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Abstract: The aim of this in vitro study was to investigate three different cements for their suitability
to provide semi-permanent cementation, and to compare the retention forces of implant-supported
single crowns (SC) and three-unit fixed dental prostheses (FDP) luted with these cements. Twenty-four
methacrylate models were supplied with three implants/abutments each to simulate the condition of
SCs/FDPs. Cobalt-chromium frameworks were fabricated, sandblasted (Al,O3 /50 um/0.2 MPa) then
cemented with glass-ionomer (KTC), polycarboxylate (DUR) or self-adhesive resin cement (RXU).
Specimens were stored in a saline-solution (NaCl/37 °C/24 h) or subjected to thermocycling. A
universal testing machine and a pull-off device were used to remove the copings. The multi-factor
ANOVA showed that the retention force differed significantly among all cements for the SCs after
NaCl storage (p < 0.05). Mean retention forces (in Newtons) after NaCl storage were (SCs/FDPs):
KTC 170/352, DUR 409/406, RXU 265/426, and after thermocycling (SCs/FDPs): KTC 156/262, DUR
306/380, RXU 494/508. FDPs showed higher retention values in comparison to SCs. For SCs, artificial
aging with thermocycling resulted in a significant retention increase for RXU, whereas the retention
of KTC and DUR was decreased. Glass ionomer can be used as a semi-permanent cement for both
SCs and FDPs. Polycarboxylate cement is considered semi-permanent after one year of aging.

Keywords: implant-supported restoration; cement; retention; fixed dental prosthesis; retrievability

1. Introduction

The use of dental implants has enriched the treatment options in prosthetic dentistry
and is highly beneficial for the improvement of quality of life especially for edentulous [1],
as well as for partially edentulous patients [2]. High survival rates have been reported for
implant-supported restorations (97.2% after 5 years and 95.2% after 10 years); however,
the prevalence of peri-implantitis 2 years after placement was 34% (patient level) and 21%
(implant level) based on recent studies [3,4]. These rates represent therefore a major dental
health burden. For this reason, ease of retrievability of prosthetic restorations is necessary,
which is of course given in removable restorations, but difficult to some extent in fixed
dental restorations. Implant-supported fixed prosthetic restorations can be either cemented
or screw-retained and according to recently published systematic reviews, there seems to
be no significant difference between both, in terms of implant and restoration survival [5-8].
The choice of fixation method seems to be rather based on the clinician’s preference [5,9].
The main reasons for using screw-retained implant restorations are controllable retrievabil-
ity [10,11] and superb marginal integrity [12]. However, this type of restoration requires
optimal implant positioning for ideal placement of screw access holes, which otherwise
might promote complications associated with esthetic, occlusion, and ceramic strength
issues [13]. In comparison to screw-retention, cement-retained implant restorations are
reported to offer advantages, such as a better esthetic appearance and veneering stability
due to the elimination of the screw access holes [14,15]. Furthermore, there are noticeable
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lower costs because of less laboratory work, fees, and fewer components [13]. Moreover,
the risk of loosening the restoration retaining screws is reduced. In addition, the cement
layer can compensate minor discrepancies that may occur between the crown and abutment
(passive fit) [16,17]. For clinicians, the usage of cement-retained implants reduces chair-side
time, simplifies treatment planning and clinical procedures, as the techniques are similar to
those used for conventional restorations [18].

However, the most disadvantageous aspects of cemented restorations are the higher
inflammation potential of the peri-implant tissue especially for constructions with deep
subgingival margins [19,20], as well as the difficult and non-predictable retrievability of
the superstructure in case of complications.

Since the likelihood of technical or biological complications of a restoration or an
implant over time is known, a definitive cementation would, in fact, contradict the wish
of retrievability [13,21].

To counteract difficulties in retrievability of cemented restorations, designs for cus-
tomized abutments and superstructures were introduced [10]. Further methods for re-
trieving a cemented superstructure were suggested, such as cutting a horizontal groove
on the oral side of the restoration, to ease restoration loosening using tools with high
impact pulse (e.g., Coronaflex, Kavo Dental GmbH, Warthausen, Germany). Some authors
tested the usage of petroleum jelly with polyurethane resin to reduce the retention forces
of the cement [22]. Others recommended the use of provisional luting agents to facilitate
retrievability. However, disadvantages of these agents are low tensile strength and high
solubility, promoting the washing out of the luting agents leading to marginal leaking. This,
in turn, can favor the accumulation of plaque and subsequently cause an inflammation of
the peri-implant tissue [23,24].

