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Objectives: To examine the in vitro effect of different temperatures and use of a primer on the setting time (ST) and
degree of conversion (DC) of a novel dual-cure self-adhesive cement (Set Maxx, SDI Limited).

Methods: Set Maxx was tested alone or with Stela Primer (SDI), both with light curing (LC) for 20 s with the Valo
X (Ultradent), or it was allowed to self-cure (SC). The ST was determined according to ISO 4049 (n = 5). To
measure DC, the cement was dispensed onto a temperature-controlled ATR sensor on an FT-IR spectrometer set at
23 °C, 32 °C, or 37 °C. The rates of polymerization and DC were measured for 1800 s (n = 4). The temperature
increase was also measured at the bottom using a K-type thermocouple (n = 3). The results were compared using
ANOVA and Tukey’s multiple comparison test (a=0.05).

Resuits: The setting time was longer for the 23 °C group that used no primer (149 s + 2.6). The highest DC was
observed when using the primer at 37 °C in the SC (75.1 % =+ 2.2) and LC (76.5 % =+ 1.8) groups. Light exposure
had a negligible effect on the final DC; however, it had the most significant impact on the maximum rate of
change in the DC during polymerization. This was likely due to heat from the light, with the highest rate for the
LC group at 37 °C (7.7 %/s = 0.4) and a temperature increase of 41.7 °C + 3.2.

Conclusions: Compared to using no Primer and at a temperature of 23 °C, using 37 °C and Stela Primer enhanced
the DC of Set Maxx. Light exposure alone did not substantially increase the final DC, but it did increase the
reaction rate and accelerate the polymerization.

Clinical Significance: Combining the Stela Primer with light exposure achieved the highest DC in Set Maxx.
Laboratory studies conducted at room temperature should be reevaluated and repeated at intraoral temperatures.

1. Introduction

The longevity of indirect restorations is influenced by the luting
cement used [1]. Resin cements have gained widespread clinical
acceptance due to their ability to bond the restoration to the tooth [2]
and their aesthetic qualities [3]. As a result, they are widely used for
luting indirect restorations [3]. These resin cements can be exclusively
light-cured, dual-cured, or chemically cured [2,4], with dual-cure ce-
ments being most commonly used today [3]. Dual-cured resin cements
are recommended when the light from the light curing unit (LCU) may
not adequately penetrate the restoration, such as for metal or thick
ceramic indirect restorations, or due to the location in the mouth [2].

The setting mechanism of dual-cured resin cements is based on a redox
reaction between the catalyst and base pastes. Typically, only one of
these pastes contains the photoinitiator responsible for the light-curing
component. The catalyst paste often contains benzoyl peroxide, which
acts as the chemical initiator. The base paste usually includes a resin that
can be photocured, along with a tertiary amine that participates in the
redox reaction to trigger the self-curing mechanism [4].

Besides the polymerization reaction or the cement, the resin-based
types of cement can also be divided by the luting procedure. Some
resin cements require pre-treatment of the tooth using either an etch-
and-rinse bonding system or they can use a self-etching adhesive sys-
tem [4]. However, using an adhesive is complex, technique-sensitive
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and requires additional steps. Therefore, self-adhesive resin cements
have been developed to simplify the bonding and luting procedure [1,3].
These self-adhesive cements use acidic monomers that demineralize the
enamel and dentin to produce micromechanical retention and some
chemical attachment to the tooth [5,6]. These cements are claimed to be
somewhat moisture tolerant and capable of providing excellent aes-
thetics, superior mechanical properties, better dimensional stability,
and better micromechanical adhesion [1].

The polymerization of some resin cements can be accelerated when
an adhesive is used [7]. Self-adhesive cements are designed for use in a
one-step protocol, but some can also be combined with primers to
enhance adhesion to the tooth. Some manufacturers, such as GC (Tokyo,
Japan), recommend applying their primer (G-Cem One Adhesive
Enhancing Primer) to the tooth before using their self-adhesive cement
(G-Cem One) to optimize the bond strength to the tooth. This technology
is designed to accelerate the polymerization process because the
chemical cure accelerators in the adhesives should promote better
polymerization of the G-Cem One cement, particularly in areas that are
not exposed to light [8]. In a recent study, combining G-Cem One with
the adhesive-enhancing primer significantly improved the interfacial
bond strength of fiber posts to dentin [8]. This finding was supported by
another study that showed that using a primer in combination with
G-Cem One improved the microtensile bond strength between cement
and dentin [9].

