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Introduction and Aim

Engaging abutments are marked with a dotted outline.

The passive fit of screw-retained implant-supported prostheses is one of
the main goals of dental implant treatment to achieve an aesthetic,
functional and long-lasting outcome. Unfortunately, complete passive fit
of the prosthetic framework is considered as almost impossible to be
reached due to multiple errors that may occur in each clinical and
laboratory step.
One of the most promising techniques to evaluate the passive fit of the
prosthetic framework on the implants is the screw resistance test.
However, there is no study, which compares the fit of implant-supported
screw-retained prostheses with different combinations of engaging (E)
and non-engaging (NE) titanium (Ti) bases. Therefore, the aim of the
study was to evaluate the influence of different abutment configurations
(E-E, E-NE, NE-NE) on the fit of restorations with horizontal and vertical
misfits using digital screw resistance test.

Methods and Materials

Discussion

The fit of E-E (n=10), E-NE (n=10), and NE-NE (n=10) two-implantsupported zirconia specimens were evaluated on control and study casts
simulating 50, 100, 150 μm vertical (V) and 35, 70, 100 μm horizontal
(H) implant positioning errors. For all zirconia specimens side A (on the
left) and side B (on the right) was marked. In the E-NE specimen, E Ti
base was on side A and NE Ti base on side B. E-E specimens were
excluded from H100, V50/100/150 simulated error groups, as non
passive fit was obvious in these scenarios.

The digital ratchet provides improved clinical use as well as has the
potential to provide an exact degree of angle of rotation and could prove
a simple and valuable tool for evaluating fit and identifying misfit in the
clinic. The question remains, however, what angle of rotation value
constitutes an appropriate fit or when an appropriate fit is achieved.
In the present study side A and B were separated in data analysis and
compared separately. However, it is important to mention that if there is a
misfit on any side, there will be a misfit for the entire screw-retained
implant-supported prosthesis. In the clinical situation, there is a mixture
of vertical and horizontal misfit, combining above mentioned factors.
This study suggests that bilateral E abutments should not be used for
screw-retained implant-supported prostheses as a higher degree of misfit
was found in the E-E specimens. With unilateral E abutments (E-NE
specimens), no specimens were excluded based on subjective
evaluation. However, in the majority of tested scenarios, the rotation
angle of E-NE specimens was significantly higher than in the NE-NE
specimens, indicating a larger misfit in the E-NE specimens. Therefore,
the risk of less passive fit with E-E and E-NE abutment combinations is
increased.
The differences between the specimens can be explained by the fact that
the NE abutment rests on the implant shoulder and has a small gap of 20
μm in the implant cone, between the internal wall of the implant and the
abutment, allows a certain freedom of movement in two dimensions
which results in a smaller angle of rotation compared to E abutments.

A

B

A custom-made digital ratchet (Digitorum) was fabricated. The accuracy
of the digital ratchet was validated by angle and torque measurements
(n=10) on several occasions. The specimens mounted on the casts and
the abutment screws were tightened to 10 Ncm on each side using an
analogue Camlog ratchet starting with side A. Subsequently the screws
were tightened to 20 cm with a digital ratchet on both sides, starting with
side A. The angle of screw rotation was registered using a computer
software (Digitorum). The data were statistically analysed by One-way
analysis of variance (ANOVA) and the Tukey post hoc test (P = 0.05).

Results

Angle of rotation
(median + standard
deviation).
Statistically significant
differences between
groups are marked by
a red horizontal bar.
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Conclusions
Based on the findings, the following conclusions are suggested:
1. A relationship between the simulated level of the misfit and angle of
rotation could be observed;
2. Screw-retained implant-supported prostheses with NE abutments
tolerated the misfit better and had the lowest angle of rotation;
3. Significantly higher angle of rotation (misfit) was observed in E-E and
E-NE abutment combinations, however, E-NE abutment combination
had a better fit, when rated subjectively;
4. Horizontal misfits caused higher angle of rotation than vertical misfits,
and could therefore be regarded as more detrimental.
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Introduction and Aim

