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Objective: To evaluate experimental dimethacrylate-based materials containing calcium orthophosphates or
calcium silicate particles in terms of their optical, mechanical and Ca?* release behaviour.

Methods: Dicalcium phosphate dihydrate (DCPD), hydroxyapatite (HAp), beta-tricalcium phosphate (8-TCP) or
calcium silicate (CaSi) particles were added to a photocurable BisGMA/TEGDMA resin (1:1 in mols) at a 30 vol%
fraction. Materials containing silanized or non-silanized barium glass particles were used as controls. Degree of
conversion (DC) at the top and base of 2-mm thick specimens was determined by ATR-FTIR spectroscopy (n = 5).
Translucency parameter (TP) and transmittance (%T) were determined using a spectrophotometer (n = 3).
Biaxial flexural strength (BFS) and flexural modulus (FM) were determined by biaxial flexural testing after 24 h
storage in water (n = 10). Ca®" release in water was determined during 28 days by inductively coupled plasma
optical emission spectrometry (n = 3). Statistical analysis was performed using ANOVA/Tukey test (DC: two-
way; TP, %T; BFS and FM: one-way; Ca* release: repeated measures two-way, a = 5 %). Results: CaSi and
B-TCP particles drastically reduced DC at 2 mm, TP and %T (p < 0.001). Compared to both controls, all Cat-
releasing materials presented lower BFS (p < 0.001) and only the material with DCPD showed significantly lower
FM (p < 0.05). The material containing CaSi presented the highest Ca>" release, while among materials
formulated with calcium orthophosphates the use of DCPD resulted in the highest release (p < 0.001).
Significance: CaSi particles allowed the highest Ca?* release. Notwithstanding, the use of DCPD resulted in a
material with the best compromise between optical behaviour, DC, strength and Ca®* release.

1. Introduction

Resin-based composites have mechanical and optical characteristics
that make them suitable to a broad range of indications in restorative
dentistry. The annual failure rate (AFR) of composite restorations in
posterior teeth placed under ideal conditions of operator skill and pa-
tient compliance is between 1.1 % to 2.5 % [1,2]. However, in high
caries risk patients AFR is three times higher than the AFR registered for
low caries risk patients [3]. The interest in functional resin composites
containing calcium-releasing particles (e.g., calcium orthophosphate
particles, calcium silicates or bioactive glasses) has increased consider-
ably in recent years, as an approach to slow down the progression of
caries lesions [4]. These materials were shown to reduce bacterial ac-
tivity and promote mineral precipitation in enamel and dentin,

postponing the development of new lesions [5-10].

Differently from the silanized glass particles found in conventional
composites, ion-releasing particles are not chemically bonded to the
polymer matrix. Consequently, the mechanical performance of func-
tional materials may be compromised due to inefficient stress distribu-
tion between both phases [11] and limited toughening effect [12]. Also,
the lack of a sealed interface between particles and the polymer in-
creases water sorption, accelerating hydrolytic degradation [13].
Finally, the mismatch between the refractive index (RI) of the resin
matrix and the particles may lower the light transmittance through the
material, reducing depth of cure and compromising restoration aes-
thetics [14]. Ideally, ion-releasing particles should present characteris-
tics such as small size, high surface area, and RI compatible with the
other constituents in order to minimize their negative impact on
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material’s mechanical/optical behaviour. Concomitantly, their solubil-
ity should allow for optimal bioactivity without compromising the ma-
terial’s long-term durability.

Calcium orthophosphates are a large group of compounds with
different crystalline structures (with the exception of amorphous cal-
cium phosphate, ACP), solubilities (defined by their Ca/P ratio) and
refractive indices [15]. Among them, dicalcium phosphate dihydrate
(DCPD, CaHPO4-2H50, Ca/P = 1.0) has been tested as calcium source in
resin-based materials due to its high solubility in comparison to other
CaP phases (pKs = 6.59) and RI (1.54-1.55) similar to barium glass
(1.53) [15-17]. Hydroxyapatite particles (HAp, Ca;o(PO4)s(OH),, Ca/P
= 1.67) has also been tested both as reinforcing and functional fillers in
composites [18]. However, its RI (1.64-1.66) may result in a relatively
opaque material [19]. Also, its low solubility in neutral conditions (pK;
= 116.8) may impair ion release, when compared to other calcium
sources. f-tricalcium phosphate (B-TCP, Caz(PO4)2, Ca/P = 1.5, pK;
28.9) has an intermediate solubility between DCPD and HAp and, to the
best of our knowledge, has not been tested as functional filler in resin
composites.

