﬁﬂﬂ55ﬂﬂﬂ7\77ﬁﬁ7ﬂ

o o ws ’3 o {a < o o o o '
ﬂ'ﬂ"l??’fﬁ: @Uﬁﬂ"liﬂl/ Tjﬂi]ﬂﬂ@ﬂlﬁ'ﬂﬁ!ﬂﬂ;l]uﬂ7574@7\7ﬂ757’7ﬁ'ﬁﬂﬂ55ﬂ/ P/ﬁﬂﬂijﬂ‘ﬁﬂqﬂ7ﬂ!lﬂ5ﬂ5$@ﬂsll"lnij,Zﬂi

Received: Oct 21, 2023
Revised: Jan 15, 2024
Accepted: Feb 08, 2024

NN

o g {
Tsadeadniery (Pneumonia) 11U 12 NNNIS
o A A A a Y
anduveiloollon (Lung parenchyma) ‘I/l!,ﬂﬂhlﬂmﬂmi
a d’l 1 1 a tﬂy a dy Y =
ﬁﬂl‘]ﬁﬂllﬁgvlllsh)'ﬂ'ﬁﬁﬂl%ﬂ mmmmmmiuﬂamnnmm
4 o = ' !
W30Ned0919 Swunilszineamilu 4 ngu Tdun Tsn
oaonay "lu@gu %1 (Community-acquired pneumonia; CAP)
Tsadoaonaululsaneruia (Hospital-acquired pneumonia;
o Ad 9 o A ' i
HAP) Tsateasnauinineieanuniossiels (Ventilator-
acquired pneumonia; VAP) ttaz Tsateasniauiitnedtes
AUMIUIMS YUNN (Healthcare-acquired pneumonia; HCAP)1
Reechaipichikul” S wiunuag 1o Isatoasniaungu
1 3
nnasnmsaarelulsaneruia 3 ngu ldun hospital-
acquired pneumonia (HAP) fi® 15ndeasniauitianiadain
Y Y o o o A 3 '
@'lhﬂl"llTWﬂiﬂH"Iﬁ')V]I'i\?WEJ"I‘]J"IﬂHJu!’JﬂﬁJWﬂﬂ’J"I 48
#2139 Ventilator-acquired pneumonia (VAP) Ao Tsndon

o A A P} o A ' & PR Aq ¥
antauNneIvoInunIeeseritelagany ludgienld
193999528118 191 1UNINNI 48 ¥ Tue 1Aae healthcare-
v Y
acquired pneumonia (HCAP) A 15ndeasniauitiavuny
v A 9 3 ° ' U Y o
Aihenioen Tsaneadluilse s gihediuns
T T ¥
Won'lanielu 30 Tu dilen a5 veuatiiiomssnyuile
I
390 (Chemotherapy) Wudu
v 3

Tsmleasni@uninarunieraInIsiidasnssy

(Postoperative pneumonia; POP) #1804 15ntleasniaun
3 k2
NATUMENAINTINAasnssu o1na ldanmsaaie 1y
Tsanennansennnsearierielaluriaszezinar 48-72
M < A & Ada 4 ) A Yy o
¥ Tue WunsaareninuneIvesrso lnaneany
9

vsnamadumels Taaweanusnuasaauuaziasa

o

Y 1 a 4" VoA Y a
91115z Igmaaniele isenquiniih lvifialsniea

S A

v Y = A Ay a
i’)ﬂlﬁ‘]_lllﬂllﬂ UUANLTBUNTUAY LUANITINADINTITIDONELAY

*1PAAYITUAUNNG AMSTUAUNNEMAnT ¥MIINGISEVONUAY BuUNBITEN TaH TAYELUAY

YL IITUAMEITUGY M3 e Tuleeiy aussuauIemans uMIne1deveuLAY Sunetied sanaveLuA
o 913915983081 AMEUNNEMans uMINeBeVe LAY BuABLTE FINTAY AL

wxer gy 13Fasmansvesthanazuinga lanliFea ausiuaunneman’ v inendsveuuay unedod saniavenuny



Tumsiele 15U Pseudomonas spp., Klebsiella spp., Enterobacter
spp. 1Azd 1™ 01msnnainvesdilie Tsnleadniauy
wu wgladnnn lo @esmelarang 119 aziaung™
Loeffelbein D’ 118 Combes J* wudaenssusestnuas
va C4 a @
N52NUINT3 Ins wuguanisainisina Isatoasniay
Fa
menaamsnidasnssnldsesas 18.8 UoNIINLAAENITTY
8 g v w ' o o
Usziandunansany ldmudy 1wy dasnssurialavaz
1572980° (Cardiothoracic surgery) nu'ld¥osaz 3.3-3.6°
=1 (B ] & d‘ @ a
winiimslaneslemeliseginsalineavesnumadn
1 Y A ds! I 9 11 <
welasrudrerzimuywiuiovas 32" daenssuiloany
185000z 2.9-14.6" " Taedilends umsihdaonssuten
1 [ 3 d' d' 9 @ a =\ wa o
wnuiulsanmedesnumaduriieleeziigiansal
A 2 g ' oAy o g {
v uiooas 13-14.6™ uanaennngui i ulsan
Moatesnumaudumislesgligiamsaiiiedooay 29°
faonssulsznnoun lunerdosnumaauniels
o o ] A o
MIMAUNITUAANTEG NI (Knee amputation) WUIGITANI0I
Y
Souaz 4 1In@1eNINA 6,839 310"
Damian D" Ainyiasenduius duamzunindou
] Y
naszuumeslaNnaIUNaIIIAasNI TN WU URAAIY
3
uMsAFoUNNIzUUNIE1e 36 318 910 110 318 Taeidlulsn
Fa
oaonidy 10 318 WonN1NH Loeffelbein D’ Ruohoalho'’
ey Xiang B wunasenfinnuduiusiumaialsn
Yoasniaumenaimsidaonssy Taun o1g e msgu
YWT A1AFHNIANIE TZUVTMUNADIULNIINIGNIN
DR} = Ay A S 1 A
vo I oM TagauinuddyQuundunouini (ASA
classification) N131912A0 (Tracheostomy) AL FUAVDITOY
faraonan luNIIZAD TLELIAIMTIIAAYNTIUUIY
' aS Y1 d‘d a = 1 [
191 500 W19 wazdi NNz UL UAMABININAT 3 TU
L% ! Y d‘d =) 1 v A \
wazdanun giheniieryg 60-70 1 Arawstinianeunn
30 uaz ASA class 3 eliaNUFsINIzina lsatleaoniay
3 v
VINVU LazMIAny1ved Li L” §anuinladeniinanenis
LﬁﬂTiﬂ1Jaﬂﬁmﬁ‘umaﬁﬁeﬂﬁﬁﬁaaﬂﬁuﬁﬂmim“ﬂa
sawa2e laun mee 01guINna1 60 1) ﬁuum Aueaall
Funa1uIy 1agsLeLna11L AU FaaeanAed)
MIANYIVDY Vasudevan K ﬁwuﬁmqﬁlﬁmumamﬂaﬂ
@ o J o a [ o
Ianudunusnunmsinalsneaoniaunionasnis
idaonssu TaedileMinalsaleasniausiuiu 9510
g; I Y A T =t =3 =®
wuilugihenieguinnii 75 u1nda 8 918 MK
VY94 Hackett” wm’wﬁ'ﬂwﬁ"lﬁ'i"umiﬂiwgﬁu ASA Tu

@

ITAUFI S 11ﬂﬂﬁﬂﬁlﬂﬂﬂW’J”miﬂcﬁiﬂuﬂﬁﬁ‘uumamEJ‘]J

@ 1

ﬂ‘]Jf‘l’diJ‘I/lulﬂi‘]Jﬂﬁ‘]_]'i“’muclui ﬂ‘]J?ﬂ uaﬂmﬂu Wolfer S™

&l

U U d'd = U o a

wuniheniisaiinaanmennniunas (25kegm) inalsa

[ [ o a I
oadntaumendamsviidasnssuaailudosas 81910
nanua Tsatleas nauiinozny 2 3ana1 1aun 129 12 51

¥
usnuaiIAaenI sy Taungu19InNIsaAAEeINN1g
MAQENTIN Hag $39 6-7 TUNAINIAaoNTIN DA UHa
k2

nnmsaareluIsane1una® mMsany1 Zhoa T WuMI
quannuazeinluyesinazaanuasslumsnalna

o aan @ d” JY & < o
oasnan 1@ laeiasmsaail 1amnemdaranuazein

H ad a H X ] 4

Munazimion lHienasandausinounainon ¥
Turearin lgualseaiulumsvianuazeinseain 14

= A d o a 3.‘ o o
wlsaaiunseginsalianuazetariianouind1msy
o ] Caul '
manuazeraiuaeluyestn wazginssinesae
wiele

~ = ' = o
Tvaremsanerluaralsamamneinulsatlea
@ c:' a 2 [ o w k: 1 [~1
snguinadunenainsiidaonssy edaulugiiu
¥

=2 o 4 ¥ = 1= =2
ﬂ”lﬁﬂﬂilﬂuﬁaﬂﬂﬁﬁﬂﬂigm'ﬂﬂu‘] Vl\iuﬂ\illllilﬂ”liﬂﬂﬂﬂu

Yo
AAA v

. A s A
dszinalne Judlunuvesmsanuitiniidaglszasiie
Anyigiianisel uaziadeiduiusnunisialinilea

' Y
sniduinadunIenaInInmMsidasnssusestinuaz
= Ay v ° <3| Y
N3z Ins wavinmsaned ldvzihwuiudeya
& o 1 9
wugulumswauazlsulyeszuumsquagilien
Aaonssureihnuaznszgnuings Iniae 1)

Faqainsaimazizms

msanifumsann hidhaniEnset
(Prospective analytical study) ﬁﬂmuamﬁu%gaﬁﬂaﬁﬂ
Aaonssureainuaznizgnuings Ins negieuaziieq
e 2 13aneIU1a AN TN AN TUALNNIMEAS LAz
voihouayosrida alsanernasiuniuns aus
unmesEns un1inerdeveuuny sEH319uA 20
NOATMYU 2565 SeSuii 31 Foman 2566

NQNAIRENS

Fredrelumsiin fie Athefidrsumssnma
Aaonssurestnuaznizgnuings Inimeldmseuendau
Taefinaain 19 lumssadh (nclusion criteria) Ao fil267i7
anuialnanded18Tumssnumedaonssusennuay
nszgnungs Insmeldmsaerdaunnate wazinwain 19
Tunsdaoen (Exclusion criteria) Ao 41267 Hdoyal
AsudIu H3e danuAanaralumsitiitelsatleadniay
szwinmanudeya deee Idunnamsdenuuy gy
GEANERER (Non-probability purposive sampling)




