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margin on a four sides. The manuscript should be typewritten.
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should be in degree Celsius. Pressure units should be
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chemistry should follow International System Units or SI.
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the content except the standard measurement units.

6. Position of the teeth may use full proper name
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7. Table: should be typed on separate sheets
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Footnotes to tables indicated by lower-case superscript
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8. Figure : the photographs and figures must be
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resolution and acceptable file types to meet technical
evaluation of JDAT that is adapted from file submissions
specifications of Pubmed (https://www.ncbi.nlm.nih.gov/
pmc/pub/filespec-images/#int-disp). We classify type of
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Dental Treatments at Risk for Bleeding in Children Receiving Antithrombotic Drugs

usIaan WeaInd', anean a1seduiioed, wuadn Tuugund’

Narawan Chieowwit', Saisupee Arayasantiwong', Panorjit Wudtanasuchatt'
UUANTIU TSIMETUNER3IIY ANZLNNEAERSAIITNGIUE WIne1deNiing nJanaues Ussnelne

'Dental department, Siriraj Hospital, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand

heinildsuedududenidenimumiuansalagliildngaineunsinm fhednazdanudsinzidon
08NgTL uititeiinrgneneuntsinu dueiinasinmnumisinnsaudengaiuvaonidengidutuiu msinwiding
Uszasdiitednundadesing o seritsmsinvmeiunnssuuuuunfuaznsinymisiunnssunigldnsaueaaulugtasiin
fldFuednuaudeniidulszaumsalvadlsmeunadss uasfnuaadnuuzvesineiniilduaduaudenuaznissnu
maiuanssuAeItos lnsmumunssuidouiiouuudoundwesitheiiniifiongosndn 18 Vldsueuaudennoun
Snwmariumnssusiuu 305 918 SeuszneumetilneinildsunsnumaiunnssuwuuUndsuu 232 916 Taegtae 222 51
lailfngnenduduidontounisine wasiihodinilésunsinvmaiuanssungldnsauenaausu 73 5o Taefiae
72 910 vgaednuALFonfe UMY NamsﬁﬂmWuﬂwﬁ”’qaanﬂfjuﬁﬂawumeGmasmﬁﬁﬂéwﬁfgmnaaaﬁy’aL‘%aqmﬂ 918 13987
yiavosendududen Bnsvandeaiamzd (P<0.001) wazten INR vesffthefldsuenninniu (P=0.014) lnsnguilunnw
maiusnssuuuuUnATiAedegwiniy 8.7+3.4 U Sevay 67.2 léfusuedlniunazievas 24.6 l63usisvdu flaedn
#sunsgafiuthansuniign sesasunfenisoouitu (fuade 12 diese) washudonanzilnensliifomnniiae
sesannAoaliunazinfes uazivise INR duluajegseming 1.50-3.50 daunguiininwmaiuanssuneldnisesenaay
fidnaduonguintu 5.7:2.6 T $evar 90.5 Iisusuealniuuaziovas 4.1 63uidvindu fureiinldiunisaeuiiuinniias
(Aade 6.4 Friose) uazsudenawzilasnisifioaluy Buunauazinfes uazdivase INR dulugjegsening 1.00-1.49
KamsAnilinugtimsainzidoneenuasameaudengnfuvasaionniendimsinyiaeingy feduiuuwmgannsn
ymsinvmsiusnssudmsudnuuudnaldedisasndelagbidniudomeneiuaudesteunsinmsmiunsiuden
Wngiifvanzan dumsinwmaiunnssudmsudinangldnsasenaay fusumdmsionsansmiuninsuwmduas
Fayurmdioyszidiumnudsseimsiinamidensenuazanuidssweamsiinnnyduidengadunasnien iefiansan
femnudndlummeganielivgaenduaudentounsinvuagtiedunsdly uazmsvhimiunsindename A
UseAnSamiuriu

AdAy: N13Shweiuanssukuulng, nsshwmaiunnssuneldnisaugnaay, nsunsndeuiuidengaiuvasniien,
AMzWnINgeudenaen, e1RuaNEen

Abstract

When children continued antithrombotic drugs before dental treatment, they are at high risk for bleeding,
but if they discontinued antithrombotic drugs, they are at high risk for thromboembolism. This research aims to study

factors of dental treatment in clinic and under general anesthesia (GA), and characteristics of related treatments. A

Chieowwit et al., 2022 521



retrospective chart review in the cases of Dental department, Siriraj Hospital consist of 305 children under 18 years
old who received antithrombotic drugs. 232 children received treatment in clinic, in which 222 cases continued
antithrombotic drugs. 73 children received treatment under GA, in which 72 cases discontinued antithrombotic
drugs. The results show both groups have significant differences in sex, age, age group, type of antithrombotic drugs,
local hemostasis (P<0.001) and INR range of children on warfarin (P=0.014). The treatment in clinic group mean age
is 8.7+£3.4 years. These antithrombotic drugs are aspirin (67.2%) and warfarin (24.6%). They mostly receive scaling,
followed by tooth extraction (Mean 1.2 teeth/case) and use gauze, gel foam and gauze for local hemostasis, and
INR range are mostly 1.50-3.50. The treatment under GA mean age is 5.7+2.6 years. These antithrombotic drugs are
aspirin (90.5%) and warfarin (4.1%). They mostly receive tooth extraction (Mean 6.4 teeth/case) and use gel foam, suture
and gauze for local hemostasis, and INR range are mostly 1.00-1.49. This study shows no incidences of bleeding and
thromboembolic complications after dental treatment in both groups. These results suggest that dentists can perform
pediatric dental treatment in clinic safely without interrupting antithrombotic drugs combine with appropriate local
hemostasis. However, dental treatment under GA should be considered by dentist, pediatrician and anesthesiologist
to weigh bleeding and thromboembolic risks, and the need to discontinue or continue antithrombotic drugs. These

must be made case by case and should be combined with effective local hemostasis.

Keyword: Normal dental treatment, Dental treatment under general anesthesia, Thromboembolism complication,

Bleeding complication, Antithrombotic drugs
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Tsandaiieraladniay (Myocarditis) Wunmzunsndou
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fiefoar 4 9INNNTAUWAILBIMNER (Shunt failure), fUeidin
Aevidanseindinrieuuny (Fontan) Sewunnzauidongasiu
Yovay 17-33% gililunistesiunasinvinnzaudongadiu
Twdin fie endiududen (Antithrombotic drugs) fiusenaude
gasnuinaniden (Antiplatelet drugs) wWagen@unsudam
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Table 1 Characteristics of children receiving antithrombotic drugs prior to dental treatment

STUIUE Sviue N1SSNYINTIUANTIY, 578 (%)
AMANYY 518 (%) yiiuuuUni yuneldnisaueaau P-value
(n =305) (n =232) (n=73)
LA < 0.001**
Y 215 (70.5) 176 (75.9) 39 (53.4)
VN 90 (29.5) 56 (24.1) 34 (46.6)
a1y @) < 0.001%*
Mean + SD 8.0 35 8.7+34 57+ 27
Median (Min — Max) 7.0(2-17) 8.0(2-17) 50(2-12)
429818 < 0.001%
11-309 27 (8.9) 10 (4.3) 17 (23.3)
3.1-601 86 (28.2) 51 (22.0) 35 (47.9)
6.1-90% 103 (33.8) 91(39.2) 12 (16.4)
91-127 53 (17.4) 44 (19.0) 9(12.3)
12 Yuly 36 (11.8) 36 (15.5) 0(0.0)
wiavesedududen < 0.001%*
Single antiplatelet 222 (72.8) 156 (67.2) 66 (90.5)
Dual antiplatelet 2(0.7) 0(0) 2(2.7)
Anticoagulant 60 (19.7) 57 (24.6) 3(4.1)
Antiplatelet + Anticoagulant 21(6.9) 19 (8.2) 2(2.7)

** sienificance level at P<0.001
dmsulsauszidvesithodinilduenduauiden
wuidlvgferar 908 \Wugfthuwniiflsavhlafinsusiuia
ﬁﬁmmLﬁﬂamw?ﬂLﬁamgmﬁuﬁ”’ﬁdauuazm&mé’qmim%’fm
wlaviasng  vaisfidiuiiesilsadu 9 wu lsaaend sn
auesfinsTuiudiumnnea3edin (Spastic cerebral palsy with
hemiparesis) 1udu fUaewdndulveSosaz 73.4 1asuen

fundaden Tnofoutamadusuealniuug 81 fadnsu
fiwdodusuedlnduaun 81 fadndu wazelradlansavu
75 fadndu dusindudugiunsulsnvesdentiitae
winleisu Anlufesas 19.7 uazdiheindosay 6.9 losuen
fundadensiuivendunsudsinvesdendusuealny
81 fadnsu Taufuenmsnidu 2 fadnsu faandlusnsnsd 2
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Table 2 Diseases, types and doses of antithrombotic drugs in children receiving antithrombotic drugs prior to dental treatment

Sruutiavan, 519 (%) Iuufiae
(n =305) 918 (%)
ylinvaslsauszdanaa
Congenital heart disease (CHD) 277 (90.8)
CHD 3(1.1)
CHD S/P BDG / Glen operation 74 (26.7)
CHD S/P Fontan operation 50 (18.1)
CHD S/P Rastelli operation / Unifocalization 41(14.8)
CHD S/P Shunt, MBT, devices 102 (36.8)
CHD S/P Mechanical valve replacement 7(2.5)
Kawasaki disease 8(2.6)
Spastic cerebral palsy with hemiparesis 3(1.0)
Moya Moya disease 1(0.3)
Congenital dyserythropeitic anemia S/P splenectomy 13 (4.3)
Thallassemia S/P splenectomy 1(0.3)
Hereditory ellipto-ovalocytosis S/P splenectomy 2(0.7)
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Table 2 Diseases, types and doses of antithrombotic drugs in children receiving antithrombotic drugs prior to dental treatment (cont.)

