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Abstract Light supplying to luting resin cements is
impeded in several clinical situations, causing us to
question whether materials can properly be cured to achieve
adequately (or adequate) mechanical properties. The aim of
this study was therefore to analyse the effect of light on the
micro-mechanical properties of eight popular dual-cured
self-adhesive resin cements by comparing them with two
conventional, also dual-cured, resin cements. Four different
curing procedures were applied: auto-polymerisation (dark
curing) and light curing (LED unit, Freelight 2, 20 s) by
applying the unit directly on the samples’ surface, at a
distance of 5 and 10 mm. Twenty minutes after curing, the
samples were stored for 1 week at 37°C in a water-saturated
atmosphere. The micro-mechanical properties–Vickers
hardness, modulus of elasticity, creep and elastic/plastic
deformation–were measured. Data were analysed with
multivariate ANOVA followed by Tukey’s test and partial
eta-squared statistics (p<0.05). A very strong influence of
the material as well as filler volume and weight on the
micro-mechanical properties was measured, whereas the
influence of the curing procedure and type of cement–
conventional or self-adhesive–was generally low. The
influence of light on the polymerisation process was
material dependent, with four different behaviour patterns
to be distinguished. As a material category, significantly
higher micro-mechanical properties were measured for the
conventional compared to the self-adhesive resin cements,
although this difference was low. Within the self-adhesive
resin cements group, the variation in micro-mechanical

properties was high. The selection of suitable resin cements
should be done by considering, besides its adhesive
properties, its micro-mechanical properties and curing
behaviour also.

Keywords Hardness . Modulus of elasticity . Creep . Self-
adhesive resin cements . Auto-polymerisation

Introduction

An important requirement for an ideal luting agent is its
ability to provide superior mechanical properties to resist
functional forces over the lifetime of a restoration. A
multitude of studies were initiated to assess the mechanical
behaviour of luting agents, comprising fatigue analysis [1],
measurements of flexural strength [2], diametral tensile
strength [3, 4], modulus of elasticity [5], fracture toughness
[6] and hardness [3], generally showing that filled resin
cements exhibit higher values in comparison to conven-
tional luting agents. A correlation between high strength
and low margin wear of resin cements in vitro has also been
demonstrated [7].

Parallel to trials to enhance the mechanical properties of
luting resin cements, improved handling properties and
reduced procedure time led to substantial modifications in
chemical composition. The self-adhesive luting resin
cements were thus designed to adhere by themselves to
tooth structure, eliminating the need for separate etchants
and primers for bonding to tooth, metal alloy or ceramics
and reducing concomitantly both procedure time and
postoperative sensitivity [8]. The self-adhesive luting resin
cements are generally composed of phosphoric and/or
carboxylic acid methacrylate monomers that are thought
to bond chemically to tooth apatite and to the superficial
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oxides of the restoration, being usually dual-cured resins
that can be light activated and can self-cure as well.

The majority of the studies with self-adhesive luting
resin cements were performed in vitro. A comparison of
different luting cement categories proved that self-adhesive
resin cements achieved lower flexural and compressive
strengths than conventional resin cements, both material
categories being however statistically stronger than resin-
modified glass ionomer cements, glass ionomer cements or
zinc phosphate cements [9]. The wear resistance to
toothbrush abrasion of self-adhesive cements was found to
be similar to conventional resin cements and light-cured
composite resins [10]. However, most of the self-adhesive
cements wear more rapidly in an ACTA abrasive test under
higher loads, when compared to conventional resin cements
and flowable composites [10]. In view of an effective
bonding to enamel and dentin, self-adhesive luting cements
were shown to perform in a micro-tensile bond strength test
equally as using etch-and-rinse and self-etch adhesives [11];
others authors however limit this statement to a good
adhesion only to dentin [12]. Self-adhesive luting cements
interact only superficially with mineralised tissues as they
do not lead to the formation of a dentin hybrid layer nor
resin tags [13, 14]. The marginal integrity by luting glass
ceramic inlays in vitro using self-etch resin cements was
shown to be inferior to classical luting approaches using
etch-and-rinse adhesives combined with conventional
luting resin composites [15]. On the other side, it was
shown that the type of cementation of all-ceramic crowns–
being zinc phosphate cement, glass ionomer cement or
self-adhesive resin cement–have no impact on the load
capability of endodontically treated teeth restored with
glass fibre-reinforced composite posts and composite core
build-ups [16].

