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A Simple Technique to Repair Feldspathic Porcelain Chipping in Screw-retained Implant-
supported Prosthesis: A Clinical Technique.

Type Journal Article
Author Lenin Proaño
Author Rebeca K Silva
Author Ariadne Cc Cruz
Author Mutlu Özcan
Author Claudia Âm Volpato

Abstract AIM This clinical technique report aimed to describe a composite resin repair technique
performed in an implant-supported prosthesis. BACKGROUND Veneering ceramic fracture or
chipping is one of the most frequent clinical failures in dentistry. Therefore, the use of less time-
and cost-consuming ceramic repair techniques is helpful in clinical practice. TECHNIQUE
Briefly, to treat the ceramic surface, the glaze was removed at the margins of the fracture area,
then, air-abrasion and acid-etching were performed. To promote chemical adhesion, a silane
coupling agent and adhesive system were applied over the ceramic surface, and the composite
resin was applied by incremental technique. Finally, the polish was performed. CONCLUSION
In conclusion, the applied composite resin repair of feldspathic porcelain chipping in implant-
supported prosthesis was a simple, easy, affordable, and minimally invasive treatment.
CLINICAL SIGNIFICANCE The causes of veneer materials failures in metal-ceramic crowns
are considered a challenge for the dentist and a problem that displeases patients. Repairs are
indicated to prevent cracks from spreading and to prevent the accumulation of biofilm on the
damaged surface. Therefore, different repair protocols have been proposed to enhance the
esthetic, functionality, and longevity of the implant-supported prosthesis. Additionally, the
success of the clinical cases depends on the capability to identify ceramic failures and the ability
to indicate/perform the correct repair protocol. Since the described repair technique of the
fractured screw-retained implant-supported prosthesis was a simple, easy, affordable, and
minimally invasive treatment, with excellent esthetic and masticatory results, it represents an
interesting clinical option.
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Academy of Dental Materials guidance on in vitro testing of dental composite bonding
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Abstract Objective An ideal dental adhesive should provide retentive strength, marginal seal, be relatively
simple to achieve and demonstrate clinical durability. Future improvements in adhesive bonding
to tooth structure require in vitro test methods that provide reliable data for materials
development and/or evaluation of experimental variables. The objective of this project was to
identify a test method that is relatively easy to perform, repeatable and ultimately useful for
predicting clinical outcomes. Methods The Academy of Dental Materials initiated a project to
develop and distribute guidance documents on laboratory test methods that are useful for the
evaluation of dental adhesives and cements, composite resins and ceramics. Results The dental
adhesive sub-group has identified the micro-tensile bond strength test, especially after subjecting
the specimens to a durability challenge, as currently the best practical surrogate measure of
dental composite restoration retention. Conclusion The following μTBS guidance is meant to aid
the researcher in conducting the μTBS test. The authors, while recognizing the limitations of a
static, strength-based test method, welcome comments and suggestions for improvements of this
guidance document in future revisions.
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Abstract <p>The aim of this study was to compare bond strength resin composites to porcelain laminate
veneers in the indirect repair method to composite resins used in the direct repair method for
cases of porcelain veneer fracture of zirconia-based fixed dental prostheses. In the study, the
groups were formed with different percentages of areas to be repaired to mimic porcelain
fractures in the mouth. The experimental group of veneered zirconia were as follows: Group A =
100% Zr surface; Group B = 70% Zr, 30% porcelain surface; Group C = 50% Zr, 50% porcelain
surface; Group D = 30% Zr, 70% porcelain surface; Group E = 100% porcelain surface. The
repairs of the specimens were made using composite resin systems in half of the groups and
using porcelain laminate veneers in the other half. Specimens were embedded in acrylic blocks
before surface treatments and repairs were applied. After surface conditioning, laminate veneers
were applied to the first half of the groups, and composite repair systems were applied to the
second half of the groups. After all specimens were aged by thermal cycling, their bond strength
values were measured using a Universal Testing Machine, and the obtained data were recorded.
The specimens were examined with a stereomicroscope and classified according to failure types
(adhesive/cohesive/mixed). Bond strength values were evaluated based on independent-samples
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t-test statistics. According to the comparisons among the groups, the bond strength of the indirect
repairs made with the laminate material was higher than the bond strength of the repairs made
with the composite. There was a statistically significant difference in favor of the indirect repair
groups among all groups except for Group C. The highest bond strength was found in Group A
in the indirect repair method, while the lowest bond was found in the direct repair method in
Group E. Adhesive failure was mostly seen in the groups that were repaired with the composite.
</p>
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Abstract Zirconia-based ceramics offer strong restorations in dentistry, but the adhesive bond strength of
resin cements to such ceramics is not optimal. This study evaluated the influence of surface
treatments on the bond strength of resin cement to yttrium-stabilized tetragonal zirconia (Y-TZP)
ceramic. Seventy-five plates of Y-TZP ceramic were randomly assigned to five groups (n = 15)
according to the surface treatments [airborne particle abrasion, neodymium-doped yttrium
aluminum garnet (Nd:YAG) laser irradiation (Fidelis Plus 3, Fotona; 2 W, 200 mJ, 10 Hz, with
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two different pulse durations 180 or 320 μs), glaze applied, and then 9.5 % hydrofluoric acid gel
conditioned, control]. One specimen from each group was randomly selected, and specimens
were evaluated with x-ray diffraction and SEM analysis. The resin cement (Clearfil Esthetic
Cement, Kuraray) was adhered onto the zirconia surfaces with its corresponding adhesive
components. Shear bond strength of each sample was measured using a universal testing
machine at a crosshead speed of 1 mm/min. Bond strengths were analyzed through one-way
ANOVA/Tukey tests. Surface treatments significantly modified the topography of the Y-TZP
ceramic. The Nd:YAG laser-irradiated specimens resulted in both increased surface roughness
and bond strength of the resin cement. The highest surface roughness and bond strength values
were achieved with short pulse duration. Nd:YAG laser irradiation increased both surface
roughness of Y-TZP surfaces and bond strength of resin cement to the zirconia surface. © 2012
Springer-Verlag London Ltd.
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Abstract Dental ceramics are presented within a simplifying framework allowing for facile understanding
of their development, composition and indications. Engineering assessments of clinical function
are dealt with and literature is reviewed on the clinical behaviour of all-ceramic systems.
Practical aspects are presented regarding the choice and use of dental ceramics to maximize
aesthetics and durability, emphasizing what we know and how we know it. © 2011 Australian
Dental Association.
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Abstract Objectives: To evaluate the mid-term clinical performance of direct composite restorations
placed in patients with pathological tooth wear needing full rehabilitation with an increase of
vertical dimension of occlusion. Methods: In a prospective trial 34 patients (34.0 ± 8.4 years; 25
males, 9 females) were treated with a minimal invasive additive technique using composite
restorations. The restorative treatment protocol was to provide all teeth with composite build-up
restorations in an increased vertical dimension of occlusion (VDO) using the DSO-technique.
Recall appointments were planned after 1 month, 1 and 3 years after treatment. Restorations
were scored for clinically acceptability (FDI-criteria) and scores 4 and 5 were recorded as
clinically unacceptable. Frequencies of failures and Kaplan Meier survival curves are presented
and effect of relevant variables was calculated with a multifactorial Cox regression (p < 0.05).
Results: 1256 Restorations were placed, 687 anterior, 324 premolar, and 245 molar restorations.

http://doi.org/10.11607/prd.4915
http://doi.org/10.14219/jada.archive.2006.0395


After a mean observation time of 39.7 months a total of 69 failures were observed, of which 61
restorations were repaired (score 4) and 8 were replaced (score 5). Most common reasons for
failure were (chip) fractures (n = 43) and caries (n = 11). Placement of anterior restorations in
two sessions led to significant 4.6 times more failures then placed in one session. Conclusions:
In patients with severe tooth wear a full rehabilitation, in an increased vertical dimension of
occlusion, direct composite resin restorations show a 94.8% success and 99.3% survival rate
after a period of 3.5 years.
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Abstract <p>Background: This systematic review aims to evaluate the color stability of resin composite
CAD/CAM blocks (CCB) when submitted to staining solutions. Methods: A systematic search
was performed on different databases (Embase, Medline, Scopus, Web of Science). Search terms
were: ‘polymer infiltrated', ‘polymer-based', ‘resin nanoceramic', ‘resin ceramic', ‘hybrid
composite', ‘hybrid ceramic', ‘composite ceramic', ‘resin infiltrated', ‘CAD-CAM', ‘CAD/CAM',
‘color stability', ‘staining', ‘staining susceptibility', ‘color change', ‘color difference'. Inclusion
criteria: in vitro articles published in the English language until 18 September 2022 without
initial time restriction evaluating the color stability of CCB when submitted to staining solutions.