Several studies have previously reported the possibility of semipermanent fixation of
implant restorations [25,26]. This method uses cements, that allow easy retrievability of
the restorations whenever required. However, these studies evaluated the retrievability
of single implant restorations. To our knowledge, there is a lack of studies investigating
the retrievability of other types of cemented restorations such as multi-unit fixed dental
prostheses (FDPs).

Therefore, the aim of this in vitro study was to investigate and compare the retention
forces of implant-retained single crowns (SCs) and three-unit fixed dental prostheses (FDPs)
cemented with three different types of commercially available cements.

The null hypotheses to be tested were as follows:

e  There is no difference regarding the retention and removal attempts of SCs and FDPs.
e  Thermocycling does not influence the retention of the cements.

2. Materials and Methods
2.1. Preparation of Implant Models

Twenty-four implant models were produced out of methacrylate for the simulation of
single crowns (SCs) or fixed dental prostheses (FDPs) conditions. Therefore, each model
was supplied with three parallel-placed implants (Figure 1). All models were numbered in
order to avoid mismatch.

First, the length of 72 abutments with a diameter of 4.3 mm and cone angles of 5°
(CAMLOG Biotechnologies AG, Switzerland) was reduced from 11 mm to 6 mm (Figure 1a).
A vertical rotation lock with a length of 5 mm and a depth of 0.5 mm was milled into the
abutment using a hard alloy bur (Figure 1b). Thereafter, a vacuum-formed template was
produced on a Kavo study model (Kavo, Biberach, Germany) to transmit the position of
the teeth 12, 14, 16 into the methacrylate blocks (2 x 4 x 1 cm) (Figure 1c), and implants
were inserted accordingly (Figure 1d). A precision milling unit (D-F 44, Harnisch + Rieth,
Winterbach, Germany) was used to mill the rotation lock within the abutments and to
prepare the boreholes for the implants to assure parallelism within the methacrylate blocks.
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Figure 1. Production of implant models. (a) Use of a cutting disk adjusted to shorten the abutment
to a length of 6 mm; (b) use of a bur adjusted to mill a tapered groove at length of 5 mm and depth
of 0.5 mm for anti-rotation lock (c) Placement of the deep-drawn film (teeth 12, 14, 16) for optimal
positioning of the implants in the methacrylate block, (d) parallel-placed lab analogs with mounted
abutments in one of the 24 models (2 x 4 x 1 cm).

2.2. Preparation of Frameworks

Next, the frameworks were fabricated on three adjacent abutments, in order to simulate
the FDP condition. For the pull-off tests of SCs, the frameworks were cemented only on the
middle abutment.

The abutments were first coated with wax caps, and connected together with wax
strands. A set of anchorage loops were added to the occlusal surface to allow tensile testing
with the Universal Testing Machine (UTM) (Zwick Z030, Ulm, Germany) and to facilitate
the dynamic loading procedures (Figure 2a). The base of the framework was designed for
the application of the CORONA(flex pull-off device (Kavo, Biberach, Germany). Finally,
the frameworks were cast from a cobalt-chromium alloy (Girobond NB, ArmannGirrbach,
Pforzheim, Germany) and polished for final use (Figure 2b,c).

A Y
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2?&.,«9: F s -

Figure 2. Fabrication of metal frameworks. (a) Wax modelling of a framework; (b) simulation of single

crowns (SCs) by placing the framework on only one implant analog; (c) simulation of fixed dental
prostheses (FDPs) by placing the framework on the lateral implant analogs of one implant model.

All abutments were screwed to the implants with a torque wrench (CAMLOG Biotech-
nologies AG, Basel, Switzerland) at a torque of 20 Ncm. To compensate for the setting effect,
all screws were tightened again after 10 min [27]. Then, the screw-access openings of the
abutments were filled with white gutta-percha (Gutta-percha in sticks, Dentsply DeTrey,
Konstanz, Germany). While the first and third coping of the framework were used for the
FDPs, the coping in the middle of the framework was used for the SCs (Figure 2).
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2.3. Gap Measurement between Copings and Abutments

Before beginning retrievability tests, the discrepancy between the abutments and
superstructure was measured according to Brawek et al. 2013 [28]. These measurements
were carried out to check and ensure similar circumstances between the manufactured
frameworks and to ensure simulation of the in vivo condition [29].