Calcium silicates (CaSi, pKs = 6-13 [20]) have been successfully used
in Restorative Dentistry and Endodontics in the last few decades. Used as
pulp capping materials, they upregulate odontoblastic activity and
provide Ca?* for mineral precipitation. Also, the release of hydroxyl ions
promotes local alkalinisation, which favours apatite precipitation [21].
Though resin-based materials containing CaSi particles are commer-
cially available [22], there are very few reports on the physicochemical
characteristics of this particular association [23-25].

In general, studies evaluating experimental formulations focus on a
single particle composition, varying its size [13] or the ratio between
ion-releasing particles and reinforcing glass [12,26,27]. There are no
studies comparing materials formulated with different calcium ortho-
phosphate phases or materials containing calcium orthophosphates and
calcium silicate. Therefore, the objective of this study was to evaluate
the behaviour of experimental resin-based materials containing different
calcium orthophosphate phases (DCPD, HAp, or -TCP) and CaSi parti-
cles. The null hypothesis tested was that mechanical and optical char-
acteristics, as well as Ca* release are not affected by the particle used in
the formulation.

2. Materials and methods
2.1. Particles synthesis and characterization

Calcium orthophosphate particles (DCPD, HAp and B-TCP) were
synthesized by precipitation, as described in the Supplementary mate-
rial file. Calcium silicate particles were synthesized by a sol-gel method
using a surfactant template (see Supplementary material). DCPD and
HAp particles were milled (Qualification Micronizer Jet Mill, Sturtevant
Inc., Hanover, MA, USA) in order to reduce their median size and narrow
size distribution. All particles were characterized by x-ray diffraction
(XRD, D2 Phaser, Bruker, Bremen, Germany). Diffractograms were ob-
tained using Nickel filtered Cu Ka radiation at 40 kV and 30 mA. The
geometry of the equipment was 6/20 and reading was performed
continuously from 10° to 60° at 2° per minute interval. Diffractograms
were imported to Match! software (Crystal Impact, Redmond, WA, USA)
for identification of the obtained phases. Particle size distribution was
determined by laser light scattering (Mastersizer 2000, Malvern In-
struments Ltd., Malvern, UK). Samples were sonicated in water for 1 min
before being injected in the equipment. Refractive indices values used
for particles and dispersant were 1.54 and 1.33, respectively. Size range
was between 20 nm to 2000 um. Particle morphology was observed
under scanning electron microscopy (Quanta 650 FEG, Thermo Fisher,
Waltham, MA, USA). Particle density was determined by helium pycn-
ometry (Quantachrome, model Ultrapyc1200e, Boynton Beach, FL,
USA). Silanized and non-silanized barium glass particles used in the
control formulations (SDI Ltd, Bayswater, VIC, Australia) were also
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characterized.
2.2. Formulation of the experimental materials

Six materials were manipulated with the organic matrix containing
BisGMA (bisphenol-A glycidyl dimethacrylate) and TEGDMA (tri-
ethylene glycol dimethacrylate) at equimolar ratio, plus 0.5 % by mass
of photoinitiator (camphorquinone) and co-initiator (tertiary amine - N,
N-dimethyl-4-ethyl aminobenzoate, EDMAB; all chemicals from Sigma-
Aldrich, St. Louis, MO, USA). All materials were formulated with inor-
ganic fraction of 30 vol%, defined as the maximum volume of CaSi
capable of being incorporated into the resin matrix. As controls, mate-
rials containing 30 vol% of silanized or non-silanized barium glass
particles (SDI Ltd, Bayswater, VIC, Australia) were used. The materials
were mechanically mixed under vacuum (Speedmixer DAC150.1 FVZ-K,
FlackTek Inc., Landrum, SC, USA) and kept under refrigeration up to two
hours before use.