Dual-cured resin cements combine the advantages of both light and
chemically activated systems, ensuring an optimal degree of conversion
in the deeper areas of a restoration while also providing a controlled
working time (WT) and a rapid setting time (ST). Most self-adhesive
cements use a dual chemical and photochemical cure, where exposure
to light provides an on-demand setting process [5]. This provides cli-
nicians with an adequate working and setting time when cementing
indirect restorations. The ST can be determined using rheological and
temperature measurements [10], and it can be affected by various fac-
tors, including temperature, aging conditions, curing method, compo-
nent ratios, exposure to oxygen, and when the product was
manufactured [10,11].

The degree of conversion (DC) is a critical parameter for evaluating
the physicochemical properties of resin-based materials, as it reflects the
percentage of double carbon-carbon (C = C) bonds that have been
converted into single carbon-carbon (C—C) bonds [12]. A common
method for measuring the %DC is using Fourier Transform Infrared
(FT-IR) spectroscopy, which measures the consumption of the C = C
bonds [12]. The more C = C bonds consumed, the stronger the polymer
network becomes [12], and resin with a low %DC is inadequately cured
and can have a poor clinical performance. A study examining four
self-adhesive resin cements reported that groups exposed to light curing
achieved a significantly higher %DC than those not exposed to light
[13], highlighting the importance of light activation to achieve optimal
resin polymerization [13,14]. The temperature also influences the DC.
Higher temperatures typically increase the polymerization process,
resulting in a higher DC and faster polymerization rates [15]. Thus, the
DC results recorded at room temperature compared to body temperature
will likely be different [15-17].

Set Maxx (SDI Limited, Bayswater, VIC, Australia) is a novel dual-
cure, self-adhesive resin cement designed for the cementation of a va-
riety of indirect restorations, including metal, glass ceramics, zirconia,
lithium disilicate, resin composites, and alumina. The Stela Primer (SDI
Limited) is free from tertiary amines. It contains glycerol-dimethacrylate
and has been recommended for use with Stela self-cure composite (SDI
Limited). An investigation that used this primer with Stela [17] reported
that the combination of Stela Primer and Stela composite resulted in the
highest %DC. This was attributed to the synergistic effect between the
two products. The manufacturer of Stela Primer also recommends using
it with Set Maxx. They claim that polymerization is initiated by contact
with the primer, thereby enhancing bond strength to the tooth. They
also claim that there is no need for light-curing when using the primer.
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However, currently, there is no data showing how this primer affects the
setting time (ST), degree of conversion (DC), and polymerization ki-
netics of Set Maxx.

A recent study investigated whether there was a difference in the
degree of conversion (DC) of six resin cements polymerized with or
without an adhesive and found that there was no difference at 24 h [7].
However, the DC was measured at room temperature, which is different
from the temperature in the mouth, the reaction kinetics were not
determined, and output from the LCU was not described. The present
study examined the in vitro use of the Stela primer at different temper-
atures on the setting time (ST) and degree of conversion (DC) of Set
Maxx. The null research hypotheses are:

(a) There will be no difference in the setting time when Stela Primer
is applied before Set Maxx.

(b) There will be no difference in the degree of conversion of Set
Maxx when the Stela Primer is used.

(c) Exposure to light will not enhance the degree of conversion of Set
Maxx.

(d) Different ambient temperatures will not affect the degree of
conversion of Set Maxx.,

2. Materials and methods
2.1. Setting time measurements

One dual-curing, self-adhesive cement, Set Maxx (SDI Limited), was
used. The cement was tested both alone and when used with Stela
Primer (SDI Limited). The details and composition of both materials, as
reported by the manufacturer, are presented in Table 1.