Exclusion criteria: studies investigating color change induced by smoke or whitening treatments;
studies not including a clinical evaluation of the results using the thresholds for color
perceptibility and acceptability. Risk of bias assessment using the QUIN tool. Findings: Out of
the 378 initially retrieved articles, 19 were included in this review. They investigated 17 different
CCBs and different artificial staining by liquid protocols, including coffee, red wine, tea, and
cola. CCBs exceeded clinical acceptability thresholds for color shift in 18 out of 19 studies, with
a significantly higher color stability than conventional hybrid resin-based composites (RBCs),
and a significantly lower color stability than ceramic materials. The identified differences in
CCBs in color stability can be attributed to the material's composition, but also to the
heterogeneity of staining procedures. Interpretation and clinical implication: Clinicians should be
aware that, although to a lower degree when compared to RBCs used in direct or indirect
procedures, CCBs undergo color changes to a higher degree in comparison to ceramic materials.
</p>
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Abstract <p>Statement of problem: Current techniques for repairing porcelain-chipped restorations have
several limitations. With advances in CAD/CAM technology, the combination of resin cements
and high-strength ceramic materials might offer new options for repairing the chipping of
veneering ceramic. Purpose: The purpose of this study is to compare the load-to-failure of
veneered zirconia crowns repaired by different materials. Material and Methods: Veneered
zirconia crowns were made on aluminum dies (n = 10/group). Feldspathic porcelain (Vita VM9,
Vident) was applied to the zirconia coping (Vita In-Ceram YZ, Vident) in a cylindrical shape (Ø
10.5 mm, height 7.5 mm). A bevel cut on the porcelain veneer (45 degree, 3 mm width) was
made at one side of each crown to simulate porcelain chipping. The crowns were then divided
into four different groups according to the repair materials: 1. Conventional resin composite (A;
Tetric EvoCeram, Ivoclar Vivadent); 2. Flowable resin composite (B; G-aenial Universal Flo,
GC america); 3. CAD/CAM milled feldspathic ceramic (C; Vita Trilux Forte, Vident); 4.
CAD/CAM milled lithium disilicate glass-ceramic (D; IPS e.max CAD, Ivoclar Vivadent). Resin
cement (Multilink Automix, Ivoclar Vivadent) was used to cement the CAD/CAM ceramic
materials to the beveled crowns. Each crown underwent 5000 cycles of thermocycling. The
strength test was performed on an Instron universal testing machine by loading force on the
center of repaired part to record load-to-failure. Data were analyzed by ANOVA and Tukey HSD
post-hoc tests (α = 0.05). Results: Mean loads-to-failure (in Newton +/− SD) of repaired
veneered zirconia crowns were: Gr. A: 660.0 ± 200.5; Gr. B: 681.7 ± 175.9; Gr. C: 1236.0 ±
188.8; Gr. D: 1536.3 ± 286.1. Catastrophic failure was the most dominant failure mode in every
group. Few specimens exhibited cohesive failure. Only one specimen in group D had adhesive
failure. Conclusions: Within the limitation of the study, veneered zirconia crowns repaired with
CAD/CAM ceramic materials have significantly higher load-to-failure than veneered crowns
repaired with resin composite (p ≤ 0.05). Clinical Implications: Traditionally, porcelain-chipped
restorations are often repaired with resin composite and bonding technique. Repairing chipped
porcelain with CAD/CAM ceramics fitting the fractured parts can be alternative option with
potential advantages. More well-designed studies are necessary to justify this novel repair
technique.</p>
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Effect of chemical etching solutions versus air abrasion on the adhesion of self-adhesive
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Abstract OBJECTIVES: This study evaluated the adhesion of self-adhesive resin cement to zirconia after
various surface conditioning methods in non-aged and aged conditions. METHODS: Zirconia
(IPS e.max ZirCAD, Ivoclar Vivadent) and resin composite blocks were obtained and randomly
divided into four groups according to one of the following surface conditioning methods: C: No
surface treatment (Control); AS: Air abrasion (50 µm Al2O3) at low pressure (0.2 MPa) plus
silane (Monobond Plus, Ivoclar Vivadent); MC: Methylene chloride for 60 min; CE: Chemical
etching solution at 100°C for 60 min. Surface roughness (Ra) measurements were performed on
the control and conditioned zirconia specimens using a profilometer. Each conditioned zirconia
block was bonded to its corresponding resin composite block using self-adhesive resin cement
(RelyX Unicem Aplicap, 3M ESPE) under a load of 300 g. Half of the groups were tested
without aging; the other half were tested after x6000 thermocycling. Sticks were obtained from
bonded specimens and subjected to microtensile bond strength (MTBS) testing in a universal
testing machine (0.5 mm/min). Failure types were classified after debonding. Data (MPa) were
analyzed using two-way ANOVA and Tukey's tests (α = 0.05). RESULTS: The highest mean Ra

http://doi.org/10.1016/j.cden.2017.06.005
http://www.medicinaoral.com/medoralfree01/aop/58723.pdf
http://doi.org/10.4317/jced.58723


value was obtained in Group CE (0.52 µm), and the lowest in Group C (0.25 µm). Significantly
lower MTBS test results were obtained in Group C, both in non-aged (17.4 ± 1.1 MPa) and aged
(5.11 ± 0.5 MPa) conditions than in the other groups (34.6 ± 1.5 to 51.2 ± 1.1 MPa; 28.0 ± 0.9 to
49.5 ± 1.0 MPa in non-aged and aged conditions, respectively) (P < 0.05). Group CE presented
the highest MTBS test results in both non-aged and aged conditions (51.2 ± 1.1 MPa and 49.5 ±
1 MPa, respectively) (P < 0.05). Failure types were predominantly adhesive in all groups before
and after aging. After aging, less adhesive and more mixed and cohesive failures in cement were
observed in Groups AS and CE than in the other groups. CONCLUSION: Chemical etching of
zirconia may have potential use as a substitute for air abrasion as a surface conditioning method
for zirconia.
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Abstract Objective: To evaluate the influence of different repair protocols andin situ aging on colony
forming units (CFU) and shear bond strength (SBS) between CAD/CAM materials and resin
composite. Methodology: 150 blocks (6 × 5 × 2.5 mm) were made out of each restorative
material (CAD/CAM resin composite -RC), polymer-infiltrated ceramic - PIC and glass ceramic
(VS), totaling 450 blocks. Fifty blocks of each material were submitted to a 60-day in situ aging
by fixing the blocks into cavities prepared in the posterior region of the base of complete
dentures. The aged and non-aged blocks were randomly divided into 30 groups of 10 (N = 300)
according to the following factors: “Restorative material”, “Surface Treatment”, and “Aging”.
Z350 resin composite cylinders were made on the surface of the blocks, and the specimens were
submitted to thermocycling, shear test, failure mode analysis, and complementary analyses of
roughness, fungal and bacterial CFUs, SEM, and EDS. The SBS (MPa) and CFU/mL data were
statistically analyzed by ANOVA and Tukey's test (5%). The other variables were analyzed by
qualitative analyzes. Results: The “aging” factor was significant for RC and VS and the “surface
treatment” factor was significant for the three restorative materials. Hydrofluoric (HF) acid
etching followed by silanization was the best protocol for PIC and VS and diamond bur + SBU
was the best protocol for RC. CFU/mL was similar among the restorative materials. Conclusion:
In situ aging reduced the bond strength between the resin composite repair and RC and VS
materials. Clinical Significance: The repair protocol for each restorative material is different and
may be influenced by the time of clinical use.
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Effect of Different Surface Treatments on Repair Bond Strength of CAD/CAM Resin-
Matrix Ceramics
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Abstract <p>The purpose of this study was to investigate the influence of different surface treatment
methods on the micro-tensile bond strength (μTBS) of resin-matrix ceramic (RMC) blocks
repaired with resin composite. Three different prefabricated RMC blocks including Lava
Ultimate (LU), Grandio Blocs (GB), and Shofu Block HC (HC) were thermo-cycled and divided
into five surface treatment groups: Control (C), bur grinding (G), airborne particle abrasion
(APA), Er,Cr:YSGG laser irritation (LI), and APA combined with LI (APA+LI). After surface
treatments, topographic alterations were examined by scanning electron microscopy. Then,
Universal Adhesive (Single Bond Universal) was applied and repair was simulated with
nanohybrid composite (Grandio SO). Bonded specimens were cut into 1 mm2 sized beams (n =
16) and a μTBS test was conducted by using a universal test machine. Fracture types were
evaluated by using a stereomicroscope. The bond- strength data was evaluated by two-way
ANOVA and Tukey post-hoc test (α = 0.05). The μTBS values were significantly affected by the
surface treatment variable and the interaction terms of the variables (p ≤ 0.001). However, no
significant effect of RMC type was detected (p > 0.05). Among all materials, GBAPA+LI
indicated the highest µTBS value. Except for the GBC, all surface treatments showed clinically
acceptable bond-strength values. However, the surface treatments applied to GB and LU before
the repair processes increased the repair bond-strength values while causing a negative effect for
HC. In addition, LI and APA+LI can be applied as an alternative route compared to other
procedures recommended by the manufacturer for surface preparation in intraoral RMC repair.