For the examination of the margin and the mid-axial discrepancy, three implant models
(i.e., nine implants) were chosen representatively. The copings of the frameworks were
filled up with light green body silicone (President Light Body Green, Colténe, Konstanz,
Germany) and placed on the abutments. After setting, the frameworks were removed
from the implant models and filled with heavy orange body silicone (President Heavy
Body Orange, Colténe, Konstanz, Germany) to remove the layer of the light green silicone
out of the crown. Afterwards, the layers were cut into four slices in the mesio-distal and
bucco-oral direction. The thickness of the light green silicone, which represented the gap
between the abutment and the crown, was measured using a light microscope with a
corresponding digital camera and software (Axio Image M2m, AxioCam MRC, AxioVision
4.8, Zeiss, Oberkochen, Germany).

2.4. Cementation Procedure

All FDPs were cemented with a cement band of 3 mm at the margin of the copings.
The SCs were divided into two groups: one group was cemented with a 3 mm cement band,
whereas the other group was cemented with a 6 mm band.

For the cementation, the inner surface of the crowns was manually cleaned and air-
abraded with 50 pm Al,Os at a pressure of 0.2 MPa. The abutments were steam-cleaned,
and cement residues were removed with a plastic curette (universal implant deplaquer;
KerrHawe, Bioggio, Switzerland). All specimens were wiped with a cotton gauze drenched
in 96% alcohol, air-dried, then visually inspected.

Three different types of dental cements were used: glass-ionomer cement (KTC)
(Ketac™Cem, 3M Espe, St. Paul, MN, USA), polycarboxylate cement (DUR) (Durelon™,
3M Espe, St. Paul, MN, USA), and self-adhesive resin cement (RXU) (RelyX™Unicem, 3M
Espe, St. Paul, MN, USA). The cementation was carried out according to manufacturers’
instructions. After cementation, the castings were manually pressed together for 10 s then
loaded with a molding press for 10 min. The molding press had a compressive force of
50 N at the elected height of the castings (Figure 3).

(a) (b)

Figure 3. Fixed castings with the molding press with a force of 50 N. (a) FDP; (b) SC.

After setting, cement residues were removed with a plastic curette. Half of the
specimens were stored in isotonic saline solution (Isotonic Saline Solution 0.9%, Braun,
Melsungen, Germany) for 24 h at a temperature of 37 °C (NaCl group), whereas the other
half (Thermo group) was exposed to thermocycling with 10,000 cycles at +5° and +55 °C
(“hard thermocycling”) with a dwell time of 30 s [30]. The 10,000 thermocycles correlate
with the aging of the cement for one year in a patients’ mouth and represent mechanical
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stresses and fluid flows [31,32]. The complete workflow of all groups is shown in detail in

Figure 4.
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Figure 4. Workflow of the tests.

To remove the copings, the CORONAflex (Cflex)(Kavo, Biberach, Germany) was
used on half of the models and the Universal Testing Machine (UTM) (Zwick Z030,
Ulm, Germany) on the other half. To remove the restorations with the UTM, the ten-
sile load was applied using a 10 kN load cell and a constant crosshead speed of 1 mm/min.
For testing the SCs, the attachment point for the pull-off was the occlusal loop above the
middle coping. For the FDPs, the midpoint of the framework was used as a fixation point
for the pull-off device.

The Coronaflex (drive pressure: 2.5-3.5 MPa, impact force 4000 N) was used at 3 ad-
justable levels (lowest, middle, highest). Firstly, the lowest adjustable level was used and
after 10 attempts, of which 5 were mesial and 5 distal, the level was increased.

Every test cycle included two modes of storage, each cement type and both pull-out
tests (Figure 5). Four test cycles were completed to achieve a total number of 8 specimens

per subgroup.

| I
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I
| I |

[ j . »
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Figure 5. Detailed workflow scheme for one cycle.
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2.5. Statistical Analysis

Statistical analysis was performed using SPSS, version 22.0.0.1 (SPSS Inc., Chicago, IL, USA).
A significance level of p < 0.05 was set. Since the data of the UTM tests were distributed
normally (Kolmogorov-Smirnov), multi-factor ANOVA analysis was performed. Further-
more, a post hoc test in form of pairwise comparison was applied. For data measured
by CORONA(flex, Mann-Whitney U test was performed since data were not distributed
normally (Kolmogorov-Smirnov).