The setting time (ST) was determined according to ISO 4049 [18] for
dual-cure class 3 luting materials at 37 °C (+ 1 °C). In addition to using a
body temperature of 37 °C, the study also used room temperature of 23
°C, and 32 °C to represent the temperature of a vital tooth in a clinical
scenario [19]. The temperature was set using a digital block heater
(Select BioProducts, UK), and a microtube was inserted into it. After the
microtube reached the same temperature, the cement was inserted into
the microtube using the Set Maxx automix tip (SDI Limited), according
to the manufacturer’s instructions. This produced a specimen that was 4
mm high and 4 mm in diameter. A thermocouple with a conical tip was
inserted 1 mm into the base of the specimen. The thermocouple was
connected to a temperature recorder (AZ 8834 Thermometer Data
Logger, AZ Instruments Corp., Taichung City, Taiwan), which recorded
the real-time temperature every 1 s at a resolution of 0.1 °C. The time
from the start of the mixing was measured until a plateau at maximum
temperature was reached. To obtain the ST, the plateau was extended
backward to meet an extension of the straight line of temperature in-
crease. The data was analyzed (TRLog, AZ Instruments Corp, Taichung
City, Taiwan) to obtain the ST. For the groups where the Stela Primer
was used, the internal surfaces of the microtubes were sandblasted
before applying the primer to improve its retention to the walls. The
primer was used according to the manufacturer’s instructions and left to

Table 1
Composition according to the manufacturer of the materials used in the study.
Material Shade  LOT Manufacturer Composition
number
Set Maxx A2 1243076 SDI Limited, Organic components (39
Bayswater, % wt) (64 % vol),
Victoria, Urethane Dimethacrylate,
Australia Glycerol Dimethacrylate,
10-MDP
Stela - 1242568 SDI Limited, 10-MDP, dimethacrylates,
Primer Bayswater, methyl ethyl ketone
Victoria, (MEK), water, initiators,
Australia stabilizers
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warm up on the digital block heater for 1 min before testing the ST. Five
repetitions were made for each test group [18]. None of the ST groups
were exposed to light.

2.2. Degree of conversion and polymerization kinetics

To analyze the degree of conversion (DC), the Set Maxx cement was
either light cured (LC groups) for 20 s with Valo X (Serial Number
3F001009, Ultradent, South Jordan, UT, USA) or allowed to self-cure
(SC groups). The light output from the Valo X was measured through
a 6-mm diameter aperture into a 6-inch integrating sphere connected to
a spectrometer (Flame USB, Ocean Optics, Orlando, FL, USA) that had
been previously calibrated. The spectral radiant power from 350 to 550
nm was recorded using OceanView software (Ocean Optics, Orlando, FL,
USA). Three measurements were made for each group to obtain the
mean power (mW), irradiance (mW/cm?) that was then multiplied by
the exposure time to calculate the radiant exposure (J/cm?).

The DC and polymerization kinetics were analyzed in real-time using
a Bruker Vertex 70 Fourier Transform Infrared spectrometer (Bruker,
Billerica, MA, US) with a temperature-controlled Attenuated Total
Reflectance (ATR) diamond crystal (Golden Gate, Specac, Orpington,
Kent, UK) attachment at a resolution of 8 cm’l, from 1250 to 1800 cm ™!
with a background made from an average of 50 scans. The temperature
of the ATR stage was set at 23 °C, 32 °C and 37 °C. The Set Maxx cement
was inserted into a 1-mm deep, 6-mm diameter aluminum mold, and the
DC was measured at the bottom of the specimen. In the groups where the
Stela Primer was used, a thin layer of the primer was first applied to the
ATR crystal, left for 5 s, and then air dried for 3 s, according to the
manufacturer’s instructions. For the LC groups, the LCU tip was posi-
tioned 0 mm away from and perpendicular to the center of the mold. The
cement was light cured within a few seconds after it had been inserted
into the mold.

The DC was calculated using standard methods from the ratio of the
changes in the heights of the aliphatic peak (1635 cm’l). Data was
collected at a rate of 13 scans per second. The reaction rate after
injecting the cement directly into the mold was determined by calcu-
lating the first derivative of the conversion versus time. The start time of
the reaction was estimated by using the point of inflection (the
maximum of the second derivative) of the conversion [17]. The DC was
reported after 1800 s (30 min) for the six groups, and four repetitions
were made in each group.