</p>
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Abstract PURPOSE: To perform application of universal bonding agent based only on the manufacturer's
instructions for CAD/CAM-manufactured feldspathic and hybrid ceramics and to investigate the
bond strength of the composite resin to these ceramics. MATERIALS AND METHODS: A total
of 120 samples (2-mm thickness) were obtained from three different CAD/CAM-manufactured
ceramics each: a feldspathic ceramic (Vitablocs Mark II), a hybrid ceramic (Cerasmart, GC), and
a dual-network ceramic (Vita Enamic). Each of these restorative materials was divided into six
subgroups (n = 20 each) in order to apply universal adhesives: All-Bond Universal, Clearfil
Quick Universal, Premio Bond, Optibond XTR, Prime&Bond, and Tokuyama Universal Bond.
Each bonding agent was applied according to the manufacturer's instructions. Microshear bond
strength test was performed at a crosshead speed of 1 mm/min. Two-way analysis of variance
(ANOVA) and Tukey post hoc tests were used for statistical analyses. RESULTS: The data
suggested a significant impact of bonding agent on all restorative materials applied (P < .001);
however, only Prime&Bond demonstrated different effects between materials, with a significant
difference between Vitablocs Mark II and Cerasmart restorative materials (P = .001).
CONCLUSION: All universal bonding agents provided an acceptable bond strength for each
ceramic. Since different universal bonding agents affected the bond strength between ceramics
and composite resin, selecting the most suitable bonding agent for each material will increase the
bond strength and clinical success.
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Abstract OBJECTIVES: To evaluate and compare bond strengths of different primers and resin cements
to silica-based and zirconia ceramics. METHODS: Silica-based and zirconia ceramic specimens
were ground flat with #600-grit SiC paper. The ceramic surfaces were airborne-particle abraded
and then divided into 11 groups of seven each: untreated (control); and conditioned with one of
the six primers in combination with a resin cement from the same manufacturer as follows:
Bistite II/Tokuso Ceramic Primer, Linkmax/GC Ceramic Primer, RelyX ARC/RelyX Ceramic
Primer, Panavia F 2.0/Clearfil Ceramic Primer, and Resicem/Shofu Porcelain Primer and
Resicem/AZ Primer. Stainless steel rods were bonded to the ceramic surfaces using one of the
five resin cements. After 24-h water storage, the tensile bond strengths were tested using a
universal testing machine and failure modes were examined. RESULTS: Conditioning with
primers containing a silane coupling agent (all the primers except AZ Primer) significantly
enhanced bond strengths of resin cements to silica-based ceramic. For zirconia ceramic,
Resicem/AZ Primer exhibited significantly higher bond strength than the other groups except
Panavia F 2.0/Clearfil Ceramic Primer. The predominant failure mode of the groups conditioned
with primers containing a phosphonic acid monomer (AZ Primer) or a phosphate ester monomer
(Clearfil Ceramic Primer and Tokuso Ceramic Primer) was cohesive failure in cements whereas
that with the other primers was adhesive failure at the zirconia surfaces. SIGNIFICANCE: The
use of primers containing a silane coupling agent improved resin bonding to silica-based
ceramic. On the other hand, the use of primers containing a phosphonic acid monomer or a
phosphate ester monomer improved resin bonding to zirconia ceramic.
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Effect of Surface Preparation with Nd:YAG and Er,Cr:YSGG Lasers on the Repair Bond
Strength of Lithium Disilicate Glass Ceramic to a Silorane-based Composite Resin
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Abstract Background. This study was undertaken to evaluate the repair bond strength of lithium disilicate
glass ceramic to a silorane-based composite resin after surface preparation with Nd:YAG and
Er,Cr:YSGG lasers. Methods. A total of 102 lithium disilicate glass ceramic samples (IPS e.max
Press), measuring 5 mm in diameter and 4 mm in thickness, were randomly assigned to 6 groups
(n=17): group 1, no surface preparation (control); group 2, acid etching with 9.5% hydrofluoric
acid (HF); group 3, surface preparation with 4.5-W Nd:YAG laser; group 4, surface preparation
with 6-W Nd:YAG laser; group 5, surface preparation with 1.5-W Er,Cr:YSGG laser; and group
6, surface preparation with 6-W Er,Cr:YSGG laser. After preparation of surfaces and application
of silane, all the samples were repaired with the use of a silorane-based composite resin,
followed by storage in distilled water at a temperature of 37°C for 24 hours and thermocycling.
Finally, the samples were subjected to a shearing bond strength test; the fracture modes were
determined under a stereomi-croscope. Results. There were significant differences between the
HF group and the other groups (P=0.000). Two-by-two comparisons of the other groups revealed
no significant differences (P>0.05). Conclusion. Use of HF proved the most effective surface
preparation technique to increase the repair bond strength between lithium disilicate glass
ceramic and silorane-based composite resin; compared to the control group.
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Abstract The aim of this study was to evaluate the influence of ceramic surface treatments and silane
drying temperature on the microtensile bond strength (μTBS) of a resin composite to a lithium
disilicate ceramic. Twenty blocks (7x7x5 mm) of lithium disilicate-based hotpressed ceramic
were fabricated and randomly divided into 4 groups: G1: acid etching with 9.5% hydrofluoric
acid for 20 s and drying silane with room-temperature air; G2: acid etching with 9.5%
hydrofluoric acid for 20 s and drying silane with 45 ± 5 °C warm air; G3: airborne-particle
abrasion with 50 μm aluminum oxide particles and drying silane with 45 ± 5 °C warm air; G4:
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airborne-particle abrasion with 50 μm aluminum oxide particles and drying silane with air at
room-temperature. After treatments, an adhesive system (Single Bond 2) was applied, light-
cured and direct restorations were built up with a resin composite (Filtek Z250). Each specimen
was stored in distilled water at 37 °C for 24 h and cut into ceramic-composite beams with 1 mm2
of cross-sectional area for μTBS testing. Statistical analysis was performed with one-way
ANOVA and Student- Newman-Keuls test (α=0.05). μTBS means (S.D.) in MPa were: G1:
32.14 (7.98), G2: 35.00 (7.77) and G3: 18.36 (6.17). All specimens of G4 failed during the
cutting. G1 and G2 presented significantly higher μTBS than G3 (p<0.05). There was no
statistically significant difference between G1 and G2 (p>0.05). As far as the bond strength is
concerned, surface pretreatment of lithium-disilicate ceramic with hydrofluoric acid and silane
application can be used as an alternative to repair ceramic restorations with composite resin,
while surface pretreatment with sandblasting should be avoided.
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Effect of various surface conditioning methods on the adhesion of dual-cure resin cement
with MDP functional monomer to zirconia after thermal aging.
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Abstract This study evaluated the effect of chairside and laboratory types of surface conditioning methods
on the adhesion of dual-cure resin cement with MDP functional monomer to zirconia ceramic
after thermocycling. Disk-shaped (diameter: 10 mm, thickness: 2 mm) Y-TZP ceramics (Lava,
3M ESPE) were used (N=40) and finished with wet 1200-grit silicon carbide abrasive paper.
Specimens were randomly divided into four experimental groups according to the following
surface conditioning methods (n=10 per group): Group 1–Chairside airborne particle abrasion
with 50-microm Al2O2 + Alloy Primer (Kuraray); Group 2–Airborne particle abrasion with 50-
microm Al2O3 + Cesead II Opaque Primer (Kuraray); Group 3–Airborne particle abrasion with
50-microm A12O3 + Silano-Pen + silane coupling agent (Bredent); Group 4–Laboratory
tribochemical silica coating (110-microm Al2O3 + 110-microm SiOx) (Rocatec) + silane
coupling agent (ESPE-Sil). Adhesive cement, Panavia F 2.0 (Kuraray), was bonded
incrementally to the ceramic surfaces using polyethylene molds (diameter: 3.6 mm, height: 5
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mm). All specimens were thermocycled (5 and 55 degrees C, 6,000 cycles) and subjected to
shear bond strength test (1 mm/min). Data were statistically analyzed (one-way ANOVA,
alpha=0.05), whereby no significant differences were found among the four groups (8.43+/-1.3,
8.98+/-3.6, 12.02+/-6.7, and 8.23+/-3.8 MPa) (p=0.1357). Therefore, the performance of
chairside conditioning methods used for zirconia was on par with the laboratory alternative
tested.
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Abstract To compare different surface treatments of lithium disilicate-based ceramic on bond strengths to
composite. Lithium disilicate-based ceramic microbars (1 mm × 1 mm × 6 mm) were produced
and abraded using diamond (D) or CoJet sandblasting (C), etched using phosphoric acid (P) or
hydrofluoric acid (H) and silanised (S). A total of 12 surface treatments were adopted: D, DP,
DH, DS, DPS, DHS, C, CP, CH, CS, CPS and CHS. An adhesive resin (XP Bond) was then
applied and a composite build-up was placed. All specimens were thermocycled 5,000 times and
submitted to microtensile bond strength test (μTBS). Results were analysed using one-way
analysis of variance and the Dunnett T3 test. Stereomicroscope and scanning electron
microscopy were used to determine the failure modes. Surface roughening, acid etching and
silanisation all have a significant influence on the ceramic-composite bond durability. Groups
DH (30.7 ± 6.5 MPa), DHS (32.0 ± 8.2 MPa), CH (27.2 ± 4.5 MPa) and CHS (29.2 ± 5.5 MPa)
showed the highest μTBS statistically. Groups DS (11.5 ± 3.0 MPa) and DPS (9.7 ± 2.2 MPa)
had higher μTBS than groups D (4.5 ± 2.9 MPa) and DP (5.2 ± 3.0 MPa), while groups C (1.7 ±
0.7 MPa), CS (1.7 ± 0.9 MPa), CP (1.7 ± 0.6 MPa) and CPS (1.7 ± 1.1 MPa) showed the lowest
μTBS. Hydrofluoric acid etching was effective in improving the bond strength of composite to
lithium disilicate-based ceramic, regardless of the method of surface roughening and silanisation.