2.3. Optical properties

Fragments of fractured specimens in the biaxial flexural test (see
item 2.5) with 1.2 mm in thickness (n = 3) were analysed in a spec-
trophotometer (CM-3700d, Konica Minolta, Tokyo, Japan), with the use
of OnColorTM QC Lite software (CyberChrome Color Systems, Stone
Ridge, NY, USA). The translucency parameter (TP) was calculated based
on the CIEL*a*b* coordinates values obtained between 360 and 740 nm
(at 10 nm intervals) with the standard D65 illuminant and a 8° viewing
angle, using the following equation:

2 2 2 1/2
TP:[(L*BfL*W) +(@*B—axW) + (bxB—-bxW) ]

where L*B is luminosity on a black background, L*W is luminosity on a
white background, a*B is chromatic along the green red axis on a black
background, a*W is chromatic along the red-green axis on a white
background, b*B is chromatic along the yellow-blue axis on black
background and b*W the chromaticity along the yellow-blue axis on
white background [28]. For transmittance (%T), samples were exposed
to a light emission between 360 nm and 740 nm and the value corre-
sponding to the 468 nm was recorded.

2.4. Degree of conversion

Degree of conversion (DC) was obtained by mid-infrared spectros-
copy (Vertex 70, Bruker Optics, Ettlingen, Germany) using a total
attenuated reflectance accessory (ATR-FTIR, Miracle, Pike Technolo-
gies, Inc., Madison, WI, USA). The non-polymerized material was
inserted into a 2-mm thick square-shaped silicone mold (2 x2 mmy;
n = 5) and a spectrum was obtained (32 scans, 4 cm ! resolution). With
the sample on the ATR crystal, the top surface was photoactivated
(1300 mW/cm?® for 20, Bluephase, Ivoclar Vivadent, Schaan,
Liechtenstein) and a second spectrum was obtained after 30 min, cor-
responding to the specimen’s non-irradiated (bottom) surface. Then, the
specimen was inverted and pressed against the crystal to obtain the
spectrum corresponding to the irradiated (top) surface. DC was calcu-
lated from the absorption band area ratio at 1610 cm ™! (aromatic ab-
sorption band) and 1640 cm™! (aliphatic absorption band, C=C
stretch), according to the formula:

Ratio_polymerized
Ratio_non polymerized

DC = (1 — )xlOO

2.5. Mechanical properties

Discs (12 x1.2 mm, n = 10) were made in a split steel matrix. Pho-
toactivation was performed for 20 s on each quadrant of the specimen
(Bluephase, Ivoclar Vivadent). After storage in deionized water for 24 h,
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the specimen was tested on a "three spheres on a piston" device using a
universal testing machine (Instron, model 5565, Instron Corp, Canton,
MA, USA). The load was applied at the center of the specimen by means
of a flattened piston with 1.2 mm diameter, at a crosshead speed of
0.5 mm/min. Deflection at the center of the disc was monitored by a
transducer (model W-E401-E, Instron Corp.). The biaxial flexural
strength (BFS, in MPa) was calculated using the equations below:

B _ —0-2387 hf x_ )
a2 ] @)
Y=(1+ ) 1+ln(%>2 1) (:_Dz

where P is the fracture load (in Newtons); h is the thickness of the
specimen (in mm); v is the Poisson coefficient (0.24) [29]; ry is the
radius of the support circle (5 mm); ry is the radius of the loading area
(0.6 mm); r3 is the radius of the specimen (in mm).

Flexural modulus (FM) was calculated according to the formula
below:

pPa?

FM =
wh3

x 0.001

where B is a constant related to the deflection of the disc in the central
region (0.509), P corresponds to the applied load (in Newtons), a is the
radius of the disc, w is the deflection corresponding to the load P and h is
the thickness of the disc (all in mm).

2.6. Scanning electron microscopy

The surface of the specimens was sputter-coated with carbon and
observed under a scanning electron microscope (Quanta 650 FEG,
Thermo Fisher, Waltham, MA, USA). Energy-dispersive X-ray spectros-
copy (EDX) (Quantax 4030 and XFlash 6-60, Bruker Optics, Ettlingen,
Germany) was used to map calcium distribution on the specimen
surface.

2.7. Calcium release

Discs (5 x1 mm, n = 3) were made and dry stored for 24 h at 37 °C
before their masses were determined on an analytical scale (Mettler
Toledo, model XS105, Columbus, OH, USA). Specimens were immersed
individually in 10 mL of ultrapure water. The immersion medium was
changed weekly for four weeks and the solutions were filtered (pore size:
0.45 pm), acidified with 100 % nitric acid in the ratio 1 pl of acid: 1 mL
of solution, and analysed by inductively coupled plasma optical emis-
sion spectrometry (ICP-OES, Agilent Technologies, Santa Clara, CA,
USA).