2.3. Temperature analysis

To record the temperature increase (AT - °C) as Set Maxx polymer-
ized, the same 1 mm thick mold with a 6 mm diameter hole was placed
on a white filter paper (Whatman Filter Paper Chart, Whatman Limited,
England) on the top of a glass plate to provide a standard white back-
ground for the temperature measurements (Fig. 1). The glass plate was
placed on top of a warming plate (Cimarec, Thermo Fisher Scientific,
Waltham, USA) set to 23 °C, 32 °C and 37 °C. A K-type thermocouple
(TP-01 Type K Braided Wire Probe, Reed Instruments, Taiwan) con-
nected to a temperature acquisition software (T.C. Chart 1.03, Nomadics
Inc., USA) was placed centrally at the bottom of the metal mold, and the
temperature was monitored in real-time (every 0.5 s) until it stabilized.
A thin layer of zinc oxide thermal paste (Thermal Grizzly, Thermal
Grizzly Holding GmbH, Germany) was placed around the thermocouple
to improve the temperature transfer from the Set Maxx cement to the
thermocouple [20]. Once the baseline was reached (23 °C, 32 °C or 37
°C), the metal mold was filled with the cement. This caused the tem-
perature to change. Once the temperature returned to the baseline value,
the cement was exposed to the light from the Valo with the LCU tip at
0 mm. After the specimens had been exposed to light, the LCU was taken
out of contact with the surface of the cement so that the light tip did not
act as a thermal heat sink. For the groups that did not receive light from
the Valo X (SC groups), the cement was allowed to self-cure until it
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Fig. 1. The 1 mm thick aluminum mold with a 6 mm diameter hole placed on
white filter paper on the top of a glass plate for the temperature measurements.

reached the maximum temperature (peak), and then it was allowed to
return to the baseline temperature. The temperature increase (AT - °C)
was calculated by subtracting the baseline temperature from the
maximum temperature reached. The temperature was monitored in real
time until it returned to the baseline temperature for all groups. Three
temperature measurements were made for each group.

2.4. Statistical analysis

This study evaluated two independent variables—‘primer’ and
‘temperature’—for the ST analysis. For the DC and temperature ana-
lyses, three independent variables were considered: ‘light,” ‘primer,” and
‘temperature’. This resulted in six experimental groups for the ST
analysis, and twelve for the DC/temperature analyses. The data distri-
bution was analyzed using the Shapiro-Wilk test. After passing the
normality test, the ST, DC, polymerization kinetics and temperature
results were compared (StatView for Windows v. 5.0; SAS Institute,
Cary, NC, USA) using ANOVA and Tukey’s multiple comparison test («
=0.05).

3. Results
3.1. Setting time (ST)

Table 2 reports the Analysis of Variance (ANOVA) for the effect of
temperature, the addition of Stela Primer, and their interaction on the
ST (s). Both temperature (p < 0.0001) and primer had a significant
impact (p < 0.0001) on the ST, with temperature being the most
dominant factor (F-value = 65.168). The interaction between temper-
ature and primer was also statistically significant (p = 0.0164), meaning
the effect of primer on setting time depends on temperature. Fig. 2

Table 2
ANOVA for the effect of temperature, primer, and their interaction on ST of Set
Maxx.

DF  Sum of Mean F-Value P-Value
Squares Square
TEMPERATURE 2 28,204.467 14,102.233 1709.362  <0.0001
PRIMER 1 537.633 537.633 65.168 <0.0001
TEMPERATURE * 2 80.867 40.433 4.901 0.0164
PRIMER
Residual 24 198 8.25
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Fig. 2. Mean setting time(s) of Set Maxx used with or without using Stela Primer at 23 °C, 32 °C and 37 °C.

reports the ST for Set Maxx used with or without the Stela Primer.
Overall, the ST was longer for the 23 °C group when no primer was used
(149 s £ 2.6). The shortest ST was for the 37 °C groups when the Stela
Primer was used (68 s + 3.3). At 23 °C, the ST when using the primer
was 137 s + 1.5. At 37 °C, when no primer was used, the setting time
was 77 s + 3.8. At 32 °C, the mean ST was 88 s + 2.9 when no primer
was used, and 84 s + 2.5 when the primer was used (Fig. 2).

3.2. Light output analysis

Fig. 3 shows the spectral radiant power from Valo X in the Standard
mode. Valo X is a multi-peak broadband LED LCU that delivers three
wavelength peaks: one in the violet region (A1 = 395 nm), and two in the
blue region (A2 = 447 nm and A3 = 458 nm). The radiant power from the
Valo X through the 6 mm aperture was 352 £+ 0.7 mW. The calculated
irradiance delivered to the specimens in a 6 mm diameter mold was
1243 + 2.4 mW/cm?, and the radiant exposure was 24.9 + 0.0 J/cm?.