Tab. 2. Part of chemical composition of the luting cements

Permanent cementing and the selection of cement are one of the key factors for
the long-term success on fixed prosthodontics therapy (1). Cements’ ability to
seal microgap between tooth and restoration creates physical barrier for bacteria.
However, being in constant contact with different pH oral fluids may lead cements
to dissolution and disintegration. Dimensional stability changes can cause plaque
accumulation in a tooth-restoration interface, as a consequence that might form
secondary caries and even cause a loss of fixed prosthesis. The demand of
cements that are resistant to structural changes to changing oral fluids pH
increases need of studies of luting cements’ physiochemical properties. The aim of
this in vitro study was to evaluate and compare solubility of luting cements in
different pH artificial saliva, perform an analysis of cements’ chemical composition
and assess their chemical compounds’ relationship with solubility.

*

Methods and Materials
Bioceramic (Calibra Bio) (C1), two resin-modified glass ionomers (RM-GIC) (Fuji
Plus) (C2) and (Evolve) (C3), zinc phosphate (Hoffmann) (C4) cements were
tested for solubility in this in vitro study (Fig.1). 54 samples of each luting cement
were prepared. The initial mass of investigated cement samples was 0,205 ±
0,005 g. The samples of cements were stored in artificial saliva (pH=4,6 and
pH=6,5) and distilled water (pH=7) in a thermostat at 37˚C. After 48 (SL48) and
120 (SL120) hours the cement samples were dried and weighed. The solubility of
the cements was assessed by measuring the weight loss of the cement samples.
The percentage of solubility was calculated according to formula:
Weight loss = Initial Weight-Final weight
Percentage of solubility= weight loss×100/Initial weight
The composition of luting cements was determined using a wavelength dispersive
X-ray fluorescence method. All detectable elements higher than 0,0001% by mass
was identified.

Fig. 1 Samples of cements.

Discussion
Higher solubility of the cement can change its structure and even reduce the
adhesion of the tooth to the restoration, increasing marginal leakage. Other study
showed that an addition of nano-particles such as silicon, aluminum has an
impact on lower solubility of the cement. Felemban NH et al. reported that the
addition of silicon particles to resin-modified glass ionomer cement powder
decreased the micro-permeability and solubility of the cement (2). Lima R.B.W. et
al. revealed that aluminosilicate-based cements have more stable hydrolytic
properties. The same study pointed that the solubility of cements containing more
strontium was possibly higher due to the rapid strontium reaction with water (3).
In the current study, it was found that the RM-GIC (Fuji Plus) with the lowest
solubility had the lowest mass percentage of strontium oxide compared to
bioceramic cement and RM-GIC (Evolve). The highest solubility showed zinc
phosphate cement and it can be explained by another in vitro study by Chopra S.
et al. It was observed that the highest solubility of zinc phosphate cement was
associated with the formation of weak bonds between the zinc phosphate ions
and the matrix (4). The results collected in this study revealed that zinc phosphate
cement (at pH=4,6) and bioceramic cement (Calibra Bio) (at pH=6,5) were more
soluble than their samples in control group (pH=7). Studies by various authors
observed that the solubility of cements is higher in acidic media (5,6) than in
neutral or alkaline media. In the current study, both investigated pH values of the
artificial saliva were acidic, as a result higher solubility of the cements in the acidic
media compared to the neutral media (distilled water) was observed. However, a
larger sample of artificial saliva at different pH values would be needed to confirm
this conclusion.

Results

Conclusions

Different pH values had a significant effect on solubility after 48 (SL48) and 120
(SL120) hours (p<0,05). At the pH=4,6/6,5 of artificial saliva SL48 and SL120 were
significantly greater for C4 than other tested cements (Tab. 1). For C4 SL48 was
significantly greater at pH=4,6 than at pH=7,0 of distilled water (Tab. 1). For C1
SL120 was significantly greater at pH=6,5 than at pH=7,0 (Tab. 1). At the pH=6,5
SL120 was significantly lower for C2 and C3 than other cements (Tab. 1). For C1,
C3, and C4 at the pH=6,5 of artificial saliva SL120 was significantly greater than
SL48 (Tab. 1).

