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Chemical Analysis of Zirconia Surfaces after
Tribochemical Silica Coating and Various
Adhesives Treatments by ToF-SIMS

Shu-Fen Chuang 24, Chia-Ling Li!, Bang-Yan Liu ! , Ching-Yi Yang?

! School of Dentistry and Institute of Oral Medicine, National Cheng Kung University,
Tainan, Taiwan

2 Department of Stomatology, National Cheng Kung University Hospital, Tainan, Taiwan

L. Objective:

To improve bonding of zirconia restorations, airbome-particle abrasion (AA) following by MDP
monomers are the common methods. Tribochemical silica coatings (TSC) may create micromechanically
roughened surface and chemical modification, and its bonding stability is recommended. However, there
exists a debate whether MDP- or silane-based chemical agent is suitable for TSC treated zirconia. The
objective of this study was to perform a chemical analysis of the zirconia surfaces after TSC and
adhesives treatments by time-of-flight secondary ion mass spectrometry (ToF-SIMS).

I1. Materials & Methods:

Zirconia disks were divided into 2 groups to receive different blasting treatments: AA, airborne-particle

abrasion with 50 pm alumina particles for 15 s; TSC, Rocatec soft (3M EPSE) treatment for 15 s.
After blasting treatments, each disk was treated with one of three experimental primers (E-M, 5%
experimental MDP solution, E-S, 5% experimental silane solution, and E-MS, the mixture of MDP and
silane solution), or three primers (SE, SE Bond Primer (Kuraray); RCP, RelyX Ceramic Primer (3M
ESPE), and CCP, Clearfil Ceramic Primer Plus (Kuraray)). Three commercial primers represent products
containing 10-MDP, silane, and a combination of 10-MDP and silane, respectively. Subsequently, these
specimens were examined under ToF-SIMS (PHI TRIFT IV, ULVAC-PHI). The formation of Zr-O-P
bond was examined by the related ions, and the silane-related ions were also examined.

\\‘ Sandbiasting
Y B B Experimental primers
} (E-M) 5 wt% MDP; Watson

a E S PRESSSS, oS (E-5) 5 wt% Silane; Sigma Aldrich
i) g Cer::: HT i Apply (E-M+S) 5 wt% (MDP + Silane) Time-of-flight secondary ion
< ‘ [ mass spectrometer (ToF-SIMS)
Commercial primers
. \ (SE) SE Bond Primer (Kuraray)
RV (RCP) RelyX Ceramic Primer (3M ESPE)
. 2 .' (CCP) Clearfil Ceramic Primer Plus (Kuraray)
e et e W b

I1I. Results:

In the positive ion models, the siloxane related ions (Si,0;H,", Si,0,H,", and SiOSi*) were calculated
for Si-O-Si bonds. For TSC-treated zirconia disks, both experimental and commercial silane-based
primers exhibited higher proportions of siloxane/Si-related ions (21% in E-S and 25% in RCP) compared
to the MDP-silane combination groups (14% in E-MS and 16% in CCP). However, they were all higher
than those detected in the AA /E-MS (7%). The formation of siloxane was originated from the interaction
of silane and TSC coating since only a few (1%) siloxane related ions were detected in the TSC-only
group.

In the negative ion models, the zirconia disks treated with the combined TSC and MDP-based primers
(E-M and SE) showed greater Zr-P-O containing ions compared to those treated with combined AA and
MDP-based primers. The ratio of Zr-P-O containing ions decreased upon the addition of silane, and the
affected conditions were the most significant in group TSC/CCP.

Rscusec soft [TSC), o desming

Positive ions Negative ions
[ Wis @ Al ®si @ SiOH* PO, PO,
@ siosi o C,H* CyHs* @zr0, @ SiOH © sioH
AA TSC
. . Experimental Commercial
Experimental Commercial
AA, E-M TSC, E-M TSC, SE AA,E-M TSC., E-M
e A
&
TSC, E-S TSC, RCP TSC, RCP
e
AA, E-M+S TSC, E-M+8 TSC, CCP AA, E-M+S TSC, E-M+S TSC, CCP
R i

IV. Conclusion:

TSC treatment did not hamper the formation of Zr-O-P bonding, but enhanced the bond
formation compared to AA. The TSC coating also react with silane to provide siloxane bonding.
The Zr-O-P bonding established by MDP-based primer would be interfered by the coexistence of
silane. The formation of siloxane bond was also impaired by MDP.