fa"ﬁuquﬁy'wm, 7% (%) Iuugiae
(n = 305) 318 (%)
yiiavaserdudnuidon
Antiplatelet 224 (73.4)
Single antiplatelet (Aspirin 81 mg) 222 (99.1)
Dual antiplatelet (Aspirin 81 mg + Clopidogrel 75 mg) 2(0.9)
Anticoagulant 60 (19.7)
Warfarin 2 mg 15 (25.0)
Warfarin 3 mg 26 (43.3)
Warfarin 5 mg 19 (31.7)
Antiplatelet + Anticoagulant 21(6.9)
Aspirin 81 mg + warfarin 2 mg 17 (81.0)
Aspirin 81 mg + warfarin 3 mg 4(19.0)

fneinnduinnmaiunnssuuuuundlssunsy
fhaneuniigndiuau 181 1 sesaunfienisneuitu 65 11e
1w 81 8 Aade 1.2 3/ Tnelisunsaouiiugeanliii
2 sinanstinan AemsaseuitulavelSatlufiudum 4 919
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fhoinnduisninuimeiunnssuneldniseueaaulszuns
noufluinniian 62 118 $1uau 395 § Aade 6.4 Frese
Tnglésunsnouitugean 20 @ sesasn Aomsyaiiuinans
$1au 45 570 waznmseseuitulangladaluituhu 44 579
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Table 3 Dental procedures and local hemostatic procedures in children receiving antithrombotic drugs

ATINWINIIUANTIU
Srunuavan yirrunuuun@ yiduneldnsauendau P value
(n = 305) (n=232) (n=73)

AAANTITNIIUANTTY -
msymﬁwfwaw, 578 (%) 226 181 (80.1) 45 (19.9)
miqmﬁuﬁﬁ%ﬂﬁmﬁ@ﬂ, (518/3) 2/4 2/4 0/0
msaseuiiulavgl¥aiiy, (516/3) 48 / 175 4/4a 44 /171

msnauity, (318/7) 127/ 476 65/ 81 62 /395
aouN 1 -3 ?ﬂ‘l, (57&1/‘%) 83/ 120 65 /81 18/ 39
nouflu > 3 @, (378/3) a4 / 356 0/0 a4 / 356
Aady, @/510) 3.7 1.2 6.4
fsnan — Fgagn, @) 1-20 1-2 1-20

33nsTudenanizi, 519 (%) < 0.001**
Gauze 222 (72.8) 207 (89.2) 15 (20.5)

Gel foam + Gauze 33(10.8) 22 (9.5) 11 (15.1)
Gel foam + Suture + Gauze 50 (16.4) 3(1.3) 47 (64.4)

** sienificance level at P < 0.001
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dmsutiee INR vasUaemniilasuennsnisu
WU lUNGUTINSNYITILANTTULUUUNATEI9AT INR A3
1.00-3.50 Ingaulugfiengen INR 581319 1.50-1.99 &sdlaau

uaneinsegasltiudftyyneetia (P = 0.014) funguiunsnymig
Vunnssunelinisaueraaunienee INR Asus 1.00-1.99

Tngaulugiigagen INR 5811919 1.00-1.49 fauanslumsnei 4
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Table 4 INR ranges of children receiving warfarin prior to dental treatment

Sruu ASENWINIIUANTIY, 578 (%)

518 (%) yirrunuuun@ iuneldnisauenaau P value
(n =76) (n=T71) (n=5)

INR ranges 0.014*
1.00-1.49 15 (19.7) 11 (15.5) 4 (80.0)
1.50-1.99 31 (40.8) 30 (42.3) 1(20.0)
2.00-2.49 12 (15.8) 12 (16.9) 0(0.0)
2.50-2.99 13 (17.1) 13 (18.3) 0(0.0)
3.00-3.50 5(6.6) 0(0.0)

* sienificance level at P < 0.05

dthewnlselafinsudifinnevdinishdniile
iipsnananlngfaee INR 5¥w319 1.50-1.99 daugtedn
Tsahlafimsussnidinmendsmssidaldauilaiiondning
H29A7 INR 521319 2.50- 2.99 dauﬂﬂ’smﬁﬂﬁﬁkmmawﬁ
drulnaifienem INR 581314 2.00-2.99 d1usutaean INR ﬁqq

3997113 3.00-3.50 wuldluithednlsarilafinisusfidnnevas
N19WAA BDG (Bidirectional Glen procedure) Wag/#3 Glen
operation WwarnenaIn1sHIdald Shunt, MBT (Modified
Blalock-Taussig shunt) wag devices Faandlunsedl 5
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Table 5 INR ranges of children with systemic diseases who receive warfarin prior to dental treatment

SruauRaun INR range, 518 (%)
8 (%) 1.00-1.49  1.50-1.99  2.00-2.49  2.50-2.99  3.00-3.50
(h=76)
ynvaslsalszandia
CHD S/P BDG / Glen operation 35 (46.1) 9 (25.8) 14 (40.0) 4(11.4) 4(11.4) 4(11.4)
CHD S/P Fontan operation 14 (18.4) 2(14.3) 6(42.9) 3(21.4) 3(21.4) 0(0)
CHD S/P Rastelli operation / 4(5.3) 0(0) 3 (75.0) 1(25.0) 0(0) 0(0)
Unifocalization
CHD S/P Shunt, MBT, devices 8(10.5) 1(12.5) 5(62.5) 0(0) 1(12.5) 1(12.5)
CHD S/P Mechanical valve replacement 7(9.2) 2(28.6) 1(14.3) 1(14.3) 3(42.9) 0(0)
Kawasaki disease 8(10.5) 0(0) 0(0) 4 (50.0) 4 (50.0) 0(0)
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Shear Bond Strength and Interface Analysis of Different Veneering Ceramic
Applications Over 3Y-TZP Substructure

Pimrumpai Rochanakit Sindhavajiva'

'Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The aim of this study was to compare the shear bond strength (SBS) of different veneering ceramic applications
over a 3Y-TZP substructure. The study was performed with a total of 45 3Y-TZP discs. The samples were divided
into three groups according to the type of veneering ceramic as followings: base liner group (NobelRondo™ Zirconia,
Nobel Biocare, Goteborg, Sweden), conventional layering group (NobelRondo™ Zirconia, Nobel Biocare, Goteborg,
Sweden) and pressing group (NobleRondo™ Press Zirconia, Nobel Biocare, Goteborg, Sweden). The SBS was tested
with a universal testing machine (Dillon Quantrol TC? Fairmont, USA). Then results were analyzed by One-way ANOVA
followed by Tukey’s post hoc test at significance level QL = .05. The surfaces of the samples after testing were ex-
amined by a light stereomicroscope in order to determine the fracture mode. One-way ANOVA showed a statistically
significant difference among groups, Fz‘42 = 11.558, p < .005. Tukey tests indicated a statistically significant difference
between the base liner group and both conventional layering (p = .02) and pressing (p < .005) groups, while there was
no significant difference between conventional layering and pressing groups (p = 0.719). Baseliner and conventional
layering groups exhibited combined cohesive/adhesive failure while the pressing group failed cohesively. According

to the findings of this study, pressable veneering ceramic has comparable SBS to conventional veneering ceramic.
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Introduction

Zirconia is a crystalline dioxide of zirconium. to 1200 MPa and compression resistance at about 2000
The mechanical properties of zirconia are very similar to MPa,”"® suggesting that zirconia-ceramic fixed denture
those of metals and its color is similar to tooth color."*/n vitro prostheses (FDPs) can be used in the molar region. Zirconia
studies of yttrium tetragonal zirconia polycrystals (Y-TZP)- restorations have been recommended for FDPs supported
based materials demonstrated flexural strength of 500 by teeth or implants. Single tooth restorations and FDPs
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with a single pontic element are possible in both anterior
and posterior areas because of the reliable mechanical
properties of this material."*”

Although 3Y-TZP zirconia frameworks have
demonstrated relatively higher strength compared to
other all-ceramic materials, the opacity of this material
results in reduced esthetics. Its color property requires
veneering ceramic on the zirconia substructures in order
to give natural esthetics. There are two major techniques
for veneering ceramic application. The first technique is
the conventional layering technique. This technique has
been used widely for veneering metal-ceramic restorations
and all-ceramic restorations. The feldspathic ceramic powder
is mixed with modeling liquid. The crown is then built up
15-18 % oversize to compensate for shrinkage after firing.°
This technique requires the skill of the laboratory technician
to achieve the final all-ceramic crown with excellent esthetic.
The other layering technique is pressing technique. Pressable
ceramics have the advantage of being technically less
challenging by using the lost wax technique. This allows
for the convenience of full-contour ceramic wax-up as
opposed to the more-technique-sensitive layering method."
Pressable ceramics are available in ingots with different
shades to match various clinical requirements. During laboratory
procedures, these ingots are heat-pressed into a mold by
a plunger under pressure within a pneumatic press fumnace.
Pressable veneering ceramic has a monochromatic color.
Therefore, after pressing and divesting, enhanced esthetics can
be achieved through an external characterization procedure.

A systematic literature review evaluated the
survival rate of all-ceramic restorations in comparison with
porcelain fused to metal restorations. A five-year survival
rate of all-ceramic restorations was 93.3 %, whereas metal-
ceramic restorations had a five-year survival rate of 95.6 %."
When comparing zirconia restorations with other all-ceramic
systems, zirconia frameworks were the most reliable in
the posterior region. Failure of zirconia restorations resulted
from chipping or cracking of the veneering ceramic, while other
all-ceramic restorations failed mainly from framework fracture.™

A five-year clinical study of 3-5 unit zirconia FDP

frameworks found a 15.2 % failure rate from chipping of

the porcelain veneer layer but no framework failures.”
Differences in the coefficient of thermal expansion (CTE)
between the core and veneering ceramic has become
an area of concern.'*"* Other reports have shown failure
rates from 8 to 25 % after 24-38 months in function.®** While
zirconia provides strength, clinical failure modes suggest
that future development should focus on porcelain veneer
materials and resultant bonding mechanisms and stresses.”*'

In vitro studies for bond strength between zirconia
core and veneering ceramic have been conducted. Zirconia
groups showed statistically significant lower shear bond
strength (SBS) than metal groups with corresponding layering
veneering ceramics.”” While another study found that the
Zirconia group showed comparable SBS to the metal group.”
It was previously reported that pressable veneer ceramics
had a higher zirconia-veneer bond strength than many
available layering ceramics.” The superior bond could
be attributed to many of the attractive properties of the
pressing technology, which is performed under controlled
conditions, resulting in less incorporation of structural
defects, improved wetting of the zirconia surface by the
molten pressed ceramics, and less incorporation of air
bubbles, which are known to dramatically affect the strength
of the veneering ceramic and its bond strength to the
underlying framework material.** Another study found
no significant difference in bond strength between the
layering and the pressing veneering applications over the
zirconia framework.” However, the failure modes of each
technique were different. In pressing sroups, samples were
fractured by the chipping of a small part of veneering ceramic
under the impact area, while the zirconia restoration remained
structurally intact. In contrast, layered zirconia samples
demonstrated delamination of the veneering ceramic,
exposing the surface of the underlying zirconia framework.”