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Effects of surface treatments on repair bond strength of a new CAD/CAM ZLS glass
ceramic and two different types of CAD/CAM ceramics
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Abstract We evaluated the effects of three different surface treatments and two different bonding
procedures on shear bond strength of resin composites to different computer-aided
design/manufacturing (CAD/CAM) ceramics with or without thermocycling. The test specimens
were prepared from three different CAD/CAM ceramics (Group A, IPS e.max CAD; Group B,
IPS e.max ZirCAD; Group C, Vita Suprinity). They were divided into eight subgroups according
to the surface treatment and bonding procedures. After resin composite was applied to the
surfaces of all test specimens, they were stored in distilled water for 24 h at 37°C. Next, half of
the test specimens were subjected to a thermocycling procedure, and the other half were stored
in distilled water at 37°C throughout thermocycling. The shear bond strength was performed
using a universal testing machine. Statistical analysis revealed that the ceramic types (P >
0.0031) and thermocycling (P > 0.0021) did not, but the surface treatment technique did
significantly affect the shear bond strength values (P < 0.05; except group C). Higher bond
strength values were observed with HF etching in Groups A and C compared with the other
tested surface treatments.
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Abstract Purpose: To evaluate the shear bond strength (SBS) and color stability (ΔE) of four ceramic
veneers (VITA VM 9; VITA VM 13; VITA VMK 95; and IPS e.max Ceram) following repair
with three different self-adhesive composite resins (Fusio Liquid Dentin; Constic; and Vertise
Flow) and BISCO Intraoral Repair Kit + Filtek Supreme (BC + FS). Materials and Methods: A
total of 96 specimens were prepared per ceramic material, and each ceramic group was divided
into subgroups according to testing method (32 specimens for color stability analysis and 64
specimens for SBS testing). ΔE and SBS (SBS1 = non-aged, SBS2 = thermally aged) values of
the repaired specimens were calculated. One specimen from each of the thermally aged groups
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was investigated under scanning electron microscopy (SEM). Two-way ANOVA was used to
analyze the mean ΔE, SBS1, and SBS2 values. The differences between SBS1 and SBS2 values
were analyzed using independent-samples t test. Results: The lowest ΔE values were calculated
for Constic (P ≤ .05). The SBS2 values among all groups were lower than the SBS1 values (P ≤
.05). The lowest SBS2 values were observed for Vertise Flow (2.3 ± 1.47 MPa) (P ≤ .05) and
were below the acceptable limit of 5 MPa. Conclusion: All of the investigated repair materials in
combination with the ceramic veneers exhibited ΔE values that were higher than the clinically
acceptable limits. Thermal aging negatively affected the SBS values in all groups (P ≤ .05). All
tested self-adhesive composite resins, with the exception of Vertise Flow, could be used instead
of a repair kit with flowable composite resin, especially in noncooperative patients, for the
purpose of repairing chipping fractures for VITA VM 9, VITA VM 13, and VITA VMK 95 (P >
.05). Int J Prosthodont 2020;33:536-545. doi: 10.11607/ijp.6760 © 2020. by Quintessence
Publishing Co Inc.
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Abstract Objectives: Compare failure modes and fracture origins using fractography on recovered
clinically fractured parts of indirect resin composite endocrowns and overlay restorations on
endodontically treated teeth (ETT). Methods: Four endocrowns (3 molars, 1 premolar) and one
overlay (molar) adhesively luted on ETT were recovered after fracturing during function. The
time in service ranged between 4 and 48 months. The composite materials were (i) CAD/CAM
LAVA Ultimate (N = 1), (ii) Premise Indirect (N = 2), and (iii) Colombus (N = 2). Fractography
was performed by means of digital microscopy and SEM. Occlusal surfaces were checked for
signs of fatigue degradation and contact wear. Cuspal plane angles were measured from profiles
obtained from 3D digital microscope images with respect to the horizontal plane of the occlusal
central crown groove. Results: All five cases showed a wedge-opening mode I fracture, splitting
the crown and tooth in two parts through the crown's central groove. Classic brittle fracture
features (arrest lines, twist and wake hackle) were easily identified on the fracture surfaces.
Multiple origins were located along the central groove in conjunction with the presence of
fatigue cracks. Contact wear surfaces showed pitting and cracking. Cuspal plane angles were
around 30–35°, except a 50° palatal cusp slope for the Lava Ultimate overlay. Significance:
Fractography on clinical fractures of resin composites was enlightening. Occlusal surface fatigue
degradation from cyclic loading, mode I fracture from applied mastication forces on cuspal
planes, and stress concentration within the crown's central groove, indicate limitations of use of
these materials for endocrowns in posterior teeth.
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Abstract <p>This study analyzed the fracture load before and after a chewing simulation of zirconia
crowns that were trepanned and repaired using composite resin. Overall, 3 groups with 15 5Y-
PSZ crowns in each group were tested. For group A, the fracture load of the unmodified crowns
was evaluated. For group B, the crowns were trepanned and repaired using composite resin, also
followed by a fracture test. For group C, crowns were prepared like in group B but received
thermomechanical cycling before the final fracture tests. Furthermore, scanning electron
microscopy (SEM) and X-ray microscopy (XRM) analysis were performed for group C. The
mean fracture loads and standard deviation were 2260 N ± 410 N (group A), 1720 N ± 380 N
(group B), and 1540 N ± 280 N (group C). Tukey-Kramer multiple comparisons showed a
significant difference between groups A and B (p < 0.01) and groups A and C (p < 0.01). After
ageing, surface fissures were detected via SEM, but no cracks that reached from the occlusal to
the inner side of the crown were detected via XRM. Within the limitations of this study, it can be
stated that trepanned and composite-repaired 5Y-PSZ crowns show lower fracture loads than 5Y-
PSZ crowns without trepanation.</p>
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Abstract PURPOSE To assess stress distribution in full-crowns with a composite buildup and endocrowns
under axial or oblique loads, both with different ferrules (1 or 2 mm) and ceramic materials
(glass ceramic or hybrid ceramic). MATERIALS AND METHODS Sixteen models were
analyzed with finite element analysis. No-separation contacts were considered between
restoration/resin cement and resin cement/tooth. The contact between the fixation cylinder and
the root was considered perfectly bonded. The axial load was applied to the occlusal surface and
the oblique load was applied to the buccal cusp. The resulting tensile stresses were shown for the
crown, the cement layer and the tooth. RESULTS Almost all factors influenced the stress
distribution significantly in the crown and the cement layer, as well as the tooth. The only
exception was found under oblique loading by the restoration material and the type of crown that
were of no significant influence on the stress distribution in the tooth. CONCLUSIONS Under
axial load, the endocrown showed the least tensile stresses in the tooth, but under oblique loads,
the full-crown showed less tensile stresses than the endocrown. With the hybrid ceramic
material, lower stresses were found in the crown, but higher stresses were present in the cement
layer. The 2 mm ferrule is beneficial for reducing the resulting tensile stresses in all modalities.
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Abstract PURPOSE The present study investigated the influence of simulated intraoral conditions
(increased temperature and humidity) on two different surface pretreatment methods to repair a
lithium-disilicate glass-ceramic (LDS). MATERIALS AND METHODS A total of 540
rectangular lithium-disilicate glass-ceramic bars were manufactured (3 x 7 x 9 mm; IPS e.max
CAD, Ivoclar Vivadent). Further specimen preparation was performed in an incubator with
controlled relative humidity (RH) and temperature to simulate three different environmental
settings: laboratory conditions (LC, n = 180, 23°C, 50% RH), rubber-dam conditions (RC, n =
180, 30°C, 50% RH) or oral conditions (OC, n = 180, 32°C, 95 ± 5% RH). One-third of the bars
under each condition (n = 60) were grit blasted (GBL) with alumina (35 µm at 1 bar pressure for
10 s and a working distance of 4 ± 1 cm) and primed (60 s, Monobond Plus, Ivoclar Vivadent).
