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Abstract
Objectives  The aim of this in vitro study was to evaluate the light transmission through five different resin-matrix composites 
regarding the inorganic filler content.
Methods  Resin-matrix composite disc-shaped specimens were prepared on glass molds. Three traditional resin-matrix 
composites contained inorganic fillers at 74, 80, and 89 wt. % while two flowable composites revealed 60 and 62.5 wt. % 
inorganic fillers. Light transmission through the resin-matrix composites was assessed using a spectrophotometer with an 
integrated monochromator before and after light curing for 10, 20, or 40s. Elastic modulus and nanohardness were evaluated 
through nanoindentation’s tests, while Vicker’s hardness was measured by micro-hardness assessment. Chemical analyses 
were performed by FTIR and EDS, while microstructural analysis was conducted by optical microscopy and scanning elec-
tron microscopy. Data were evaluated using two-way ANOVA and Tukey’s test (p < 0.05).
Results  After polymerization, optical transmittance increased for all specimens above 650-nm wavelength irradiation since 
higher light exposure time leads to increased light transmittance. At 20- or 40-s irradiation, similar light transmittance was 
recorded for resin composites with 60, 62, 74, or 78–80 wt. % inorganic fillers. The lowest light transmittance was recorded for 
a resin-matrix composite reinforced with 89 wt. % inorganic fillers. Thus, the size of inorganic fillers ranged from nano- up to 
micro-scale dimensions and the high content of micro-scale inorganic particles can change the light pathway and decrease the 
light transmittance through the materials. At 850-nm wavelength, the average ratio between polymerized and non-polymerized 
specimens increased by 1.6 times for the resin composite with 89 wt. % fillers, while the composites with 60 wt. % fillers 
revealed an  increased ratio by 3.5 times higher than that recorded at 600-nm wavelength. High mean values of elastic modu-
lus, nano-hardness, and micro-hardness were recorded for the resin-matrix composites with the highest inorganic content.
Conclusions  A high content of inorganic fillers at 89 wt.% decreased the light transmission through resin-matrix composites. 
However, certain types of fillers do not interfere on the light transmission, maintaining an optimal polymerization and the 
physical properties of the resin-matrix composites.
Clinical significance  The type and content of inorganic fillers in the chemical composition of resin-matrix composites do 
affect their polymerization mode. As a consequence, the clinical performance of resin-matrix composites can be compro-
mised, leading to variable physical properties and degradation.

Keywords  Resin-matrix composite · Light curing · Polymerization · Degree of conversion · Light transmittance · Fillers · 
Inorganic particles

Introduction

In the last decades, resin-matrix composites have become the 
most suitable materials in restorative dentistry due to their 
technological development on the chemical composition and 
processing. Nowadays, resin-matrix composites are used for 

indirect and direct restorations in restorative dentistry [1–3]. 
The chemical composition involving the inorganic fillers 
and polymeric matrix of the resin-matrix composites is a 
major factor that determines their optical and mechanical 
properties [2, 3]. However, the chemical composition and 
physical properties of the currently available resin-matrix 
composites widely vary from manufacturers and types of 
materials [4–6]. Inorganic fillers are added in the chemical 

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-023-05189-7&domain=pdf


5680	 Clinical Oral Investigations (2023) 27:5679–5693

1 3

composition of the resin-matrix composites to increase their 
mechanical properties and to mimicking the optical proper-
ties of enamel and dentin [7–9]. On light curing procedures, 
the inorganic fillers must allow the transmission of visible 
light required for the activation of the polymerization reac-
tion of the polymeric matrix. Nevertheless, the polymeriza-
tion can vary depending on the content, type, and size of 
inorganic fillers considering optimal conditions on the pro-
cedure and equipment of light curing procedures [9–11]. A 
lack of polymerization decreases the strength, elastic modu-
lus, hardness, and wear resistance of the resin-matrix com-
posites leading to the degradation and release of monomers 
to the surrounding tissues [12–15].