< Y
matiudeya
A A A = A = IRl
iwsesienlFlunsdny fe nwszidoudihe na
A2 o9l §IIANT e N IND1051dNT2900 (Chest x-
< o &
ray PA upright) Taeinudoyaasil
1. Foyanalil wu ma 01g Tsmlsziias msau
A A s A v
IATRIANLDANDEDE MIGUYHT 1Tudu
2. Yeyanndaonssu iy Uszinnau szoznm
o w a A Y I Y
Midagnssu Usmnamsga@anon azunsndou Hudu
3. FoyanaIdyYING1 15U ASA classification,
Mallampati classification, 11IgUNIAFOUTEH I ldN9A e
I
maly duduy
4. doyandsdaonssu 1wy szezna1inyAlu
4 ' I
Tsawenna szeznanlfasosomels dludu
Y aa o o A a é’
5. Yeyamisidanelsnleadniauninavy
o o = = o Aa 2
NINAINMIAENTTN FIHW10De 15Atendniduninaiu
4
MoNaINITRITanssy o19tnaldasnaisaaiyelu
Tsanenunaniennniearerielalugiessezinal 48-72
F1ue* Moz lasunndnylfiialaolHinaa
Tun5IHaR0UDY Reechaipichitkul V. ABA18598N5 900
d'd @ 9 Y v @ ] @
Aianvaznldnulsaleadnay 19y nuanyu
y = g L}
ynavulniunsndud11U1u1ea (New pulmonary
Ed
infiltration) 31 UMIATNUEIYAL 2 Tu 3 T8 dane lii
1 =y <
) 191071 38.3 earusaiFea 2) tiadeavinluiden
[ Ja A <
11NN 12,000 1¥AE/QRINARIAAINAT W30 1AADAYT
1 sa A =t
Tuideafosni 4,000 wad/gnunaniaamag 3) aumnedl
o I . 7 = d v ' dy
anvaziluvues (Purulent secretion)” HINUNAINA1IU
innu¥esas 69 uazanuiume fowvaz 75
M5Ans1HveYa
Ya o K vd v = 2
amziIvovziudinudoyaosnaeanisanyiil
ieyaindmngdadaganssau laun anwd feoaz
' = ' A <
Aunde daruouuuniaigiu idudu naznaaou
o 4 Y aa a a 4 Y aaa L4
ANuduus laeldadamadinsizy 1aun adainszy
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dahs o 93 5o Suunidhumao Yovaz 44.1
wasnAnGdouas 5.9 019351319 7 54 827 01ginde
31.1+20.971 nqudl0d19liAIAslLIaN180gI LTI
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doyana lvesnguiiedis
Demographics data

Yoyadnuaeiill
WA
- %0 41 (44.1)
N 52(55.9)
21y (1) 31.1220.97 -
AwriuIane (kg/m’) 20.15+3.75 -
voyatladumanaanssn
yiladaonisy
- ﬁaﬂniimﬁa%’nyTwm%ﬁmwiwﬁmﬂ1n‘imﬁ'umimmmm3mi 15 (16.1)
- dasnssuitednummsanmluyesthn Taslilimaysazaiwims 9(9.7)
- asnssuioud lvanwuAnUnAvesmsaviuuaznszgnuings ns 10 (10.8)
- ?Taﬂniimﬁauf’l'"lmmazmmméammuTWi 32 (34.4)
- fagnssuiiomsSarIAMzAaie 8 (8.6)
- dasnssudoneinislng 1(1.1)
szoznaihdaonssu (W) 216.81+187.69 -
MINZAD 12 (12.9)
Pnamsgqadaienssyinamsnda (EBL) (ml.) 288.31490.34 -
YoyatlademIdaydy
ASA classiﬁca'tion
- szianin 60 (64.5)
- Asziani 2 16 (17.2)
- ﬂizmﬂﬁzémﬁu U 2(22)
- szian@ 3 15 (16.1)
Mallampeati classification
- szianin 65 (69.9)
- Asziani 2 22(23.7)
- sz 3 3(3.2)
- Yszani 4 1(1.1)
52021221ANOEAY (mins) 253.124205.56 -
VoyanaIimsifagns
szoznarlumsueulsanenna (iu) 9.08+14.57 -
fihei 1d5umsiiisoiiulsmleadniay 10 (10.8)

i duiusiunisifalsnlen
SatauRiAa umendanisidasnssuseailin uas
n529nuInss Ins Taeldadadinsizinitede (Bivariate
analysis) TavtitTsonanyn 14un mer 91g AMABUNIANMY
SLULNMAAONTTY FLULMANTITAL msqqu‘%' M5
1D ASA classification7s 11 Mallampati classification WM
TsoRduiusiuTsadeasnauiifaauniendins
dasnssuyesthn uaznszgnuings Insedatived iy
NMIABAT p<0.05 fie 81g 1912AB 32U IFABNT TN
TLULINAVYITAD LAY ASA classification (m‘mﬁ 2)

dehmsdinazideyadieadiftingzioanes
wuunyldy lavain (Multiple logistic regression) 1nAla

forward stepwise Tagidendauilsnadaiiiiunsiinsz
mmm?ﬂﬂﬁ'ﬂﬁmﬁmswﬁwm’wmjuej’ﬂwﬁﬁmqé’md 55
I flemmnalsndeasniauiifiaduniondanis
Mdasnssurein uaznszgnuings lnsuinndingu
fleiifiogtosnt 553 Aaflu 27.75 11 (Adjusted Odds
Ratio = 27.75 , 95% CI = 4.40 - 174.84) nag f 10 qui i
32821 MNAAENIIVNINATT 360 W1T Wlomainalsn
Jeasniauiiiadunendanisiidasnssuseatnuaz
n3zgnuInIs Insinnninguiiiiszesnanhidasns sui
FENI9 0 D9 360 W13 ATl 7.91 111 (Adjusted Odds Ratio
=7.91,95% CI=1.04 - 60.13) (Gﬂi”l\ﬂ?i 3)
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Table 2 Factor related to postoperative pneumonia after major oral and maxillofacial surgery are analyzed by bivariate analysis

Tiinalsadeasniay inalsadeasniay
S Gewvay) U Gevaz)

N
- g 35 (85.4) 6 (14.6) 1.151 0.283
- WA 48 (92.3) 4(7.7)

21¢
- 093547 72 (96.0) 3(4.0) 18.41 <0.001"
- 55Tl 11 (61.1) 7(38.9)

ﬁﬁﬂuﬁu'ﬁamﬂﬂumﬁﬂ (WHO, 2022)
- fnIunmEl (<18.50) 30 (96.8) 1(3.2) 4.728 0.094
- audIu (18.50-22.99) 40 (88.9) 5(11.0)
- wn (>23) 13 (76.5) 4(23.5)

MIGUYHS
- ligu 75 (90.4) 8(9.6) 0.998 0.318
- qu 8 (80.0) 2(20.0)

ASA classification
- ASATiAZ ASA I 74 (94.9) 4(5.1) 15.942 <0.001"
- ASA I 1Az ASA IV 9 (60.0) 6 (40.0)

Mallampati classification
- Mallampati T 59 (90.8) 6(9.2) 0.344 0.558
- Mallampati 1T 19 (86.4) 3(13.6)

sTaznMANENTAD
- 004360 WA 72 (93.5) 5(6.5) 8.460 0.004"
- 119071 360 WA 11 (68.8) 5(31.3)

STELNMMAENITN
- 004360 W 75 (93.8) 5(6.3) 12.1 <0.001"
- 119A71 360 WA 8 (61.5) 5(38.5)

19151
- laivh 77 (95.1) 4(4.9) 22.115 <0.001"
- m 6 (50) 6 (50)

o o aad o
A Aynananszay p<0.05

]

M3 msdmneddseiidniusfunnie lsadeasnimuiiiatunondinisidasnssugetn naznszgnuIngs Ins lagld
’daaﬂﬂﬂﬂﬂuUUWHﬂ‘ﬂ voTadaAnmatia forward stepwise (multiple logistic regression : forward stepwise)

Table 3 Analysis of factors related to postoperative pneumonia after major oral and maxillofacial surgery using multiple logistic regression:
forward stepwise

Tiinalsadeashiay nalsnileasnay

snuGosaz) s10u Gowaz)
01
-083541 72 (96.0) 3 (4.0) 1 1 <0.001%*
-55 7 'l 11 (61.1) 7(38.9) 15.27 (3.43-68.03) 27.75 (4.40-174.84)
szEznaMTaNT SN
-0 84360 WA 75 (93.8) 5(6.3) 1 1 <0.001%*
- 11N 360 WA 8(61.5) 5(38.5) 9.375 (2.23-39.49) 7.91 (1.04 — 60.13)

o o aad o
**uuﬂﬁmtyjmaﬁnmmzﬂu p<0.05
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Incidence and Risk Factors for Postoperative
Pneumonia (POP) after Major Oral and Maxillofacial
Surgery

Naruemit J* Suwannakul T* Lapwararak K* Weraarchakul W** Wannasarnmetha M*** Klai-on N****

Abstract

Postoperative pneumonia (POP) is a condition of lung inflammation that occurs after surgery, often resulting from a hospital-
acquired or ventilator-associated lung infection within 48-72 hours of surgery. Previous studies have reported an 18.8% incidence of
postoperative pneumonia after oral and maxillofacial surgery. However, there is no study in Thailand regarding the incidence of postoperative
pneumonia after oral and maxillofacial surgery and the related risk factors. This research aimed to investigate the incidence and factors related
to postoperative pneumonia after oral and maxillofacial surgery. This study is a prospective analytical study conducted by collecting data from
a sample of 93 patients who underwent major oral and maxillofacial surgery at the Dental Hospital, Faculty of Dentistry, Khon Kaen University.
The results showed that 10.8% of the sample had postoperative pneumonia. Risk factors associated with postoperative pneumonia included age
over 55 years, surgery duration longer than 360 minutes, tracheostomy, and an ASA classification of 3 or higher. This study revealed that
patients aged 55 years and older had a 27.75 times higher risk of developing postoperative pneumonia compared to younger patients, and those
with surgery durations longer than 360 minutes had a 7.91 times higher risk. In conclusion, the incidence of postoperative pneumonia after
oral and maxillofacial surgery is 10.8%. Patients aged 55 years and older have a 27.75 times higher risk of developing postoperative pneumonia
compared to patients younger than 55 years. Additionally, patients with surgery durations exceeding 360 minutes have a 7.91 times higher risk
of developing postoperative pneumonia compared to those with a shorter surgery duration.
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Table1 Major components of resin composite in each group

Fantasista V Sun UDMA, TMPT,
(Shade A1) Medical, TEGDMA Strontium glass,
Moriyama Colloidal silica
Japan
Clearfil Kuraray Bis-GMA, Barium glass,
AP-X ES2 Medical, Hydrophobic silica,
(Shade A1) Tokyo aromatic Prepolymerized
Japan dimethacrylates  organic filler
Clearfil Kuraray Bis-GMA, Barium glass,
AP-X Medical, TEGDMA silica, colloidal
(Shade A2) Tokyo silica
Japan
Filtek 3M ESPE  Bis-GMA, Zirconia/silica
7350XT St. Paul, UDMA,
(Shade MN, USA TEGDMA,
Body A1) PEGDMA,
Bis-EMA
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Table 2

Group (n=10)
Fantasista V
Clearfil AP-X ES2
Clearfil AP-X
Filtek Z350XT

Mean surface microhardness values (VHN, Kg/mmz) and standard deviation of the resin composites

Mean surface micro hardness, VHN (Kg/mml)
45.53 (4.34)"
42.85(3.10)"
115.05 (1.25)°
89.84 (2.05)"
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The different superscript alphabet indicates a statistically significant difference. (Standard deviations are in parentheses.)
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Figure 1

Surface characteristics of polished resin composite after the surface microhardness testing at the magnification x500 under the optical

light microscope: (A) Fantasista V (B) Clearfil-APX ES2 (C) Clearfil-APX and (D) Filtek Z350XT; Arrows indicate organic fillers in

the resin matrix.
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Effect of Organic Fillers on The Surface

Microhardness of Restorative Resin Composites

Wongsaita N* Piemjai M**

Abstract

This research aimed to study the effect of organic fillers on the surface microhardness of restorative resin composites. Forty resin
composite specimens in the dimension of 4x4x2 mm’ were divided into four groups (n=10) according to the filler type: Fantasista V, Clearfil
AP-X ES2, Clearfil AP-X, and Filtek Z350XT. Vicker hardness test (VHN) was carried out in all specimens with eight indentations, each with
100 g of loading for 15 s. The data were analyzed with one-way ANOVA and the Games Howell test. There were statistical differences between
the groups of specimens (p<0.05) except Fantasista V and Clearfil AP-X ES2 (p>0.05). The maximal surface microhardness value was found
in Clearfil AP-X, comprising of glass-based inorganic fillers. While the organic-filler based composites (i.e. Fantasista V and Clearfil AP-X
ES2), had the lowest surface microhardness. However, they showed the better filler retention compared to the inorganic filler groups. In
conclusion, organic fillers lessen the microhardness value but minimize filler dislodgement compared with inorganic fillers.