Another third (n = 60) were pretreated with a self-etching glass-ceramic primer (MEP,
Monobond Etch & Prime, Ivoclar Vivadent). One group without surface pretreatment (n = 60,
NoPT) served as a control. All pretreated surfaces were coated with Heliobond (Ivoclar
Vivadent). Two bars from the same pretreatment method were luted perpendicular to each other
with a resin composite to form a square adhesion area of 9 mm2 (TetricEvo Ceram, Ivoclar
Vivadent), and light cured for 20 s on each side (1200 mW/cm2, Bluephase 20i, Ivoclar
Vivadent). All specimens were stored for 24 h in distilled water at 37°C. Half of the specimens
from each environmental setting and pretreatment method (n = 15) were thermocycled (TC,
5000 cycles, 5/55°C, 30-s dwell time), and tensile bond strength (TBS) testing was performed
for all groups using an x-bar rope-assisted set-up. Data were statistically analyzed using two-way
ANOVA (a = 0.05) with Bonferroni adjustment. RESULTS Regardless of the environmental and
storage conditions (24 h or TC), MEP showed a significantly higher mean TBS than GBL. A
decrease in TBS was recorded in specimens under OC compared to RC and LC for both
pretreatment methods independent of the storage condition. No significant difference in mean
TBS was found between RC and LC within the MEP pretreatment group for the 24 h stored and
thermocycled specimens. For all MEPs and GBLs, TC reduced the mean TBS in all
environmental conditions. The NoPT groups showed no adhesion regardless of environmental or
storage conditions. CONCLUSIONS Increased temperature and high humidity significantly
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reduced TBS. However, MEP was less sensitive to environmental influences than GBL, which
makes it a promising candidate for intraoral ceramic repair. These findings suggest that clinical
intraoral repair of lithium-disilicate glass-ceramics should be performed using a rubber-dam,
primarily when using GBL.
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Abstract Purpose: To test the effect of surface conditioning protocols on the reparability of CAD/CAM
zirconia-reinforced lithium silicate ceramic compared to lithium-disilicate glass ceramic.
Materials and Methods: Zirconia-reinforced lithium silicate ceramic (Vita Suprinity) and lithium
disilicate glass-ceramic blocks (IPS e.max CAD) were categorized into four groups based on the
surface conditioning protocol used. Group C: no treatment (control); group HF: 5% hydrofluoric
acid etching for 60 s, silane (Monobond-S) application for 60 s, air drying; group HF-H: 5% HF
acid etching for 60 s, application of silane for 60 s, air drying, application of He-liobond, light
curing for 20 s; group CO: sandblasting with CoJet sand followed by silanization. Composite
resin (Tet-ric Evo Ceram) was built up into 4 x 6 x 3 mm blocks using teflon molds. All
specimens were subjected to thermocycling (5000x, 5°C to 55ºC). The microtensile bond
strength test was employed at a crosshead speed of 1 mm/min. SEM was employed for
evaluation of all the debonded microbars, the failure type was categorized as either adhesive
(failure at adhesive layer), cohesive (failure at ceramic or composite resin), or mixed (failure
between adhesive layer and substrate). Two-way ANOVA and the Tukey's HSD post-hoc test
were applied to test for significant differences in bond strength values in relation to different
materials and surface pretreatment (p < 0.05). Results: The highest microtensile repair bond
strength for Vita Suprinity was reported in group CO (33.1 ± 2.4 MPa) and the lowest in group
HF (27.4 ± 4.4 MPa). Regarding IPS e.max CAD, group CO showed the highest (30.5 ± 4.9
MPa) and HF the lowest microtensile bond strength (22.4 ± 5.7 MPa). Groups HF, HF-H, and
CO showed statistically significant differences in terms of all ceramic types used (p < 0.05). The
control group showed exclusively adhesive failures, while in HF, HF-H, and CO groups, mixed
failures were predominant. Conclusions: Repair bond strength to zirconia-reinforced lithium
silicate ceramics and lithium-disilicate glass ceramic could be improved when ceramic surfaces
are sandblasted with CoJet sand followed by silanization.
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Abstract <p>The service life of defective direct or indirect restorations could be prolonged by repair or
relayering actions where durable adhesion of resin-based composite materials is established for
longevity of repairs. The advances in adhesive technologies have introduced several surface
conditioning concepts to adhere resin composites onto different restorative materials. The
purpose of this report is to summarize reasons for failure, survival of repaired reconstructions,
elaborate upon types and mechanisms of available surface conditioning methods, and present
operative dentists with practical guidelines for intraoral repair procedures.</p>
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Abstract © 2020 The aim of the study was to evaluate the effect of a ceramic primer and its increased
passive application on the fatigue performance of adhesively cemented lithium disilicate
simplified restorations. Ceramic discs (Ø = 10 mm; thickness = 1.0 mm) were submitted to an
in-lab simulation of CAD/CAM milling and allocated into 8 groups (n = 15), considering 2
factors: “surface treatment”– PRIMER, only coupling agent application (Monobond N);
HF5+PRIMER, 5% hydrofluoric acid and coupling agent; E&P 20s + 40s and E&P 20s+5min,
ceramic etching/priming (Monobond Etch & Prime, E&P) for 20 s of active application followed
by 40 s or 5 min of passive application, respectively; and “aging condition”– baseline, storage
for 24 h to 5 days; aged, storage for 90 days +12,000 thermal cycles. Adhesive cementation
(Multilink N) was performed onto epoxy discs (Ø = 10 mm; thickness = 2 mm) and the
cemented assemblies were subjected to step-stress fatigue tests (initial load of 200 N; step-size
of 50 N; 10,000 cycles per step; 20 Hz). The results showed that the groups had similar fatigue
performance in the baseline condition (except for E&P 20s+5min: 940.0 N; 123,000 cycles >
PRIMER: 786.7 N; 92,333 cycles). When aged, the PRIMER group presented the worst fatigue
performance (480.8 N; 31,154 cycles) compared to the other groups (810.0–840.0 N; 97,000–
103,000 cycles). In addition, only the PRIMER treatment showed unstable fatigue performance
(baseline > aged). Therefore, ceramic surface treatment promoting micromechanical interlocking
and chemical bonds is mandatory for stable fatigue performance of adhesively cemented lithium
disilicate restorations. The one-step ceramic primer/conditioner promoted similar fatigue
performance to the 5% hydrofluoric acid + coupling agent, but increased E&P etching time did
not improve the fatigue behavior.
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Abstract This study intended to compare the repair bond strength of computer-aided design/computer-
aided manufacturing (CAD/CAM) blocks consisting of resin and feldspathic ceramics following
different surface treatments using the microtensile bond strength (μTBS) test. Ten specimens
were prepared with 4 mm height for Vita Enamic (VE), Lava Ultimate (LU), Vita Mark II (VM),
and thermocycled (10,000 cycle, 5–55°C). Each material was categorized into one of five
subgroups according to following surface treatments: (a) bur grinding (BG), (b) hydrofluoric
acid etching (HF), (c) neodymium-doped yttrium aluminum garnet (Nd:YAG or NY), (d)
erbium-doped yttrium aluminum garnet (Er:YAG or EY), and (e) erbium, chromium-doped
yttrium, scandium, gallium, and garnet (Er,Cr:YSGG or ECY) laser conditioning. After surface
treatment procedures, specimens were properly restored to 4 mm high with a micro-hybrid
composite resin. Bar specimens (1 × 1 × 8 mm) were obtained using a low-speed cutting
machine and then thermocycled (10,000 cycle, 5–55°C). The μTBS was tested at 1 mm/min
crosshead speed, and failure modes were evaluated. Data were analyzed with two-way ANOVA
and post hoc Tukey tests. LU-BG showed significantly higher μTBS (32.94 ± 5.80 MPa)
compared to LU-laser groups (p <.05). VE-BG showed significantly higher μTBS (22.06 ± 4.26
MPa) compared to other VE groups (p <.05). Among the laser groups, the NY laser produced the
lowest (p <.05) μTBS for LU (13.42 ± 3.44 MPa) and VE (2.27 ± 0.85 MPa), while EY showed
the highest (p <.05). Laser-treated VM groups were all prefailured. VM-HF produced a higher
μTBS (18.73 ± 3.75 MPa) than VM-BG (5.05 ± 1.76 MPa) (p <.05).
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Effect of Aging and Surface Conditioning Methods.
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Abstract PURPOSE To evaluate the effect of surface conditioning methods and aging on the repair bond
strength between resin composite and nanoceramic CAD/CAM resin. MATERIALS AND
METHODS Twenty-four blocks of nanoceramic CAD/CAM resin (NCR) (Lava Ultimate, 3M
Oral Care) (10 x 5 x 2 mm3) and resin composite (Filtek Z350, 3M Oral Care) (RC) were made,
embedded in acrylic resin, polished (#600, #800, #1200) and randomly divided into 8 groups (n
= 12 each) according to surface conditioning methods (air abrasion with 30-μm CoJet [CJ] or air
abrasion with 50-μm Al2O3 [AB]) and aging prior to repair (without aging, 24 h in water at
37°C; with aging 6 months in water at 37°C). The blocks were air abraded (20 s, 2.5 bar, 10 mm)
using a standardized device. A layer of adhesive resin (Scotchbond Universal) was applied (20 s)
and photopolymerized for 20 s. RC cylinders (Ø = 2 mm; h = 2 mm) were then bonded to the
NCR substrates using a Teflon matrix and photopolymerized for 40 s. All specimens were
thermocycled (10,000 cycles, 5°C-55°C) and submitted to the shear bond test (50 kgf, 0.5
mm/min) to measure repair strength. Data (MPa) were analyzed using 3-way ANOVA and
Tukey's test (α = 0.05). Failure analysis was performed using stereomicroscopy (20X).