Dual-cured self-adhesive resin cements cover nowadays
a wide range of indications including luting indirect
restorations, like cementation of metal, metal–ceramic and
all-ceramic crowns, bridges, inlays and onlays, but are more
frequently used also for cementation of root posts. The light
supplying to the resin cement’s surface is, in most of these
cases, impeded, causing us to question whether the
materials can properly be cured to achieve adequately (or
adequate) mechanical properties. The aim of this study was
therefore to analyse the effect of light on the micro-
mechanical properties of eight popular dual-cured self-
adhesive resin cements by comparing them with two
conventional dual-cured resin cements.

The null hypotheses tested were: (a) the micro-mechanical
properties–Vickers hardness, modulus of elasticity, creep and
elastic/plastic deformation–of the measured luting cements
will not be influenced by the way of curing; b) there would be
no differences in the micro-mechanical properties of conven-
tional and self-adhesive dual-cured resin cements.

Materials and methods

Eight dual-cured self-adhesive resin cements were analysed
in comparison to two conventional dual-cured resin
cements (Table 1). Two hundred-forty thin samples of
cement were made in total by compressing the materials to
a ca. 200-μm thin film. The time frame elapsed between
specimen fabrication and light activation was 30 s. For each
material, four different curing procedures were applied. The
cement specimens were cured for 20 s with the LED curing
unit Freelight 2 (3M-ESPE, 1,226 mW/cm2; Seefeld,
Germany) by applying the unit directly on the samples’
surface, at a distance of 5 and 10 mm. To determine the
effect of auto-curing, samples were dark stored with the
intention that no light reaches the samples. The thin films
were stored 20 min after curing for 1 week at 37°C in a
water-saturated atmosphere. The effect of curing mode
and the differences between the materials were assessed
by evaluating the micro-mechanical properties—Vickers
hardness, modulus of elasticity, creep and elastic/plastic
deformation.

Micro-mechanical properties Measurements were made on
thin cement films (n=6, 10 measurements/sample) with a
micro-hardness indenter (Fischerscope H100C, Fischer,
Sindelfingen, Germany) according to DIN 50359-1:1997-
10 [17]. The test procedure was carried out force controlled;
the test load increased and decreased with constant speed
between 0.4 and 500 mN. The load and the penetration
depth of the indenter were continuously measured during
the load–unload hysteresis. Universal hardness is defined as
the test force divided by the apparent area of the indentation
under the applied test force. From a multiplicity of measure-
ments, a conversion factor between universal hardness and
Vickers hardness was calculated and implemented in the
software, so that the measurement results were indicated in the
more familiar Vickers hardness units. The indentation
modulus was calculated from the slope of the tangent of
indentation depth-curve at maximum force and is comparable
with the modulus of elasticity of the material. By measuring
the change in indentation depth with constant test force, a
relative change in the indentation depth can be calculated.
This is a value for the creep of the materials. The mechanical
work Wtot indicated during the indentation procedure is only
partly consumed as plastic deformation work Wplast. During
the removal of the test force, the remaining part is set free as
work of the elastic reverse deformationWelast.. The mechanical
work is defined as W=⌠Fdh, with Wtot=Welast+Wplast. The
parameter Welas/Wtot (percent) representing the percentage of
elastic work reported to the total mechanical work is indicated
in the results data [17].

Results were statistically compared using one-way
ANOVA and Tukey’s HSD post hoc test (α=0.05). A
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multivariate analysis (general linear model with partial eta-
squared statistics) tested the influence of the parameters
cement, cement type, curing mode as well as filler volume
and weight on the measured micro-mechanical properties
(SPSS Inc.,version 17.0, Chicago, IL, USA).