3.3. DC and polymerization kinetics

Table 3 reports the DC at the bottom of the 1 mm thick specimens
after 1800 s (30 min) and the corresponding percentage increase in DC.
Using higher temperatures always produced higher DC values. The
highest DC values were observed when Stela Primer was used at 37 °C.
In the self-curing mode, the DC reached 75.1 % + 2.2 and 76.5 % + 1.8
when light-cured. These results represented an increase of 35.8 % and
38.3 %, respectively, from the lowest DC that was recorded without
primer or light exposure at 23 °C (55.3 % + 1.1). The DC measurements
at 32 °C demonstrated that primer application significantly increased
conversion rates to 72.7 % + 1.6 (SC group) and 74.3 % + 2.0 (LC
group), corresponding to 31.5 % and 34.4 % increase in DC,

S o oo
T T
I I 1

Spectral Flux (mW/nm)
N
1
1

o

350 400 450 500 550
Wavelength (nm)

Fig. 3. Spectral radiant power (mW/nm) and emission spectra from the Valo X.
Of note, this was not all the light emitted from the tip of the LCU, but it was the
light received by the 6-mm diameter specimens.

Table 3
Mean degree of conversion (DC) + SD and DC percentage increase ( %) at 30 min
of Set Maxx at the bottom of the 1 mm thick specimens.

Groups 23°C 32°C 37°C
DC % DC % DC %
increase increase increase

SC without 55.3 - 60.3 9.0 62.9 13.7
primer 1.1) (0.5) (0.3)

SC with 64.8 17.2 72.7 31.5 75.1 35.8
primer 2.8) 1.6) 2.2)

LC without 56.3 1.8 61.6 11.4 64.1 15.9
primer (0.5) 0.3) (1.0)

LC with 72.5 31.1 74.3 34.4 76.5 38.3
primer aa.7) 2.0) 1.8)

respectively. Table 4 reports the ANOVA evaluating the effect of light,
temperature, primer application, and their interaction on DC ( %). Using
the primer was the dominant factor affecting DC (F = 813.72, p <
0.0001). Temperature also played a substantial role (F = 98.53, p <
0.0001), and the light had a significant but small effect (F = 29.35, p <
0.0001). The interaction between light and primer was statistically
significant (F = 7.03, p = 0.0119).

Table 3 shows that additional light exposure had a small positive
effect on the %DC at 30 minutes; however, light exposure had a very
significant effect on the reaction rate and it accelerated the polymeri-
zation process (Table 5). The highest rate of reaction was recorded for
the LC group at 37 °C (7.7 %/s + 0.4). The lowest reaction rate was
observed in the SC group at 23 °C (0.6 %/s + 0.1), regardless of whether
the Stela Primer was used. This group took longer to reach the maximum
reaction rate, with 99.9 s + 14.4 without primer and 80.9 s + 5.9 with

Table 4
ANOVA for the effect of light, primer, temperature and their interaction on the
DC of Set Maxx.

DF  Sum of Mean F-Value P-Value
Squares Square
LIGHT 1 68.217 68.217 29.346 <0.0001
PRIMER 1 1891.544 1891.544 813.723  <0.0001
TEMPERATURE 2 458.054 229.027 98.525 <0.0001
LIGHT * PRIMER 1 16.338 16.338 7.028 0.0119
LIGHT * 2 23.331 11.666 5.018 0.012
TEMPERATURE
PRIMER * 2 0.582 0.291 0.125 0.8827
TEMPERATURE
LIGHT * PRIMER * 2 27.421 13.71 5.898 0.0061
TEMPERATURE
Residual 36  83.684 2.325
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Table 5
Mean (+SD) reaction rate (% per second) and time of the maximum rate of re-
action (s) of Set Maxx.

Journal of Dentistry 160 (2025) 105859

Table 7
Mean (+SD) total temperature increase at the bottom of the specimens of Set
Maxx.