With a limitations of this study, zinc phosphate cement appeared to be the most
soluble. The lowest (but not significant) solubility was observed with resin-modified
glass ionomer cement (Fuji Plus). In acidic media, the zinc phosphate cement was
more soluble after 48 hours and the bioceramic cement (Calibra Bio) - after 120
hours compared to the control. The higher content of aluminum and silicon oxides
in the cement might be related to the lower solubility. As there are few studies
about bioceramic (Calibra Bio) and resin-modified glass ionomer (Evolve)
cements, our research contributes to better knowledge about these cements
physiochemical properties.

Tab.1 Solubility of different cement after 48 (SL48) and 120 (SL120) hours at the pH=4,6 and pH=6,5, and control group (pH=7,0)

The X-ray fluorescence method showed that the highest concentration of ZnO was
detected (86,5%) in C4. For C1, C2 and C3 a concentration of SrO constituted
75,7%, 42,5%, 63,7% of cement mass. The concentrations of SiO2 (29,9%) and
Al2O3 (13,5%) were higher in C2 in comparison with C1, C3 and C4. F2 was only
found in C3 (Tab. 2). The results of the statistically significant correlations
evaluated by Spearman's rank correlation and the results of the multiple
regression analysis showed that a higher percentage of the aluminum and silicon
oxides in the cement might be related to a lower solubility. Higher amount of zinc
oxide and strontium oxide might be connected with higher solubility.
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These days one of the most popular choices for anterior and
posterior restorations is zirconium oxide (ZrO2) however, despite its
promising aesthetic properties, biocompatibility, high fracture toughness
and hardness, the long-term result largely depends on the strength of
adhesion.
Physicochemical preparation must be applied to the inner surface of
the restoration to improve adhesion strength however, there are still no
scientifically based unambiguous protocols that guarantee reliable and
strong adhesion to high-transparency ZrO2.
The study aims to investigate the influence of surface treatment
and bonding systems on the strength of ZrO2 adhesion.

Continuation of results.
The results of the SBS distribution concerning the surface preparation
are plotted in the diagram below based on the nonparametric KruskalWall test χ2 = 140.398, Df = 15, p<0.001.
Fig 7. SBS depending on the surface preparation

SBS, MPa

Introduction and Aim

Methods and Materials
Fig 1. ZrO cutting

2
208 ZrO2 plates (17.8 x 19.2 x 2 mm) were cut
from 4 mol% yttrium stabilized tetragonal
polycrystalline ZrO2 (KATANA Zirconia Block STML,
Kuraray Noritake, Japan) using a cutting machine.
The ZrO2 surface was ground with silicone carbide
abrasive papers to standardize all the specimens.
ZrO2 plates were sintered according to the
manufacturer’s instructions. Specimens were embedded in acrylic resin
and ultrasonically cleaned for 5 minutes in 96º ethanol solution.

Fig 2. Speciments were divided into 16 experimental groups (n = 13 / group)
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After surface preparation, cement tablet (3 x 4 mm) on the ZrO2
plate was made using a transparent silicone mould that was made
before. Then, specimens were kept in distilled water at 36ºC for 24
hours. The bond strength between the ZrO2 and cement was tested
under the shear force using a universal testing machine (H10KT Tinius
Olsen, USA; speed 1mm/min). Bond strength was calculated in MPa.
Statistical analysis of the data was performed
using IBM SPSS 27.0. The results were considered
statistically significant if p<0.05.
Fig 3. ZrO2 sandblasting with KaVo
RONDOflex plus 360 device