Results

One-way ANOVA analysis of the micro-mechanical proper-
ties results is listed in Table 2. Homogenous subgroups can
be identified by the same superscript. Post hoc multiple

pair-wise comparisons with Tukey’s HSD test revealed
significant differences (p<0.05) in micro-mechanical proper-
ties among the tested materials and within the curing
methods. The highest modulus of elasticity was reached by
G-Cem and RelyX Unicem, the last material achieving also
the significantly highest Vickers hardness.

The effect of light activation was proven to be material
dependent. Except for Dentin Build, a significant decrease
in micro-mechanical properties was measured additionally
between light activation and auto-curing.

The total influence of the parameters cement, cement
type–self-adhesive vs. conventional–curing mode and filler
volume and weight was analysed in a general linear model

Table 1 Materials, manufactures, batch numbers and composition as provided by manufacturers

Cement Manufacturer Type Resin matrix Filler

Breeze Pentron
Clinical

SA BIS-GMA, UDMA, TEGDMA, HEMA, 4-MET Ba–B–Si–glass, SiO2 Ca–Al–
F–silicateA2

LOT: 189904 45 vol.%, 62 wt.%

Clearfil SA Kurraray SA BIS-GMA, TEGDMA, MDP, DM Bariumglass, SiO2

A2

LOT: 13BBA 45 vol.%, 66 wt.%

Dentin Build
A2

Komet Conventional BIS-GMA, UDMA, HDDMA Ba–B–Al–Si–glass

LOT: 184974 52 vol.%, 68 wt.%

G-Cem
Automix

GC SA UDMA, DM, PAE F–Al–Si–glass, SiO2

A2 51.3 vol.%, 67 wt.%

LOT: 903101

G-Cem™ GC SA UDMA, PAE, 4-META, DM F–Al–Si–glass, SiO2

LOT: 812021 56.6 vol.%, 71 wt.%

i-CEM Heraeus
Kulzer

SA Di-, Tri- and multifunctional acrylate monomers Filler
A2

LOT: 315077 41 vol.%

max-cem
Elite

Kerr SA GPDM, comonomers, mono-, di-, tri-functional meth-
acrylate monomers

F–Al–Si–glass, Ba–glass,
SiO2

yellow

LOT:
3246565

46 vol.%, 67 wt.%

Multilink
Automix

Ivoclar
Vivadent

Conventional+SA
primer

DM, HEMA Ba–glass, SiO2, YF3

yellow 40 vol.%, 68.5 wt.%
LOT: 615217

RelyX
Unicem

3M Espe SA PAE, TEGMA, BisGMA SiO2, glass

A2

LOT: 361930 54 vol.%, 72 wt.%

SmartCem2 Dentsply
Caulk

SA UDMA, Urethane Modified Bis-GMA, DM, DPP Ba–B–F–Al–Si–glass, SiO2

opaq

LOT: 669016 46 vol.%, 69 wt.%

All cements are dual-cured

SA Self-adhesive resin cement, conventional conventional resin cement, 4-META 4-methacryloyloxyethyl trimellitate anhydride, BIS-GMA
bisphenol A dimethacrylate, DM dimethacrylate, DPP dipentaerythritol pentaacrylate phosphate, GPDM glyceroldimethacrylate dihydrogen
phosphate, HDDMA hexaneDiolDiMethAcrylate, HEMA hydroxyethyl methacrylate, MDP methacryloyloxydecyl dihydrogen phosphate, PAE
phosphoric acid ester monomer, TEGDMA triethyleneglycol dimethacrylate, UDMA urethane dimethacrylate
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test. The micro-mechanical properties–modulus of elasticity,
Vickers hardness, creep and elastic/plastic deformation–were
selected as dependent variables. The significance values of
the first main effects were less than 0.05, indicating that they

contribute all to the model. The results of the test are
summarised in Table 3, showing a very strong influence of
the material as well as filler volume and weight (high partial
eta-squared values), whereas the influence of curing mode