RESULTS ANOVA revealed a significant effect of only the "material" factor (p = 0.00). The
group NCR6mCJ presented bond strengths (29.37 ± 5.41) which were significantly higher than
those of the NCR24hCJ (20.88 ± 5.74) and RC groups (p < 0.05). The group RC24hCJ (19.71 ±
4.21) presented the lowest shear bond strength (p < 0.05). Failure analysis revealed
predominantly type B mixed failures (adhesive+cohesive in the substrate material) except for the
groups NCR24hCJ and NCR6mAB, where mainly type C failure (adhesive+cohesive at the RC)
was observed. CONCLUSION Air abrasion with Al2O3 particles or silicatization with CoJet
followed by adhesive resin application are effective surface conditioning methods for the repair
of nanoceramic CAD/CAM resin with resin composite.
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Abstract Objective: To evaluate the microtensile bond strength of four dental computer-aided
design/computer-aided manufactured (CAD/CAM) ceramics after application of four different
surface treatments. Materials and methods: Four dental CAD/CAM ceramics were tested:
feldspathic ceramic (VITABLOCKS-Mark II), polymer-infiltrated ceramic network (VITA
ENAMIC), zirconia-reinforced lithium silicate (VITA SUPRINITY), and yttria-stabilized
zirconia (VITA YZ T). Four surface treatments were applied: no treatment, 5% hydrofluoric
acid-etching, airborne particle abrasion, and tribochemical silica coating. The ceramic blocks
were repaired with nanohybrid composite (Tetric N-Collection). Sixteen test groups of 12
specimens were prepared. After thermocycling, microtensile bond testing was performed. The
microtensile strengths values were statistically analyzed using two-way analysis of variance and
Tukey's post-hoc test. Results: Repaired feldspathic and resin polymer-infiltrated ceramic
network ceramics demonstrated superior microtensile bond strengths compared to zirconia-
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reinforced lithium silicate and yttria-stabilized zirconia. Etched feldspathic and polymer-
infiltrated ceramic network ceramics had higher bond strength than the untreated groups. Surface
treatments did not affect the bond strength of zirconia-reinforced lithium silicate and yttria-
stabilized zirconia with the exception of etching, which reduced the bond strength of yttria-
stabilized zirconia. Conclusion: Feldspathic ceramic and polymer-infiltrated ceramic network
were repaired with dental composite after surface etching with hydrofluoric acid. Repair of
zirconia-reinforced lithium silicate and yttria-stabilized zirconia did not demonstrate promising
results. Clinical significance: Repair of feldspathic ceramic and polymer-infiltrated ceramic
network restorations may be a cost-effective means to promote the longevity of dental
restorations. However, zirconia and zirconia-reinforced lithium disilicate restorations do not
offer such an option.
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Repair bond strength of different CAD-CAM ceramics after various surface treatments
combined with laser irradiation
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Abstract The aim of this study was to evaluate the effect of different surface treatments combined with
laser irradiation on the shear bond strength of different CAD-CAM ceramics to composite resin.
A total of hundred forty-seven ceramic specimens with thicknesses of 2.5 mm were prepared
from three different CAD-CAM ceramics (an yttrium oxide partially stabilized tetragonal
zirconia polycrystal (Y-TZP); a zirconia-reinforced lithium silicate glass ceramic (ZLS); and a
lithium disilicate–strengthened lithium aluminosilicate glass ceramic (LD-LAS)) and subjected
to seven groups of treatment (n = 7): (1) control (no treatment), (2) Er:YAG laser irradiation, (3)
Nd:YAG laser irradiation, (4) etching with hydrofluoric acid (HFA), (5) Er:YAG + HFA, (6)
Nd:YAG + HFA, and (7) sandblasting. After surface treatment procedures, a ceramic primer
(Clearfil Ceramic Primer Plus, Kuraray, Japan) was applied to the ceramics. Bonding agent
(Single Bond Universal Adhesive, 3 M ESPE, USA) was then applied, and the composite resin
(Estelite Sigma Quick, Kuraray, Japan) was layered on the ceramic surfaces. The shear bond
strength test was performed using a universal testing machine at a load of 0.5 mm/min. Data
were analyzed by 2-way analysis of variance (ANOVA), and the Bonferroni correction was used
for pairwise comparisons (α = 0.05). Compared to the bond strength of the control group,
irradiation by Er:YAG and Nd:YAG lasers alone improved the bond strength of the composite
resin to the Y-TZP (P < 0.001) but did not change the bond strength of composite resin to the
ZLS and LD-LAS (P > 0.05). Compared to the bond strength of the control group, etching with
HFA alone increased the bond strength of the composite resin to the ZLS and LD-LAS (P <
0.001) but did not affect the bond strength of the composite resin to the Y-TZP (P > 0.05). The
highest bond strength of ZLS was obtained using HFA + Er:YAG, and the highest bond strength
for LD-LAS was obtained using HFA + Nd:YAG. It was concluded that Er:YAG and Nd:YAG
laser treatments presented the highest repair bond strength between the composite resin and Y-
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TZP ceramics. Er:YAG and Nd:YAG laser treatments in conjuction with HFA presented the
highest repair bond strength between the composite resin and the glassy ceramics, ZLS, and LD
+ LAS.
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Abstract Aim: The aim was to compare the repair bond strength and surface topography of lithium
disilicate ceramics (LDC) and hybrid resin ceramics (HRC) using different surface conditioning
treatments [low level laser therapy (LLLT), photodynamic therapy (PDT), hydrofluoric acid
(HF) with silane and air abrasion (AA) and silane]. Material and method: Sixty specimens each
of LDC and HRC were used. Discs were prepared for each group (6 × 2 mm), conditioned using
different regimes. Specimens in group 1 and 5 were laser irradiated using Er,Cr:YSGG (ECYL),
group 2 and 6 were conditioned using methylene blue photosensitizer (PDT), group 3 and 7
surface was treated with hydrofluoric acid and silane (HFA-S), group 4 and 8 conditioned with
Al2O3 air abrasion and silane (AA-S). A Porcelain Repair Kit was used according to
manufacturer recommendation in all samples. Peak universal bond adhesive was rubbed on
ceramic surface and then bonded with composite resin. For shear bond strength testing the
specimens were placed in a universal testing machine. A stereomicroscope at 40x magnification
was used to analyse failure pattern. Five specimens in each group after surface treatment were
evaluated for surface changes and topography using scanning electron microscopy. The mean
repair bond strength was calculated using ANOVA and Tukey's post hoc test at a significance
level of (p < 0.05). Result: The highest repair bond strength was observed in group 3 (LDC)
(20.57 ± 3.58 MPa) (HFA-S), whereas, the lowest score was displayed in Group 2 (LDC) using
methylene blue photosensitizer (MBPS) (12.18 ± 1.08 MPa). Similarly, in HRC the highest
repair SBS was presented in group 8 (AA-S) (20.52 ± 2.51 MPa) and the lowest SBS values
were exhibited by PDT treated group 6 (13.22 ± 0.62 MPa). Conclusion: A combination of
mechanical and chemical surface treatments should be used in order to achieve adequate repair
bond strength between resin composites and ceramic interface of LDC and HRC.
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Abstract OBJECTIVES This retrospective study evaluated the clinical performance and long-term
survival of glass-ceramic lithium disilicate all-ceramic restorations in anterior and posterior areas
over a 10-year period. METHOD AND MATERIALS Following a consistent protocol over 10
years, 261 lithium disilicate crowns (IPS Empress 2, Ivoclar Vivadent), including 101 anterior
(38.7%) and 160 posterior (61.3%), were cemented using an adhesive technique and observed by
the clinician who prepared and luted them. The data were analyzed using the Kaplan-Meier test.
The clinical evaluation adopted the California Dental Association (CDA) modified criteria after
recalling all patients between January and May 2008. RESULTS Six crowns failed and were
replaced, 4 due to chipping and 2 due to core fracture. The overall survival rate was 95.5%.
CONCLUSION In this retrospective evaluation, lithium disilicate ceramic restorations had a low
clinical failure rate after up to 120 months.
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Abstract <p>This study tested whether a self-etching surface agent and the conventional hydrofluoric acid
(HF) would provide the same bonding capacity between resin cement and feldspathic (Fd) and
lithium disilicate (Ld) ceramics. Ceramic blocks were cut with a low-speed diamond saw with
water cooling (Isomet 1000, Buehler, Lake Bluff, IL, USA) into 20 blocks of 5 × 7 × 4 mm,
which were ground flat in a polishing machine (EcoMet/AutoMet 250, Buehler) under water
cooling. The blocks were randomly divided into eight groups (n=5), according to ceramic type
(Ld or Fd), surface conditioning (HF + Monobond Plus or Etch and Prime), and aging by
thermocycling (TC or absence-baseline). After 24 hours in 37°C distilled water, blocks were
embedded into acrylic resin and 1-mm2 cross-section beams composed of
ceramic/cement/composite were obtained. The microtensile test was performed in a universal
testing machine (DL-1000, EMIC, São José dos Campos, Brazil; 0.5 mm.min−1, 50 kgf load
cell). Bond strength (MPa) was calculated by dividing the load at failure (in N) by the bonded
area (mm2). The fractured specimens were examined under stereomicroscopy, and one
representative sample of each group was randomly selected before the cementation and was
further used for analysis using scanning electron microscopy (SEM) and energy-dispersive x-ray
spectroscopy (EDS). The self-etching agent showed the highest bond strength for Fd (24.66±4.5)
and Ld (24.73±6.9) ceramics and a decrease in surface wettability. SEM and EDS showed the
presence of similar components in the tested materials with different topographies for both.