3. Results
The results and statistical evaluation are illustrated in detail in Table 1a,b and Figure 6a,b.

Table 1. (a) Mean retention forces to remove the specimens using UTM (in Newton). (b) Median
number of attempts to remove the specimens with Coronaflex (in attempts).

a

Universal Testing Machine SCs FDPs
(UTM) NaCl Thermocycling NaCl Thermocycling
(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)
KTC 170 £75 156 + 134 352 +57 262 +178
DUR 409 £+ 174 306 £ 175 406 £+ 128 380 £ 247
RXU 265+ 62 494 + 70 426 + 76 508 + 122
SD: Standard deviation.
b
CoronaFlex SCs FDPs
NaCl Thermocycling NaCl Thermocycling
Median (Min/Max) Median (Min/Max) Median (Min/Max) Median (Min/Max)
KTC 2(1/3) 2(1/4) 3(1/6) 5(3/10)
DUR 3(1/15) 1(1/11) 16 (15/21) 5(2/20)
RXU 3(2/7) 4(1/12) 13 (7/20) 12 (7/16)

The mean value for 9 randomly chosen implants at the mid-axial gap between abut-
ment and crown was 67 & 35 pm and 39 % 15 pm for the marginal gap.

Table 1 shows the retention forces and the number of attempts needed for the removal.
Decimal numbers are rounded up or down to the nearest number. The 3 mm and 6 mm
layer of cement of the SCs did not show any statistical significance with ANOVA (p > 0.05)
and Mann-Whitney U (p > 0.05). Therefore, the following analysis was conducted without
considering the height of the cement band.

Retention values were recorded between 156 and 352 N for KTC, 306-409 N for DUR,
and 265-508 N for RXU. KTC showed the lowest retention values among all types of
cements investigated in this study.

After thermocycling, the number of removal attempts reported the highest number
with RXU, which was considered significantly different in comparison to the other types of
cements. KTC and DUR showed almost an equal number of removal attempts.

Focusing on the type of restoration, FDPs showed in general higher retention values
than SCs after NaCl storage. These values were statistically significantly different with KTC
and RXU, whereas no significant difference was found between both types of restorations
when DUR was used. In addition, the number of removal attempts was higher for FDPs, for
each cement type, and for both storage methods. Here, DUR required the highest number
of removal attempts followed by RXU and KTC.

Artificial aging (simulating the course of one year in vivo) reported an increase in the
retention values of RXU but led to a decrease in the retention of both KTC and DUR. The
retention decrease in DUR was considered particularly significant.
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Figure 6. (a) Box-plot graphs of the retention forces needed to remove the specimens with Zwick.
All cements and both storages are illustrated. The values of all boxes are between 25% and 75%
percentile. The whiskers represent the minimum and maximum value and the line inside the box
shows the median. Outliers were plotted with points. Groups connected by lines are significant
different (p < 0.05). (b) Box-plot graphs of the attempt numbers needed to remove the specimens
with CoronaFlex. All cements and both storages are illustrated. The values of all boxes are between
25% and 75% percentile. The whiskers represent the minimum and maximum value and the line
inside the box shows the median. Outliers were plotted with points. Groups connected by lines are
significant different (p < 0.05).

4. Discussion

In the present in vitro study, the retrievability of different implant-retained restorations
(SCs and multi-unit FDPs) cemented with three different cements (glass-ionomer/KTC,
polycarboxylate/DUR, and self-adhesive resin cement/RXU) was investigated. Both hy-
potheses had to be rejected since thermocycling influenced the retention of all investigated
cements. Moreover, a correlation between the type of restoration and retention could
be found, as FDPs showed in general higher retention values than SCs. Several studies
have been recently published concerning this topic, however, there is a lack of informa-
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tion regarding the direct comparison between the retrievability of both restoration types
(SCs, FDPs). As most studies investigated only single crowns or used modified single
crown constructions in the form of a proximal extension to simulate the removal of an
FDP [25,26,33-35]. Here, zinc phosphate and glass ionomer cement were found to be the
most suitable for semi-permanent cementation, whereas polycarboxylate cement provided
the most durable cementation [26]. One of the possible explanations for different degrees
of retrievability was the physical property of the cement, which may have affected the
adhesion of such cements to different surfaces. One of the limitations of this study was
the lack of artificial aging, which would have helped gain a better understanding of the
different adhesion phenomena of the cements. In a recent study, Mehl et al. also confirmed
the use of glass ionomer cement as a semipermanent cement. Here, four different types of
commercially available cements were subjected to artificial aging and investigated. It was
reported that glass ionomer and resin cement (without priming) fulfilled the requirements
for semipermanent cementation indicating that they could potentially be retrieved with a
clinically applicable removal device [25].