Table 2 Micro-mechanical properties–modulus of elasticity, E [GPa];
Vickers hardness, HV [N/mm2]; creep, Cr [%] and elastic–plastic
deformation, We/Wtot [%]–as function of curing conditions, measured

after the samples were stored for 1 week in humid conditions at 37°C
are detailed in mean values and standard deviations (in parentheses)

Cement Curing E HV Cr We/Wtot

G-Cem 0 mm 12.54STU (0.77) 43.35M (11.61) 4.02BCDE (0.61) 32.33BCDE (2.46)

5 mm 11.88S (1.73) 45.55M (9.08) 4.25EFGH (0.40) 33.28CDE (3.17)

10 mm 10.89R (3.01) 38.27K (6.66) 4.13CDEF (0.34) 31.74BCD (6.75)

Auto-curing 9.31Q (0.85) 29.05HIJ (4.94) 5.05KLM (0.39) 27.63A (2.07)

RelyX Unicem 0 mm 12.08ST (0.78) 65.87Q (7.17) 3.87ABC (0.21) 44.06STU (2.04)

5 mm 13.07U (0.96) 64.19Q (3.73) 3.72A (0.14) 42.66PQRS (1.52)

10 mm 12.62TU (1.45) 58.23P (10.41) 3.91ABCD (0.30) 40.91NOPQ (1.27)

Auto-curing 5.77JKL (0.76) 19.11EFG (4.41) 5.09KLM (0.44) 30.75B (1.57)

Dentin Build 0 mm 9.59Q (0.21) 56.97OP (2.22) 3.83AB (0.10) 47.65V (0.74)

5 mm 9.84Q (0.36) 57.09OP (3.16) 3.79AB (0.13) 47.04V (0.73)

10 mm 9.67Q (0.27) 54.34NO (2.17) 3.94ABCD (0.10) 45.90TUV (0.89)

Auto-curing 9.17Q (0.20) 50.99N (1.89) 4.02BCDE (0.10) 46.25UV (0.94)

Multilink Automix 0 mm 9.26Q (0.99) 43.56M (8.82) 4.43GHI (0.33) 39.58LMNO (1.87)

5 mm 8.37P (0.87) 42.90LM (3.08) 4.42FGHI (0.16) 41.02NOPQ (5.78)

10 mm 7.83OP (0.65) 37.79K (1.78) 4.62IJ (0.13) 40.01MNO (2.16)

Auto-curing 7.17N (0.77) 26.02H (3.55) 5.25MNO (0.41) 34.17DEFGH (0.84)

G-Cem Automix 0 mm 7.63O (0.45) 30.42IJ (2.67) 4.63IJ (0.15) 36.58HIJK (1.03)

5 mm 5.55IJK (0.45) 16.43CDEF (3.54) 4.43GHI (0.26) 31.14BC (1.25)

10 mm 5.20HIJ (0.56) 15.30CD (2.71) 4.47HI (0.26) 32.22BCDE (9.06)

Auto-curing 6.05KLM (0.32) 18.98DEFG (1.07) 4.43GHI (0.12) 33.46CDEF (1.12)

max-cem Elite 0 mm 6.53MN (1.04) 29.64HIJ (6.14) 5.10KLM (0.63) 38.72KLMN (2.40)

5 mm 6.48MN (0.38) 30.78IJ (2.02) 5.50O (0.22) 38.31JKLM (1.22)

10 mm 6.39LM (0.59) 27.83HI (3.58) 5.42NO (0.18) 36.13GHIJ (2.37)

Auto-curing 2.82B (0.83) 10.52B (3.38) 5.90P (0.76) 34.27EFGH (3.79)

Breeze 0 mm 6.39LM (1.27) 38.04K (8.78) 5.11KLM (0.58) 43.03QRS (5.11)

5 mm 6.55MN (1.25) 39.37KL (8.72) 5.16LMN (0.28) 43.50RST (5.50)