Keywords: Surface microhardness/ Resin composite/ Organic filler/ Inorganic filler
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Microbial Air Contamination in Dental Clinics

with Different Ventilation Systems

Khodkaew W* Luengpailin S** Klungthong A***

Abstract

The study aimed to compare the Total Viable Aerobic Count (TVACs) before and during dental procedures in two different ventilation systems, the
first systems in a Pre-Upgrade Dental Clinic that has separated air conditioners and standing air purifiers, the second systems in a Special Dental Clinic, and a
Post-Upgrade Dental Clinic, which have a centralized ventilation and air purifying systems, with the Index of Microbial Air Contamination (IMA). The data was
collected the numbers of bacteria and fungi colony in blood agar (BA) and Sabouraud dextrose agar (SDA). The settle plates were placed 50 cm from a patient’s
head, and 1 metre from the wall. Each sampling was placed 1 hour before and during dental procedures, for three days. The Result, in the Special Dental Clinic,
the Pre-Upgrade Dental Clinic and the Post-Upgrade Dental Clinic TVACs before and during dental procedures were 71 and 46, 58 and 45, 93 and 15
CFU/dm2/hr, respectively. The Wilcoxon Sign-Rank test showed a statistically significant difference for each setting (p<0.001). Considering three days of data
collection, The Kruskal Wallis test indicated that in the Special Dental Clinic (before and during dental procedure) and the Pre-Upgrade Dental Clinic (during
procedure), TVACs showed no statistically significant difference. The TVACs showed statistically significant difference in the Pre-Upgrade Dental Clinic (before
dental procedure) and the Post-Upgrade Dental Clinic (before and during dental procedure) (p<0.001) Conclusion, the IMA indicated *fair” for the Special
Dental Clinic and the Pre-Upgrade Dental Clinic before and during dental procedures. In contrast, the Post-Upgrade Dental Clinic indicated “poor” before
dental procedure and “good” in during dental procedure. The TVACs of 2 ventilation systems showed less TVAC during dental procedure than before dental

procedure, with a statistically significant.

Keywords: Dental clinics/ Microbial air contamination/ Aerosol/ Dental hospital/ Centralized ventilation system

Introduction

The coronavirus disease 2019 (COVID-19) originated
in the city of Wuhan, Hubei Province, China. The disease,
currently known as COVID-19, has since been spreading and
jeopardizing public health around the world." The World
Health Organization (WHO) declared this outbreak a public
health emergency of international concern. As of February
26, 2020, COVID-19 has been identified in 34 nations.” The
disease had been continuity spreading around the country that
effected to Economics, Education, and health policy
especially dental practitioners.3 In dental settings, where the
production of droplets and aerosols is notable, there's an
increased risk of infections being transmitted between
patients and dental professionals.” Many dental procedures

produce aerosols and droplets that are contaminated with
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bacteria and blood, such as polishing and air abrasion. These
aerosols represent a potential route for disease transmission.)
In order to effectively reduce the risk of infection, dental
clinics utilize personal protective equipment (PPE) such as
gloves, masks, eye protection, and gowns, while also ensuring
adequate ventilation and implementing rigorous disinfection
procedures among pa‘cients.‘t’5 However, there are many other
techniques that can reduce aerosols, such as using air
purifying systems and using exhaust fans.’

Therefore, the Faculty of Dentistry, Khon Kaen
University, improve the ventilation in dental clinics to
reduced risk of infection from the dental procedures. The
Special Dental Clinic, where the dentists provide a treatment,

has the greatest of both number of patients and utilizing rate.
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According to the data, there were 23,737 patients in 2020.
Compared to a Pre -Upgrade Dental Clinic, which the treatments
were provided by the dental students, has 3,527 patients per year.
And then Pre-Upgrade Dental Clinic was completed
development that is called Post-Upgrade Dental Clinic.

International standards provide various methods for
evaluation microbial air contamination, including both active
and passive sampling techniques. In active monitoring, a
microbiological air sampler mechanically pulls a known
volume of air through or over a collection device containing
either liquid or solid culture media, measuring the quantity of
microorganisms present in CFU (colony forming units) per
cubic meter of air.” On the other hand, passive sampling
assesses the rate at which microorganisms settle on surface.
This method involves exposing settle plates to air for a
defined period of time; results are expressed as Total viable
aerobic counts (TVACs)(CFU/plate/time).8 The passive
method is standardized by the Index of Microbial Air
Contamination (IMA), correlating with the CFU count on a
Petri dish. In a study by Inyawilert et al., it was observed that
microbial levels by active sampling in Dental Clinic.” Active
sampling was employed for data collection, which is
complexities due to the need for instrument calibration and
cleaning, as well as altering the airflow in the clinic.
Consequently, the passive method using settle plates was
chosen for its simplicity and independence from engineering
factors in sample collection.

This study is aimed at comparing the TVACs, which
the data was collected by the passive method before and during

dental procedures in two different ventilation systems, with The

Index of Microbial Air Contamination (IMA).

Table 1

Dental clinic characteristics and data collection

Materials and Methods

Study design
This experimental

conducted in April 2021 and March 2022. The study sites

cross-sectional study was
were dental clinics at the Faculty of Dentistry, Khon Kaen
University. This is an experimental study no ethics approval
was required.

The data was collected in 3 dental clinics, that is
The Special Dental clinic, Pre-Upgrade Dental Clinic and
Post-Upgrade Dental Clinic. The specific time for collecting
data was depended on the greatest number of the patient. In
Pre and Post-Upgrade Dental Clinics, dental students perform
dental procedures, resulting in the highest utilization rate
typically occurring around 10:00-11:00 a.m. On the other
hand, in the Special Dental Clinic where dentists work, the
peak number of patients usually occurs around 5:00-6:00 p.m.
in table 1.

The number of Petri dishes was determined by the
square root of room area(mz).7 The actual samples collected
was the resulting square root plus an additional 10%, to allow
room for correction in case of samples becoming
contaminated during data collection. Following this, the
Special Dental Clinic, Pre-Upgrade Dental Clinic and Post-
Upgrade Dental Clinic were represented by 17, 21 and 30
samples, respectively (Table 1). The contaminated plate was
excluded when it was compromised by water spots on its
surface, plate fracture, and contamination with a foreign body
on the plate. Therefore, if the plate in a given area be
contaminated, all data pertaining to that area shall be

excluded from the study's analysis.

BA (Plates)

SDA (Plates) in 3 days

Before dental procedure  During dental procedure Before During Before During (plates)
Special Dental Clinic 7.30—8.30 A M. 5.00 — 6.00 P.M. 17 17 17 17 204
Pre-Upgrade Dental Clinic 7.30—8.30 A M. 10.00 - 11.00 A.M. 21 21 21 21 252
Post-Upgrade Dental Clinic 7.30 - 8.30 A M. 10.00 - 11.00 A.M. 30 30 30 30 360




Data collection

Indoor microbial air contamination was collected
through passive air sampling for 60 minutes using open Petri
dishes filled with Blood agar (BA) and Sabouraud dextrose
agar (SDA) The method follows the standard 1/1/1 scheme
(1-hour exposure, 1 meter above the floor, and 1 meter away
from the wall). Each Petri dish was placed 50 cm away from
a patient’s head.® The data collection was divided into two
procedures: before and during dental procedures. Data
sampling was conducted for three days in a week (Monday,
Wednesday and Friday), with the amounts of patients and
types of dental procedure recorded. Data collection was done
on April 2021 for both the Special Dental Clinic and the Pre-
Upgrade Dental Clinic and on March 2022 for the Post-
Upgrade Dental Clinic.

Data Analysis

The BA and SDA were incubated aerobically at 37
°C for 48 hours. The numbers of colonies were counted after
48 hours of incubation in the Colony Forming Unit (CFU) and
then translated into a per-square unit of the dish (0.636 dm?).
The sums of the bacterial and fungal colonies were calculated
to arrive at the TVACs, which can be benchmarked against the
IMA index (CFU/dm’/hr) to determine air qualitys. (Table 2) In
addition, the utilization rate of dental clinics is determined by
the proportion of dental units being used compared to all

dental units available in dental clinics.

Table 2 IMA classes and their application
IMA value CFU/dm’/h  Performance In place at risk
0-5 0-9 Very good Very high
6-25 10-39 Good High
26 - 50 40 - 84 Fair Medium
51-175 85-124 Poor -
>176 > 125 Very poor -

The Kruskal-Wallis test was used to determine if
the TVACs differed from day to day (3 days) for each of the
Clinics, followed by a post-hoc analysis. The Wilcoxon

signed-rank test was used to ascertain if the TVACs would be

different between before and during dental procedures in each
of the Clinics. All statistical analyses were conducted using
the IBM SPSS Statistics v.28. Statistics software and a

p-value of 0.05.

Results

1. The demographic data of Dental Clinics

The demographic data of Dental Clinics show that
in the Special Dental Clinic, there are 13 rooms separated by
tall partitions (1 dental unit per room); the total area is 220 m’.
The dental procedures in this Clinic included Endodontics,
Prosthodontics, Periodontal and Pediatrics. The Pre-Upgrade
Dental Clinic had a total area of 347 mz, with 32 dental units.
The dental procedures involved Endodontics, Prosthodontics,
Periodontal and Restorations. The Post-Upgrade Dental
Clinic contained 67 dental units in a total area of 690 m’. The
dental procedures in this clinic were Endodontics,
Prosthodontics and Restorations (Table 3).

2. Dental procedures and utilization rates

The result shows the Utilization rate and dental
procedure of the three dental clinics. The details of the data
collected during the dental procedures in 3 days. The most
frequent procedures seen in the Special Dental Clinic was
Prosthodontics. In the Pre-Upgrade and The Post-Upgrade
Dental Clinics, the Restoration procedures were more
common than others (Table 4).

3. Total amounts of microbial air contamination
and corresponding IMA indices in the 2 different ventilation
systems before and during dental procedures

Based on the data collection procedure, no
contaminated plates were observed in the Special Dental
clinic. One plate was found to be contaminated in the Pre-
Upgrade Dental Clinic, leading to the exclusion of 12 data
points. A total of 120 plates were analyzed in this clinic. In
the Post-Upgrade Dental Clinic, two plates were
contaminated, resulting in the exclusion of 24 data points. A
total of 168 plates were analyzed in the Post-Upgrade Dental

Clinic (Table 5).