(Funded by 108-2314-B-006 -016 -MY3 and 111-2314-B-006 -036 -MY 3, National Science and Technology Council)
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Comparison of Polymerization Shrinkage
Patterns of Bulk Fill and Conventional Resin
TP4 Composites by Digital Image Correlation Method ‘@'

Chia-Chen Su' &, Shu-Fen Chuang'?, Zhi-An Lin', Kuang-Ting Cheng', Ta-Jyun Hou!

,@““ k“"’o 1 School of Dentistry and Institute of Oral Medicine, National Cheng Kung University, /,\ i
; Sl ‘Tainan, Taiwan /
z - = E 2 Department of Stomatology, National Cheng Kung University Hospital, Tainan,
0".% | ‘)\' Taiwan ! l /
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Introduction:

Bulk fill resin composites have been widely used in recent years. Compared with conventional resin
composites, bulk fill resin composites exhibit less polymerization shrinkage stress and better light
transmission up to Smm. Due to the modified resin matrix, they also present less contraction stress. The aim
of this study was to investigate the time-dependent polymerization shrinkage behaviors of bulk-fill and
conventional composites of different viscosities using digital image correlation (DIC) technique and compare
the shrinkage patterns between bulk fill and conventional composite resin in both high and low viscosity.
Materials and Methods:

Four resin composites from the same manufacturer were chosen to test: (1) low viscosity bulk-fill
composite Filtek Bulk Fill Flowable (BFF), (2) high viscosity bulk-fill composite Filtek One Bulk Fill
(OBF), (3) flowable composite Filtek Supreme Flowable (SUPF), and (4) conventional nanocomposite
Filtek Supreme XTE (SUP). These composite material was filled into a slot (3 mm wide, 2 mm high, and 5
mm long) in a metal mold individually, with a coat of Vaseline to prevent adhesion. The specimen surface
was sprayed with powders to produce sufficient contrast, allowing the tracking of individual points on the
surface. The resin composites were light cured with irradiances of 1000mW/cm? (Smartlite Focus, Dentsply)
through the lateral window of the slot for 40 s. A light microscope recorded the deformation of the composite
specimen from the top before light curing and after light cured at intervals of 5, 10, 15, 20, 25, 30, 35, and 40
s. Subsequently, these images were input into a DIC software to analyze and calculate polymerization
shrinkage strain and time-dependent changes.

Results:

In the results of horizontal displacement, it was observed that the shrinkage centers (displacement equal to 0)
of bulk fill composites (BF'F, OBF) were located deeper between 1mm to 2mm , whereas conventional
composites (SUPF, SUP) were closer to the light-cured unit (Fig.1). Moreover, it was found the SUP
exhibited the highest displacement value after 40-s, followed by BFF, SUPF and OBF (Fig.2). In the
shrinkage strain analysis, both low-viscosity composites (BFF, SUPF) exhibited greater compressive strain
compared to their high-viscosity counterparts (Fig.3). Two bulk fill composites (BFF, OBF), showed small
discrete areas of low strain. It was found the BFF exhibited the highest shrinkage strain value after 40-s,
followed by OBF, SUPF, and SUP (Fig.4).

Mean value of displacement

Figure 2. Mean value of horizontal displacement.

T sone o011 5000 o000 451523010 o0 suce a0 sore oco
Towards the light cure unit Away from the light cure unit

Figure 1. Horizontal displacement of resin-based composites.

55 10s 158

Mean value of strain

Figure 4. Mean value of horizontal strain.

ex1)- Lagrange

Compression Tension
Figure 3. Horizontal shrinkage strain of resin-based composites.

Conclusion:

The analysis revealed that the bulk-fill and conventional resin composites exhibited different shrinkage
behaviors. Conventional composites tend have concentrated strain at the tops, while bulk-fill composites
showed modulated strain. Low-viscosity bulk-fill and flowable composites showed higher strain. DIC may
offer advantages in observing polymerization shrinkage and strain.

Funded by 111-2314-B-006 -036 -MY3, National Science and Technology Council, Taiwan
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Influences of Cavity Design on
TP 6 Biomechanical Behaviors of Zirconia and
Lithium Disilicate Overlays

Kuang-Ting Cheng'#, Shu-Fen Chuang'?, Chih-Han Chang?, Zhi An Lin', Chia-Chen Su', Ta-Jyun Hou'

!School of Dentistry and Institute of Oral Medicine, National Cheng Kung University, Taiwan
2 Department of Stomatology, National Cheng Kung University Hospital, Taiwan
3D of Bi Engineering, National Cheng Kung University, Taiwan

L Ob]ectlve

Bonded porcelain restoration is gaining popular in dental clinics. Lithium disilicate (LS2) has
been chosen for fabricating overlays for its translucency and excellent bond strength through
adhesive treatments. However, LS2 overlays showed higher fracture prevalence. Zirconia (Zr) is
considered as the alternative for overlay fabrication. For two ceramics overlays, there is no
evidence that certain cavity design has the best performance. Hence, this study aimed to
investigate the effect of cavity design on the stress distributions of LS2 and zirconia overlays
using a finite element analysis.