Fig 5. SBS testing

Fig 4. Speciments in water bath

ZrO2 surface preparation

Discussion
The in vitro study evaluated the effectiveness of different
physicochemical ZrO2 surface preparation on adhesion strength.
Surface treatment with Al2O3 (14.35 MPa; SD=4.66) and CoJet
(12.33 MPa; SD=3.87) air particle abrasion increased bond strength
compared to the control group (p<0.001). However, the glass bead‘s air
particle abrasion does not influence ZrO2 adhesion (p>0.05). Mehari et
al. also noticed that glass beads do not increase ZrO2-cement bond
strength [1], in order to achieve good adhesion Khanlar et al. suggest
extra silane application [2].
Adhesive containing MDP monomer and silane was more efficient
than adhesive containing PENTA monomer. This may be caused due to
low concentration of PENTA and the high viscosity of the adhesive. MDP
reacts with the hydroxyl groups of ZrO2 and forms a stable and strong
bond under the action of Van der Waals forces [3].
The highest adhesion strength could be obtained using CoJet and
adhesive containing MDP and silane which increases surface wettability
and helps to form chemical bonds between resin cement and SiO2 on the
ZrO2 surface. Özcan et al. found that sufficient bond strength is 10 MPa
[4]. In this study adhesion strength using resin-modified glass ionomer
cement did not exceed 7 MPa, so this cement should be used with
caution where good adhesion is demanded.
In this study, specimens were kept in distilled water for 24 hours
however ZrO2 and cement bond stability and long-term success depend
on the resistance to hydrothermal ageing. The specimens should be
aged via thermocycler for more than 30 000 cycles to evaluate the
longevity of adhesion. Moreover, the mechanical ageing (i.e., chewing
simulation), failure types, and the influence of saliva were not evaluated.

Conclusions
Results
Fig 6. SBS depending on the surface preparation
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13 specimens were tested in all
groups except Kk and Ks because the
bond strength of the remaining samples
was within the sensor error and could
not be measured. Physicochemical
surface treatment affects ZrO2 adhesion
(p<0.001). The highest bond strength
was observed in the Cc group (19.47
MPa; SD=4.21) and was statistically
significantly different from all the other
groups (p≤ 0.01). The lowest stress is
observed in the Ks group (2.91 MPa;
SD=0.78). When using resin-modified
glass ionomer cement, the stress values
did not exceed 7 MPa.

n
M (SD)
12
3.02 (1.27)
6
2.91 (0.78)
13
3.37 (1.91)
13
6.61 (2.91)
13
6.71 (4.91)
13
2.35 (1.61)
13
8.66 (4.51)
13
9.88 (2.18)
13
12.12 (2.11)
13
12.18 (3.67)
13
13.66 (4.16)
13
19.47 (4.21)
13
12.40 (2.52)
13
9.01 (2.31)
13
13.55 (4.00)
13
14.37 (4.26)
χ2=140.398, Df=15, p<0,001
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1. Micromechanical surface treatment of zirconium oxide using Al2O3
particles forms the strongest adhesion.
2. Chemical preparation of the zirconium oxide surface using adhesive
containing MDP monomer and silane provides the best adhesion.
3. The strongest adhesion is generated by physicochemical zirconium
oxide surface preparation using CoJet particles by air abrasion and
an adhesive containing both MDP and silane.
4. The bond strength between zirconium oxide and resin-modified glass
ionomer cement is significantly lower than with resin cement.
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Introduction and Aim
In order to achieve a strong adhesion between zirconia and resin
cement, the inner surface of the restoration must be treated properly. Up
to this day, there has not been suggested one specific method of zirconia
surface treatments [1]. Additionally, compared to the conventional, less
translucent zirconia, treatments of the inner surface of the new
generation highly translucent ZrO2 ceramics have not been described
widely in the scientific literature [2]. Opposite to the glass ceramics,
zirconia can not be etched with hydrofluoric acid [3] since ZrO2 is lacking
of glass phase and particles of silica [4]. Therefore, alternative
mechanical and chemical surface treatment methods are used to
increase the shear bond strength (SBS) between zirconia and resin
cement [5].
The aim of this study is to evaluate different surface treatment methods
of high translucency CAD/CAM zirconia ceramics, by analysing the shear
bond strength between zirconia and resin cement.

Fig.4. Shear bond strength in groups.