Table3 Demographic data, dental procedures, and spatial information

Special Dental Clinic Central air condition Endodontics 13 220
Central HVAC with Prosthodontics (with tall partitions almost reaching
HEPA H13 filter Periodontal the ceiling between them)
Pediatrics
Pre-Upgrade Dental Clinic Air purifiers Endodontics 32 347
Split air conditions Prosthodontics (3.3 meters apart from one another &
Exhaust fans Periodontal with partitions of 1.5 meter in height)
Restorations
Post-Upgrade Dental Clinic Central air condition Endodontics 67 720
Central HVAC with Prosthodontics (3.3 meters apart from one another &
HEPA H13 filter Restorations with partitions of 1.5 meter in height)

Table 4 Dental procedures and utilization rates

Endodontics
Restorations
Prosthodontics
Pediatrics
Periodontals
Others

Day 1 92.30 1 0 4 2 2 3
Day 2 92.30 1 0 4 3 1 3
Day 3 84.61 1 0 5 1 2 2
Total 3 0 13 6 5 8
Day 1 27.27 1 5 3 0 0 0
Day 2 54.54 4 0 0 0
Day 3 30.30 3 6 0 0 0 1
Total 8 18 10 0 0 1
CPostUpgradeDental Clinic
Day 1 26.08 0 8 4 0 0 0
Day 2 41.30 5 8 6 0 0 0
Day 3 54.34 3 10 8 0 0 3
Total 8 26 18 0 0 3

Table S The Results of the comparison of microbial air contamination in 3 dental clinics before and during dental procedure

Before 102 71(52.76) Fair <.001 732
During 102 46(37.42) Fair 743
Before 120 58(27.04) Fair <.001 <.001
During 120 45(24.54) Fair .070
Before 168 93(56.78) Poor <.001 <.001
During 168 15(9.06) Good <.001

a. Comparison between before and during dental procedures using the Wilcoxon Signed-Rank test

b. Comparison across the 3 days of observations and data collection using the Kruskal Wallis test




This study found that the air quality both before and

during dental procedures, as indicated by the IMA index was
“fair” in the Special Dental Clinic and the Pre-Upgrade
Dental Clinic. However, in the Post-Upgrade Dental Clinic
based on these TVACs, the IMA scale indicated “poor” air
quality before dental procedures and “good” air quality
during in the Post-Upgrade Dental Clinic. (Table 5) The
presence of bacterial and fungal colonies in three dental
clinics was examined both before and during dental

procedures, as detailed (Table 6).

Table 6  Results of the comparison of bacterial and fungal colonies
in the 3 dental clinics before and during dental procedures

L. Bacteria Fungi
Clinics 5 5
(CFU/dm/hr)(SD)  (CFU/dm /hr)(SD)

Special Dental Clinic

Before 61.04 (45.87) 10.07 (8.67)

During 36.29 (28.05) 9.6 (10.65)
Pre-Upgrade Dental Clinic

Before 44.99 (23.16) 13.14 (9.00)

During 36.33 (22.02) 8.58 (5.48)
Post-Upgrade Dental Clinic

Before 82.24 (57.52) 10.95 (7.95)

During 13.26 (8.95) 1.31 (2.05)

Comparing the TVACs before and during dental
procedure the Wilcoxon Sign-Rank test showed a statistically
significant difference for each of the ventilation settings
(p<0.001, significance level of 0.05), as showed in Table 5.
The tendency is that the TVACs were less during dental
procedures, as the ventilation systems were in operation.

Comparing the TVACs using data collected for
three days (Table 5), the Kruskal Wallis test indicated that in
the Special Dental Clinic (before and during dental
procedure) and the Pre-Upgrade Dental Clinic (during
procedure, showed no statistically significant difference.
However, TVACs showed statistically significant difference
in the Pre-Upgrade Dental Clinic (before dental procedure)
and the Post-Upgrade Dental Clinic (before and during dental
procedure) (p<0.001).

Discussion

This study found that the amounts of airborne
microorganisms, when benchmarked against the IMA index
introduced by Pasquarella et al.,’ indicated “Fair” air quality
before and during dental procedures in the Special Dental
Clinic and the Pre-Upgrade Dental Clinic. “good” air quality
during dental procedures in the Post-Upgrade Dental Clinic.
This is in line with the research finding by Manarte-Monteiro
et al."” concluded that during dental procedures, the TVACs
was 11.9 CFU/dm’/hr, which indicated “good” air quality on
the IMA scale. Moreover, Jain M et al."' collected data for
two weeks in four different dental clinics and similarly found
that the IMA indices indicated “good” and “fair” air quality
for before and during dental procedures, respectively.

Comparing the amounts of bacterial and fungal
colonies before and during dental procedures, the result study
pointed out that there was less air contamination during dental
procedures. Dehghani M et al.” compared the amounts of
bacteria in a surgery room before and after the room was
sanitized and air-conditioned, and they arrived at a similar
conclusion. That is, before sanitation and air conditioning, the
TVACs stood at 14.65 - 167.40 CFU/ m3; after the room was
cleaned and air-controlled, the TVACs was recorded at only
9.50 - 38.40 CFU/m’. This showed a statistically significant
difference (diff=30 CFU/m3; significance level of 0.05)
between before and after. The surgery rooms were sterilized
with UV irradiation in a short span of time (<2 h). Furthermore,
Guida et al.” found that the TVACs of airborne microorganisms
before dental procedures was 86.6 CFU/m’ while the count
was lower at 82.34 CFU/m’ during dental procedures. In
contrast, Barlean et al."* observed an increase in aerosol
colonies to 429.6 CFU/m2 after 4 hours of dental procedures,
compared to 129 CFU/m2 before any clinical treatment. The
clinical procedures conducted by dentists varied based on
patient requirements, including prophylactic measures such
as calculus removal using ultrasonic scalers for 10-20
minutes, and/or operative dental treatments involving drilling
with air-driven, water-cooled handpieces. Notably, the use of
rubber dams for adult patients and oral pre-procedural rinses

with antiseptic solutions were not implemented.




Kedjarun et al.” attributed a reduction in microbial
counts during dental procedures to the improvements made to the
ventilation system of a clinic. Such improvements include
increasing the number of suctions, filtering and purifying fans;
using rubber dam sheets; and decreasing the number of patients.

The Dental Safety Goals and Guidelines for 2023
suggest three ventilation systems for improving the dental
environment. The first is natural ventilation, which involves
opening windows, although they should not be opened during
treatment. The second is mechanical ventilation, which
includes options such as Fan Filter Units, Exhaust Fan Units,
and Air Cleaners. The third option is Hybrid or Mix-Mode
Ventilation, which combines mechanical and natural
ventilation."® Furthermore, C. Hallier et al.'” studied the
amounts of airborne microorganisms in a dental clinic with
and without aerosol vacuum cleaners. The study found that
the average count of those microorganisms was 5.6 CF U/m’
in the clinic with aerosol vacuum cleaners during dental
procedures, compared to 23.9 CFU/m’ without. With regard
to using rubber dam sheets, a study by Samaranayake et al.”®
pointed out that the dam sheets, when used in conjunction
with mouth washers and aerosol vacuum cleaners, could
reduce aerosols by 90-98%. In addition, T. Maurais et al.”
assessed the effectiveness of air purifiers in reducing air
microbes in a dental clinic and concluded that they helped to
reduce air contamination to a great extent during dental
procedures.

The utilization of heating, ventilation and air-
conditioning (HVAC) systems led to a positive impact,
evidenced by enhancements in vital signs, quicker recovery,
and increased physical activity. This beneficial effect was
evident in shorter hospital stays for patients with respiratory
conditions.” Bacterial growth and survival depend on
environmental conditions, including temperature. Elevated
temperatures have been observed to markedly enhance
bacterial growth; nevertheless, ventilation has the potential to
mitigate this increase.”’ However, the data of temperature and
air changes in dental clinics were not included in the study.

Higher TVACs were observed in the morning
before dental procedures. Because the air had not been
circulated through the ventilation system, causing aerosols to

disperse during the night and prior to morning dental

procedure. The study of Kedjarune U. et al.” indicated a

similar observation and explained that bacteria grew and
spread at night during which the ventilation system was off.
Furthermore, before dental procedures, the Post-Upgrade
Dental Clinic had “poor” air quality (93 CFU/dm’/hr)
compared to “fair” air quality in the Pre-Upgrade Dental
Clinic and Special Dental Clinic (58 and 71 CFU/dmz/hr,
respectively). It could be explained that the Post-Upgrade
Dental Clinic had a sealed environment, which blocked air in-
and outflows and subsequently caused bioaerosols to
proliferate. In contrast, the walls of the Pre-Upgrade Dental
Clinic were not completely sealed, leaving the air to flow in
and out and thus reducing the spread of airborne
microorganisms. Moreover, the Dental Clinic closes on the
weekends; thus, idle time in the Clinic allowed the spread of
aerosols to accelerate. On the contrary, the Special Dental
Clinic and its ventilation system are in operation every day;
aerosols had less time to accumulate. Therefore, other than
different ventilation settings, the timing of clinical procedures
and the frequency at which such ventilation systems are used
have a major impact on air contamination in dental clinics.
In this research, the setting of the dental clinics are
a multi-chair dental units, which differs from a private dental
clinic. In the multi-chair clinic, the air can spread to other
dental units if ventilation is inadequate. However, this differs
from the private dental clinic, where each clinic room
contains only a single dental unit. Therefore, the air
contamination is minimized, reducing the likelihood of
spreading to others. The Pre and Post-Upgrade Dental
Clinics, there were 1.5-meter partitions separating each dental
unit, with the dental units being 3.3 meters apart from one
another. In the Special Dental Clinic, the partitions almost
reached the ceiling allowing each dental unit to be in an
isolated, yet connected, space. With regard to this, Holliday
et al.” concluded that although a dental clinic may not have
partitions of the height of the ceiling (i.e., only 1.5 meter in
height), the spread of aerosols and air contamination could be
reduced by using suction and filtering fans to expel clean air
into the dental clinic together with using aerosol vacuum
cleaners. This helps prevent aerosols from spreading across

dental units.




The average amount of fungal colonies over three

days showed a statistically significant difference, but for
bacterial colonies during dental procedures, there was no
statistically significant difference. Obbard et al.” found that
bacterial air contamination infections are associated with the
number of people in a room, whereas fungal air contamination
is not associated with the number of people. Additionally,
Hiwar et al’*. found that there was no significant correlation
between airborne total fungi (TF) and temperature, relative
humidity, or CO2 levels.

In the Pre-Upgrade Dental Clinic, the TVACs
before dental procedures differed from day to day to a
statistically significant extent due to unsealed environment.
Thus, varied weathers and outdoor air conditions lead to
different degrees of air contamination in the room.” A similar
observation was noted by Tolabi et al.;* the opening of doors
before and during dental procedures, which allows the air to
flow, affect air contamination in dental clinics. Furthermore,
American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) suggested increasing the
rate of air filtering where possible in order to reduce air
contamination in dental clinics. In the case of dental
procedures that cause much diffusion of droplets and
aerosols, the American College of Surgeons recommended
using high-efficiency particulate absorbing filters (HEPA
filters) to reduce the risk of infection during surgeries.27

The Covid-19 pandemic led hospitals - private,
public and university - to improve their ventilation systems in
dental clinics. This study indicated that the Special Dental
Clinic and Pre-Upgrade Dental Clinic had “fair” air quality
both before and during clinical procedures, despite their
different ventilation settings. Given the same air quality
observed in these two Dental Clinics, the air-controlling
system in the Special Dental Clinic cost more than the one in
the Pre-Upgrade Dental Clinic. Additionally, the ventilation
upgrade made for the Dental Clinic (Post-Upgrade) resulted
in “good” air quality during dental clinics; however, that also
came with additional costs. Therefore, it is imperative that the
most appropriate and cost-effective ventilation system be
chosen and developed to suit the need and budget of each
dental hospital. The ventilation of dental clinics can be

developed by Central HVAC with HEPA H13 filters, similar

to the Special dental clinic and the Post-Upgrade dental clinic.
Alternatively, it can be improved by air purifiers and exhaust
fans, like the Pre-upgrade dental clinics. Thus, the microbial
air contamination decreased during dental procedures. In
addition, Microbial air contamination tends to increase before
dental procedures, so the ventilation system should be
activated before starting any dental treatment.