10 mm 6.46LM (1.10) 37.72K (5.29) 5.16LMN (0.34) 43.04QRS (4.22)

Auto-curing 6.29O (0.91) 28.93HIJ (7.21) 5.19LMN (0.60) 35.87FGHIJ (3.39)

SmartCem2 0 mm 6.09KLM (0.51) 31.99J (4.18) 4.95KL (0.19) 43.64ST (1.46)

5 mm 4.49FG (0.36) 21.15G (1.99) 5.03KLM (0.14) 41.16OPQR (1.19)

10 mm 3.70DE (0.21) 16.57CDEF (2.70) 5.17LMN (0.31) 39.99MNO (2.70)

Auto-curing 3.60DE (0.30) 16.15CDEF (3.14) 5.15KLMN (0.32) 40.08MNO (2.63)

i-CEM 0 mm 3.25BCD (0.57) 15.51CDE (3.13) 5.11KLM (0.63) 44.03STU (3.92)

5 mm 3.36BCD (0.52) 16.40CDEF (2.18) 5.29MNO (0.38) 43.11QRS (1.67)

10 mm 3.53CDE (0.47) 15.81CDEF (2.11) 5.93P (0.50) 41.09NOPQR (7.94)

Auto-curing 0.64A (0.18) 1.79A (0.77) 4.00ABCDE (1.02) 40.37MNOP (2.28)

Clearfil SA 0 mm 4.08EF (0.67) 14.77C (3.16) 4.86JK (0.41) 35.78FGHI (2.10)

5 mm 4.94FGHI (0.84) 14.92CD (4.02) 4.90JKL (0.29) 37.16IJKL (1.90)

10 mm 4.66FGH (0.61) 15.30CD (2.62) 4.62IJ (0.21) 33.89DEFG (2.07)

Auto-curing 2.86BC (1.22) 7.94B (4.49) 4.17DEFG (0.57) 31.41BC (1.77)

Superscript letters indicate statistically homogeneous subgroups (Tukey’s HSD test, α=0.05). Materials are arranged in ascending order of the
modulus of elasticity measured at 0 mm. Dentin Build and Multilink Automix, as conventional cements, are reference materials
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and type of cement was low. Significantly higher micro-
mechanical properties were measured for the conventional
resin cements compared to the self-adhesive, although this
difference was low.

From the measured micro-mechanical properties, the
modulus of elasticity and Vickers hardness proved to be the
most sensitive parameters (higher partial eta-squared values).

Discussion

To analyse the mechanical properties of dual-curing
cements as a function of the curing mode, a depth-sensing
hardness measurement device was used in this study, with
the intention of assessing not only the plastic but also the
elastic part of deformation. In comparison to traditional
hardness measurement methods, in which only the plastic
part of indentation can be measured (Brinell, Knoop,
Rokwell or Vickers hardness), the dynamic measuring
principle applied in this study recorded simultaneously the
load and the corresponding penetration depth of the
indenter [18]. The low indentation force, which varied
between 0 and 500 mN, generated indentation depth values
in the range of only a few micrometres (<10 μm). This
allowed to be measured thin cement films of ca. 200 μm
and to assure thus the clinical relevance of the measure-
ments. Another aspect to be considered is the light
attenuation caused by the presence of an indirect restora-
tion. Parameters like restoration thickness [19], colour,
chemical composition [20] and structure, number, size and
distribution of defects, porosity or pigments strongly
determine the attenuation of light. Due to the great variety
of all the above-mentioned parameters in a clinical
situation, we choose to standardize the amount of light
reaching the luting cement by varying the distance between
the curing unit tip and sample’s surface. It was previously
shown that the light attenuation caused by increasing the

distance between the curing unit tip and sample’s surface is
consistent, achieving for Freelight 2, the curing unit used
also in our study, no more than 57% of the total irradiance
at a distance of 5 mm and only 22% of the total irradiance
at a distance of 10 mm [21].