Methods and Materials
High translucency zirconia (Ceramill ZOLID HT+ Preshade, Amann
Girrbach AG, Austria) samples were allocated into 5 groups according to
the inner surface treatment method: A – control group, B - 30 μm CoJet
group, C - 50 μm Al2O3 group, D - 125 μm Al2O3 group, E – glaze + HF
etching. Control specimens have not received any surface treatments.
Specimens in group A were sandblasted with 30 μm CoJet (3M ESPE,
Germany) particles to mechanically abrade and tribochemically coat
surfaces of zirconium oxide. Protocol: Exposure time – 15 s, pressure –
2,8 bars, distance – 10 mm.
Specimens in group C and D were sandblasted with 50 and 125 μm
Al2O3 particles respectively, according to the same parameters as in
group B.
Glazing paste (IPS e.max Ceram (Ivoclar Vivadent AG, Lichtenstein))
and hydrofluoric acid were used to treat surfaces in group E. Acid - 60 s,
water – 90 s, air dryed.
Resin cement (ITENA TotalCem (ITENA Clinical, France)) specimens
were cemented onto zirconia according to the manufacturer. Each group
consisted of 6 prepared surfaces. Total sample size - N = 30. Analysis of
the shear bond strength was done in Kauno Technologijos Universitetas.
Universal testing machine "Tinius Olsen H10KT" (Tinius Olsen TMC,
USA) was used with speed settings at 1mm/min. Statistical analysis was
done with program "IBM SPSS 22.0".

Fig.1. Final specimens.

Fig.2. Testing machine. Fig.3. SBS analysis.

Fig.5. Box plot, according to groups.

Discussion
A strong adhesion between zirconia and resin cement is a crucial factor,
determining long term success of these restorations [6]. Therefore, it is
advised to carefully choose surface treatment method before
cementation. It can be declared that untreated surfaces of zirconia
restorations lead to weaker shear bond strength to resin cement than
when zirconia is treated with air-borne particles or even glaze and acid
etch. These findings are similar to the ones published by Nasr et al in
2020 year [7].
Even though air abrasion increases the SBS, this in vitro research
reveals that statistically significantly strong bond strength may be
achieved by using 30 μm CoJet ir 125 μm Al2O3 particles. In addition,
results state that 50 μm Al2O3 air abrasion causes weaker tensions than
in tribochemically treated group. Contrary to these findings, in 2019
Ruales-Carrera et al stated that SBS was higher with 50 μm Al2O3
particles than with silica coated ones. Results of the latter can be
explained by increased surface roughness when using larger particles
[8].
The field of scientific literature is still lacking data about glazing and
etching highly translucent zirconia. However, there is a sufficient amount
of articles describing this surface treatment method using conventional
zirconia. In 2021 publication of Franz et al, this type of treatment is
described as insufficient to increase SBS [9].
The limitation of this research is it being an in vitro study. It can be quite
concerning, whether results would differ in vivo. Therefore, additional
investigation, imitating hydrothermal aging, could be useful for further
expansion of this study.

Results

Conclusions

Different surface treatment methods of high translucency ZrO2 has a
statistically significant impact on tension (p = 0,004). Lowest tensions are
recorded in control group, highest in group E. Results in group B, D and
E are statistically significantly similar and higher than in group A (p<0,05).
Tensions in group C do not statistically significantly differ from tensions
rcorded in group A, nevertheless they are significantly lower than in
group D and E (p<0,05). Tensions in group B are statistically significantly
higher than in group A and C (p<0,05). In addition, tension in air abraded
groups differ quite strongly: results achieved with 50 μm Al2O3 particles
are statistically significantly lower than achieved by 30 μm CoJet and 125
μm Al2O3 particles (p<0,05).

It can be stated that different surface treatment methods of high
translucency CAD/CAM zirconia restorations influence the SBS between
it and resin cement.
Highest SBS can be obtained from using glaze and etch as surface
treatment. 30 μm CoJet abrasion is the prime choice out of all air-borne
particles to increase SBS.
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Introduction and Aim
Due to increasing quality of prosthetic dental materials, highly esthetic
restorations are delivered more frequently, especially lithium silicate
reinforced with zirconia veneers. They are thin, effectively adhere to
enamel, therefore, can be used in anterior segment of dentition. These
restorations are considered more translucent than lithium disilicate
ceramics and consequently the final result can be affected by underlying
cement. The aim of this work is to evaluate effect of cement shade to the
outcome when veneers are used to lighten darkened tooth color.