Groups Rate of reaction ( %/s) Time at maximum rate (s) Groups Temperature increase (AT - °C)
23°C 32°C 37°C 23°C 32°C 37°C 23°C 32°C 37°C
SC without 0.6 0.8 1.1 99.9 58.8 40.6 SC without primer 2.9 (0.5) 5.6 (1.2) 8.2 (0.9)
primer 0.1) (0.0) (0.0) (14.4) (0.8) 1.4) SC with primer 2.8(0.2) 5.0 (0.8) 9.4 (0.4)
SC with 0.6 1.6 2.3 80.9 20.6 10.0 LC without primer 39.9 (3.2) 43.8 (1.1) 41.7 (3.2)
primer (0.1) (0.1) 0.4) (5.9) 1.7) (2.8) LC with primer 42.0 (6.1) 44.8 (2.2) 46.4 (2.4)
LC without 4.8 6.4 7.7 19.4 17.2 18.3
primer 0.4) 0.3) (0.4) (2.2) (1.6) (2.6)
LC with 2.6 5.4 3.7 18.5 18.0 12.3
primer (0.8) (0.8) (0.5) @7 (0.3) (4.6) Table 8

primer. Table 6 reports the ANOVA evaluating the effects of light,
primer, temperature, and their interaction on the maximum rate of time.
Light had the most substantial impact and the highest value (F-value =
582.22) on the reaction rate. Temperature was the second most influ-
ential factor (F = 211.64), significantly impacting how fast the setting
reaction reached its maximum rate. The primer also had a significant
effect (F=118.86), and its interaction with the light was significant (F =
92.49).

3.4. Temperature analysis

Table 7 reports the temperature increase (AT- °C) at the bottom of
the 1 mm thick specimens of Set Maxx. The SC group had only the Set
Maxx exotherm, but the LC group had a combination of the exotherm
reaction temperature from the Set Maxx plus the temperature rise
caused by the LCU. The most significant temperature rises occurred
when using the 20 s light exposure (LC). These increases ranged from
39.9 °C =+ 3.2 for 23 °C and up to 46.4 °C + 2.4 for the 37 °C group. The
lowest temperature increase occurred for the SC group at 23 °C (2.9°C +
0.5 °C). At 32 °C, the group that had the highest temperature rise was
when the cement was used in combination with primer and LCU,
reaching 44.8 °C + 2.2. The lowest temperature rise, at 32 °C, was
observed when Set Maxx was used in combination with a primer without
light-activation, reaching 5.0 °C + 0.8. Table 8 reports the ANOVA of
the effect of light, primer, temperature and their interaction on the
temperature increase. Light was the dominant factor affecting temper-
ature change (F = 2063.63, p < 0.0001). The impact of the primer on the
temperature increase was not statistically significant (p = 0.1024).

4. Discussion

This study measured the in vitro setting time (ST), degree of con-
version (DC), and polymerization kinetics of a dual-cure self-adhesive
cement when it was used both with and without a primer (Stela Primer,
SDI Limited) and at different temperatures (23 °C, 32 °C and 37 °C). The
temperature and primer significantly affected the ST, with temperature

Table 6
ANOVA for the effect of light, primer, temperature and their interaction on the
time of the maximum rate of DC change of Set Maxx.

DF  Sum of Mean F-Value P-Value
Squares Square
LIGHT 1 14,255.81 14,255.81 582.219 <0.0001
PRIMER 1 2910.212 2910.212 118.855  <0.0001
TEMPERATURE 2 10,363.897 5181.948 211.635  <0.0001
LIGHT * PRIMER 1 2264.606 2264.606 92.488 <0.0001
LIGHT * 2 8414.301 4207.151 171.823 <0.0001
TEMPERATURE
PRIMER * 2 207.175 103.587 4.231 0.0224
TEMPERATURE
LIGHT * PRIMER * 2 219.732 109.866 4.487 0.0182
TEMPERATURE

Residual 36 881.471 24.485

ANOVA for the effect of light, primer, temperature and their interaction on the
temperature increase of Set Maxx.

DF  Sum of Mean F-Value P-Value
Squares Square
LIGHT 1 12,605.301 12,605.301 2063.632  <0.0001
PRIMER 1 17.612 17.612 2.883 0.1024
TEMPERATURE 2 126.013 63.007 10.315 0.0006
LIGHT * PRIMER 1 13.104 13.104 2.145 0.156
LIGHT * 2 23.074 11.537 1.889 0.1731
TEMPERATURE
PRIMER * 2 11.68 5.84 0.956 0.3986
TEMPERATURE
LIGHT * PRIMER * 2 1.42 0.71 0.116 0.8908
TEMPERATURE
Residual 24 146.599 6.108