Therefore, further studies may be conducted in
more dental clinics, with higher utilization rates and under
different ventilation settings (i.e., with and without filtering
fans), to enhance the generalizability, comparability, and
applicability of research findings towards effective and cost-
efficient improvements for dental clinics and thus a safer

environment for both dental practitioners and patients.

Conclusion

This study of microbial air contamination in dental
clinics with two different ventilation systems and settings at
the Faculty of Dentistry, Khon Kaen University, found that
The IMA indicated “fair” air quality for the Special Dental
Clinic and the Pre-Upgrade Dental Clinic, both before and
during dental procedure. In contrast, the Post-Upgrade Dental
Clinic indicated “poor” before dental procedure and “good”
air quality in during dental procedure. TVACs before and
during dental procedures, showed a statistically significant
difference for each of the ventilation settings. The TVACs

were less during dental procedures.

Acknowledgements
We thank the members of the maxillofacial team, and
microbiology laboratory for their contributions inpatient care.
Conflict of interest statement
None declared.
Funding statement
The research center of Faculty of Dentistry, Khon

Kaen University.




References

1.

Phelan AL, Katz R, Gostin LO. The Novel Coronavirus
Originating in Wuhan, China: Challenges for Global
Health Governance. JAMA 2020;323(8):709-10

Meng L, Hua F, Bian Z. Coronavirus disease 2019
(COVID-19): emerging and future challenges for dental
and oral medicine. J Dent Res 2020;99(5):481-87

The International Health Policy Program, Thailand
(IHPP), Socio-Economical Effects from COVID-19
pandemic in Global and Thailand. Bangkok: Ministry of
Public Health; ¢2019-2023 [cited 2023 Jan 27].
Department of Disease Control; [about 25 screens].
Available from https://ddc.moph.go.th/uploads/publish/
1177420210915075055.pdf.

Caggiano M, Acerra A, Martina S, Galdi M,
D’Ambrosio F. Infection control in dental practice
during the COVID-19 pandemic: what is changed.
IJERPH. 2023;20(5):3903.

Wang Q, Wang X, Lin H. The role of triage in the
prevention and control of COVID-19. ICHE. 2020;
41(7):772-76.

Yadav N, Agrawal B, Maheshwari C. Role of high-
efficiency particulate arrestor filters in control of air
borne infections in dental clinics. SRM J Res Dent Sci
2015;6(4):240-2.

Pasquarella C, Albertini R, Dall’aglio P, Saccani E,
Sansebastiano GE, Signorelli C: Air microbial sampling:
the state of the art. Ig. Sanita Pubbl 2008;64(1):79-120.

Pasquarella C, Pitzurra O, Savino A. The index of
microbial air contamination. J Hosp Infect 2000;46(4):
241-56

Inyawilert K, BunSyatratchata O, Klangthong A, Kamsa-
ard S, Luengpailin S, Rattanathongkom A. Bacterial air
contamination inside the dental clinic IT and special
dental clinic at the dental hospital, faculty of dentistry,
khon kaen university. Khon Kaen Dent J 2016;19(2):
107-14

10.

11.

12.

13.

14.

15.

16.

17.

18.

Manarte-Monteiro P, Carvalho A, Pina C, Oliveira H,
Manso MC. Air quality assessment during dental
practice: Aerosols bacterial counts in an universitary
clinic. Rev Port Estomatol Med Dentaria e Cir Maxilofac
2013;54(1):2-7

Jain M, Mathur A, Mukhi PU, Ahire M, Pingal C.
Qualitative and quantitative analysis of bacterial
aerosols in dental clinical settings: Risk exposure
towards dentist, auxiliary staff, and patients. J Family
Med Prim Care 2020;9(2):1003-008

Dehghani M, Sorooshian A, Nazmara S, Baghani AN,
Delikhoon M. Concentration and type of bioaerosols
before and after conventional disinfection and
sterilization procedures inside hospital operating rooms.
Ecotoxicol Environ Saf 2018;164:277-82

Guida M, Gallé F, Di Onofrio V, Nastro RA, Battista M,
Liguori G, et al. Environmental microbial contamination
in dental setting: a local experience. J Prev Med Hyg
2012;53(4):207-12

Barlean L, Iancu LS, Minea ML, Danila I, Baciu D.
Airborne microbial contamination in dental practices in
Iasi, Romania. Ohdmbsc 2010;9(1):16-20

Kedjarune U, Kukiattrakoon B, Yapong B,
Chowanadisai S, Leggat PA. Bacterial aerosols in the
dental clinic: effect of time, position and type of
treatment. Int Dent J 2000;50(2):103-7

Thai Dental council [homepage on the Internet]. Dental
safety guide line 2023, [updated 2024; cited 2024 Mar
5]. Available from: https://dentalcouncil.or.th/ upload/
files/l WExCviGHZFpLU4Q0gmSd6MsXzcy DbK .pdf
Hallier C, Williams DW, Potts AJC, Lewis MAO. A
pilot study of bioaerosol reduction using an air cleaning
system during dental procedures. Br Dent J 2010;
209(8):E14

Samaranayake LP, Fakhruddin KS, Buranawat B,
Panduwawala C. The efficacy of bio-aerosol reducing
procedures used in dentistry: a systematic review Acta

Odontol Scand 2021;79(1):69-80




19.

20.

21.

22.

23.

24.

25.

26.

27.

Maurais MT, Kriese LNJ, Fournier MM, Langevin LL,
Mac Leod B, Blier LS, et al. Effectiveness of selected

air cleaning devices during dental procedures. Mil Med
2023;188(1-2):¢80-85

Lenzer B, Rupprecht M, Hoffmann C, Hoffmann P,
Liebers U. Health effects of heating, ventilation and air
conditioning on hospital patients: a scoping
review. BMC Public Health 2020;20(1):1287.

Qiu Y, Zhou Y, Chang Y, Liang X, Zhang H, Lin X, et
al. The effects of ventilation, humidity, and temperature
on bacterial growth and bacterial genera distribution. Int
J Environ Res Public Health. 2022 Nov 20;19(22):15345.
Holliday R, Allison JR, Currie CC, Edwards DC, Bowes
C, Pickering K, et al. Evaluating contaminated dental
aerosol and splatter in an open plan clinic environment:
Implications for the COVID-19 pandemic. J Dent
2021;105:103565

Obbard, JP, Fang LS. Airborne concentrations of
bacteria in a hospital environment in singapore. Water,
Air, & Soil Pollution 2003;144(1):333-41.

Hiwar W, King MF, Shuweihdi F, Fletcher LA, Dancer
SJ, Noakes CJ. What is the relationship between indoor
air quality parameters and airborne microorganisms in
hospital environments? A systematic review and meta-
analysis. Indoor Air 2021;31(5):1308-322.

Chegini FM, Baghani AN, Hassanvand MS, Sorooshian
A, Golbaz S, Bakhtiari R, et al. Indoor and outdoor
airborne bacterial and fungal air quality in kindergartens:
Seasonal distribution, genera, levels, and factors
influencing their concentration. Build Environ [Internet].
2020;175:106690. Available from: https://doi.org/
10.1016/j.buildenv.2020.106690

Tolabi Z, Alimohammadi M, Hassanvand MS,
Nabizadeh R, Soleimani H, Zarei A. The investigation of
type and concentration of bio-aerosols in the air of
surgical rooms: A case study in Shariati hospital,
Karaj. MethodsX 2019;6:641-50.

Mousavi ES, Kananizadeh N, Martinello RA, Sherman
JD. COVID-19 outbreak and hospital air quality: a
systematic review of evidence on air filtration and

recirculation. Environ Sci Technol 2021;55(7):4134-4147

Corresponding Author

Angkana Klungthong

Department of Oral and Maxillofacial Surgery,
Faculty of Dentistry, Khon Kaen University,
Amphur Muang, Khon Kaen, 40002.

Tel. : +66 43 348 153

Fax : +66 43 202 862

E-mail : angka _nu@kku.ac.th



mailto:angka_nu@kku.ac.th

= a o/
msﬂmﬂamaumﬂ“lummﬂ°luﬂ HONUANITN

Q

d'd w 1 U
ﬂuﬁgﬂﬂﬂiﬂ@1ﬂ1ﬂﬂ!lﬂﬂﬂ1\‘lﬂu

D.

o a a I'd o o
Wiy veaura* aunesd maod Insuni = sinan adimege:

v

UnAREo

o = r a a0 ' ' o o aa o A
ﬂ?iﬁ'ﬂy71!11791ﬂ?fﬁ&‘ﬁdﬂlwallﬁﬂU!Wf}ﬂﬂ'lil]uﬂj@llilﬁiﬂ’liﬂ?Ll@‘lﬂ'lﬂ ﬂ@ul!ﬁvivWQNWWiﬁﬂﬂ'IiTllﬂﬁuﬂwuﬁﬂiillﬂlliu1]1!7 7./7(‘1/

; =
f)'lﬂ'lﬁ'l!ﬁﬂﬁNﬂlJ 2 uyy 'Zﬁlm!lﬂﬂlliﬂﬂﬁuﬂwuﬁﬂiiﬂﬂﬂl!?fil/l/ﬂi SUVTEUYOINIA WINTS ﬂﬂﬂiﬂﬂ?ﬂ?ﬂ!lﬂﬂ!ﬂfj? lag Mﬂifldﬂﬂﬂﬂ"lﬂ"lﬂullﬂﬁd

ity uyitaeaonaiiniuans iy uas ﬂﬁuﬂwuﬁﬂiiﬂﬁﬁdﬂiﬂﬂiﬁw1!7.15 21100107 Tﬂﬂﬂdﬁ’ﬂdﬂﬁuﬂﬂiaﬂﬂiwU'IfJEJ'lﬂ'lﬁ’UZ‘) uviy
mmmﬂmmmmﬁuﬂﬂan Tﬂﬂu/?aww&umﬁjmﬂamauma?ummﬂnmwmn/wﬂau7ua7mﬂ msmymaamwﬂmimm wiio71Tae 15010
oummsmwwaﬁ/ﬁmaaﬂ uaz Sabouraud Dextrose Agar (SDA) i FunnnnAsyzau v 50 wudmag minnwu 11uA5 HN0nAiaYseue 1
was Tagara Biiunar 1 92 Tua i mnamm gudnumsiniaamadunaimu iy samsnaaesnunaainiuanTsuAYLaLAATNTUANT TR
Fulpassuuszuige e nﬂm/unjammumfmauumsmawmwmmsmmy 71 uag 46 TﬁTaummiwmmmmamim uag 58 uag 45
TaTaildomsunswasdesa uanwady ufmizmuﬂaunwuwmswmﬂmﬂﬂswUuswmyamvmtmﬂjuulamaum&ﬂamxm5m9 N
Wanmany 93 uag 15 Tﬂ Taildemsrunduasaosh Tuan a1y 9Inada Wilcoxon Sign-Rank zeszul?aum&umﬁluujamaumﬂ?ummﬂﬂau
uagsEninmsiiaamsaamaain WA NNUANA NAURE NI YN NADA (P<0.001) mawmmmﬂmimwammmmu Ing1¥ada
Kruskal Wallis test wmmauﬂwuﬂmmwmy uvnnouuazsgninmsininnms) !m&’ﬂﬁum’mﬁﬂﬁﬂﬂﬂuﬂimfﬂiwUUS;‘:U?&EJW?PI (5EHIN
maninans) unmlmﬂammmif/Tummmmnmqnuaan'szuammumqum uanﬂmuwmwmiﬂmﬂamaumﬂ‘Zuammmnmmuaan
figadgynuang luaainiuanssunendSulpssuuszuigena mourninons) xmwﬂauﬂwuﬁnﬁwmﬂmﬂgqsvvuymammw YHINAT
W¥¥nans) (P<0.001) %fm/ﬂuaqmsﬁnyvﬁa AaunuANTTUIIAY uagnauniuanssuneulfuljassuyse uwmmﬂﬁqfiamm FEHINI
Waoms mwmsﬂmﬂau‘lummﬂay?m gay thupan lunnnausu ﬂaunwuﬁnﬁwmﬂmﬂﬂi LUVTLUID 1ML ﬂwmiﬂmﬂau?umnm
nauwmmmsaa?mmu ud uagsznIniinomseg luseay A xmwmﬁjunfamaumﬂ‘lummﬂmmswumvmammﬂmaamuu WuIIMs
ﬂugﬂamaumelm/?mzuuaam?wm grininomsed wihisd iy nana