2.8. Statistical analysis

Data were normally distributed and homoscedastic and, therefore,
analysed using two-way (DC) or one-way (optical properties and BFS/
FM) analysis of variance (ANOVA). Repeated measures two-way ANOVA
was used to analyse Ca®" release data. In all cases, the Tukey test was
used for multiple comparisons and the overall significance level was
5 %.

3. Results

3.1. Particles characterization

Particle phase identification is presented in the diffractograms
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(Appendix Fig. S1). The formation of DCPD, HAp and B-TCP were
confirmed, while dicalcium silicate was the CaSi phase obtained in the
sol-gel synthesis. Particle median (Ds), as well as D1g, Dgg and the span
(Dgp — D19/Dsp) are presented in Table 1. Particle size distribution is
shown in the Appendix (Fig. S2). HAp presented the largest Dgo and a
much broader distribution than the other particles, numerically
expressed by the span value (4.4). The narrowest distributions were
presented by the DCPD particles and by both barium glasses (span: 1.7 —
1.9). Particles morphologies are presented in Fig. 1. DCPD particles
(Fig. 1A and B) show the characteristic flat plate aspect, with rounded
corners. HAp particles (Fig. 1C and D) present irregular shape and rough
surface. Under lower magnification it is possible to observe the large
variation in sizes. p-TCP (Fig. 1E and F) and CaSi (Fig. 1G and H) are
nanoparticles agglomerates. The variety of sizes observed for p-TCP
agrees with its higher span value, in comparison to CaSi.

3.2. Optical properties

All materials containing Ca-releasing particles presented lower
translucency parameter (TP) in comparison to the controls (p < 0.001,
Fig. 2A), with more severe reductions for materials containing CaSi and
B-TCP (p < 0.001). Materials with DCPD and HAp showed statistically
similar TP. Transmittance (%T, at 468 nm) presented a similar pattern,
except for the fact that the materials with DCPD and HAp reached sta-
tistically similar %T to both controls. Also, between the controls the
material containing non-silanized glass presented statistically lower
transmittance (p < 0.001, Fig. 2B). The translucency of the tested ma-
terials against a standardized background can be seen in the Appendix
(Fig. S3).

3.3. Degree of conversion

“Material*depth” interaction = was statistically significant
(p < 0.001). There was no difference between the materials for degree of
conversion (DC) determined on the irradiated surface. At 2 mm depth,
however, all materials containing Ca-releasing particles showed statis-
tically lower DC values than those recorded at the top surface. The re-
ductions were particularly severe for materials with CaSi and B-TCP,
where the “base-to-top” (B/T) ratios were respectively 0.1 and 0.2. For
materials with DCPD and HAp, B/T ratios were higher (respectively, 0.8
and 0.7). No statistically significant reductions in DC between top and
bottom surfaces were observed for the controls.

3.4. Mechanical properties

In comparison to the control containing silanized glass, all groups
presented statistically lower biaxial flexural strength (BFS) values
(Fig. 4A, p < 0.001). The materials containing HAp and B-TCP showed
the lowest BFS, statistically similar to each other and representing only
26 % of the BFS reached by the material with silanized glass. The ma-
terial with non-silanized glass particles presented BFS equivalent to
55 % of the composite containing silanized glass, while the BFS of the

Table 1
Particle size distribution parameters (D¢, Dsg, Do, in micrometers, and span,
Dgo — D10/Dsp) and refractive index of the particles used in the study.

Particles Dip Dso Dgo Span Refractive index
DCPD 2.4 6.7 13.9 1.7 1.54-1.55*

p -TCP 20 11.0 377 3.2 1.63*

HAp 3.1 27.8 1262 4.4 1.64-1.66*

CaySi0y 22 84 24.0 2.6  1.71-1.73%*
Silanized barium glass 0.5 0.9 2.0 1.7  1.53%*
Non-silanized barium glass 0.6 1.8 4.0 1.9  1.53%*

* http://www.handbookofmineralogy.org/.
** https://www.mindat.org/min-2333.html.
***Manufacturer information.
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Fig. 1. Scanning electron microscopy images of the particles used in the for-
mulations: DCPD (A and B), HAp (C and D), B-TCP (E and F) and CaSi (G and H).

material with DCPD corresponded to 37 % of the control composite. A
regression analysis including the materials containing Ca-releasing
materials and the material with non-silanized glass revealed an expo-
nential decrease in BFS with the increase of the particle size Dsg
(Fig. 4B).