being the most dominant factor (Table 2). Consequently, the first hy-
pothesis was rejected. The study agrees with previous studies that re-
ported the temperature significantly affected the setting reaction [10,
21]. According to the International Standards Organization (ISO) 4049,
the minimum working time for dual-cure luting materials (Class 3 ma-
terials) at 37 °C is 90 s, with a maximum setting time of 10 min [18].
This study examined the ST in groups without light exposure following
the ISO 4049 standard, and all the experimental groups were within the
ISO 4049 guidelines for ST. Since the temperature at the pulp floor of a
tooth cavity [19] is closer to 32 °C, the values obtained at 32 °C are
considered to be more relevant. A rapid final set makes prosthesis
repositioning more difficult and limits the clinician’s working time.
However, achieving a rapid final set once the working time has passed
could be very beneficial clinically [6], allowing an improved workflow.
Additionally, Fig. 2 demonstrate that light curing can shorten the setting
time (ST) and Table 5 shows that delivering light accelerates the poly-
merization of the cement.

The data for DC was fitted using an autocatalytic model rather than
an exponential model because a feedback mechanism played a role in
the polymerization process [17]. The Set Maxx polymerization reaction
was accelerated when the resin cement was in contact with the primer
[8]. This reduced the ST (Fig. 2) and caused a significant improvement
in the degree of monomer conversion (Tables 3 and 4). When Stela
Primer was used with Set Maxx, the DC increased significantly ; there-
fore, the second hypothesis was rejected. A synergetic effect between the
Stela Primer and the Stela self-cure composite, also made by SDI, has
been previously reported [17], where it was found that using the primer
was the most important factor for improving the DC.

This study showed that applying Stela Primer before Set Maxx
increased the percentage of DC (Table 3). This may enhance the strength
of the interfacial bond of endodontic posts [8] and improve bonding to
the tooth. The functional monomerl0-methacryloyloxydecyl dihy-
drogen phosphate (10-MDP), contained in both Stela Primer and in Set
Maxx, is known to enhance the adhesion to tooth structure [3,8], and it
has also been shown to improve the bonding to zirconia ceramics [22].
This is due to the formation of a strong, aqueous, insoluble salt complex
between calcium and the relatively hydrophobic MDP [5]. Additionally,
using a primer containing 10-MDP should increase the penetration of the
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self-adhesive resin cement into the dentin, compared to when no primer
is used [9].

An unexpected finding was that the polymerization rate decreased in
the light-cured (LC) groups when the primer was applied compared to
when it was omitted (Table 5). This occurred despite the primer plus LC
groups reaching a higher overall degree of conversion ( %DC) and
producing a greater temperature increase (Tables 3 and 7). This differ-
ence in the reaction kinetics between the light-cured and the self-cured
groups that used the Stela Primer was likely only observed because of
the rapid data collection rate on the FT-IR equipment. In this study, Stela
Primer was applied directly to the ATR crystal of the spectrometer for 5
s, then air-dried for 3 s. The Set Maxx resin was then placed directly over
the Stela Primer. However, light does not polymerize Stela Primer.
Instead, it must be in contact with an overlying RBC before the primer
starts to polymerize [17]. For a wavenumber of 1600 c¢m ! in ATR-FTIR
spectroscopy, the depth of penetration of the “evanescent wave” is only
about 1 to 2 ym [23] and thus the DC being measured is the thin layer of
Stela plus the Set Maxx over the crystal. When the overlying Set Maxx is
allowed to ‘slowly” self-cure, the thin layer of Stela Primer polymerizes
as expected, but when light-cured, the Set Maxx cement polymerizes at a
much faster rate, and the Stela Primer that is in contact with the ATR
crystal takes longer to polymerize compared to the overlying Set Maxx.

The third hypothesis was partially accepted because the addition of
light produced a small but significant improvement in the DC of Set
Maxx. The DC of Set Maxx exposed to light at 23 °C increased from 55.3
% to 56.3 %, at 32 °C the DC increased from 60.3 % to 61.6 %, and at 37
°C the DC increased from 62.9 % to 64.1 % (Table 3). When Set Maxx
was used with Stela Primer and exposed to light at 23 °C there was a
larger increase in from 64.8 % to 72.5 %, but at 32 °C the DC increased
from 72.7 % to 74.3 %, and at 37 °C the DC only increased from 75.1 %
to 76.5 %. This agrees with a previous study, which showed that the DC
of some dual-cure resin cements was not dependent on light curing [7].
The observation that Set Maxx will cure in the absence of light (Table 3)
is beneficial [24], particularly in regions with limited light penetration,
such as in metal or thick ceramic indirect restorations and endodontic
post-cementation where the self-curing ability of Set Maxx is essential.
The additional light did significantly accelerate polymerization and in-
crease the reaction rate of Set Maxx (Table 5). This finding agrees with
another study that reported better conversion after light curing the
self-adhesive resin cement [13]. However, the DC (Table 3) and poly-
merization rates (Table 5) were still not as high as when Set Maxx was
light cured. Thus, light curing increases the DC, but its effect is much
stronger when Stela Primer is used (Table 3). Therefore, when using Set
Maxx, clinicians should use both light and the Stela Primer to maximize
the polymer conversion.