Although there were studies about veneering ceramic
on 3Y-TZP zirconia framework, there were not many studies
comparing bond strength between conventional layering
and pressing techniques for veneering application over the
CAD/CAM zirconia substructure. Therefore, the purpose
of this study was to compare SBS of different veneering

applications. The null hypothesis was that there was no
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difference in shear bond strength between conventional

and pressing techniques.

Materials and Methods

Preparation of 3Y-TZP discs

A 3Y-TZP framework material (Procera®, Nobel
Biocare, Goteborg, Sweden) was milled to disc form (10 mm
in diameter, 2 mm in thickness), and sintered by the manu-
facturer. The discs were polished with 120-grit diamond
polishing disc (Metlab Corp., Niagara Falls, USA) under copious

Table 1 Material properties according to manufacturer data

water in order to standardize surface roughness. The roughness
of the polishing disc was comparable to that of a diamond
bur which was recommended by the manufacturer. The
surfaces were steam cleaned for two min using a dental
laboratory steam cleaner (Lukadent F99504, Germany)
prior to the application of the veneering ceramic.

The materials used, and their corresponding lot
numbers and manufacturing information are presented

in Table 1.

Material Lot Number Manufacturer Build-up Technique
NobelRondo Zirconia Dentin (A3) #0306 Nobel Biocare, Goteborg, Sweden Conventional layering
NobelRondo Base liner #0406 Nobel Biocare, Goteborg, Sweden Conventional layering
NobelRondo Press #0207 Nobel Biocare, Goteborg, Sweden Pressing

NobelRondo Liner Liquid #2206 Nobel Biocare, Goteborg, Sweden Conventional layering
Build-up Liquid Quick #0906 Nobel Biocare, Goteborg, Sweden Conventional layering

A total of 45 discs was divided into the following
groups:

1. Base liner group : Samples were veneered with liner
material (NobelRond™ Zirconia Base liner, Nobel Biocare,
Goteborg, Sweden) only.

2. Conventional layering eroup : Samples were veneered
with liner material and felspathic veneering ceramic
(NobelRondo™ Zirconia Dentine, Nobel Biocare,
Goteborg, Sweden).

3. Pressing group : Samples were veneered with pressable
veneering ceramic (NobelRondo™ Press Zirconia, Nobel
Biocare, Goteborg, Sweden) only.

Veneering procedure for base liner group

The prepared 3Y-TZP discs were placed in an
aluminum split-mold (Fig. 1A). Liner material was applied
on the 3Y-TZP discs in cylinder form (2.38 mm in diameter,

3 mm in thickness). The samples were fired in a porcelain

oven (CeramPressTM Qex, DENTSPLY Ceramco, Pennsylvania,

USA), using a linear bake cycle (firing temperature 910 °C).

After firing, all samples were measured with an electronic

digital caliper (Mitutoyo America Corp., IWlinois, USA) with

0.01 mm accuracy, to verify dimensions. Subsequently, a

small amount of liner material was added to correct any
deficiencies, and these samples were then fired using a
liner bake cycle. All samples were examined under the
stereomicroscope, and excess liner material was removed
using a fine diamond bur with slow-speed handpiece.
Veneering procedure for conventional layering group
Prior to veneering ceramic application, a thin layer
of liner material was applied on the 3Y-TZP discs and
fired using a liner bake cycle. The prepared 3Y-TZP discs
were placed in a custom-made aluminum split-mold. The
samples were veneered with felspathic ceramic (2.38 mm
in diameter, 3 mm in thickness). The felspathic ceramic
powder was mixed with liquid and applied into the mold.
The excess of liquid was blotted by a clean napkin. Then
the mold was gently removed. The samples were fired
using a first dentin bake cycle (firing temperature 910 °C).
After firing, all samples were measured with an electronic
digital caliper. Subsequently, a small amount of feldspathic
veneering ceramic was added to correct any deficiencies,
and these samples were then fired using a second dentin
cycle (firing temperature 900 °C). All the samples were

examined under the stereomicroscope, and excess liner
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material was removed using a fine diamond bur with slow-
speed handpiece.
Veneering procedure for pressing group

Cylinder patterns (2.38 mm in diameter, 3 mmin
thickness) were built with pattern resin (GC Pattern
Resin, GC, Tokyo, Japan), attached to Y-TZP discs with
positioning wax (ABF-wax, Metalor Dental AG, Oensingen,
Switzerland), sprued and invested (Fig.1B). Press ceramic
pellets and investment plunger were placed rapidly into

the ring and the pressing program was started immediately.

The rings were pressed at 1060 oC at 4 bar for ten minutes.
Upon completion of the pressing program, the investment
rings were cooled to room temperature. The rings were
cut and sandblasted with 50-um aluminum oxide at 2 bar,
and a thin diamond disc was used to cut the sprue. The
remaining sprue buttons were removed with a diamond
point at slow speed with water irrigation. The samples
were measured using an electronic digital caliper and

polished to achieve a dimension of 2.38 mm in diameter

and 3 mm in thickness.

Figure 1 Build-up Techniques (A) Conventional layering technique: Sample in aluminum split-mold (B) Pressing technique: Samples

were sprued before investing

SBS testing

Samples were embedded in autopolymerizing
acrylic resin (Formatray, Kerr Corp, Orange, California, USA).
A SBS test was performed using a universal testing machine
(Dillon Quantrol TC2, Fairmont, USA), 1000 N at a crosshead

speed of 1 mm/ min. The maximum load to failure was recorded.

Table 2 Definitions of different failure modes

Light stereomicroscope

The samples were then observed under a light
stereomicroscope (X60) to determine the mode of failure.
The failure modes were categorized as described in

Table 2.

Failure Mode Definition

Adhesive failure

Cohesive failure

substructure material

Combined adhesive/cohesive failure

Complete delamination of veneering ceramic from substructure material

Fracture occurs completely and only within veneering ceramic or with in

Fractured surfaces are within veneering ceramic with areas of substructure material

exposed indicating localized adhesive failure

Scanning electron microscopy (SEM)

After examination under the light stereomicroscopy,
two samples of each group were randomly selected to
be further examined under a SEM to evaluate the fracture
surfaces. In order to evaluate the surface structure of the

3Y-TZP discs of three different surface conditions (as-milled

from the manufacturer; ground with diamond polishing
discs; and ground and heated using a pressing cycle) were
examined under a SEM. The samples were sputter-coated
with carbon, and then examined with a SEM (Hitachi SU70,
Schaumburg, USA). Digital images of these different samples

were made at X40, and X250 magnification.
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Statistical Analysis

The SBS was statistically analyzed by one-way
ANOVA followed by Tukey’s post hoc test at significance
level QL = 0.05 using statistical software (SPSS 12.0; SPSS
Inc., Chicago, USA)

The mean SBS and standard deviations are
summarized in Table 3. The base liner group showed the
highest mean SBS (28.50+3.24MPa), followed by conventional
layering and pressing groups (23.89+2.91and 22.94+3.93
MPa respectively). One-way ANOVA showed a statistically
significant difference among groups, Fz,az =11.558, p <.005.
Tukey tests indicated statistically significant differences
between the base liner group and both conventional
layering (p=.02) and pressing (p<.005) groups, while there
was no significant difference between the conventional

layering and the pressing groups (p=0.719).

Table 3 Mean SBSs and SDs (MPa) and failure modes.
(n = 15 per group)

Group Mean SBS Failure Mode
(SD) (MPa)
Base liner 28.50 Adhesive 6.67%
(3.247 Cohesive 0%
Combination 93.33%
Conventional 23.89 Adhesive 0%
layering (2.91) Cohesive 0%
Combination 100%
Pressing 2294 Adhesive 0%

(3.93)° Cohesive 100%

Combination 0%

Different lowercase letters within columns denote group differences
that are statistically sienificant (P<.05).

Light stereomicroscopy showed that the failure
mode varied among all experimental groups as summarized
in Table 3. In the baseliner group, 14 of the 15 samples
exhibited combined cohesive/adhesive failures, while
one sample demonstrated adhesive failure. The fractured
surfaces that showed combined failure demonstrated small
remnants of liner material at the contact area with the
testing jig, while the majority of the bonded area failed

adhesively. All samples in the conventional layering group

demonstrated mixed cohesive/adhesive failures. While
all samples in the pressing group failed cohesively within
the pressable veneering ceramic.

Figure 2A demonstrated the SEM results of a
base liner sample at X40 and X250 magnifications. The
SEMs showed voids within the liner material. Interestingly,
with higher magnification of this area (X250), a thin layer of
liner material can be seen embedded with scratches created
by grinding with the diamond polishing disc. This sample was
categorized as a combination failure. Figure 2B demonstrated
a conventional layering sample, showing voids in the veneering
ceramic. The size of voids was larger than those found
in the base liner group. Remnants of veneering material
could also be seen embedded in scratches when the
fractured surfaces were examined under high magnifica-
tion. A pressable sample (Fig. 2C) showed smaller, more
uniform circular voids than those found in a conventional
layering group. These voids demonstrated crack lines

that originated from the testing jie.

Figure 2 Fracture surface of each group was evaluated by SEM
at X40 and X250 magnification. (A) Base liner group (B)
Conventional layering group (C) Pressing group

Sindhavajiva, 2022 537



Discussion

Zirconia restoration has been widely used in
prosthodontic dentistry due to its superior mechanical
strength. Although monolithic zirconia became popular
due to its translucency, its flexural strength was inferior
to 3Y-TZP.! Therefore, in some cases, 3Y-TZP zirconia is
preferable. In this present study, the SBS between veneering
ceramic and 3Y-TZP substructure was investicated. The
different techniques of veneering application were compared.
The results showed that there was no significant difference
between conventional layering and pressing groups.
Therefore, the null hypothesis was accepted.

According to the manufacturer’s instructions for
veneering ceramics used in the present study, the use
of liner material is recommended for layering veneering
ceramic in order to mask the white color of zirconia and
to improve the bond strength between the core and
veneer layers. Liner material is not needed for the
pressing system due to physical properties of pressable
ceramic. In the present study, three groups were tested:
liner material only, veneered with a layering system and
veneered with a pressing system according to manufacturer
recommendations.

The application of liner material over a Y-TZP
substructure might not be clinically applicable, since the
liner material must be layered with feldspathic ceramic
in order to mimic natural translucency. However, this
application was included in this study design in order to
determine the bonding area between the liner material
and Y-TZP. The results of this study indicated that the
base liner showed statistically significantly higher SBS
than either veneering system.