II. Material & Method:

An intact human molar was selected and scanned under a micro-CT (Bruker Skyscan 1276). The
data was imported into the Mimics software (Materalise) and then transformed into solid formats
in a Geomagic software. At the meantime, resin teeth were printed out by a 3D printer to undergo
four overlay preparations as: occlusal reduction only (O), occlusal reduction and boxes on two
proximal surfaces (OB), OB preparation plus shoulder margins (OSB), and occlusal reduction, a
central isthmus, and shoulder margins (OSI) (Fig. 1). The prepared teeth were scanned by an
intraoral scanner to generate solid formats, and then combined with the sound tooth model to
form four models of different overlays and their cement layers. These models were imported into
a finite element analysis (ANSYS 2022) (Fig. 2). The overlay materials were assigned as either
Zr or LS2, and then eight models were meshed using 0.2 mm elements. 600 N vertical force was
applied on occlusal surfaces through a 6 mm diameter ball (Fig. 3). In the overlays and tooth, the
maximum principal stress (MPS) were solved. In the cement, the shear stress was solved.

© &
® 4

Flgure 1.

Ceramic
overlay
Eramel cement

Dentin

W@

Figure 2. Figure 3.
I11. Results:

The MPS in LS2 and Zr overlays are shown in Fig. 4 and 5. All MPS in ceramic overlay were
lower than its tensile strengths of LS2 (470MPa) and zirconia (>600MPa). In both materials, the
MPS in dentin was the highest in OSB then in order OB > O > OSI (Fig. 6). OSB (LS2) showed
the highest shear stress in cement layer, while the least is O (Zr) (Fig. 7). The tensile strength of
enamel was 10Mpa which was lower than each group’s MPS. If the fracture occurs, it will
probably appear at enamel not ceramic overlay. On the other hand, design O had the lowest MPS
among four designs when it came to overlay and dentin.

Maximum principal stress of L§2 overlay Maximum principal stress of Zr overlay
: 61.5 (MPa) -—89.9 (MPa)
69.5 (MPa)
47.1 (MPa)
0sB
Figure 6. Maximum principal stress of dentin Figure 7. Maximum shear stress of cement

IV. Conclusion:

In conclusion, the principal stress in ceramic overlays and dentin remains below their respective
tensile strengths. This suggests a level of safety against fracture. Design O emerges as the
preferred option for patients with higher masticatory forces and patient who favor hard food due
to its lower maximum principal stress.

(Funded by 111-2314-B-006 -036 -MY?3, National Science and Technology Council)



Evaluations of tissue-dentin adhesives consisting of
isobutyl cyanoacrylate and octyl cyanoacrylate

Ta-Jyun Hou'4, Shu-Fen Chuang!2, Chun-Chan Ting!2, Jui-Che Lin?, Chia-Ling Li!, Kuang-
Ting Cheng'

1School of Dentistry and Institute of Oral Medicine, National Cheng Kung University, Taiwan
2Department of Stomatology, National Cheng Kung University Hospital, Taiwan
3Department of Chemical Engineering, National Cheng Kung University, Taiwan

I. Objective:
Various tissue adhesives have been developed in recent years. Cyanoacrylate adhesives are
considered the most suitable for application in oral cavity. For root coverage surgery (Fig.1), a
dentin-tissue adhesive may benefit the fixation of gingiva tissue. Cyanoacrylate adhesives vary in
properties based on their side chain lengths. Those with short chains can form tight and stronger
bonds rapidly, while those with long chains have better biocompatibility. This study was aimed to
evaluate the bond strengths of tissue adhesives consisting of isobutyl cyanoacrylate and octyl
cyanoacrylate adhesives of different proportions to dentin surface using an irn vifro test.