The three different temperatures affected the DC of Set Maxx
(Table 3), leading to the rejection of the fourth hypothesis. Increasing
the temperature during polymerization enhances the mobility of the free
radicals and monomers, resulting in higher polymerization rates and
increased DC values [21]. The baseline temperatures used in the study
were representative of clinical scenarios, with 32 °C simulating the
temperature of a vital tooth [19] and 37 °C corresponding to the tem-
perature used in the ISO 4049 standard. The temperature increase
during the polymerization of a dual-cure cement is influenced by the
light from the LCU and the resin’s exothermic reaction [25]. Although
the values obtained for the total temperature increase within the cement
(Table 7) were higher than what is considered safe to the pulp [26], they
may not reflect the temperature increase that can occur inside the pulp
because factors such as pulp flow [27] and the thermal properties of
enamel and dentin [28] were not considered in this study. While some
temperature increases can be attributed to the exothermic reaction from
the resin cement (SC group - Table 7), the radiant energy from the LCU
seemed to have a greater effect on the total temperature increase [29].
For the SC groups, the higher the temperature (37 °C), the greater the
exothermic reaction. Note that this was only a 14 °C change in tem-
perature from 23 to 37 °C.
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In this study, the LCU was the primary contributor to the tempera-
ture rise, suggesting that different light sources can lead to very different
temperature changes since the choice of LCU, the exposure time, and the
exothermic contribution from the composite can all affect the temper-
ature increase [20,30]. Previous studies have shown that when RBCs are
polymerized at body temperature, the DC is higher than when the RBCs
are polymerized at room temperature [15,16]. This occurs because
higher temperatures increase the mobility of molecules during chemical
reactions, thus increasing the DC [13]. Higher temperatures allow
unreacted monomers to diffuse more efficiently and participate in the
cross-linking reaction before vitrification occurs. These combined effects
promote an increase in the extent of monomer conversion. Furthermore,
unlike light-cured resin composites, dual-cured resin cements contain
both photoinitiators and self-curing components. The degradation of
these components into radicals is accelerated as the temperature in-
creases, further promoting polymerization [21]. Therefore, this research
supports that DC studies should be conducted at clinically relevant
temperatures because results obtained at room temperatures may not
accurately represent clinical scenarios [15,16].

This in vitro study has several limitations that should be addressed in
future research. First, only 1 mm-thick samples were used. This is likely
thicker than the typical cement thickness in most, but not all, clinical
situations. The DC was only analyzed at the bottom of the specimens of
Set Maxx. Future studies should evaluate the DC and bonding strength of
various cement thicknesses. Additionally, this study focused on the ef-
fect of a dedicated primer on a matched resin cement system from one
manufacturer. While this restriction limits the generalizability of the
findings to other cements, it reflects clinical practice, where manufac-
turers recommend matched systems for optimal performance and den-
tists should not go ‘off label’ and deviate from the manufacturer’s
recommended instructions for use. Further research is needed to assess
the performance of other resin cement systems that may also have
dedicated primers. The DC was measured for only 30 min, and longer
observation periods are required to understand the effects of primer use
over time [7]. Ultimately, clinical studies are necessary to evaluate the
long-term impact of using Set Maxx.

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

(1) Using 37 °C and the use of Stela Primer reduced the setting time
of Set Maxx,

(2) Stela Primer increased the degree of conversion of Set Maxx at 30
min, suggesting a synergistic effect.

(3) Light exposure from the LCU did not have a strong effect on the
final degree of conversion of Set Maxx; however, it increased the
temperature, accelerated the polymerization and increased the
reaction rate of Set Maxx. Combining the use of the Stela Primer
and the light is recommended to achieve the highest degree of
conversion.

(4) In vitro studies should be carried out at a temperature that sim-
ulates the temperature in the tooth cavity.
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