Y
mlvsia: adiniuanssy mauilougaunidluerme azesvase/ T5ane11aiuans s/ 52UU500IMAULT INGUINAN

AsuAavauUNA N

9Nt ABINB

a 1% U < a =
av1InFaemanivedthnuazudnsa laivea
AUETUAUNNEAANS UHIINGBEVOUUA
uNDIEN JIMIAVOUUAY 40002
InsANW - 043 348 153
Insas : 043 202 862

ad a o

WANNWNANNTOUNT : angka nu@kku.ac.th

o P o o P < o o 7 = o o o o '
* Wummwmfiszfm mviasmanivesthauazuinga laniFoa auziuaunnemans ymaneaoveuuny sunewied saninveuunu
= 2 o 4 = o oo o o '
** @113 FUIMANT¥09L10 AL TUAUNNIMANT YHIINGIFIVOULAY BUABITBY M AV LUAL
o 2 2 = o z N o oo P '
*x gy fasmansvesthnuazuinga laFoa asgiuaunnemans unIne1dsvenuny suneiiod saninveuuiy



Fracture Resistance of Tunnel-Restored Teeth

at Different Marginal Ridge Heights

Aurpanchasin P* Srisawasdi S**

Abstract

This study aimed to investigate fracture strength of restored tunnel-prepared teeth with different marginal ridge heights, using various adhesive
systems and restorative materials. 130 intact premolars were randomly allocated into 13 groups based on 3 remaining marginal ridge heights (1.0 mm, 2.0 mm
and 3.0 mm). 3 restorative systems (Optibond™ FL, selective enamel etching mode Single Bond Universal, Equia Forte Fil), positive control or tunnel prepared
tooth without restoration, and intact unprepared teeth served as negative control. Tunnel preparation and restoration were performed. After 10,000 cycles of
thermocycling, each specimen underwent fracture strength test and evaluated for mode of failure. The data were analyzed using two-way ANOVA, one-way
ANOVA followed by a post hoc test. The results of the experiment showed that fracture strength values of tunnel restoration were significantly affected by
remaining marginal ridge heights, but did not significantly affect by restorative systems. All restorative systems were unable to support tunnel preparation at
remaining marginal ridge heights of 1.0 mm. At remaining marginal ridge heights of 3.0 mm, strength of tunnel preparation was equivalent to intact teeth or
negative control. At remaining marginal ridge heights either of 2.0 mm or 3.0 mm, strength of tunnel restoration with Optibond™ FL, selective enamel etching
mode Single Bond Universal, and Equia Forte Fil were as strong as intact teeth. It can be concluded that, tunnel restoration at remaining marginal ridge height

of at least 2.0 mm with Optibond™ FL and paste-like bulk fill resin composite, selective enamel etching mode Single Bond Universal and paste-like bulk fill resin

composite, or Equia Forte Fil was comparable to intact teeth.

Keywords: Dental adhesive systems / Fracture strength test / Marginal ridge strength / Tunnel restoration.

Introduction

The principle of diagnosis and cavity design for
dental decay ‘extension for prevention concept’ by G.V.
Black was established in the late 1800s, and the epoch direct
dental restorations required significant tooth structure
regardless of caries invasion. Over time, understanding of
dental caries process and continuing development of
restorative materials have led to a ‘minimal intervention’
concept, which tries to minimally sacrifice sound tooth
structure and focuses on merely removal of infected dentin.

The ‘tunnel restoration concept’ was proposed to be
an alternative and conservative treatment of interproximal
dental caries" or Black’s class II cavity, in which access to
the lesion must surgically approach through marginal ridge,
hence, proximal contour and contact area may not be properly
regained leading to food impaction and decreased mastication
efficiency. This technique accesses proximal caries via
occlusal surface leaving unaffected marginal ridge uncut,

therefore preserving marginal ridge integrity resulting in
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minimal loss of intact dental tissue. Initially, this concept was
suggested to be operated in conjunction with glass ionomer
cement restorative material (GIC), which bond to enamel and
dentin and leach fluoride."” However, studies showed that
predominant problem of tunnel restoration using glass-
ionomer restorative materials included fracture of marginal
ridge,”” indicating that after tunnel preparation retained
amount of marginal ridge and subsequent supportive
restoration played a major role in its success. A previous study
suggested that occlusogingival thickness of marginal ridge of
tunnel restoration should be remained by at least 2.5 mm.’
Resin composite, used with bonding agent, is
ideally accommodating minimally invasive treatment
concept.7 It has been developed and introduced in many
subtypes, including ‘bulk-fill’ resin composite, which may
help to reduce technique sensitivity and became more user-
friendly.’ The use of resin composite has been shown to

reinforce dental structures, and restored the strength of
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marginal ridge of tunnel-prepared teeth back to the level of
intact teeth in some laboratory investigations.6’9 There were
some clinical studies using resin composite in tunnel
restoration. "' Most resin composites used to replace dental
hard tissue effectively bound to tooth structure by means of
‘dental adhesive systems’. There are three classified bonding
approaches according to adhesion strategy and number of
application steps: ‘etch and rinse’, ‘self-etch’, and ‘glass-
ionomer’ strategies.12 The multi-mode or ‘universal adhesive’
system has been recently introduced and shares the nature of
single step self-etch sys‘[em.13

The improvement of tooth-colored adhesive
restorative materials also included high-viscosity glass
ionomer cement (HV-GIC), which was a modification of
conventional GIC that enhanced mechanical properties,14 but
chemical polymerization reaction allowed bulk-filling
technique and still exhibited the same mechanism of fluoride
release and recharge. Thus HV-GIC may be indicated for
certain definitive restoration in permanent posterior
dentition."” Therefore, the current advancement of dental
adhesive systems and restorative materials arises question
that whether or not we could improve marginal ridge strength
in relation to occlusogingival distance using various
contemporary adhesive systems and restorative materials in
tunnel preparation tooth.

The aim of the present study was to investigate
fracture strength of the marginal ridge of restored tunnel
preparation with different remaining marginal ridge heights,
using various dental adhesive systems and restorative
materials. The null hypotheses were 1) there was no significant
difference in fracture strength of restored tunnel preparation on
different marginal ridge heights, and 2) there was no significant
difference in fracture strength of restored tunnel-preparation

using different adhesive restorative materials.

Materials and Methods

Specimen preparation

Ethical approval was certified by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU-2021-081).

Initially, the population of specimens has been calculated

using data from previous study16 with G*Power version
3.1.9.4 software, by selecting F tests family for one-way
ANOVA with a=5%, Power (1-3)=80%, and then calculated
effect size £=0.4266234. The total sample size has been found
to be at least 117, with 10% compensation for error, and the
sample size should be 10 per group (13 groups), therefore, the
total sample size of this study was 130. 130 sound human
maxillary premolars extracted for orthodontic reasons,
collected with informed consent, were used in the study. All
teeth were cleaned, debrided, and stored in a 0.5%
Chloramine-T trihydrate solution for no longer than 90 days
after extraction. Crown dimensions of entire premolars in
mesiodistal, buccolingual, and occlusogingival width were
within a maximum deviation of 10% from their mean.

Long axes of premolar crowns were adjusted to be
perpendicular to horizontal plane while their roots were
mounted in dental stone type 4 (Antimicrobial dental stone
type 4, Mdent, Thailand) up to the level of 2.0 mm below
cementoenamel junction (CEJ) to simulate the crestal bone
level,17 which were intended to be a criterion level for fracture
or failure mode identification after marginal ridge strength
test, using a 2.0 cm in diameter, 3.3 cm in height, polyvinyl
chloride tube mold (Zeberg, Thailand). After stone was set,
adjustments of marginal ridge were done by a fine grit round
diamond bur #022 (FG 44008, Intensiv, Switzerland) with a
high-speed handpiece, to provide an approximately 1.5 mm X
1.5 mm contact area for the loading rod of the fracture
strength test machine." All specimens were examined under
a 10x magnification stereomicroscope (SZ 61, Olympus,
Japan) to ensure that they were free of any defects. Teeth were
kept moist at 37°C throughout the study in an incubator
(Contherm 160M; Contherm Scientific Ltd., Lower hut, New
Zealand), except during specimen preparation and testing.

All 130 teeth were randomly divided, according to
remaining marginal ridge heights and adhesive systems and
restorative approaches, into 13 groups of 10 specimens each,
consisted of 9 test groups and 4 control groups. Detail of the

experimental groups is shown in Table 1.




Table 1

Experimental groups classification

Intact tooth, no preparation

. - NC
Negative control (n=10)
3-step etch and rinse adhesive and paste-like bulk fill resin
, MIER
T ' y b composite
unnel preparation wi
. 'p P . . . Selective enamel etching, universal adhesive and paste-like
remaining marginal ridge heights . . MIUA
bulk fill resin composite
of 1.0 mm (M1) (n=40) . » . o .
Dentin conditioner and high-viscosity glass ionomer cement MI1HGI
No restoration (Positive control) MIPC
3-step etch and rinse adhesive and paste-like bulk fill resin
130 extracted . M2ER
. . ) composite
maxillary Tunnel preparation with . . . . .
o X X . Selective enamel etching, universal adhesive and paste-like
premolars remaining marginal ridge heights . . M2UA
bulk fill resin composite
of 2.0 mm (M2) (n=40) . . . L .
Dentin conditioner and high-viscosity glass ionomer cement M2HGI
No restoration (Positive control) M2PC
3-step etch and rinse adhesive and paste-like bulk fill resin
. M3ER
T ' . ” composite
unnel preparation witl
. .p P . . . Selective enamel etching, universal adhesive and paste-like
remaining marginal ridge heights . . M3UA
bulk fill resin composite
of 3.0 mm (M3) (n=40) . . . . . .
Dentin conditioner and high-viscosity glass ionomer cement M3HGI
No restoration (Positive control) M3PC

Tunnel preparation

Tunnel preparation was adapted from a study by
Covey et al,’ using a high-speed handpiece under constant
water spray with a standard grit, long neck, round diamond
bur #012 (FG 200L, Intensiv, Switzerland). The initial
occlusal approach was located at approximately 2.0 mm from

the marginal ridge in a slightly oblique direction, then

Illustration of tunnel preparation at different marginal ridge heights.