The majority of base liner samples exhibited
combined adhesive/cohesive failure. The character of
the tested area showed a thin remnant of liner material
at the area where the testing jig contacted the interface,
while the rest of the bonded area exhibited adhesive.
However, when samples were examined under a SEM with
higher magnification, small particles of liner material were

found in the grooves created by grinding. This observation

was also made by Ashkanani et al.”” The authors suggested
that even though a stereomicroscope is a valid tool to
evaluate the failure modes of the metal ceramic samples,
caution must be used while interpreting the failure mode
in zirconia samples due to similar colors of veneering ceramic
and core material.

Samples in base liner and conventional layering
groups failed dominantly in combination mode. However
the patterns of failure of these two groups were different.
In the base liner group, small remnants of veneering ceramic
failed cohesively at the area in contact with the testing jig.
The majority of the bonded area showed mainly adhesive
failure, with small liner particles embedded in scratches
from grinding. In contrast, conventional layering samples
exhibited mainly cohesive failures. This finding was similar
to a previous study.” This study found that the failure
mode for the Nobel Rondo Dentine group was entirely
cohesive when the veneering ceramic was directly applied
to zirconia. The application of liner material resulted in
mixed adhesive and cohesive patterns. They also found
that in the pressing group, the failure was entirely cohesive.
This finding corresponded with our study. The authors
suggested that molten pressing ceramic may improve
the wetting of the zirconia surface and create less air
bubbles at the interface resulting in improved bond
strength between core and veneering ceramics.

Differences in coefficient of thermal expansion
(CTE) between the core and veneering ceramic is another
important factor for core-veneering debonding."** A
previous study found that pressing veneering ceramic
demonstrated higher SBS because it had exactly matched
CTE to Zr core.”’ Due to limited information about CTE of
veneering ceramics used in this study, this factor could
not be discussed. However, in our study, there was no
significant difference of SBS between those of conventional
and pressing groups.

Al-Dohan et al. compared SBS between all-ceramic
systems and a metal-ceramic system.” The authors concluded

that the bond strength of veneering ceramic to a ceramic
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core for the materials tested is similar to that of metal
ceramic control. The SBS in the present study was lower
than reported in previous studies.”” This may be a result
from differences in several factors, including type of
substrate, sample preparation, rate of load application,
cross-sectional surface area, and the experience of the

researcher.” %

Conclusion

Within the limitations of this study, the following
conclusions could be stated:
1. Pressing technique showed comparable SBS to
conventional layering technique.
2. Failure mode was consistent for both conventional
layering (combined adhesive/cohesive) and pressing

(cohesive) techniques.

Study Limitations

A limitation of this study was that the design of
the samples did not replicate a clinical situation. Other
limitations of this study included using only a single veneering
ceramic for each technique, and that the samples had to
be custom fabricated and subjected to grinding, which

may have produced some flaws in the samples.
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CBCT Evaluation of 3D-porous Dual-Leached Polycaprolactone (PCL) Scaffold
in Socket Healing
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Abstract

Optimal and rapid bone healing is a desired outcome for any surgery. Thus, biodegradable three-dimensional
scaffold was developed as a space filler and a support for bone cell attachment and differentiation. A previous
study revealed that the dual leached PCL scaffold (DL-PCL) could offer promising results. The aims of this study
were to evaluate the ability of the DL-PCL scaffold as a bone filler in tooth sockets after impacted teeth removal
by using cone-beam computed radiograph (CBCT) and its effect on the patients’ responses. A randomized, split-
mouth study was performed. Bilateral mandibular third molars were surgically removed in the same appointment
(N=19). DL-PCL scaffold was placed in the experimental site. CBCT images were taken at 1 week (T1) and 2 months
(T2) post-operatively to evaluate new bone formation. The socket bone gain at 8, 10 and 12 mm from the deepest
point of the socket and the vertical socket bone fill were measured in Ondemand3D software. All patients were
assessed for post-operative pain and swelling. Results showed statistically significant difference of socket bone fill
(P=0.001) between the control (6.55+2.46 mm) and the experimental groups (3.57+1.77 mm). Statistically significant
difference of socket bone gain was found with higher bone gain in the control group at all levels (Bucco-Lingual:
P =0.044, 0.002 and 0.023) (Mesio-Distal: P = 0.001, 0.004 and 0.012). The experimental side revealed significantly
lesser post-operative pain score on the first, second and the third days (P<0.05), whereas no significant difference
in swelling was found between the two groups. It can be concluded that the use of DL-PCL scaffold as socket filling
material is still questionable within the two-month follow-up period. Although the findings did not show benefits for
new bone formation, the DL-PCL scaffold is undoubtedly compatible with the human body within the two-month

observation period.
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Introduction

The concept of tissue engineering is assigned to
the use of a combination of cells, engineering materials
or scaffold to support cell growth and differentiation and
appropriate biochemical factors to improve or replace
biological functions."” The approach of tissue engineering
is potentially attractive for the repair of bony defects given
its widespread adaptability.” The engineering materials
or bone scaffold is the primary requirement needed to
facilitate the integration of tissue into skeletal defect.
The 3D porous scaffold will serve as a template for the
attachment, proliferation and differentiation of bone
cells. Porous structure with interconnected channels has
been noted to be a crucial factor in cell migration, nutrient
diffusion and bone matrix development in vitro.*

The potential use of biodegradable porous scaffolds
as 3D templates to stimulate initial cell attachment and
subsequent tissue formation was studied both in vitro
and in vivo. We have previously fabricated a 3D porous
scaffold by mixing water soluble poragen in the solution
of biodegradable polymer in organic solvent. After leaching
the poragen, 3D porous scaffold was obtained. Adding
another polyether compound that could be leached out
with water further created a 3-dimensional dual-leached
(DL) scaffold with high interconnectivity between the pores.
An in vitro analysis suggested that this DL scaffold had an
excellent support for the proliferation and differentiation
of bone cells.” An in vivo study using calvarial model in
Wistar rats demonstrated that this newly synthesized DL
scaffold could support bone growth inside the scaffold
with still unknown mechanism. Interestingly, this newly
synthesized scaffold was partially degraded within 8 weeks,
based on histomorphometric analysis, and was replaced by
new bone or provisional matrices. No evidence of leukocyte
accumulation was detected. The level of serum IgG as
well as the number of CD3, CD4 and CD8 cells in the
adjacent lymph nodes were comparable to those of the

sham control.®

The PCL-based material has been approved by
FDA and widely used in the medical and dental fields,
for example, as a part of wound dressing application,
degradable staples, long-term absorbable sutures™, 3D
scaffolds for tissue engineering applications®, drug
delivery devices' ™, root canal filler (Resilon™) to replacing
gutta percha', a matrix for odontogenesis of human
dental pulp cells”, and a scaffold for ridge preservation.'
Nevertheless, the use of the dual-leached PCL-based
scaffold has not been reported in human. Our study was
the on-going part of the previous in vivo study’, and the
clinical trial was required for the assessment of DL-PCL
scaffold prior to use in humans. Therefore, the aims of
this study were to evaluate the ability of the DL-PCL
scaffold as a bone filler in tooth sockets and the patients’
responses. A cone-beam computed tomography (CBCT)
was used to quantitate the volume of new bone formation,
compared to the control using a split-mouth technique
and the patients’ responses to the scaffold were assessed

as degrees of pain and facial swelling.

Materials and methods

The present study was approved by the Human
Research and Ethics Committee, Faculty of Dentistry,
Chulalongkorn University, Bangkok, Thailand under study
code HREC-DCU 2020-011
Preparation of th L-PCL ff

PCL (80,000 g¢/mol) was purchased from Sigma-
Aldrich (St. Louis, MO), and PEG (MW5200, 600, and 1000 ¢/mol)
was purchased from Merck (Germany). Chloroform (Labscan
Asia, Thailand) was used as a solvent for these polyesters,
whereas sodium chloride (Ajax Finechem, Australia) was
used as a porogen.

The 3-dimensional porous scaffolds were fabricated
as previously reported by Pratchayaporn Aksom et al. 2021.°
The scaffold was cut into the designed size and then treated
with NaOH by soaking in 1 M NaOH solution at 37 °C for
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1 hour and washed extensively with deionized water. Before
use, the scaffold was sterilized by shaking in 70% v/v ethanol
for 15-30 minutes , washed with sterile PBS 3 times, 2-3 minutes
each time and then dried at room temperature (in the culture
hood) for 1-2 hours before packing in a sterilized bag.
Study design and methods

This randomized, split-mouth study was performed
on healthy Thai patients aged 16-30 years with ASA |- patients
attending the Oral Surgery Unit of the Chulalongkorn University,
Bangkok, Thailand for surgical removal of bilateral mandibular
third molar teeth in the same appointment. The patients
must have bilateral unerupted mandibular third molars
categorized as Pell and Gregory classification class |-l and
position A-B without sign of inflammation or pathologic
conditions. Patients with undesirable habits such as smoking
were also excluded. During the operation, the patients were
excluded if the buccal bone of the mandibular second
molar was removed more than half of the crown width,
intra-operative bleeding occurred and required application
of local haemostatic agent into the socket, or other inadvertent
complications such as lingual plate fracture, tooth dis-
lodgement ,etc. After the operations, if the patients failed
to attend the required follow-up session at 1 week and
2 months post-operatively, they were also excluded
from the study. Twenty-three subjects in total who met
the inclusion criteria were recruited, and their informed
consents were obtained.

rgi r r

Bilateral impacted mandibular third molars of
each subject were removed simultaneously by oral and
maxillofacial surgeon with 30 years of experience. Randomized
table was prepared prior to the operation. Thus, one side
was considered as a control group, the other was a DL-PCL
experimental group. The procedures were performed in the
same sequence. Amoxicillin 1 gm was given to non-penicillin
allergic subjects and clindamycin 600 me was given to penicillin-
allergic subjects for oral premedication. Then a standard

surgical procedure was performed as detachment of muco-

periosteal flap, osteotomy, odontoectomy, removal of
the impacted tooth, curettage, copious irrigation and wound
closure. Pieces of DL-PCL scaffold were applied into a
tooth socket to fill the cavity at the level of marginal
bone in the DL-PCL group. They were steadily contained
in the socket by absorbing blood through the porous
structure of the scaffold. The surgical wound was closed by
primary intention with a 4-0 vicryl suture. All patients were
blinded from the knowledge of which side the DL-PCL
scaffold was applied. NSAIDs, paracetamol and chlorhexidine
mouthwash were prescribed, and home care instructions
were given to all of the subjects post-operatively. Sutures
were removed on the 7" post-operative day. The patient’s
information as well as treatment were coded confidentially
so that the side of the experiment was unknown to the
patients and for the data analysis.
Post-operative clini vV ion