Flexural modulus (FM) was not affected by glass silanization
(Fig. 4C). The materials containing CaSi and p-TCP also showed FM
similar to the controls. The material with HAp presented the highest FM
and the material with DCPD, the lowest FM among the tested materials
(p < 0.05).

3.5. Scanning electron microscopy

All materials presented particles well dispersed in the polymer ma-
trix (Fig. 5). Under lower magnification, the glass-filled materials and
the material containing DCPD showed a more homogeneous micro-
structure due to their relatively small particle median size and narrow
distribution, in comparison to materials containing HAp, B-TCP and
CaSi. The EDX mapping for calcium revealed a more disperse distribu-
tion in materials containing DCPD and p-TCP, in comparison to HAp and

1510

Dental Materials 40 (2024) 1507-1514

CaSi.
3.6. Ion release

Ca?" release over 28 days is shown in Fig. 6. Materials containing
DCPD, HAp and B-TCP presented a steady release overtime, while the
material containing CaSi presented a statistically significant reduction
between 14 and 21 days (p < 0.001). After 28 days, the cumulative
release was 466 pg/cm? (40.2 ppm) for CaSi, 212 pg/cm? (23.3 ppm)
for DCPD, 64 pg/cm? (7.0 ppm) for HAp and 57 pg/cm? (6.3 ppm) for
p-TCP.

4. Discussion

Particles used in the tested formulations differ in composition,
morphology, size and solubility. The association of these characteristics
determines their effect on the materials physicochemical behaviour.
Therefore, the experimental resin-based materials tested in this study
differed in their optical, mechanical and Ca’*release behaviour, allow-
ing the rejection of the null hypothesis.

The translucency parameter (TP) expresses the colour difference of a
material when placed in contact with a black and a white backgrounds
[30]. Transmittance (%T) expresses the percentage of incident light
passing through a certain thickness of the material and is related to cure
depth [31]. The materials containing CaSi and p-TCP presented very low
TP and %T. Their optical behaviour can be attributed to refractive index
(RI) mismatch between the resin matrix (RI: 1.50-1.56) and the particles
[14]. Additionally, the fact that both particles are nanostructured ag-
glomerates may have contributed to increase light scattering [32]. HAp,
despite presenting RI close to that of 3-TCP (1.64-1.66), resulted in a
material with TP and %T similar to the material with DCPD (1.54-1.55).
Possibly, its large particle size associated with the material’s low inor-
ganic content reduced light scattering [33], increasing translucency and
transmittance. The statistically similar %T between the material
formulated with DCPD and both materials containing barium glass
confirms the findings of a previous study [34]. Interestingly, the mate-
rial containing non-silanized glass showed reduced %T in relation to the
composite with silanized glass, explained by the presence of gaps at the
interface with the organic matrix increasing light dispersion [35].

Differences in optical parameters did not affect degree of conversion
(DC) at the irradiated surface. In fact, previous studies using near-FTIR
revealed a higher DC in 0.8 mm-thick specimens containing 30 vol%
DCPD in comparison to a composite with 30 vol% glass particles [12].
However, all the ion-releasing materials presented statistically signifi-
cant reductions in DC at 2-mm depth, which were particularly severe for
materials containing CaSi and B-TCP as a result of their low %T. Mate-
rials containing DCPD and HAp also showed a statistically significant
reduction in DC between top and base, consistent with their numerically
lower %T registered in 1.2-mm thick specimens, in relation to
glass-containing controls. In spite of the similar %T of the materials with
HAp, DCPD and non-silanized glass, only the later showed statistically
similar DC between top and 2-mm surfaces. Its lower viscosity and,
consequently, greater mobility of the reactive species in relation to the
materials with DCPD and HAp may explain this finding [36].