A resin-matrix composite comprises inorganic vitreous 
fillers dispersed in an organic matrix. The organic matrix 
involves a cross-linking of dimethacrylate monomers such as 
bisphenol A-glycidyl dimethacrylate (Bis-GMA), triethylene 
glycol dimethacrylate (TEGDMA), urethane dimethacrylate 
(UDMA), and ethoxylated bisphenol A dimethacrylate (Bis-
EMA) [16–18]. Such combination of molecules  results 
in an organic matrix that depends on the structure of the 
monomers and the polymerization reaction. On visible-light 
polymerization, camphorquinone (CQ) combined with a 
tertiary amine are incorporated in resin-matrix composites as a 
photoinitiator system [19–22]. Also, acyl and bisacyl phosphine 
oxide initiators can be utilized as single-component visible-light 
alpha-cleavage initiators at wavelengths usually below 450 
nm [20, 23, 24]. In the organic matrix, CQ is stimulated by 
visible light irradiation in the range between 420 and 490 nm 
[15, 25, 26]. Commercially available resin-matrix composites 
show a weight percentage (wt. %) of inorganic filler content 
ranging from 40 up to 90 wt. % [7, 27]. A mixture of different 
inorganic fillers (i.e., glass ceramics and silica) at different sizes 
can be found in the chemical composition of current resin-
matrix composites [6, 8, 28]. Nano- and micro-scale particles 
are combined in the resin-matrix composite microstructure to 
promote a mechanical reinforcement under chewing loading [6, 
9, 28]. In fact, a high content of nano- and micro-scale particles 
results in a low organic matrix volume under polymerization. 
Indeed, inorganic fillers affect the polymerization shrinkage, 
wear, surface roughness, translucency, opalescence, and 
fluorescence of resin-matrix composites [18, 29, 30]. Resin-
matrix composites with volume fraction up to 60 wt. % revealed 
increased values of flexural strength and elastic modulus 
[31]. Despite the influence of the inorganic filler content 
on the mechanical properties of resin-matrix composites, 
the nature and shape of the inorganic particles must also be 
considered  [33, 34]. Spherical-shaped inorganic particles allow 
higher amount of fillers within the resin-matrix composites, 
and the enhancement of materials'  strength comparatively to 
the materials with irregular filler particles, once the  stresses 
tend to accumulate in the protuberances of the irregular-shaped 
particles [32]. Nevertheless, the effects of the content, size, 

and shape of inorganic fillers on the light transmission through 
resin-matrix composites are not entirely elucidated in literature.

The polymerization of resin-matrix composites for direct 
restorations can be achieved by demand using light-curing units 
(LCU) as a source of light ranging from 360 up to 500 nm [25, 
35, 36]. Currently, light-emitting diodes (LED) are the most 
typical light source within wavelength ranging from 360 up to 
500 nm, light irradiance between 400 and 1765 mW/cm2, and 
light exposure from 20 to 60 s [37–39]. The time of light exposure 
depends on the light irradiance as well as type and thickness of 
the restorative materials  to reach the energy required for the 
polymerization of the resin-matrix composite. The incident light 
can be reflected, refracted, absorved, scattered, and/or transmitted  
towards the material. On the resin-matrix composites’ surfaces, 
part of the light is reflected, due to the differences in the material 
refractive indexes [9]. Scattering also occurs when light passes 
through the material due to the existence of fillers and defects 
such pores or cracks. Scattering changes with the wavelength of 
incident light and is mostly determined by the particle size and by 
the relationship between their refractive indexes [9, 40, 41]. The 
accomplishment of the polymerization of the organic matrix leads 
to densely crosslinked, glassy polymer networks that provide high 
values of physical properties such as strength, elastic modulus, 
hardness, toughness, and wear resistance [42–44]. The optical 
and mechanical behavior of resin-matrix composites is strongly 
influenced by the degree of conversion (DC) of the organic matrix 
[14, 17]. DC percentage of resin-matrix composites is determined 
by a comparison of the peak height absorbance intensity of 
aliphatic carbon–carbon double bond (C = C) with aromatic C = C, 
before and after irradiation [18, 45]. Manufacturers recommend 
resin-matrix composite increments with 2-mm thickness [46, 47],  
to achieve adequate DC proportion. The clinical success of direct 
restorations depends on the light transmission, polymerization, 
and material properties [4, 5].