The measured data demonstrate a great variability in the
micro-mechanical performance of the analysed materials as
a function of their chemical composition and way of cure.
When the curing unit was applied directly on the cement’s
surface, the Vickers hardness varied between 65.87 N/mm2

(RelyX Unicem) and 14.77 N/mm2, (Clearfil SA), whereas
in case of auto-polymerisation, the hardness was consis-
tently lower (50.99 N/mm2 for Dentin Build and 1.79 N/mm2

for i-CEM).
The influence of light on the polymerisation process

seems to be material dependent. Four different behaviour
patterns as functions of polymerisation procedure could be
differentiated (Fig. 1 and Table 2):

1. less sensitivity to the way of cure, be it only auto-cured
or additionally cured with light of different intensity
(Dentin Build, Breeze)

2. less sensitivity to the amount of light used for curing,
but significant differences between dual-curing and
auto-curing (max-cem Elite, i-CEM, Clearfil SA)

3. high sensitivity to the way of cure, with significant
differences not only between dual-curing and auto-
curing, but also between the different modes of light
curing (RelyX Unicem, Multilink Automix, G-Cem)

80

60

40

20

0

Fig. 1 Vickers hardness as function of polymerisation way—light
curing with an application of the curing unit directly (0 mm), in a
distance of 5 and 10 mm from the sample’s surface as well as auto-
curing in darkness–exemplified for four materials, corresponding to
the four types of behaviour described above

Table 3 Influence of the parameters cement, cement type–self-
adhesive vs. conventional–amount of light reaching the surface as
well as filler’s volume and weight on the micro-mechanical
properties—modulus of elasticity, E; Vickers hardness, HV; creep,
Cr and elastic/plastic deformation, We/Wtot

E HV Cr We/Wtot

Cement 0.89 0.87 0.55 0.63

Cement type 0.09 0.19 0.09 0.11

Curing procedure 0.06 0.12 0.02 0.05

Filler weight 0.73 0.63 0.29 0.42

Filler volume 0.71 0.60 0.40 0.44

The higher the partial eta-squared values indicated in the table, the
higher is the influence of the selected variables on the measured
properties
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4. sensitivity to the amount of light used for curing, but no
differences between auto-curing and dual-curing with
lower intensity (G-Cem automix, SmartCem2)

The above-mentioned data confirm the cements’ behaviour
in previous studies, showing a significant influence of
the mode of cure on the bond strength by using dual-
curing resin cements in combination with dental ceramics
(aluminium oxide, leucit-reinforced, lithium disilicate and
zirconia ceramics) [22, 23]. For RelyX Unicem, significantly
increased bond strength after light polymerisation in com-
parison to auto-polymerisation was reported [22–24]. This
behaviour can be explained by our results, as the modulus of
elasticity measured for RelyX Unicem with additional light
curing (12.08–13.07 GPa) was double as high compared to
auto-polymerisation (5.77 GPa).

The limited information concerning especially the
initiator systems used in the analysed materials hampers a
clear interpretation of the four material behaviour patterns
after curing. As a general observation, the materials
showing less sensitivity to the way of cure, be it dual or
only auto-cured (Dentin Build, Breeze) approach both the
chemical composition of conventional resin-based compo-
sites, containing besides other compounds also a mixture of
Bis-GMA and UDMA monomers (Table 1). As for the two
above-mentioned materials, the mechanical properties of
Dentin Build, a conventional resin cement, were proved to
be superior compared to Breez, a self-adhesive resin
cement. However, this difference should not be attributed
to the type of resin cement the materials belong, but to the
differences in filler amount, since both filler volume and
weight were consistently higher in Dentin Build. Besides
the filer amount, the way of cure is influencing significantly
the materials’ properties. Caution should be consequently
taken by choosing luting materials for indications with
restricted light access.