All subjects were clinically evaluated for facial
swelling and signs of infection on the post-operative day
7, whereas pain was assessed on the post-operative days
1, 2,3 and 7. The assessment of facial swelling and signs
of infection was referred to the study of Mantovai et al."’
The same oral and maxillofacial surgery resident used
2-0 black silk to measure the distance from the angle
of the mandible to four reference points (tragus of the
ear, lateral canthus of the eye, subnasale and pogonion)
before and seven days after the surgery. The degree of
facial swelling was calculated as E = [Sd*/4]"* where Sd
is sum of the facial reference measurements (A-B, A-C, A-D,
A-E) (Fig. 1). Signs of infection were indicated as erythe-
matous swelling, tenderness, or pain due to palpation
and purulent discharge. Post-operative pain was determined
by using a visual analogue scale (VAS) with a 10-point numeric
scale in which one extreme end point represented “no pain”
(score of 0) and the other end represented “unbearable
pain” (score of 10). In case of infection, the wound was
irrigated and debrided and the subject was prescribed

antibiotics and excluded from the radiographic analysis.
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Figure 1 Five reference points on the face for facial swelling
evaluation (modified from Mantovani et al., 2014) A,
angle of mandible; B, tragus; C, lateral canthus; D,

subnasal; E, pogonion

% OnDemand3DDental

T ev ion

At one week after surgical removal of the impacted
teeth, patients were scheduled for a visit to remove sutures
and post-operative evaluation of clinical conditions. CBCT
scans were acquired using the 3D Accuitomo 170° (Morita,
Osaka Japan) with a resolution of 0.25 mm, 90 kVp, 5mA,
standard mode, field of view (FOV) 14x5 cm. The second
CBCT scan were taken at 2 months after the surgery using
the same parameters as the first scan.

All CBCT data were exported as digital and
communication in medicine (DICOM) format and were
imported into OnDemand3D® software (Cybermed, Seoul,
Korea) for image analysis. For one patient, there were
two CBCT datasets: 1% CBCT at suture off visit (T1) and 2™
CBCT at 2 months after the surgery (T2). In the Ondemand3D
software, T1 and T2 dataset were opened together using
the “Fusion module”. Auto-registration tool in the software
was used to superimpose T1 and T2 dataset together (Fig. 2).

The fused datasets were saved as DICOM for each patient.

Figure 2 Radiographic evaluation on OnDemand3D® software. The upper row showed CBCT at T1, the middle row showed CBCT at

T2 and the lower row showed the superimposition of T1 and T2 by this software.
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Socket bone fill and socket dimension of both the
control and the DL-PCL groups were measured with the
“profile linear measurements tools” in the OnDemand3D®
software. Socket bone fill was defined as a visible vertical
new bone formation that was measured from the apex
along the long axis of tooth socket (Table 1). The socket
dimension of T1 and T2 were measured and the change
in dimension between the two periods of time was considered
as bone gain. Socket dimensions were measured at 3 levels:
8, 10 and 12 mm from the deepest point in the socket. The
true sagittal plane of the impacted mandibular third molar

socket was set and the CBCT slices were scrolled through

to find the deepest point of the socket. When the deepest
point was established, the measurement was performed
on the coronal plane that was perpendicular to this true
sagittal plane. At each level, measurements were done
in two directions: bucco-lingual and mesio-distal (Figure
3). Any calcified area inside the socket area was noted.
(Fig 3). All measurements were done by one oral and
maxillofacial resident, twice with 2-week time interval.
The main investigator was trained and calibrated with an
oral and maxillofacial radiologist with 17 years of experience

prior to performing the actual measurement.

Table 1 Definitions of measured parameters: socket diameter, socket bone fill and bone gain

Measurement Definition

Socket bone fill

Visible vertical new bone formation that was measured from the apex along the long axis of tooth

socket with “profile linear measurements tools” in the OnDemand3D® software

Socket diameter

Socket width is a measured in coronal plane that was perpendicular to this sagittal plane of tooth

with “profile linear measurements tools” in the OnDemand3D® software

Bone gain

Difference between the socket diameter in T1 and T2
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View
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Figure 3 Showed how profile linear measurements tools in the OnDemand3D® software were used to measure socket dimensions

(DL-PCL side). The upper row showed CBCT image at T1 with profile linear measurements tools to measure socket width

(7.10 mm). The lower row showed CBCT image at T2 with profile linear measurements tools to measure socket cavity (6.47 mm).

Difference between the values in T1 and T2 was recorded as bone gain (7.10 - 6.47 = 0.63 mm)
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isti nalysi
The data were analyzed by SPSS software version
22.0, IBM, NY, USA. All quantitative data variables were
calculated with the Kolmogorov-Smirnov test for evaluation
of data distribution. Wilcoxon signed ranks test was used
for two samples comparison. Intra-observer reliability was
evaluated using Pearson correlation test. The significant

level was set at P<0.05.

Twenty-three patients, 5 males and 18 females,
with mean age of 20.68 years ranging from 16-28 years,
underwent surgical removal of bilateral impacted mandibular
third molars (Table 2).

No surgical complications were observed during
the operation in all cases. At post-operative day 7, none
of the subjects had major post-operative complications
for instance facial hematoma, paresthesia, severe infection,
or alveolar osteitis.

Due to minor late infection of the surgical sites,
4 cases were excluded from the study. The subjects
experienced mild dull pain with gingival inflammation
in the fifth and sixth post-operative week. The infection
occurred at the DL-PCL side in three cases and on both
sides in one case. In each infected case, the affected area
was curetted, copiously irrigated, and allowed the wound
to heal by secondary intention. Amoxicillin 500 mg was
prescribed for 7 days. The symptoms were subsided within
a week and the wounds healed uneventfully in all cases.
Post-operative pain scores

The pain evaluation with visual analogue scale
(VAS) was presented on Table 3.

Significant differences between the control and
the experimental group were found on the 17, 2" and

the 3 days after the operation. However, no significant

difference was found on day 7 (P =0.196). The patients’
pain symptom could be relieved by paracetamol (500 mg)
and ibuprofen (400 mg) only.

The mean facial swelling score in the control
group was 3.55 + 1.62 mm which was lower than that
of the DL-PCL group at 3.70 + 1.36 mm. The difference
was not statistically significant (P = 0.497).

CBCT evaluation revealed statistically significant
difference of the socket bone fill between the the
control group (6.55 + 2.46 mm) and the DL-PCL group
(3.57 £ 1.77mm) (P = 0.001).

Table 4 showed the bucco-lingual and mesio-distal
socket bone gain for both groups. Statistically significant
differences were observed at all three levels on bucco-
lingual (P = 0.044, 0.002 and 0.023) and mesio-distal direction
(P =10.001,0.004, 0.012). The intra-observer reliability was
excellent with r = 0.972 (P < 0.01).

Table 2 Patient demographic data and characteristics of the

impacted teeth in this study

Number (n=19) %

Gender

Male 5 26.3

Female 14 73.7
Age

16 - 20 11 57.9

21 -25 6 31.6

26 - 30 2 10.5
Experiment side

Right 8 a2.1

Left 11 57.9
Impaction characteristics

Class | 9 474

Class Il 10 52.6

Position A 7 36.8

Position B 12 63.2

Vertical angulation 2 10.5

Mesio angulation 11 57.9

Horizontal angulation 6 31.6
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Table 3 Mean post-operative pain scores with standard deviation (SD) on day 1,2,3 and 7 after the operation

Control side DL-PCL side
Post-operative evaluation time P - value
Mean (SD) Mean (SD)
Day 1 4.68(2.29) 3.90(2.16) 0.024*
Day 2 2.95(2.32) 2.21(1.93) 0.041*
Day 3 2.37(2.50) 1.74(2.23) 0.017*
Day 7 0.37(0.76) 0.13(0.33) 0.196

*Significant difference

Table 4 Results of socket bone gain in millimeter at three levels (8 mm, 10 mm and 12 mm) from the deepest point of the tooth

socket in bucco-lingual and mesio-distal direction at 2 months after surgical operation (T2)

Control side DL-PCL side
Socket bone gain P - value
Mean SD Mean SD
Bucco-lingual
8 mm 3.70 2.06 1.90 1.11 0.044*
10 mm 4.43 1.92 1.95 1.41 0.002*
12 mm 3.07 2.65 1.28 0.89 0.023*
Mesio-distal
8 mm 4.17 1.55 1.51 0.83 0.001*
10 mm 4.44 1.80 1.79 1.69 0.004*
12 mm 3.61 1.99 1.41 0.74 0.012*
*Significant difference

'

.
%

APAKAZA (]

Figure 4 The upper row (a) and (b) showed radiographs at T1, left (a) was the DL-PCL side, right (b) was the control side. The lower
row (c) and (d) showed radiographs at T2, left (c) showed relatively radiopaque area in the center of the socket (arrow),

right (d) was the control side.
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Discussion

The purpose of this study was to evaluate the
ability of the DL-PCL scaffold for promoting bone healing
in the tooth socket by using CBCT analysis with OnDemand3D®
software to quantify the new bone formation.

The DL-PCL scaffold was validated in vitro by
SEM analysis and the MTT assay demonstrated favourable
porous interconnectivity, but no cytotoxicity’. Previously,
the study was performed to assess in vitro biocompatibility
and osteogenic conduction potential of the DL-PCL scaffold
in vivo®. With respect to biocompatibility, it had the ability
to support bone cell adherence and differentiation. Con-
currently, bone regeneration was detected at the centre
and the edge of the cavity, resulting in a significant increase
in bone volume above the control group. It has been noted
that the fibrous structure and highly interconnected network
of pores on the scaffold facilitate increased bone volume.

Surprisingly, the results of our study revealed
considerably less bone formation in the DL-PCL group
compared to the control group, as opposed to the previous
in vivo study®. However, despite the efficacy of DL-PCL
scaffold for bone formation was questionable, the biocom-
patibility of the DL-PCL scaffold in humans was evident
in this study. All subjects show no tissue reactions and
were free from any adverse symptoms for 4-10 weeks.
We suggested that the degradation time of the DL-PCL
scaffold and the physical characteristics of an extraction
socket were the reason for the negative results.