The relationship among light, polymerization, DC, and 
fillers raised the question on the influence of inorganic fillers 
content on light transmission through resin-matrix compos-
ites. Thus, the purpose in this study was to evaluate the light 
transmission through five different resin-matrix composites 
regarding the inorganic filler content. The following hypoth-
eses were established: (i) the percentage of inorganic fillers 
has a significant influence on the light-curing transmission 
through the resin-matrix composites; (ii) the increase in the 
inorganic fillers’ amount induces a high light-curing trans-
mission through the material.

Materials and methods

Preparation of specimens

Disc-shaped specimens (diameter at 10 mm × thickness of 
2 mm) were prepared from five different commercially 
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available resin-matrix composites. Traditional and flow-
able resin-matrix composites (shade A1) were selected 
considering a variation proportion of the inorganic fillers’ 
content ranging from 60 up to 89 wt. %. The chemical 
composition of the resin-matrix composites was provided 
by the manufacturers, as seen in Table 1. Data of the resin-
matrix composites were given by the manufacturers. Sev-
enty-five specimens were prepared in a custom-made glass 

holder following the standard incremental technique, as 
seen in Fig. 1. Five specimens were prepared for each set 
of polymerization time point.

The polymerization of the resin-matrix composites 
was carried out using a LED light curing unit (Cordless 
LED light B™, Woodpecker Co., Poland). Light-curing 
unit (LCU) emitted light with a wavelength ranging from 
430 up to 480 nm. Prior to the light-curing procedure, the 

Table 1   The chemical composition of the tested resin-matrix composites provided by the manufacturers.  

Bis-GMA, bisphenol A-glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-EMA, eth-
oxylated bisphenol A dimethacrylate; CQ, camphorquinone

Material, Brand (manufacturer, country) Organic matrix Inorganic fillers
(wt. %)

Filler shape, type, and size

Nano-hybrid resin-matrix 
composite, Grandio SOTM 
(VOCO GmbH, Germany) 

Bis-GMA, Bis-EMA, TEGDMA, CQ 89 Silanized silicon dioxide nanoparticles 
(20–40 nm) and zirconia glass fillers 
(1 μm)

Nano-hybrid resin-matrix 
composite, Ceram × Spectra HVTM 
( Dentsply Sirona, USA) 

Bis-EMA, UDMA, TEGDMA, CQ 78–80 Silanized barium glass, sphereTEC™ 
prepolymerized fillers, and non-
agglomerated ytterbium fluoride; 
methacrylic polysiloxane nanoparticles. 
Fillers ranged from 0.1 to 3 µm

Sub-micron hybrid resin-matrix 
composite, Coltene EverglowTM 
(Coltene, Switzerland) 

Bis-GMA, TEGDMA, Bis-EMA, CQ 74 Amorphous silica, glass–ceramic, zinc 
oxide.