Figure 1

gradually curved towards the proximal surface of the tooth,
extending to the distances of 1.0 mm, 2.0 mm, and 3.0 mm
gingivally below the marginal ridge, according to the test
groups. (Figure 1 and Figure 2) All cavity preparations were
performed by one operator using loupes with a magnification

of 2.7x. (PeriOptix® loupes, DenMat, USA)

Figure 2 Preparation opening on proximal surface at various remaining marginal ridge heights: (A) 1.0 mm (B) 2.0 mm (C) 3.0 mm.




The occlusal opening cavity was oval, 2.3 mm
mesiodistally x 1.5 mm buccopalatally in dimension, and the
round proximal exit was 1.5 mm in diameter (Figure 3).
Cavity size and remaining marginal ridge height were
confirmed with a digital vernier caliper (Digital micrometer,
Mitutoyo, Japan), then all specimens were inspected under a
10x magnification stereomicroscope (SZ 61, Olympus,
Japan) to ensure absence of any defects from the preparation
process. The diamond bur was replaced after every 5

preparations.

(A) (B)

Figure 3 Illustration of tunnel preparation at occlusal opening (A)
proximal exit (B).

Table 2

Tunnel restoration

All the test subgroups were restored with different
adhesives and restorative materials using Ivory matrix
retainer and Ivory metal band no.13 (Hahnenkratt, Germany).
Table 2 showed chemical compositions, manufacturers, and
batch number of materials used in this study. Restoration
techniques used in this experiment were presented in Table 3
and Figure 4. The amount of primer and adhesive solutions
were measured by micropipette (Rainin™ Pipet-Lite SL-
10XLS, Mettler-Toledo, USA). Light curing was made using
a LED machine (Elipar Deep Cure-L, 3M ESPE, USA), and
the irradiance at tip was constantly checked to be 1,100-1,300
mW/cm’ by a radiometer (L.E.D. radiometer by Demetron,
Kerr, USA). Excess restorative materials were removed using
a no.12 blade (Havels, USA), and resin-based restorations
were polished with a series of abrasive discs (Sof-Lex®, M
ESPE, USA). All restorative procedures were performed by

one operator.

Chemical compositions, manufacturers, batch number, and type of materials used.

Gel Etchant (Kerr, USA)
Lot. 8237355

OptiBond™ FL (Kerr, USA)
Group name: ER

Lot. 8308264

37.5% phosphoric
acid

3-step etch and
rinse adhesive

Single Bond Universal Adhesive (3M ESPE, USA)
Group name: UA

Lot. 10608A

Filtek™ Bulk Fill Posterior Restorative, Compule,
A2 shade (3M ESPE, USA)

Lot. NE86675

GC Dentin conditioner

(GC, Japan) Lot. 2104161

Equia Forte Fil (GC, Japan), Capsule, A2 shade
Group name: HGI

Lot. 2107061

Equia Forte Coat (GC, Japan) Lot. 1904081

resin composite

High-viscosity
glass ionomer
cement (HV-GIC)

Coating material

Universal adhesive

Paste-like bulk fill

Dentin conditioner

37.5% ortho-phosphoric acid, silica, thickener

(Etchant: 37.5% phosphoric acid, silica thickener)

Primer: HEMA, GPDM, MMEP, ethanol, water, photo-initiator
Bond liquid: TEGDMA, UDMA, GPDM, HEMA, Bis-GMA,
ytterbium trifluoride, fillers, photo-initiators, stabilizers.

10-MDP, dimethacrylate resins, HEMA, methacrylate-modified
polyalkenoic acid copolymer, nanofiller, ethanol, water, initiators,
silane.

Bis-GMA, BisEMA, UDMA, Procrylate monomers with
zirconia/silica filler, ytterbium trifluoride filler (58.4% Volume).

10% polyacrylic acid

Powder: fluoroaluminosilicate glass, polyacrylic acid, iron oxide

Liquid: polybasic carboxylic acid, water

Methylmethacrylate, multifunctional methacrylate,

camphorquinone

Abbreviations; HEMA: hydroxyethyl methacrylate; GPDM: glycerol phosphate dimethacrylate; MMEP: mono-2-methacryloyloxyethyl phthalate; TEGDMA:

triethylene glycol dimethacrylate; UDMA: urethane dimethacrylate; Bis-GMA: bisphenol-A diglycidyl ether dimethacrylate; 10-MDP: 10-Methacryloyloxydecyl

dihydrogen phosphate; Bis-EMA: bisphenol A diglycidyl methacrylate ethoxylated.




Table 3

Restorative system group

ER [OptiBond™ FL, Kerr,

Adhesive systems and restorative approaches and their application.

Restorative steps

Etch: Apply etchant (entire cavity) 15 s, rinse with water 15 s, gently airdry 3 s

USA] Prime: Apply primer 5 microliters (ul) with light agitation 15 s, gently air dry 5 s
Bond: Apply a thin uniform layer of 5 ul bond liquid and light cure 40 s
Restoration: Apply Filtek™ Bulk Fill Posterior Restorative in one increment (Figure 4A) and light cure 40 s
on occlusal surface, another 40 s light cured on buccal and palatal surface after band removal

UA Etch: Apply etchant (occlusal enamel) 15 s, rinse with water 15 s, gently air dry 3 s

[Single Bond Universal
Adhesive, 3M ESPE, USA]

Bond: Apply adhesive 5 pl with light agitation 20 s, gently air dry 10 s and light cure 40 s
Restoration: Apply Filtek™ Bulk Fill Posterior Restorative in one increment and light cure 40 s on occlusal

surface, another 40 s light cured on buccal and palatal surface after band removal

HGI Surface pretreatment: Apply GC Dentin conditioner (entire cavity) 20 s, rinse with water 10 s, gently airdry 3 s

[Equia Forte Fil, GC, Japan]

Restoration: Mixing Equia Forte Fil using amalgamator (ProMix 402E, Dentsply, USA) 10 s, apply in one

increment (Figure 4B), initial setting 2 mins 30 s

Coat: After band removal, apply Equia Forte Coat on occlusal and proximal surface, light cured 20 s for each surface

(A)

(B

Figure 4 Restoration of tunnel preparation: (A) with bulk-fill resin composite (B) with high-viscosity glass ionomer cement.

Artificial aging process

After restorative procedures, all premolars were kept
in distilled water at 37°C for 24 hours, and were subsequently
artificially aged by 10,000 cycles of thermocycling (Thermocycler
THE-1100/THE-1200, SD mechatronic, Germany) between 5°C
and 55°C with a dwell time of 30 seconds in each bath and a
transfer time of 5 seconds.

Marginal ridge strength test

The fracture strength tests were achieved by axial
compressiong"&'g using a universal testing machine (Instron
8872, UK). The specimens in the molds were installed in the
test plateau of the lower member of the machine, and the load
was transferred to the marginal ridge by a steel rod on the
upper member of the Instron. The sphere tip of the rod is 2.0

mm in diameter and the contact point is approximately 1.0

mm away from the marginal ridge. The end tip of the loading
rod was carefully established to be contacted with the tooth
structure, not the restorative material (Figure 5). The
crosshead speed was 0.5 mm/minute until fracture occurred.
Maximum fracture strength values in Newton (N) were

recorded when the specimens were fractured.

Figure 5 Marginal ridge fracture strength test of tunnel restoration.




Failure mode analysis

The specimens were examined under a stereomicroscope
at a 10x magnification (SZ 61, Olympus, Japan) to evaluate
fracture patterns, which were defined as followed:'” favorable
fractures, identified as restorable failures, above the level of
bone simulation, and unfavorable fractures, identified as
unrestorable failures, below the level of bone simulation.

Data analysis

Descriptive statistics were presented in the mean of
fracture strength values and standard deviations. Remaining
marginal ridge heights and adhesive systems and restorative
approaches were independent variables, whereas the mean
fracture strength values were dependent variables. Statistical
analyses were performed using SPSS 28.0.0.0 for Windows
(Chicago, USA). The normality of data distribution was
determined by a Shapiro-Wilk test. Data were subsequently

Table 4

Positive control (Tunnel preparation, no restoration)
Optibond™ FL + Filtek™ Bulk Fil Posterior Restorative
Single Bond Universal + Filtek™ Bulk Fil Posterior Restorative

Dentin conditioner + Equia Forte Fil

Negative control (Intact tooth)

326.12 (149.58) **
519.16 (156.17) ™

statistically analyzed using two-way analysis of variance

(ANOVA), one-way analysis of variance (ANOVA), and Fisher's

Least Significant Difference (LSD) post-hoc multiple
comparisons. Levels of significant difference were determined at

p<0.05.

Results

Fracture strength test

The mean fracture strength values for all experimental
groups in this study were normally distributed (p>0.05). Two-
way ANOVA revealed that fracture strength values were
significantly affected by marginal ridge heights (p<0.001),
but did not significantly affect by restorative systems
(p=0.974) The mean fracture strength values and standard

deviations were presented in Table 4 and Figure 6.

Mean fracture strength values and standard deviations of the remaining marginal ridge heights and restorative systems.

1.0 mm 2.0 mm 3.0 mm
Mean (SD) Mean (SD) Mean (SD)
245.12 (134.83) ** 305.70 (154.55)“**  372.85(120.30) *"
336.02 (134.76) ™" 490.36 (200.91) ™™ 511.43 (168.46) °
334.89 (127.93) ™" 493.78 (227.89) "**  511.37 (204.24) *°

b,AB

511.17 (192.10) *°
519.16 (156.17) **

474.55 (140.93)
519.16 (156.17) ™

Mean fracture strength values (n=10) with standard deviations (SD) are listed in Newton (N). Values with different superscript capital letters indicate

significant differences within the same row for each restorative system. Different superscript small letters indicate significant differences within the same

column for each remaining marginal ridge height. Significantly difference was at p<0.05 level (one-way ANOVA, Fisher's Least Significant Difference (LSD)

post-hoc test)
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Figure 6 Mean fracture strength values and standard deviations of tunnel restoration on maxillary premolar by different remaining marginal

ridge heights and restorative systems.




Statistical analysis with one-way ANOVA followed
by LSD post-hoc multiple comparisons revealed that at the
remaining marginal ridge height of 1.0 mm there was no
statistical difference between M1PC group and all other
restorative groups (M1ER, M1UA, and M1HGI). At the
remaining marginal ridge height of 2.0 mm, there was a
significant statistical difference between the M2PC group
versus M2ER group (p=0.031), M2UA group (p=0.029) and
also M2HGI group (p=0.048). At the remaining marginal
ridge height of 3.0 mm, the fracture strength values exhibited
no significant difference between all experimental groups
(M3ER, M3UA, M3HGI, M3PC and NC). The NC group
showed a significant statistical difference between M1PC
group (p=0.000) and M2PC group (p=0.005). Statistical

differences of the NC group were also demonstrated with

MIER group (p=0.015), MI1UA group (p=0.014), and
MI1HGI group (p=0.010).

In terms of the adhesive systems and restorative
materials, there were statistically significant differences
between the remaining marginal ridge height of 1.0 mm (M1)
versus the remaining marginal ridge height of 3.0 mm (M3)
in all four restorative subgroups, as identified in ER group
(p=0.029), UA group (p=0.049), HGI group (p=0.017) and
PC group (p=0.047).