An extraction socket is a clean-contaminated
wound and healed by secondary intention. After filled
with granulation tissue, the socket is occupied by woven
bone islands formed around the periphery of the socket
by the 3" week, and eventually undergoes remodelling
by deposition and resorption processes. Radiographic
indication of new bone formation becomes apparent
as early as the 6™-8" weeks after the tooth extraction.
Placing the DL-PCL scaffold in an extraction socket should
promote a more rapid healing of the socket, since it has
been proven to have the ability to sustain adhesion and

differentiation of bone cells.

The results of this study concurred with the
experiment done by Bee Tin Go et al. in 2015." Their
experiment in human found that from histological sections,
the PCL scaffold could remain in the socket as late as 6
months." Nonetheless, a prolonged period of degradation
may adversely affect and delay the bone healing process. '
According to the animal study’, in which the thickness
of the DL-PCL scaffold used was only 1 mm and it took
about 8 weeks for the scaffold to break down. The DL-PCL
scaffold used in our study, on the other hand, had a much
greater volume than that of an animal study, hence a
more extensive period of degradation would be expected.
This can be compatible with the experiment carried out
in human by Bee Tin*®. It was found that based on histological
sections, the PCL scaffold could remain in the socket for
up to 6 months. Consequently, the prolonged degradation
of the DL-PCL scaffold led to a foreign body reaction
that interfered with the wound healing process.

Evaluation of the physical characteristics of the
impacted mandibular third molar socket after tooth
removal revealed loss of alveolar bone in the distal and
parts of buccal aspects of the mandibular second molar.
These created a pathway of food debris and microorganisms
intrusion into the bony cavity through the buccal and distal
gingival crevice of the mandibular second molar through
the pumping action of saliva. It should last up to 2-3 weeks
after the operation before the periodontal tissue remodelling.™
As a result, the foreign body, along with the accumulation
of microorganisms and food debris, further interferes with
the natural wound healing process by triggering the in-
flammatory response and increasing the risk of infection.

There were 5 surgical sites, 4 in the DL-PCL group
and 1 in the control group, showing evidence of minor
infection, which accounted for 10.9 % of the infection rate.
Besides, the consequence of the aforementioned, the
primary closure of the surgical wound following removal
of impacted mandibular third molar compared to the
secondary closure, demonstrated a relatively increased

incidence of post-operative infection.”
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Nevertheless, the hyperdensity sign in the middle
of the socket was only detected in 2 out of 19 in the
DL-PCL group, accounting for 10.5%, but it was absent
from the control group. It may represent the formation
of new bones.

This pattern was also observed in the histological
sections of the preceding animal study.” A new bone
formation in the middle of the socket did not occur at
the beginning of healing process, but instead, it took place
on the surface of the socket wall. It could be assumed
that new bone formation in the middle of the extraction
socket was attributed to the osteoconductive property of
the scaffold. Interestingly, despite less bone formation,
the DL-PCL group had lower pain scores compared to the
control group. Although there was no scientific explanation
for this incidence, it could be implied that the DL-PCL
scaffold did not induce tissue reaction.

The assessment of bone gain in the study used
CBCT with high spatial resolution. Nevertheless, it cannot
display the Hounsfield Unit (HU) as the multi-slice CT.”°
Consequently, the quantitative measurement of immature
bone formation was difficult to obtain. With the two-month
period after the surgery, CBCT might not be able to show
slightly ossified new bone; however, due to the limitation
of recalling the subjects, longer follow-up period was
not possible. The gold standard for assessing the effect
of scaffold on bone formation is the histological section,
which could bot be achieved by our research design.

In the future study, to evaluate the efficacy of
the scaffold, one should include fabrication of rapid
degradation- DL-PCL scaffold and the histological section
which could be a useful method to accurately assess
the new bone formation. Even though it was proven
that DL-PCL scaffold was biocompatible and degradable
in the human body, the current study design did not
represent the osteoconductivity of the scaffold in a bony,
critical-size defect. Therefore, in further clinical trials, the
use of a composite scaffold comprising an autologous
material and a DL-PCL scaffold, to reduce the volume of
the harvested bone, could be investigated for its capability

of osteoconduction for bony, critical-size defect.

Conclusion
[t can be concluded that the use of DL-PCL scaffold

as a socket filling material is still questionable within the
two-month follow-up period. Although the findings did
not show benefits for new bone formation, the DL-PCL
scaffold is undoubtedly compatible with the human body

within the two-month observation period.
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Abstract

Dental treatment in patients with continued antithrombotic drugs will increase risk of postoperative bleeding.
This research aims to study the non-inferiority of postoperative bleeding after dental procedures in patients taking
continuous antithrombotic drugs compared to the interruption of antithrombotic drugs, and factors that related to
postoperative bleeding. A retrospective chart review was performed in 1,418 patients at least 18 years of age who received
antithrombotic drugs prior to dental treatment at the dental department, Siriraj Hospital. 1,164 cases continued antithrombotic
drugs and 254 cases discontinued antithrombotic drugs. The results show significant differences in non-inferiority of
percentage of postoperative bleeding in continued antithrombotic group (1.4%) and discontinued antithrombotic group
(0.4%) (p<0.001). Postoperative bleeding occurred in 16 cases of continued antithrombotic group and 1 case of discontinued
antithrombotic group. All patients who bled were managed and none was admitted to hospital or required blood
transfusion. There was no significant correlation between postoperative bleeding and the factors such as sex, age, type
of antithrombotic drugs, level of bleeding risks in dental procedures, methods of local hemostasis, INR level, and
specialty of the dentists. However, percentage of postoperative bleeding after tooth extraction by general dentists
were more than those be extracted by oral surgeon. In conclusion, this study encouraged dentists to safely perform
dental treatments to patients receiving antithrombotic drugs with an INR value not more than 3.5 without stopping
or altering the dose prior to the dental treatment. Chance of postoperative bleeding after dental treatments are
considered relatively low. Patients with continued antithrombotic drugs should be treated in health facility with prompt
services of medical care. Dentists must provide dental treatments with ulmost care to prevent risk of postoperative

bleeding after treatment.

Keyword: Non-inferiority, Anticoagulant drugs, Antiplatelet drugs, Antithrombotic drugs, Postoperative bleeding
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Table 1 General and clinical characteristics of patients taking interrupted and continuously antithrombotic drugs prior to dental treatment
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Table 1 General and clinical characteristics of patients taking interrupted and continuously antithrombotic drugs prior to dental treatment (cont.)
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@ Yates’continuity correction test for a 2x2 contingency table, Pearson Chi-square test for more than 2x2 contingency table, Independent sample

t-test for normally distributed data.
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viunnssuAnnizideneeniesas 0.4 dauandlumsad 2

A15999 2 Anuliisesluniiuvesnininnnsdeneennigvaimsinymiuanssulungueiieiveauas lulavgne i niduaennounIsiny

VNVIUSATI

Table 2 Non-inferiority of postoperative bleeding in patients taking interrupted and continuously antithrombotic drugs prior to dental treatment

WYALINTUAULADA 1u1ﬂwqﬂaﬂﬂ1uamaam Non-inferiority
, o , o Difference
NBUNIIINY NDUNIIINWN test
(One sided 95% ClI)
(n=254) (n=1164) (p-value)
N3LANNELEDADINTEAUE 1 (0.4%) 16 (1.4%) -1% (-1.8% — 100%)* <0.0001%*

* wumaniluigosluniudosnnevevarndediusosay 95 madervesnausimsianizdensensynguigne i uAAeausengu alien

gBUEanIINN I ULnAI M tnoe [Un Ui un IiivhAuSagay 5 (-5%)

= wupruliseelunimuilosnmivesmsveaeuauluseelunaimii (non-inferiority test) taenirssausangyiinmawhniuseeas 5 (O = 0.05)
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9 518 (5088% 56.3) INARQPINUAIZLADADBNABNAINITINE
$1u 7 510 (Govaz 43.7) Funelsifieuduiusiunnzdensen
i (p=1.000) LaENUAITRENDBNAENAIN TSN Y
Tilrindennwiniu 68.63+11.52 Y Asfsegruengwiniu 685 1
(#ids 54-90 T) Svenglaiflenudiiusifunmedenseniiingu
(p=0.556) @uriinvesednuaudeniitrsldzunuinngy
fheilssugdumsudshveadennuamzidensonnniign
7510 Govat 43.8) sesaundenauithenléundundndon
wiiafiersau 6 e Goay 37.5) Fawiavesenduduien
Lifimuduiusiunnizdenseniifiniu (p=0.688) duseii
mandesnnizidensonvesinansuazviinvesinanisma
TusnssunuIviRansifmudsanmsdensonsedusmunie
Bensandiuau 11 118 (Govay 68.8) Inenuluinanisneuity 1-3
N9 mu,axmi‘yﬂﬁuﬁnmsJLLaz/vﬁamﬁmmmﬁuﬁ‘imu 25
duinansiilauidssnnzidoneenseiugsmuameidensen
$1uau 5 918 (Govay 31.2) Inewuluimansaeudiudus 3 &

Fulusrau 3 e mM3EinanusInszgnid1itu (Alveolectomy)
$1uu 1 518 waznsaeuilusmsunsidasnssudamaden
serhndnsaenewlingaauazyasinns Buccal advancement
flap $1u3u 1 318 Jeseduarudenmzdonsenvesinons
wazalavawinanslifinruduiusfunnedenseniitintiu
(p=0.127) dniSanshudemameiiumuims Waslvuuas/
MswawaTIuUNSEULNANUNILHEADENANENAINTTINW
snfignsnu 7 11 Govas 43.8) mskivhenthunmsmusniin
wedafiuBunendansiinanisnuanizidensensiuiy
4 19 (Sovay 25.0) MSLdULNARERYINUNTIEERREN
WU 3 518 (Sovay 18.8) LagnSAANINBY0e1MALINUATIY
\Benpansuiu 2 51 ($esar 12.5) InKanSAnEIE liwy
iSRS e itz denseniitfinty
(p=0.240) lunauifthedlailévgasnnimzureunssnyims
vuanssuduau 466 ewunainamzdensenunTigad LY
5 neilugfihudifidnedn INR sewing 2.50-2.99 ($oway 62.5) uay
nun1sinnMwideneend w3 318 (Feuay 37.5) Tuithe
fil296n INR 593313 2.00-2.49 Fagaeen INR lsifaoudusiug
funmedenseniiistu (p=0.077) Kauandlumsned 3