In this study, different dental cements were investigated in order to find out which
could fulfill the requirements of adequate retention of the restoration to the implant and
predictable removability of the restoration, whenever required. This was tested using two
different removal devices (Zwick, Cflex). In addition, the effect of “cement aging” was
simulated in the form of thermocycling, representing one year of service in vivo [31].

The results of this study showed that the retentiveness levels of the luting agents
differed significantly. After “cement-aging”, SCs cemented with adhesive resin cement
(RXU) showed the highest retention values, followed by polycarboxylate (DUR) and glass
ionomer cement (KTC). In general, most authors proposed that glass ionomer cement is the
most suitable as a “semi-permanent” cement [25,26,33]. However, according to our data,
polycarboxylate (DUR) could also be considered as a semi-permanent cement, but only
after a certain usage period. During the first year of cementation, DUR shows to be strong
and highly retentive. However, this is significantly decreased after an aging period of one
year. Moreover, KTC showed much better constancy in terms of retrievability, whereas
DUR revealed a statistically significant difference in the number of removal attempts for
both SCs and FDPs. This indicates and confirms the semi-permanent property of the
cement after a certain period of aging. Here, it is important to mention that RXU, in all
instances, showed higher retention values and a higher number of removal attempts after
thermocycling. These retention values contradict those reported previously by Mehl et al.
in which RXU revealed a retentive strength equal to that of provisional eugenol-free zinc
oxide cement [26].

Several factors may have influenced the results of this in vitro study, including the
crown abutment gap, the type of restoration, type of storage as well as the removal tech-
nique. A detailed description of each factor and its effect on the retention force of the
cements are provided below:

4.1. Crown-Abutment Gap

Since the gap between an abutment and its crown may influence the retrievability of ce-
mented crowns [35,36], it was considered necessary to check the gap dimensions. The mea-
sured marginal and mid-axial discrepancies between the restorations and the implant abut-
ments in this study (mid-axial gap: 67 £ 35 pm and marginal gap: 39 um 4 15 um) were
similar to data of other studies measuring the discrepancies between natural tooth abut-
ments and crown restorations [37,38] or implant abutments and their restorations [39,40]. It
has been reported that a cement film thickness of 50 to 100 pm for resin and glass ionomer
cements, and 80 to 100 um for polycarboxylate cement does not affect the retention forces of
restorations [36]. Furthermore, a precise fit results in higher retention forces and the loss of
passive fit, which might hinder the removal of the restorations [35]. Thus, representation for
good clinical circumstances was given by the here used restorations and implant abutments.
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4.2. Restoration Material and Abrasion

Another factor, which could influence the test results was that the restorations used
in this study were sandblasted for cleaning purposes after each test before performing
the next cementation step, since air abrasion before cementation is a common clinical
procedure [26]. Therefore, the amount of abrasion of the inner surfaces caused by cleaning
must be considered as a potential impact factor. Regarding this, it has been reported that
the wear appears to be insignificant; nevertheless, it has to be taken into consideration
that there might be a possible reduction in fit and retention force of the restorations [41],
especially due to the repeated testing. To counter this, the frameworks in this study were
cast from a hard CoCr alloy, which is known to be resistant to air abrasion [42].

4.3. Removal Technique

In order to simulate the clinical situation as much as possible, the implant-supported
restorations were investigated using instruments with high pressure, high impact, and a
short duration of force. Therefore, not only a universal testing machine (Zwick), which
uses a constant removing force with a long duration of force, but also a clinical device
(Coronaflex), which uses air pressure to deliver a high impact onto a dental restoration,
was used [26,35].

Results of both tests have to be interpreted with caution since both tests cannot
reproduce all oral factors that occur during the removal of a crown, which is cemented
onto an implant abutment in vivo. Several different aspects have to be considered under
in vivo conditions. One of them is bone elasticity, which allows part of the applied force
to be absorbed by the surrounding bone. In this study, the used models in the laboratory
had to be fixed to guarantee an equal reference point. Consequently, the authors assume
that the applied force was transmitted mainly to the cement layer. This might have eased
the removal in contrast to the clinical situation. No less important is the mobility of the
patient’s head or mandible during this procedure. Those influential coefficients make the
exact transferability of the results difficult.