Methods and Materials
Nine medium translucency lithium silicate (Celtra Press, Dentsply Sirona,
USA) shade A1 experimental discs were prepared (1 mm thick). Ceramic
discs were cemented using Panavia V5 paste (shades Universal A2,
White, Opaque; Kuraray Noritake, Osaka, Japan) onto prepared
composite (Ceram.X Spectra ST HV, Dentsply Sirona, USA) shade A3.5
blocks, following manufacturers‘ instructions. To create even layer of
cement, clear matrix strips were used on the side of each composite
block (Fig. 1). As a control group, a 10 mm thick disc was prepared using
lithium silicate ceramics (shade A1).
Every cement group had three ceramic substrates (Fig. 1) that were
evaluated using spectrophotometer immediately after cementation
procedures. Color coordinates measured from control group were
considered as a desirable result. Color change (ΔE) was calculated
comparing prepared substrates (A3.5 composite block, cement layer, A1
ceramics disc; Fig. 1) to control measurement according to the CIEL*a*b*
color scheme:
ΔE = ((ΔL*)2 + (Δa*)2 + (Δb*)2)1/2
Color change (ΔE) value above 3,3 was considered clinically
unacceptable in this study. Therefore, the lower the color change value,
the closer substrates were to control group. Results were analyzed using
one-way ANOVA, Tukey’s post hoc and t-test.

Fig. 2. Visualized color coordinates of measured experimental
substrates.

Discussion
Lithium silicate veneers have some disadvantages, such as limited
masking ability, due to their translucency and minimal thickness. This
limitation can be partially solved by choosing the most suitable shade of
luting agent.
Since lithium silicate ceramics is considerably new restorative material,
there is limited amount of studies regarding its‘ masking ability in
conjunction with cements. Yildirim B et al. conducted a study concerning
this matter, their results were in agreement with this experiment – more
opaque cements had notably higher color change. Cengiz E. et al.
reported similar results whilst using composite specimens instead of
ceramics. It is worth a mention that there are some studies contradicting
these results. For example, Calgaro PA et al. stated that opaque luting
agents were more efficient in masking darkened background color.
Translucency of ceramics should be also taken into consideration since
manufacturers usually produce materials ranging from high to low
translucency or even opaque ceramic ingots. This quality can alter
results significantly, as in, translucent restorations can be affected by
underlying cement more profoundly.

Fig. 1 Scheme of a substrate (A – ceramic disc; B – clear matrix strip; C
– layer of cement; D – composite block).

Results

Conclusions

Statistically significant difference was found between the three cements’
groups (p<0,05), therefore, each group was analyzed individually and
compared with clinically acceptable color change (ΔE<3,3). Mean color
change in Universal A2 cement group (ΔE=2,99) was lower than 3,3
(Tab. 1), this result was within the range of clinically acceptable value;
White (ΔE=7,26) and Opaque (ΔE=11,9) groups‘ color change was
above mentioned value (Tab. 1). Statistically, color change in Universal
(A2) group was insignificant (p>0,05), although White and Opaque
groups’ values were statistically significant compared to control
measurement (p<0,05).
Therefore, visually, substrates cemented using Universal A2 shade were
closest to desired result – VITA Shade A1; whilst other groups‘ substrates
were lighter than mentioned value, also, had notable increase in
yellowness (Fig. 2).
Tab. 1 Values of substrates‘ color change measurements.

Within the limitations of this in vitro study, it can be concluded that the
final shade of a restoration is affected by resin cement lying underneath.
Results of this study suggest that in imitated situation, Panavia V5
Universal A2 resin cement is the most suitable to mask A3.5 background
and match it to the desired result – shade A1 after cementation of lithium
silicate veneer, whereas White and Opaque shades mismatch expected
outcome.
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