When considered as a material group, superior micro-
mechanical properties were measured for the conventional
resin cements in comparison to the self-adhesive resin
cements, even though these differences were small. These
results are in agreement with those of other studies [9]
but must be seen differentiated, since the variation in
micro-mechanical properties within the self-adhesive
resin cements was high. If the self-adhesive resin cements
G-Cem and RelyX Unicem are directly compared with the
conventional resin cements–Dentin Build and Multilink
Automix–the former performed comparably or even
better. Self-adhesive cements proved also to have good
wear resistance to toothbrush abrasion [10] but wear more
rapidly under higher loads in the ACTA test than
conventional resin cements or flowable composites [10].
Six of the self-adhesive cements considered in the above-
mentioned study were also included in our study.

However, there seems to be no correlation between the
in vitro measured wear behaviour of the materials and the
measured micro-mechanical properties.

It was previously shown that the modulus of elasticity
measured in our test correlates well with the flexural
strength and the modulus of elasticity measured in the
more familiar flexural strength test [25], the last parameter
being regarded as a fundamental material property, since a
material with a low modulus will more readily elastically
deform under functional stresses. A correlation between
high strength and low margin wear of resin cements has
also been demonstrated in vitro [7], leading to a positive
clinical prognosis for the cements with high micro-
mechanical properties. Besides that, the ranking of the
modulus of elasticity measured in our test seems to
correlate well with the micro-tensile bond strength tests,
which showed a significantly higher strength for RelyX
Unicem compared to Multilink [26] or Maxcem [27].

Poor clinical performance may also be a consequence of
a material that exhibits high creep, a time-dependent
deformation under load. When subjected to a constant
force (in our study, 500 mN for 5 s), the cements experience
a time-dependent plastic deformation. Lower light intensity,
as a consequence of increasing distance between the curing
unit and sample surface, but also plasticizers like water,
saliva and alcohol, or a temperature above the glass
transition point, are able to reduce the cements’ capacity
to resist deformational change under load [28]. A reduced
amount of resin matrix, on account not only of high filler
content, but also a homogeneous filler distribution, has
been found to provide for a higher creep resistance [29].
Auto-polymerisation induced in the most analysed cements
a significant higher creep, when compared to the dual-cured
polymerisation conditions. With creep values varying
between 3.72% and 5.9%, performed luting cements
inferior to conventional resin-based composites (internal
data) and dental hard tissue [30], but were comparable to
glass ionomer cements, flowable composites or adhesives
[30].

As for We/Wtot, being the percentage of the elastic part of
the indentation work, decreased values were measured in all
materials after auto-polymerisation, except for Dentin
Build. This fact confirms that an additional light curing in
dual-cured resin cements results in more elastic, and conse-
quently, less plastic materials, which are therefore able to
sustain a higher stress without a permanent (=plastic)
deformation.

A strong influence of the filler volume and weight on the
micro-mechanical properties was measured. A direct com-
parison of the effect of fillers on the measured properties
offers the two materials of the same company–G-CEM and
G-CEM Automix–showing that the reduced filler weight
and volume% in G-CEM Automix were also reflected in
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significantly lower mechanical properties. Since the influence
of filler on mechanical properties is considerable (Table 3), it
would be advisable to estimate resin luting materials
preferential with regard to their filer amount and less by
considering their belonging to a material category.

Regarding the adhesion ability of self-adhesive cements
to enamel and dentin aroused concerns, since self-adhesive
cements were proven to be unable to demineralise or dissolve
the smear layer completely, and no decalcification/infiltration
of dentin was observed [14]. The bond strengths
produced by the self-adhesive cements were shown,
however, to be comparable to the conventional multi-step
luting agents using etch-and-rinse and self-etch adhesives
[11, 31].

Therefore, both parts of the null hypothesis tested in this
study are rejected.

Conclusions

The selection of the suitable resin cements should be done
by considering, besides their adhesive properties, also the
micro-mechanical properties and their curing behaviour,
since the differences between the measured materials were
high. Whereas some of the self-adhesive cements per-
formed better than conventional cements, the properties of
others were consistently lower. Furthermore, for indications
where light supplying is difficult, cements with less
sensitivity to the way of cure, be it dual-cured with
different light intensities or only chemical cured, should
be considered (Dentin Build, Breeze).
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