All formulations presented statistically lower biaxial flexural
strength (BFS) in comparison to the material containing silanated glass,
in agreement with previous studies [26,27,37,38]. The lack of a chem-
ical bond between the particles and the polymer matrix hinders stress
distribution between both phases, increasing the risk of crack initiation
at relatively low loads [26]. Additionally, calcium orthophosphate
particles present low cohesive resistance compared to glass [39].
Noteworthy, an exponential relationship between BFS and Dsy was
verified for materials formulated with non-bonded particles, regardless
of their morphology and structure (i.e., nanoparticle agglomerates or
non-porous). Larger particles increase stress concentration at the parti-
cle/matrix interface [40]. Also, non-bonded particles may act as flaws
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Fig. 2. Means and standard deviations for translucency (A) and transmittance (B), in %, of materials containing 30 vol% of particles. Different letters indicate a
statistically significant difference between the groups (ANOVA 1 factor/Tukey test, p < 0.05).
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and, according to Griffith’s theory, strength is inversely proportional to
the size of the crack initiating defect [41]. On the other hand, flexural
modulus (FM) was not affected by the lack of chemical bond between
particles, as verified in previous studies [26]. This property is related to
the inter-particle interaction [42]. In fact, the material containing HAp
particles, which shows the largest median and the broadest size distri-
bution among the tested particles, presented the highest FM, in agree-
ment with a previous study [43]. On the other hand, the lowest E value
for the material with DCPD can be explained its narrow particle size
distribution and flat-plate morphology, which may result in less particle
interlocking compared to particles with irregular shape.

The percentage of calcium released from the specimens in relation to
their Ca mass (i.e., fractional release) was small, also in agreement with
previous investigations [12,44]. After 28 days, materials with HAp and
B-TCP released, respectively, 1.5 % and 0.9 %. For materials with DCPD
and CasSi, the percentages were higher (3.2 % and 6.3 %, respectively).
Solubility and particle surface area explain the differences among ma-
terials. DCPD is more soluble than HAp at neutral pH [15], while the
CaSi particles used in this study have porous structure, with high surface
area, which increases the release [45]. Additionally, the calcium fraction
in the CaSi crystalline structure is higher than in calcium orthophos-
phates (DCPD: 25.6 %, HAp: 39.9 %, B-TCP: 38.8 %, CaSi: 46.5 %).
Finally, the B-TCP used in the study was synthesized in the presence of
magnesium, which reduces its solubility, in spite of its high surface area
[46]. There are fey few studies correlating Ca>" release in solution with
in vitro remineralization. For instance, a material containing anhydrous
dibasic calcium phosphate (DCPA) and tetracalcium phosphate (TTCP)

C.

Glass S Glass NS DCPD CaSi p-TCP HAp

T T T g 0 T T T T T
25
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median of particle size (um)

Fig. 4. (A) Averages and standard deviations for biaxial flexural strength (in MPa) of experimental materials. (B) Exponential regression between particle size
median and biaxial flexural strength for materials containing non-bonded particles (percentages in parentheses indicate the BFS in relation to the material containing
silanized glass). (C) Flexural modulus, in GPa. Different letters indicate a statistically significant difference (one-way ANOVA/Tukey test, p < 0.05).
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CaSi

Fig. 5. Scanning electron microscopy images showing the microstructure of the tested materials (original magnifications, top row: 1000 x, middle row: 10,000 x).

Bottom row: calcium mapping by energy-dispersive x-ray spectroscopy (EDX).
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Fig. 6. Calcium release (left y-axis: pg/cm? right y-axis: parts per million) as a
function of the immersion time in ultrapure water. Similar upper-case letters
indicate lack of statistically significant differences for the same material in
different periods. Similar lower-case letters indicate lack of statistically signif-
icant differences between materials at a given time (repeated measures two-
way ANOVA, p < 0.05).

released 14 ppm of Ca®" in 100 mL of artificial saliva over 42 days,
which corresponded to a 38 % increase in mineral content of deminer-
alized dentin samples [47]. Among the tested materials, only those
formulated with CaSi (40.2 ppm) and DCPD (23.3 ppm) presented
28-days cumulative released concentrations above that. Future studies
must focus on defining the limits (i.e., minimum and maximum Cat
release) necessary for achieving significant dentin remineralization. By
doing so, formulations can be fine-tuned to optimize bioactivity, as well
mechanical and optical properties. Also, considering the relative solu-
bility of these particles, the materials’ mechanical behaviour after
long-term immersion in water and other solvents, as well as their wear
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resistance must be investigated in order to define if they can withstand
being exposed to the oral environment.

5. Conclusion

Considering the limitations of the study, DCPD particles demon-
strated to be an interesting choice for Ca?t source in resin-based ma-
terials, as the resulting material presented [1] higher transmittance and
degree of conversion than those formulated with $-TCP and CaSi and [2]
higher fracture strength and Ca?" release than materials with HAp and
B-TCP. The only disadvantage of the material formulated with DCPD
particles was the reduced flexural modulus. The null hypothesis can be
rejected, as the materials containing Ca-releasing particles differed in all
the tested characteristics.
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