E4 v =

#1599 3 JadenidauduiusiunmainnnudeneennigvainssnwmaiuanssulungugtheilulaveneiauaonnounIsiny

Table 3 Factors related to postoperative bleeding in patients taking continuously antithrombotic drugs prior to dental treatment

A17LLEDABBNAYWAINITS NN

SrunuTaun lifanzidensan fiansidensen  p-value’
(n=1164) (n =1148) (n =16)
WA, 518 (%) 1.000
B 649 (55.8) 640 (55.0) 9 (56.3)
mija 515 (44.2) 508 (43.6) 7(43.7)
21y (@) 0.556
fadeny (Mean + SD) 66.85 + 12.18 66.83 + 12.07 68.63 + 1152
Tseguenuaziideveteny (Median (Min - Max)) 67.0 (18 - 95) 67.0 (18 - 95) 68.5 (54 - 90)
%ﬁmaamé”mﬁmﬁam, 518 (%) 0.688
g1PunandenvlaLfen 570 (49.0) 564 (48.5) 6 (37.5)
g1enunandendesin 109 (9.4) 108 (9.3) 1(6.2)
g1enunsuleinvecden 365 (31.4) 358 (30.8) 7 (43.8)
g1enunandensiuivendiunsuleivesdeon 120 (10.3) 118 (10.1) 2(12.5)
sERuAMUEBINTEaneaNYaAaNTS, 18 (%) 0.127
Waanisanudeenzdeneansysus 966 (83.0) 955 (82.0) 11 (68.8)
finamsenuidsaniizideneenseiugs 198 (17.0) 193 (16.6) 5(31.2)
FUAVBINNANITNINUANTTY, 518
Famsaudesnnividensensesusm
NNIATIVTEAUANMUANVRITDIENUTITUA 1 0
N9 MUBIDN (Incision and drain) 3 0
misgﬂﬁwfwmml,as/ﬂﬁamsmmsmﬁu 200 198 2
nsgaiiuiifiveuldivien 10 10 0
msoeuilu 1 -3 3 809 800 9
n1snouiluINAUNIIHIRA (Surgical extraction) 25 25 0
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Table 3 Factors related to postoperative bleeding in patients taking continuously antithrombotic drugs prior to dental treatment (cont.)

A1TLROABBNNNYNGINITINE

FIUIUNIAUA TiRansidensan  Iianziiensen  p-value’

(n=1164) (n =1148) (n = 16)
wmamsmmLamm'sul,aamaaﬂsmum
nsaouilufaus 3 33ulY 92 88 3
msedniluan 29 29 0
mMsHdannussnsEgndumien (Alveoloplasty) 17 17 0
mMsEdRnnusensEgnitnily (Alveolectomy) 8 7 1
MIHAARITINLEY 10 10 0
msrsnendeleda (Sinus lift surgery) 1 1 0
nsugnnszgn (Bone graft) 3 3 0
MsEAnTaRvSanauile 2 2 0
nMsnaURUTINAUNITYIN buccal advancement flap 1 0 1
MY ARgUSITUA i a 0
nsTisdenaned, 518 (%) (n = 1046) (n = 1030) (n =16) 0.240
Anrnfowy 157 (15.0) 155 (15.0) 2(12.5)
MLBULHA 3(7.9) 0(7.8) 3(18.8)
THaalviusoiwedwasiinbien 236 (22.6) 236 (22.9) 0(0.0)
Thaalvlunaziwedwa 1(2.0) 1(2.0) 0 (0.0)
Mealvluuay/v3swedwaiufunisiduung 330 (31.5) 323 (31.4) 7(43.8)
Therthudamsusfinuedefiud 194 (18.5) 190 (18.4) 4 (25.0)
1¥3anseU W Stent, Coe-pack, Electrocautery 5(2.4) 5(2.4) 0(0.0)
2429A1 INR, 518 (%) (n = 466) (n = 458) (n=28) 0.077
floundn 1.50 - 1.99 134 (28.8) 134 (29.3) 0(0.0)
2.00 - 2.49 166 (35.6) 163 (35.6) 3(37.5)
2.50-2.99 126 (27.0) 121 (26.4) 5(62.5)
3.00 - 3.50 0 (8.6) 40 (8.7) 0(0.0)

“Yates’continuity correction test for a 2x2contingency table, Pearson Chi-square test for more than 2x2 contingency table, Independent sample

t-test for normally distributed data.

ansAnALdvesuaunglunsaeuiiy
laiu 3 %‘LUﬂzquﬂaaﬁvLﬂﬁwqmaﬁm?mLﬁamﬁaumﬁﬂm
I 798 18 wUILARAMITIRBRRRNANEREINISaUTUlAY
gl orununmdanuidu o $1uiu 4 e (Govaz

40.0) wagiANMLEININAENAINSDUN LA URALNTE
avfasmanstasUINa U 6 18 (Sa8ay 60.0) IR
a o | a M 1A o v ¢
Wevgresivannnglunisaouiiuluiiu 3 Fhifinuduius
flunTeideneaniindu (p=0.290) Aawandlunisned 4

a5997 4 AnuBeameesiusunmeTnINS LS N EenaenmemainsaeuiliAY 3 Flunguithelldvgneiuauaennou

NITINWINWIUANTIH

Table 4 The dental specialty that related to postoperative bleeding after no more than 3 teeth extraction in patients taking continuously

antithrombotic drugs prior to dental treatment

A12TLHDABBNNENGINITINET

FIUIUNINUA .Q - B )
liinnnzdenesn LNnN1IZIaDADDN p-value
(n =798)
(n =788) (n =10)
ﬂ'nuﬁimmsy,maaﬁummm‘i, 318 (%) 0.290
ViununmsThluvieviununmsanudu 1 205 (25.7) 201 (25.5) 4 (40.0)
JualAngaufasAdnsyoalIn 593 (74.3) 587 (74.5) 6 (60.0)

“Fisher’s exact test for a 2x2 contingency table
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A5 US0azURINITANNILADADDNNIINAINIT
Snwnluwsiazngueesveauaztadelunguithefilsilingnen
fududenneunisnumeiuanssy wandlunisnad 5

NnRaNTATIEAlagld Multiple binary logistic
regression analysis iumﬁﬂ%"uﬂa%’amuﬁﬁmﬁuwwmmju
fheivgneinudsdonuaznauitienlilsvgasinuauden
gud e vlinvesednuauden viinvesisnisiudenans
fuaysedua INR iefnwiauduiusueanisvgaedinu

Audonuarmainnnzdensennuiliitadelasamsianms
vigneduaudenisinnudiiusiunininnngidensen

msfinwimuniaianzideneonmevdmsing
ysttumnssusianun 17 38 Tneidalunduiiineiivgaesnu
duidonnounsinud 1 MeuaziAnlungugtasilaild
vgag LA AnouNSINIWISILIY 16 118 Fsdnuzane
Fonooniliinduuarisnsudennisndsnaifnnny
\Fonoonuandlumsne 6

A1599 5 egazveInInAnnIzdensenawiminon sluLgazngueegvasunaz ey

Table 5 Percentage of postoperative bleeding after dental treatment in each subgroup for each factor

. ¢ AstAN1IzIaENBaN Y R
TIUIUNIAUA . e Fowaznsiin
(n =1164) nemasmaEen AziaanRRN
(n=16)

LA

B8 649 9 1.39

e 515 7 1.36
yiaveseduauden

gPnunanEenvtaLfe 570 6 1.05

gIdunanEenaesin 109 1 0.92

g1enunsudeinvesion 365 7 1.92

gdnunandensivenfunsulsinvesion 120 2 1.67
sEAuAMUEBInzIEenDRNYRERaNS

Famsaudesnnividensensedusm 966 11 1.14

finansenuidsaniizidensenseiugs 198 5 2,53
mshadonanzii (n = 1046) (n=16)

Anrfeom 157 2 1.24

MsLduLEa 83 3 3.61

THaalnuvsowedwaviinfien 236 0 0

THaalnuaziwediwa 21 0 0

Halvluuay/msewedwasuiunisiduunag 330 7 2.12

Whethuunnsuniinuedaiaiu 194 a 2.06

14A%N198u W Stent, Coe-pack, Electrocautery 25 0 0
249971 INR (n = 466) (n=8)

fdosndn 1.50 - 1.99 134 0 0

2.00 - 2.49 166 3 1.80

2.50 - 2.99 126 5 3.97

3.00 - 3.50 40 0 0
mwm%mm@,wmﬁumwwé (n=798) (n=10)

Vsl eviumunmdanungu 4 205 4 1.95

Funwnndamdasansydosuin 593 6 1.01
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Abstract

This study aimed to compare the masking ability of three different lithium disilicate ceramic products in
different shades (Amber® Press shade Al, A2, and B1, IPS e.max® Press shade Al, A2, and B1, and Initial® Lisi Press

shade A and B) and thickness (0.5 and 1 millimeter) on various background colors (resin composite shade A2D, A3D,

Privadumkol et al., 2022 567



A4D and C4D). The masking ability was measured by a spectrophotometer. Data were analyzed using three-way
ANOVA, one-way ANOVA, Tukey post-hoc test or Games-Howell post-hoc test, and independent samples t-test
at p<0.05. Factors affecting the masking ability of lithium disilicate ceramics were thickness, shade, and product.
Thickness had the highest effect on masking ability. On all background color, one-millimeter thickness had a higher
masking ability than 0.5 millimeter thickness except Initial® Lisi Press shade A on A3D background. IPS e.max® Press
and Amber® Press shade A2 showed higher masking ability than B1. Only in 0.5 millimeter, Initial® Lisi Press shade
A showed superior masking ability over shade B. Regarding the product, IPS e.max® Press demonstrated the higher
masking ability than Initial® Lisi Press except for 0.5 millimeter thickness of IPS e.max® Press shade A1 and Initial® Lisi
Press shade A. On A2D and A3D background color, one millimeter thickness of IPS e.max® Press shade A2 exhibited
the acceptable degree of masking ability value were 1.17 and 1.40, respectively. Also, one millimeter of IPS e.max”
Press shade Al showed the acceptable degree of masking ability was 1.71 on A2D background color. It could be
concluded that IPS e.max® Press shade A1 and A2 can completely mask A2D background color and only IPS e.max®
Press shade A2 can completely mask A3D background colors. However, other factors that affect the final color of

restoration should be concerned in the clinical situation.