1 Use tissue adhesive to provide early
immobilization of flap.
I1. Material & Method:

Different proportions of 4-carbons isobutyl cyanoacrylates and 8-carbons octyl cyanoacrylate (both
from StarSpeed, China) were blended to create five adhesives: () 100% isobutyl cyanoacrylates
(BCqp); @-@ mixtures of isobutyl cyanoacrylates (70%, 50%, or 30%) and octyl cyanoacrylate
(30%, 50%, or 70%) as BC;,0C;;, BCs,0Cs,, and BC;,0C;; and (&) 100% octyl cyanoacrylates
(OC,4)- A commercial tissue adhesive, PeriAcryl®90HV (PA) (GluStich Inc., Canada), served as a
comparison. These adhesives were used to adhere bovine gingiva to human root dentine in bonding
areas of 12.56 mm?. Halves of spcimens in all groups received a early shear bond strength test after
5 min using an Universal Testing Machine (Shimadzu, Japan). Late bond strength was also tested
after 24-h immersion in normal saline at 37°C. Failure patterns were observed under an optical

microscope.
Bonding area: 12.56mm I‘ ﬁ [

N Fig2
- fovine gingia Workflow of bond strength test

5

I11. Results:

The results suggest a positive correlation between the proportions of isobutyl cyanoacrylate and
initial bond strengths (Fig.3). BC,,, showed the best performance, and OC,, presented the lower
bond strength among five experimental adhesives. In late bond strength results, the bond strengths
of all adhesives has decreased (Fig.5). The difference between BC,,, and OC,,, decreased after
water immersion. The failure modes are all mixed failure. As the proportion of BC decreased, the
percentages of tooth-adhesive failure increased in both initial and late bond strength test (Fig. 4,6).

Initial bond strength n=11 Fic.4
- 1000.00 lg'
Flg3 Failure pattern of Initial bond strength n=11
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IV. Conclusion:

With the present results, the proportions of isobutyl cyanoacrylate adhesive affects the bond strength.
The result suggests that short-chain isobutyl cyanoacrylate adhesive has stronger bonding to root
dentin than long-chain octyl cyanoacrylate adhesive. All adhesives shwoed decreased bond strengths
after 24 h.

(Funded by 111-2314-B-006 -036 -MY 3, National Science and Technology Council)
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L. Objective:

The restorations of endodontically treated teeth is a crucial concern in dentistry. Progress in
ceramic materials and adhesive techniques has introduced the endocrown as a viable alternative.
Nevertheless, there is an ongoing debate regarding cavity design. Furthermore, the "compression
dome" concept underscores the significance of preserving supporting structures to minimize the
risk of tooth and restoration fractures. This study aimed to investigate the biomechanical
behaviors of teeth receiving endocrowns with different margin designs in the context of the
“compression dome” concept.

II. Material & Method:

64 teeth were collected. They were first endodontically treated and filled with GP points to
leave 2mm coronal pulp space. The root of each tooth was coated with a thin layer of light body
impression materials to simulate PDL, and then the teeth were planted vertically in epoxy resin. In
this study, 4 cavity designs were investigated: Type I: butt-joint margins of endocrown were 1 mm
above the inflection line (Fig. 1); Type II, 1-mm ferrule margin was added to type I preparation;
Type III: butt-joint margins were 2 mm below the inflection line; Type IV: 1-mm ferrule margin
was added to type IV preparation (Fig. 2). The inner axial walls were 12° taper. The prepared teeth
received scanning then corresponding lithium disilicate endocrowns were fabricated with the same
occlusal anatomy. These crowns were cemented with Variolink N resin cements. After storage for
24 h, the samples were fixed at a 15° inclination on a universal testing machine. A static loading of
100 N was applied to the distobuccal cusps using a stainless steel piston. During loading, a camera
captured the images for the digital image correlation (DIC) analysis. On the other hand, the optical
coherence tomography (OCT) was used to check restoration marginal bonding condition before

and after loading.
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Figure 1. Figure 2.
III. Results:

DIC analysis revealed that strain occurred in all types of samples after loading, with strain
observed to be concentrated at the cervical region (Fig. 3). Type III and IV showed displacements
at margins. Under observation with OCT, types I and III did not show pronounced debonding in
the butt-joint margin (Fig. 4, 6). Type II showed slight debonding condition (Fig. 5). Type IV
exhibited apparent debonding (Fig. 7)
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Figure 4. Figure 5.
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Figure 6. Figure 7.

IV. Conclusion:

The results conformed with the concept of "compression dome" since the supra-inflection line
types, including type I and type 11, exhibited less pronounced debonding, while the sub-inflection
line types showed more apparent debonding. The type IV, with ferrule margin design, showed
more pronounced debonding. However, further experiments are still needed to verify these
findings.
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