Therefore, the self-etching primer was able to deliver even higher bonding than HF+silane to a
resin cement.</p>
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Shear bond strength of a new self-adhering flowable composite resin for lithium
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Abstract Purpose. The purpose of this study was to evaluate and compare the effects of different surface
pretreatment techniques on the surface roughness and shear bond strength of a new self-adhering
flowable composite resin for use with lithium disilicate-reinforced CAD/CAM ceramic material.
Materials and methods. A total of one hundred thirty lithium disilicate CAD/CAM ceramic plates
with dimensions of 6 mm × 4 mm and 3 mm thick were prepared. Specimens were then assigned
into five groups (n=26) as follows: untreated control, coating with 30 μm silica oxide particles
(CojetTM Sand), 9.6% hydrofluoric acid etching, Er:YAG laser irradiation, and grinding with a
high-speed fine diamond bur. A self-adhering flowable composite resin (Vertise Flow) was
applied onto the pre-treated ceramic plates using the Ultradent shear bond Teflon mold system.
Surface roughness was measured by atomic force microscopy. Shear bond strength test were
performed using a universal testing machine at a crosshead speed of 1 mm/min. Surface
roughness data were analyzed by one-way ANOVA and the Tukey HSD tests. Shear bond
strength test values were analyzed by Kruskal-Wallis and Mann-Whitney U tests at α=.05.
Results. Hydrofluoric acid etching and grinding with high-speed fine diamond bur produced
significantly higher surface roughness than the other pretreatment groups (P < .05). Hydrofluoric
acid etching and silica coating yielded the highest shear bond strength values (P < .001).
Conclusion. Self-adhering flowable composite resin used as repair composite resin exhibited
very low bond strength irrespective of the surface pretreatments used.
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Author M. Gokkaya
Abstract Objectives: The purpose of this study was to compare the shear bond strength of a novel repair

system, Nova Compo SF with Ceramic Repair, Ivoclar, to computer-aided design/computer-
assisted manufacturing (CAD/CAM) restorative materials (IPS e.max CAD and Empress CAD).
Materials and Methods: The specimens of each CAD/CAM restorative material were randomly
divided into two subgroups of nine specimens, using one of two repair systems. All specimens
were etched with hydrofluoric acid and rinsed under a water spray for 10 s, then air-dried for 10
s. Next, repair systems were applied according to the manufacturer's instructions. All specimens
were stored in distilled water at 37°C for 24 h and then additionally aged for 5000 thermal
cycles. A shear bond strength test was performed using a universal testing machine. Each
fracture type was examined under a stereomicroscope at ×12.5 magnification. A two-way
ANOVA test was used to detect significant differences between the CAD/CAM restorative
materials and the composite repair systems. Subgroup analyses were performed using Tukey's
honest significant difference. Results: No statistically significant differences were observed
between the repair systems (P = 0.9). The bond strength values from Empress CAD were
statistically higher than those from e.max CAD (P < 0.05). Conclusions: Within limitations,
SuperFlow may be an alternative to the ceramic repair materials we routinely used in the clinic.
Empress CAD can be preferable to e.max CAD in terms of esthetically suitable clinical
indications.
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Abstract Purpose: To evaluate the bond strength of repair systems (Ceramic Repair, Clearfil Repair) to
computer-aided design/computer-assisted machining (CAD/CAM) restorative materials (IPS
e.max CAD, Vita Suprinity, Vita Enamic, Lava Ultimate). Materials and Methods: Thermally
aged CAD/CAM restorative material specimens (5000 cycles between 5°C and 55°C) were
randomly divided into two groups according to the repair system: Ceramic Repair (37%
phosphoric acid + Monobond-S + Heliobond + Tetric N Ceram) or Clearfil Repair (40%
phosphoric acid + mixture of Clearfil Porcelain Bond Activator and Clearfil SE Bond Primer +
Clearfil SE Bond + Filtek Z250). The resin composite was light-cured on conditioned specimens.
All specimens were stored in distilled water at 37°C for 24 hours and then additionally aged for
5000 thermal cycles. The shear bond strength test was performed using a universal testing
machine (0.5 mm/min). Two-way ANOVA was used to detect significance differences according
to the CAD/CAM material and composite repair system factors. Subgroup analyses were
conducted using the least significant difference post-hoc test. Results: The results of two-way
ANOVA indicated that bond strength values varied according to the restorative materials (p <
0.05). No significant differences were observed between the CAD/CAM restorative materials (p
> 0.05), except in the Vita Suprinity group (p < 0.05). Moreover, no differences were observed
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between the repair systems. Conclusions: Both the Clearfil and Ceramic repair systems used in
the study allow for successful repairs.
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Abstract To assess shear bond strengths (SBS) of resin composites on aged and non-aged prosthetic
materials with various surface treatments. MATERIALS AND METHODS. Cerasmart (CE),
Vita Enamic (VE), Vita Mark II (VM), and IPS e.max CAD (EC) blocks were sliced, and
rectangular-shaped specimens (14 × 12 × 1.5 mm; N = 352) were obtained. Half of the
specimens were aged (5000 thermal cycles) for each material. Non-aged and aged specimens
were divided into 4 groups according to the surface treatments (control, air abrasion, etching,
and laser irradiation; n = 11) and processed for scanning electron microscopy (SEM). The repair
procedure was performed after the surface treatments. SBS values and failure types were
determined. Obtained data were statistically analyzed (P≤.05). RESULTS. The material type,
surface treatment type, and their interactions were found significant with regard to SBS
(P<.001). Aging also had a significant effect on prosthetic material-resin composite bonding
(P<.001). SBS values of non-aged specimens ranged from 12.16 to 17.91 MPa, while SBS
values of aged specimens ranged from 9.46 to 15.61 MPa. Non-aged VM in combination with
acid etching presented the highest score while the control group of aged CE showed the lowest.
CONCLUSION. Etching was more effective in achieving durable SBS for VM and EC. Laser
irradiation could be considered as an alternative surface treatment method to air abrasion for all
tested materials. Aging had significant effect on SBS values generated between tested materials
and resin composite. [ J Adv Prosthodont 2020;12:273-82]
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Abstract Objective To give a current review of silane adhesion chemistry, applications of silane coupling
agents and related surface pretreatment methods in contemporary dentistry. Methods Silane
coupling agents are adhesion promoters to chemically unify dissimilar materials used in
dentistry. Silanes are very effective in adhesion promotion between resin composites and silica-
based or silica-coated indirect restorative materials. It is generally accepted that for non-silica-
based restorations, surface pretreatment is a mandatory preliminary step to increase the silica
content and then, with help of silane, improve resin bonding. This review discusses the silane-
based adhesion chemistry, silane applications in dentistry, surface pretreatment methods, and
presents the recent development of silane coupling agents. Results A silane coupling agent is
considered a reliable, good adhesion promoter to silica-based (or silica-coated) indirect
restorations. Surface pre-treatment steps, e.g., acid etching for porcelain and tribo-chemical
silica-coating for metal alloys, is used before silanization to attain strong, durable bonding of the
substrate to resin composite. In clinical practice, however, the main problem of resin bonding
using silanes and other coupling agents is the weakening of the bond (degradation) in the wet
oral environment over time. Significance A silane coupling agent is a justified and popular
adhesion promoter (adhesive primer) used in dentistry. The commercial available silane coupling
agents can fulfil the requirements in clinical practice for durable bonding. Development of new
silane coupling agents, their optimization, and surface treatment methods are in progress to
address the long term resin bond durability and are highly important.
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Abstract Electrolytic in-Process Dressing (ELID) has been found to have wide application especially in superfine
grinding, but its mechanism is still unclarified yet. Simulation experiments were conducted by using an
electrolysis friction test machine, which is a ball-on-disk friction machine equipped with an
electrolyzing system. Copper, which is one of the most widely used metal bond materials of super
abrasive wheels, and iron, one of the most widely used bond materials in ELID, were tested in three
different types of electrolyte: tap water, electrolyzed water, and solution of CG-7 to tap water.
Experimental results showed that there was almost no detectable wear for both copper and iron when
electrolysis was not implemented, and also the material removal was little when only electrolysis was
applied. Strong synergistic effect between electrolysis and friction was observed for copper in both tap
water and electrolyzed water, and for iron in electrolyzed water and CG-7 solution. The friction
coefficient of Si3N4 ball against iron disk was lower than that against copper disk. Copyright © 2013
Japanese Society of Tribologists.
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Abstract PURPOSE: The aim of this review was to systematically evaluate and compare the frequency of
veneer chipping and core fracture of zirconia fixed dental prostheses (FDPs) and porcelain-
fused-to-metal (PFM) FDPs and determine possible influencing factors. MATERIALS AND
METHODS: The SCOPUS database and International Association of Dental Research abstracts
were searched for clinical studies involving zirconia and PFM FDPs. Furthermore, studies that
were integrated into systematic reviews on PFM FDPs were also evaluated. The principle
investigators of any clinical studies on zirconia FDPs were contacted to provide additional
information. Based on the available information for each FDP, a data file was constructed.