Keywords: Translucency, Masking ability, Ceramic thickness, Lithium disilicate ceramic, Ceramic shade
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Table 1 Manufactures’ information of lithium disilicate ceramic materials used in this study

ngu a9 G USEngnan asAUsENDUY
APA1 LN INAE Al HASS, Korea SiOZ: 68-86%, LiZO: 10-15%, PZOS: 2-5%,
(Amber® Press) K 0:0-2%, Na O: 0-2%, others: 2-8%
APA2  uwalLUBILAE A2
APB1 LOLLUBSLNAH B1
IPSA1 lofeaduundnaa Al Ivoclar Vivadent, SiOZ: 57-80%, LiZO: 11-19%, PZO5: 0-119%,
(IPS e.max® Press) Leichtenstein KZO:O—13%, ZrOZ: 0-8%, ZnO: 0-8%, others: 0-10%
PsA2  leofieaduundinaa A2
IPSB1  lefiieaduundinaa B1
ILPA dlvaddnad A GC Europe, Belgium SI0,: 71.9%, ALO3:5.4% Li,0: 13%, P O : 4.9%,
(Initial® Lisi Press) KZO: 1.2%, NaZO: 0.2%, Bzoz: 0.007%, ZrOZ: 1.7%,
ILPB dTuaddwmad B CeOZ: 1.2%, VZO5: 0.15%, TbZO3: 0.35%, Er203:044%,

HfOZ: 0.03%
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8.00 fadikuns 1N 0.50 faduwnsiay 1.00 Haduns nauay
6 tu lnvddliesUfifinssdoniumuuastuguiemuiou

wazn13NAdR (lost wax technique with heat press ceramic)
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Mitutoyo, Japan) Tnefmuatunuliiiamumn 0.50 + 0.05
fladiuns wag 1.00 + 0.05 Tadluns fauandugui 1 nifu
thunutluthnduiigumnaf 37 ssmwadea Hunm 24 92l
naunsing

E j 0.50 1.

s uAudnae 8.00 wal.

1.00 wa.

—

JUN 1 uansanuaeTueilann siugusie 35 1inuTauuaznaen Uy
Figure 1 Lithium disilicate ceramic after lost wax and heat press technique
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Figure 2 SEM images of Amber® Press lithium disilicate ceramic Fisure 2a shade A1 (3,000x and 10,000x) Figure 2b shade A2 (3,000x

and 10,000x) Figure 2c shade B1 (3,000x and 10,000x)
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Figure 3 SEM images of IPS e.max® Press lithium disilicate ceramic Fisure 3a shade A1 (3,000x and 10,000x) Figure 3b shade A2 (3,000x
and 10,000x) Figure 3c shade B1 (3,000x and 10,000x)
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Figure 4 SEM images of Initial® Lisi Press lithium disilicate ceramic Figure 4a shade A (3,000x and 10,000x) Figure 4b shade B (3,000x
and 10,000x)
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Table 2 Mean translucency parameter (SD) of each lithium disilicate ceramic shade in this study

Thickness
shade Product
0.5 mm. 1 mm.
Al Amber® Press 10.16 (0.89)® 7.10 (0.20)°
Al IPS e.max® Press 9.70 (0.21)" 6.56 (0.50)"
A Initial® Lisi Press 10.65 (0.42)° 7.48 (0.47)
A2 Amber® Press 9.24 (0.55)° 6.18 (0.41)°
A2 IPS e.max® Press 7.92 (0.36)° 5.92 (0.52)°
A Initial® Lisi Press 10.65 (0.42) 7.10 (0.20)°
B1 Amber® Press 12.62 (0.39)*" 7.33 (0.39)°
B1 IPS e.max® Press 11.34 (0.32)° 7.22 (0.49)°
B Initial® Lisi Press 12.42 (0.38)" 8.39 (0.29)"

luusiasdvesiaguorin menwsiulngfiunng1iulupesuifeinuuansirdaunng e 1iidsd Ay aasd
In each ceramic shade, groups with the different uppercase letter in each column are statistically significant different (p<0.05)
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Table 3 Mean translucency parameter (SD) of each lithium disilicate ceramic product and thickness in this study

Thickness
Product shade
0.5 mm. 1 mm.

Amber® Press Al 10.16 (0.89)° 7.10 (0.20)*
A2 9.24 (0.55)" 6.18 (0.41)*

B1 12.62 (0.39)* 7.33 (0.39)"

IPS e.max® Press Al 9.70 (0.21)> 6.56 (0.50)"
A2 7.92 (0.36)" 5.92 (0.52)

B1 11.34 (0.32) 7.22 (0.49)"

Initial® Lisi Press A 10.65 (0.42)* 7.48 (0.47)%®°
B 12.42 (0.38)* 8.39 (0.29)"

luusiaswansnsiosianwsiln senvsituluafiunnseiulupesiniifeisuuaniidnuusnseewihisa sy ians

In each product of ceramic, groups with the different uppercase letter in each column are statistically significant different (p<0.05)
sasnusinianiuanssulusanieiduansidamuuenaveenddespgyniani

Groups with the different lowercase letter in each row are statistically significant different (p<0.05)
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Table 4 Mean color difference values (SD) and comparison of masking ability of each lithium disilicate ceramic product in this study

Background color A2D A3D
shade Product 0.5 1 0.5 1
Al Amber® Press 4.09 (0.41)" 2.04 (0.44)* 4.28 (0.36)" 2.43 (0.38)"
Al IPS e.max® Press 3.86 (0.22)" 1.71 (0.15)" 4.04 (0.31)" 1.99 (0.26)"
A Initial® Lisi Press 4.54 (0.39)" 4.02 (0.37)° 4.71 (0.31)" 4.36 (0.26)°
A2 Amber® Press 3.78 (0.39)° 1.89 (0.34)° 3.91 (0.30)° 1.92 (0.32)°
A2 IPS e.max® Press 2.82 (0.24)° 1.17 (0.18)° 3.16 (0.22) 1.40 (0.43)°
A Initial® Lisi Press 4.54 (0.39) 4.02 (0.37) 471 (0.31) 4.36 (0.26)°
B1 Amber® Press 5.24 (0.48)° 2.53(0.33)° 5.70 (0.48)° 2.70 (0.37)°
B1 IPS e.max® Press 4.92 (0.37)° 2.30 (0.32)° 5.16 (0.52)° 2.38 (0.41)°
B Initial® Lisi Press 6.67 (0.47)" 4.28 (0.29)" 6.80 (0.08)" 4.37 (0.33)"
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Table 4 Mean color difference values (SD) and comparison of masking ability of each lithium disilicate ceramic product in this studly (cont.)

Background color A2D A3D
shade Product 0.5 1 0.5 1
Al Amber® Press 7.12 (0.34) 3.69 (0.30)" 8.59 (0.38)" 5.75 (0.27)"
Al IPS e.max® Press 6.57 (0.20)" 3.59 (0.08)" 8.72 (0.24)" 5.21(0.36)"
A Initial® Lisi Press 6.69 (0.44)" 5.69 (0.22)° 8.64 (0.32)" 6.77 (0.35)°
A2 Amber® Press 6.18 (0.35) 3.19 (0.33)° 8.01 (0.47)° 4.70 (0.36)°
A2 IPS e.max® Press 5.14 (0.41)° 2.68(0.39)° 6.92 (0.54)° 3.91 (0.37)
A Initial® Lisi Press 6.69 (0.44)° 5.69 (0.22)° 8.64 (0.32)° 6.77 (0.35)
B1 Amber® Press 7.81 (0.41)° 4.23 (0.30)° 10.36 (0.42)° 6.29 (0.51)™"
B1 IPS e.max® Press 7.70 (0.34)° 4.45 (0.39)° 9.81 (0.42)° 5.94 (0.46)°
B Initial® Lisi Press 8.57 (0.35)" 5.61 (0.32)" 12.18 (0.69)" 6.96 (0.33)"

luusiasdiuvasosusiayFvesiagusdn denvsiurlvgiunnaeiulupesudifeiuuansrdaasanges widedAgynain

In each background color of each ceramic shade, group with the different uppercase letter in each column are statistically significant different (p<0.05)
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Table 5 Mean color difference values (SD) and comparison of masking ability of each lithium disilicate ceramic shade and thickness

in this study
Background color A2D A3D

Product shade 0.5 1 0.5 1

Amber® Press Al 4.09 (0.41)° 2.04 (0.44)"" 4.28 (0.36)" 2.43 (0.38)"
A2 3.78 (0.39)"° 1.89 (0.34)° 3.91 (0.30)"° 1.92 (0.32)*°
B1 5.24 (0.48)™ 2.53(0.33)% 5.70 (0.48)* 2.70 (0.37)*

IPS e.max® Press Al 3.86 (0.22)™ 1.71 (0.15)°® 4.04 (0.31)™ 1.99 (0.26)**
A2 2.82 (0.24)* 1.17 (0.18)* 3.16 (0.22)° 1.40 (0.43)™
B1 4.92 (0.37)° 2.30 (0.32) 5.16 (0.52) 2.38 (0.41)"

Initial® Lisi Press A 4.54 (0.39)* 4.02 (0.37)* 4.71 (0.31)% 4.36 (0.26)*
B 6.67 (0.47)" 4.28 (0.29)* 6.80 (0.08)™ 4.37 (0.33)™

Background color A2D A3D

Product shade 0.5 1 0.5 1

Amber® Press Al 7.12 (0.34)"° 3.69 (0.30)" 8.59 (0.38)"° 5.75(0.27*
A2 6.18 (0.35)™ 3.19 (0.33)" 8.01 (0.47)° 4.70 (0.36)™
B1 7.81 (0.41)° 4.23 (0.30)® 10.36 (0.42)* 6.29 (0.51)*

IPS e.max® Press Al 6.57 (0.20)™ 3.59 (0.08)™ 8.72 (0.24)™ 5.21 (0.36)
A2 5.14 (0.41)° 2.68 (0.39) 6.92 (0.54)° 3.91(0.37)"
B1 7.70 (0.34) 4.45 (0.39) 9.81 (0.42)" 5.94 (0.46)"

Initial® Lisi Press A 6.69 (0.44)% 5.69 (0.22)%° 8.64 (0.32)* 6.77 (0.35)™
B 8.57 (0.35)™ 5.61 (0.32)% 12.18 (0.69)"™ 6.96 (0.33)™
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In each background color of each ceramic product, group with the different uppercase letter in each column are statistically significant different (p<0.05)
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In each background color, group with the different lowercase letter in each row are statistically significant different (p<0.05)
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