4.4. Type of Cement

For specimens cemented with KTC, thermocycling did not influence the retrievability
in any case. However, the kind of restoration was significant for the stability. The current
data showed that the FDPs were harder to remove than the SCs in almost every case.
Moreover, specimens with KTC had the lowest retention force compared to all cements.
Similar results with KTC are given in the literature when compared to DUR [41]. KTC
contains polyacrylic acid and glass fill body (A13* and Ca?*). The metal ions of the glass
fill body and the acid groups compose a soluble gel. During the setting reaction, this gel
becomes insoluble and hydrophobic. This may explain the resistance to thermocycling.
Therefore, based on our results and the data available in the literature, it can be confirmed
that KTC can be shown as a “semi-permanent” cement.

On the other hand, specimens cemented with DUR and stored in NaCl, needed by
trend the highest retention force to dislodge, followed by RXU and KTC. This trend was
also observed in previous studies [26,43,44]. In addition, the number of attempts needed
for the removal of the restorations stored in NaCl with Coronaflex was the highest. It is
unknown why the number of attempts and the force needed for removing restorations
cemented with DUR, which were stored for 24 h in NaCl, was higher than for other
cements. Differences in physical properties such as adhesion or cohesion might be the
reason. This type of cement contains polyacrylic acid and zinc oxide. The acid can adhere to
the enamel/dentin structure by the chelation of calcium ions or to metal substrates by the
chelation of metallic ions (e.g., CoCr) [45]. During the setting, the polyacrylic acid connects
with zinc oxide to form a mesh. Interestingly, it can be shown, that, except in a single case,
DUR is sensitive to thermocycling. Therefore, in almost all cases, the retention force and
the number of attempts needed for the removal of restorations decreased significantly after
10,000 thermocycles compared to the storage in NaCl. This can especially be monitored
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when testing the retrievability with Coronaflex. In general, when comparing the influence
of the two different storages (NaCl and thermocycling), the most substantial changes were
found with DUR after thermocycling.

Similar results have been previously provided in the literature. An in vivo study [46],
which used Coronaflex to remove single crowns after 8 months in the patient’s mouth,
resulted also in a small number of needed attempts to remove the crowns, which were ce-
mented with DUR. Another in vitro study [24] used a universal testing machine to retrieve
superstructures from an abutment, which were treated with thermocycling on a chewing
machine. Compared to the other definitive cements, specimens with DUR needed the
lowest force to be removed. However, other studies have reported no reduction in retention
forces for DUR [33]. Factors such as the abutment height or different thermocycling used
could be possible reasons.

In the present study, it can be assumed that thermocycling affects DUR when it is only
used on a single crown. The additional abutment on the FDPs seemed to have a stabilizing
character to the slow tensile force, but not to the high impact of the Coronaflex hits.

Regarding RXU in a previous study, a comparison of RXU to other cements showed
a surprising result. After thermocycling, RXU, which is known as a definitive cement,
needed a similar number of attempts with the Coronaflex to be removed, like other tempo-
rary cements [26].

In contrast to the above-mentioned studies, a direct comparison of both results is
possible in this study. Single crowns cemented with RXU and treated with both storages
showed a significant increase in retention force after thermocycling, when tested with
Zwick. On the other hand, the number of attempts that were needed with the Coronaflex
was unchanged. It can be assumed that an addition in retention force does not result in
an increase in needed attempts with the Coronaflex. Although this effect could not be
shown for FDPs, it might be important for the choice of the clinician when cementing single
crowns. KTC and DUR did not show similar interactions. The formula of RXU contains
negatively charged phosphoric acid groups of the methacrylate monomers, which interlock
to CoCr surfaces of the framework. Moreover, after the radical polymerization reaction, the
condition turns from a hydrophilic into a hydrophobic, which stabilizes the cement during
the wet setting while thermocycling.

The limitation of the study was the small sample size, which may have led to a high
range of retention values and standard deviations. This seems to be common for this kind
of study and has been discussed in many studies before [34,44,47]. Therefore, follow-up
studies with more specimens in each group are needed. Furthermore, in vivo studies are
needed to verify the data.

5. Conclusions
Within the limitations of this in vitro study, it can be concluded that:

1. The type of restoration influences the retention and retrievability, as FDPs showed
higher retention values and required an increased number of removal attempts in
comparison to SCs.

2. For SCs, artificial aging with thermocycling resulted in a significant increase in reten-
tion for RXU, whereas the retention of both KTC and DUR was decreased.

3. Glass ionomer can be used as a semipermanent cement for both SCs and FDPs.

4. Polycarboxylate cement can be considered as a semi-permanent cement after an aging
period of one year.
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