Veneer chipping was divided into three grades (grade 1 = polishing, grade 2 = repair, grade 3 =
replacement). To assess the frequency of veneer chipping and possible influencing factors, a
piecewise exponential model was used to adjust for a study effect. RESULTS: None of the
studies on PFM FDPs (reviews and additional searching) sufficiently satisfied the criteria of this
review to be included. Thirteen clinical studies on zirconia FDPs and two studies that
investigated both zirconia and PFM FDPs were identified. These studies involved 664 zirconia
and 134 PFM FDPs at baseline. Follow-up data were available for 595 zirconia and 127 PFM
FDPs. The mean observation period was approximately 3 years for both groups. The frequency
of core fracture was less than 1% in the zirconia group and 0% in the PFM group. When all
studies were included, 142 veneer chippings were recorded for zirconia FDPs (24%) and 43 for
PFM FDPs (34%). However, the studies differed extensively with regard to veneer chipping of
zirconia: 85% of all chippings occurred in 4 studies, and 43% of all chippings included zirconia
FDPs. If only studies that evaluated both types of core materials were included, the frequency of
chipping was 54% for the zirconia-supported FDPs and 34% for PFM FDPs. When adjusting the
survival rate for the study effect, the difference between zirconia and PFM FDPs was statistically
significant for all grades of chippings (P = .001), as well as for chipping grade 3 (P = .02). If all
grades of veneer chippings were taken into account, the survival of PFM FDPs was 97%, while
the survival rate of the zirconia FDPs was 90% after 3 years for a typical study. For both PFM
and zirconia FDPs, the frequency of grades 1 and 2 veneer chippings was considerably higher
than grade 3. Veneer chipping was significantly less frequent in pressed materials than in hand-
layered materials, both for zirconia and PFM FDPs (P = .04). CONCLUSIONS: Since the
frequency of veneer chipping was significantly higher in the zirconia FDPs than PFM FDPs, and
as refined processing procedures have started to yield better results in the laboratory, new
clinical studies with these new procedures must confirm whether the frequency of veneer
chipping can be reduced to the level of PFM.
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Abstract This article describes and illustrates the current state of chairside computer-aided design
computer-aided manufacturing technologies and materials. It provides a historical background
and discusses the different components of the chairside digital workflow: intraoral scanners,

http://doi.org/10.1007/s00784-014-1269-3
http://doi.org/10.2341/09-OP1


design software, milling machines, and sinter furnaces. The material range available for
chairside digital dentistry is broad and includes polymethyl methacrylates, composite resins, and
a large variety of ceramics. Clinical applications and success rates of the different material
groups are summarized and discussed based on the current scientific evidence.
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Abstract This study aimed to evaluate the bonding abilities and long-term durability of different repair
agents when applied to lithium disilicate ceramics (LDS). Blocks of IPS e.max CAD were
prepared and divided into four groups according to the surface treatment: Monobond Etch &
Prime (ME), K-etchant GEL+Clearfil Universal Bond (UB), Bondmer Lightless (BL), and K-
etchant GEL+G-Multi Primer (GMP). All treated ceramic specimens were bonded to resin
composite and light-cured. The micro-shear bond strength was measured after 24 h of water
storage or 5,000 thermocycles. ME and BL showed significantly higher initial bond strengths
than UB and GMP (p<0.05). After 5,000 thermocycles, there was no significant difference in ME
(p>0.05), but BL and GMP showed considerable reduction in bond strength (p<0.05); moreover,
the samples of UB were all de-bonded before testing. ME and BL proved to be effective surface
treatment materials for LDS.
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Abstract <p>Occasional chipping can still occur with zirconia material despite its high strength.
Emergency repairs can be accomplished using zirconia primer, adhesive agent, and resin
composite when the fracture of zirconia exposes the zirconia framework. Phosphate-containing
primers play an important role in zirconia surface treatment. The objective of this investigation
was to evaluate the effect of multiple applications of phosphate-containing primer on shear bond
strength between zirconia and resin composite. In this case, 78 zirconia discs were sandblasted
by alumina particles; the zirconia was then randomized into six groups for single application and
multiple applications of phosphate-containing primer according follows; group 1: no application,
group 2: one application, group 3: two applications, group 4: three applications, group 5: four
applications, and group 6: five applications. Adhesive was applied on the zirconia surface and
the resin composite was bonded. Shear bond strength was assessed using a universal testing
machine. The de-bonded surface was examined using a stereomicroscope. The shear bond
strengths were statistically analyzed with one-way ANOVA and Bonferroni. Group 1 had the
lowest shear bond strength with a significant difference compared to groups 2–6, whereas group
4 had the highest shear bond strength, with no significant difference compared to groups 5–6.
The failure mode revealed 100% adhesive failure in all groups. In conclusion, to maximize shear
bond strength at zirconia and resin composite interfaces, sandblasted zirconia surfaces should be
treated with three applications of phosphate-containing primer prior to the adhesive agent.</p>
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Abstract Digital manufacturing, all-ceramics, and adhesive dentistry are currently the trendiest topics in
clinical restorative dentistry. Tooth- and implant-supported fixed restorations from computer-
aided design (CAD)/computer-aided manufacturing (CAM)–fabricated high-strength ceramics—
namely, alumina and zirconia—are widely accepted as reliable alternatives to traditional metal-
ceramic restorations. Most recent developments have focused on high-translucent monolithic
full-contour zirconia restorations, which have become extremely popular in a short period of
time, due to physical strength, CAD/CAM fabrication, and low cost. However, questions about
proper resin bonding protocols have emerged, as they are critical for clinical success of brittle
ceramics and treatment options that rely on adhesive bonds, specifically resin-bonded fixed
dental prostheses or partial-coverage restorations such as inlays/onlays and veneers. Resin
bonding has long been the gold standard for retention and reinforcement of low- to medium-
strength silica-based ceramics but requires multiple pretreatment steps of the bonding surfaces,
increasing complexity, and technique sensitivity compared to conventional cementation. Here,
we critically review and discuss the evidence on resin bonding related to long-term clinical
outcomes of tooth- and implant-supported high-strength ceramic restorations. Based on a
targeted literature search, clinical long-term studies indicate that porcelain-veneered alumina or
zirconia full-coverage crowns and fixed dental prostheses have high long-term survival rates
when inserted with conventional cements. However, most of the selected studies recommend
resin bonding and suggest even greater success with composite resins or self-adhesive resin
cements, especially for implant-supported restorations. High-strength ceramic resin-bonded
fixed dental prostheses have high long-term clinical success rates, especially when designed as a
cantilever with only 1 retainer. Proper pretreatment of the bonding surfaces and application of
primers or composite resins that contain special adhesive monomers are necessary. To date, there
are no clinical long-term data on resin bonding of partial-coverage high-strength ceramic or
monolithic zirconia restorations.
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Abstract Purpose: The aim of this study was to evaluate the microtensile bond strength of three computer-
aided design/computer-aided manufacturing (CAD/CAM) blocks repaired with composite resin
using three surface treatment techniques. Methods and Materials: Three different CAD/CAM
blocks were used in this study: (1) Lithium disilicate, (2) feldspar ceramic, and (3) resin nano
ceramic. All groups were further divided into four subgroups according to surface treatment:
control, roughened with bur (B); roughened with bur and 5% Hydrofluoric acid (HF); roughened
with bur and sandblasting (HF); and roughened with bur and CoJet (C). After surface treatments
on each group, a silane and bonding agent were applied, and ceramics were repaired with a
nano-hybrid composite. Then, the repaired ceramics were cut with a low-speed diamond saw for
microtensile bond testing. Microtensile bond tests for 40 specimens per subgroup were carried
out with a universal testing machine. The data were analyzed with ANOVA, Tukey's, and LSD at
the 95% significance level. Results: Mean bond strengths (MPa) of subgroups B, HF, S, and C
were: 0, 29.8, 0, 23.3 for lithium disilicate ceramic; 26.4, 22.3, 22.4, 22 for feldspar ceramic;
54.8, 25.3, 42.1, 25.7 for resin nano ceramic. For subgroups B and S of lithium disilicate
ceramics, bonding failed during specimen preparation. No significant differences were observed
among all CoJet groups. In subgroups B and S, resin nano ceramics showed the highest bond
strength. In feldspar groups, subgroup B showed higher bond strength than the other subgroups.
Conclusion: This study demonstrates that lithium disilicate porcelain blocks required etching for
repairing with composite material. Surface treatments did not increase the bond strength in
feldspar ceramic groups and reduced the bond strength in resin nano ceramic groups.
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Author Nina Lümkemann
Abstract This article presents the historical development of the different generations of zirconia and their

range of indications, from veneered to monolithic zirconia restorations. Because of the large
extent of this topic, it is divided into two parts. In Part I, the mechanical and optical properties of
the three generations of zirconia materials are discussed critically and theoretically. A short
summary is given of the current scientific literature, investigating the third generation of zirconia
comparatively regarding the properties discussed.
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