Failure mode analysis

The data showed that all 130 maxillary premolar
specimens represented favorable fractures or restorable
failures, which occurred above the level of bone simulation,

as presented. (Figure 7)

Figure 7 Favorable fracture of tunnel restoration. View from occlusal surface (left), view from proximal surface (right).




Discussion

This in vitro study evaluated the effect of various
heights of remaining marginal ridge, at 1.0 mm, M1; 2.0 mm,
M2; 3.0 mm, M3 restored using various restorative systems,
which were 3 step etch and rinse adhesive with paste-like bulk
fill resin composite or ER group; selective enamel etching
mode universal adhesive with paste-like bulk fill resin
composite or UA group; and high-viscosity glass ionomer
cement or HGI group; tunnel prepared teeth without
restoration as positive control (PC) group; and intact
unprepared teeth negative control or NC group, on fracture
strength values of maxillary premolar, after artificial aging by
10,000 thermocycled. The results of this experiment showed
that fracture strength of each restored tunnel preparation
revealed different values, influenced by different remaining
marginal ridge heights, but did not influenced by different
restorative systems. Therefore, the first null hypotheses were
rejected, while fail to rejected the second null hypothesis.

The current investigation demonstrated that the
mean fracture strength values at the M1 of all the ER, UA,
HGI, and PC groups were found to be statistically
significantly inferior to those of the M3 groups, these
apparently indicated the effect of the remaining marginal
ridge heights on the strength of tunnel preparation and
restoration.

The tunnel preparation of M1PC and M2PC groups
exhibited significantly lower fracture strength values when
compared to the intact tooth or NC group, this finding is

. . 9,18-21
in Vvitro

consistent with previous investigations.
However, the M3PC group was demonstrated to be as strong
as unprepared tooth, which was in accordance with Fasbinder
etal.”” and Strand et al.” who had suggested that the strength
of marginal ridge was not significantly subsided if the amount
of tunnel preparation was conservative, compared to the size
of marginal ridge. Consequently, all restorative systems in
this study have not differed when restored the tunnel-prepared
teeth at the remaining marginal ridge height of 3.0 mm.

The MIPC group was found to be drastically

weakened compared to the NC group. All three restorative

systems in this experiment, i.e., M1ER, M1UA, and M1HGI

groups, failed to restore the 1.0 mm. thickness brittle
undermined tooth structure back to the strength level of
natural unprepared tooth, thus, tunnel-restored teeth at
remaining marginal ridge height of 1.0 mm may not withstand
occlusal loading. Therefore, our results suggested that the
remaining strength of prepared tooth was a major contributor
affecting the success of tunnel restoration, which was also in
accordance with earlier studies.*”

Some studies proposed that the mechanical
properties of restorative materials were likely a main factor
influencing strength of the approximal wall of the tunnel
restoration.”” GIC was not recommended to be used as
definitive restoration in occlusal loading area due to
inadequate mechanical strength.14 Marginal ridge fractures in
tunnel restoration of permanent teeth with GIC were
evidenced in clinical studies."***** Development of HV-GIC
has been claimed to provide better mechanical properties, but
consideration for their utilization should be achieved from
clinical trials.”> A two-year clinical study in 2020 suggested
that the use of HV-GIC as permanent class II restoration was
not clinically .appropriate.26 Nevertheless, a five-year
randomized clinical trial in small class II restorations between
Equia Forte (GC, Japan) and resin composite (Filtek Z250,
3M ESPE, USA) combined with a two-step etch and rinse
adhesive (Adper Single Bond 2, 3M ESPE, USA) reported
that retention and fracture of both materials were found to be
no statistically significant over time.”

At the remaining marginal ridge height of 2.0 mm,
both of the resin-based groups in this study or M2ER group
and M2UA group were capable of reinforcing tunnel
preparation to obtain the strength level of NC group, as well
as Equia Forte Fil or M2HGI group. This outcome coincided
with an in vitro study which revealed that conventional GIC
re-established tunnel preparation to be as strong as sound
tooth.”’ When dental restorations are subjected to forces,
stresses occurs and therefore absorbed and transmitted. There
were a number of factors affecting stress distribution of dental

restorations, and the elastic modulus of restorative materials




was one of the direct associated factors.”” Some studies
indicated that the higher elastic modulus materials supported
higher loads and resisted the stresses, whereas the lower
elastic modulus materials absorbed the forces then deformed
and flexed, resulting in reduction of the stresses.” It was
recognized that the elastic modulus of restorative materials
close to that of dentin may reinforce and limit marginal ridge
flexure and fracture.™" Elastic modulus of dentin was 14-
18.6 GPa.” The restorative materials used in this study,
Filtek™ Bulk Fill Posterior Restorative had an elastic
modulus at 17.2 GPa.” A study reported the elastic modulus
of no-coat Equia Forte Fil at 20.75 GPa and the coated type
was at 8.08 GPa.” Another study revealed the elastic modulus
of' no-coat Equia Forte Fil at 5.6 GPa.” Therefore the resultant
effect of the elastic modulus of Equia Forte Fil (GC, Japan)
in this study may not be justified.

Other properties of the restorative materials are also
factors affecting stress distribution of dental restorations. The
polymerization shrinkage nature of resin-based dental
restorative material was inevitable, generating stress within
material itself and neighboring dental structures,’ and
effective dental adhesive assisted to relieve the shrinkage
stress.” Strand et al.”’ suggested that bonding ability of
restorative materials may also be highly affecting strength of
the tunnel-restored tooth. Generally, GIC were reported to
have low bond strength and cohesive failure that represented
intrinsic brittle nature of the materials."* To the extent of the
author’s knowledge, there is no literature comparing bond
strength of Equia Forte Fil versus neither Optibond™ FL nor
Single Bond Universal Adhesive to date. However, a 3-year
clinical study of class V restoration in sclerotic dentin
reported that EQUIA Forte Fil and a conventional resin
composite with OptiBond FL survival rate and retention loss
were not statistically differed.”® The setting of conventional
GIC revealed low or non-shrinking nature,” and GIC has been
believed to act as a stress breaker.”® Studies showed that GIC
could reduce effect of stress concentration when compared to
resin composite.”” Additionally, evidence showed that with

availability of water during the maturation phase, mechanical

properties of GIC gradually increased with time.” Furthermore,

the boundary conditions or cavity geometry factors and
residual dental structures also played crucial roles in stress
distribution.” All of the possible compensation and complex
contributing factors may explained the statistical equivalent
fracture strength values of the resin-based groups and the HV-
GIC group at the remaining marginal ridge height 2.0 mm in
this experiment.

In our investigation, fracture strength of tunnel
restoration at the remaining marginal ridge height of 2.0 mm
with paste-like bulk fill resin composite in conjunction with
either OptiBond™ FL group (M2ER) or selective enamel
etching mode Single Bond Universal Adhesive group
(M2UA) were significantly equivalent to unprepared teeth
group (NC), as shown in the Table 4 and Figure 6. These
results were consistent with earlier published experiments
that restoration with bonded resin composite reinforced the
tunnel preparation equally to the strength of intact tooth.*” A
recent systematic review and meta-analysis in 2020
recommended resin composite as the material of choice for
permanent direct posterior restoration.”’

The fracture strength values of OptiBond™ FL and
selective enamel etching mode Single Bond Universal
Adhesive in this study were not statistically different. Both
groups used phosphoric acid as enamel etchant, whereon resin
tags were formed and created micromechanical interlocking
that proved to be effective and durable.”"! Regarding the
challenging dentin bonding, Single Bond Universal Adhesive
contained the most widely used acidic functional monomer,
10-methacryloyloxydecyl dihydrogen phosphate (10-MDP),
which provided in vitro stability42 and showed excellent bond
durability performance from 5-year clinical studies.”* 10-
MDP partially demineralized and infiltrated into dentin
substrate, creating micromechanical interlocking forming
hybrid layer, whilst simultaneously releasing calcium and
chemically bonded to hydroxyapatite, forming insoluble
nanolayering MDP-calcium salts."' OptiBond™ FL has been
proven of outstanding bond durability in a 13-year clinical

study.” It contained glycerol phosphate dimethacrylate




(GPDM) as functional monomer, however, the dentin
bonding mechanism mainly came from hybridization of acid-
conditioned hydroxyapatite-deprived collagen scaffold.”"
There were literatures comparing Optibond™ FL
and Single Bond Universal Adhesive in various settings, but
based on available information, this study provided the first
in vitro investigation of the effect of Optibond™ FL versus
Single Bond Universal Adhesive on tunnel restoration. There
were literatures reported that in vitro dentin bond strength
studies of OptiBond™ FL and multiple modes of Scotchbond
Universal Adhesive (Single Bond Universal Adhesive’s name
in some countries) in various conditions were not statistical
difference.**"” Three year randomized clinical trial revealed
that in class V resin composite restoration, cumulative failure
rate in the OptiBond™ FL group was not statistically
different when compared to the Scotchbond Universal
Adhesive groups in self-etch, selective-enamel-etch, and
etch-and-rinse modes.” Optibond™ FL, Single Bond

Universal Adhesive, and Filtek™ Bulk Fill Posterior

Restorative were clinically well-performed adhesive
restoration.”**
There were suggestions to restore tunnel

preparation with resin composite in conjunction with
adhesive systems.”””' A randomized control clinical trial by
Kinomoto et al. found that the survival rate and marginal
ridge fracture of conventional resin composite in class II
versus tunnel restoration had no significant difference.”’ A
recent 5-year clinical study in 2020 reported that, with bonded
resin composite restoration, annual failure rates were
comparable in class II (2.2%) versus tunnel restoration
(1.8%)."

Fracture pattern of all specimens in this experiment
was favorable or restorable, corresponding to previous
laboratory investiga‘cions.g’lg’22 In clinical situations, marginal
ridge fracture or failure that occurred in tunnel preparation/
recommended to be into

restoration were repaired

conventional class 11 restoration.”*
The wide standard deviation indicated a lot of

variances involved. Tunnel preparation and restoration have

been recognized for high technique sensitivity, limited

accessibility and visibility, and demand for operator
skill.”> > A study suggested that the effect of marginal ridge
height on strength of tunnel restoration may be considered as
a cavity geometry factor.’ All of contributing factors may
affect our results.

In summary, tunnel restoration may be the
contemporary treatment of choice for conservative restoration
of proximal carious lesion. Proper case selection is
particularly important, therefore, contributing factors for
decision-making to operate tunnel restoration in approximal
caries would be the balancing of dental substrate
conservation, the risk of pulp exposure, and the extent of
decay invasion,”” as secondary caries was another major
cause of tunnel restoration failure.”™ Since the development
and improvement of contemporary adhesive systems and
restorative materials is ongoing, further investigations
including long-term clinical studies are therefore suggested to

determine their effects on tunnel restoration.

Conclusion

Within the limitation of the present study, the
remaining occlusogingival marginal ridge heights affected
strength of tunnel restoration, but did not affect by the
adhesive systems and restorative materials. At the remaining
marginal ridge height of 1.0 mm, all restorative systems in
this study were unable to support tunnel preparation, therefore
unable to withstand occlusal force. At the remaining marginal
ridge height of at least 2.0 mm, Optibond™ FL or selective
enamel etching mode Single Bond Universal, combined with
Filtek™ Bulk Fill Posterior Restorative, and Equia Forte Fil

reinforced tunnel preparation to the level of intact teeth.
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