Fillers ranged from 0.02 up to 1.5 μm
Flowable resin-matrix compos-

ite, Ceram × Spectra flowTM 
( Dentsply Sirona, USA) 

UDMA, Bis-Hema, CQ 62.5 Barium- aluminum-borosilicate glass, 
ytterbium fluoride, iron oxide, and 
titanium oxide SphereTEC™. Fillers 
ranged from 0.1 up to 3.0 µm

Flowable resin-matrix composite, Coltene 
Everglow flowTM (Coltene, Switzerland)

TEGDMA, Bis-GMA, CQ 60 Amorphous silica and zinc oxide.
Fillers ranged from 0.02 up to 1.5 μm

Fig. 1   A Preparation of specimens and light irradiance time points. B Optical transmittance measurements



5682	 Clinical Oral Investigations (2023) 27:5679–5693

1 3

irradiance of the device was measured by a calibrated radi-
ometer (ProclinicExpert™, Montellano, Lisbon), showing 
systematically a steady irradiance at 350 mW/cm2. The 
LCU tip was mechanically positioned perpendicularly to 
the specimen surface plane and at 7 mm away from the 
surface, as seen in Fig. 1. The light irradiance was car-
ried out following the guidelines from a previous study 
[44]. It should be emphasized that the light-curing proce-
dure was performed in a controlled environment, with no 
expected light losses or dissipation through the surround-
ing environment.

Optical transmittance tests

Optical transmittance measurements were performed for 
each specimen before and after light curing for 10, 20, or 
40 s (Fig. 1A). Thus, the setup comprised the optical trans-
mittance measurement of non-polymerized specimens, fol-
lowed by the polymerization of the specimens, and then 
the optical transmittance measurement of light-cured 
specimens (Fig. 1B). The measurements were immediately 
performed after polymerization. For calibration purposes, 
optical reference measurements were acquired between 
each set of measurements. All the transmittance spectra 
were measured using a top-bench spectrophotometer with 
an integrated monochromator (AvaSpec-ULS2048XL 
EVO, Avantes, NS Apeldoorn, The Netherlands). The 
apparatus comprised a 200 W Quartz Tungsten Halogen 
light source (model 66,881, Oriel Newport, USA), optical-
fiber probes, and a metallic holder for specimens (Fig. 1B).

The assays were performed for a wavelength range 
between 350 and 850 nm, with a measurement integra-
tion time of 10 ms. The integrated monochromator was 
coupled to a computer for data acquisition and smoothing, 
based on 100 measurements’ average (1 s total analysis 
time). The spectrophotometer has an optical bench with 
37.5-, 50-, 75-, or 100-mm focal length, developed in a 
symmetrical Czerny-Turner design. Light enters the opti-
cal bench through a standard SMA-905 connector and is 
collimated by a spherical mirror. A plain grating diffracts 
the collimated light and a second spherical mirror focuses 
the resulting diffracted light. An image of the spectrum is 
projected onto a 1-dimensional linear detector array (as 
manufacturer information). The experiments were run in 
triplicate and carried out in five independent assays.

Nano‑indentation and micro‑hardness tests

Resin-matrix composite specimens were embedded in 
autopolymerizing polyether-modified resin (Technovit 
400™; Kulzer GmbH, Germany) in polyvinyl chloride mold 
[49]. Then, assemblies were cross-sectioned at 90° relative 

to the surface plane. Specimens were cross-sectioned by wet 
grinding on low speed using a standard laboratory metal-
lographic machine (Struers, USA) and SiC papers ranging 
from 120 down to 400 mesh [49]. Cross-sectioned speci-
mens were wet ground by using SiC paper from 300 down to 
2400 mesh followed by polishing with 3000 and 6000 mesh 
(3-μm particle size) SiC paper (Trizact ™, 3M ESPE, USA). 
Then, specimens were ultrasonically cleaned in prophyl 
alcohol for 5 min and in distilled water for 10 min [50]. An 
optical micrography of a cross-sectioned specimen at × 200, 
is shown in Fig. 3F.

Nanoindentation tests were carried out with the loading 
axis perpendicularly to the specimen’s surfaces (Fig. 1). A 
nano-hardness tester (Nano Instruments, Inc. Knoxville; 
TN, USA) operated with a Berkovich diamond pyramid tip 
(apex angle of 143°) was used to make nanoscopic inden-
tations in triplicate over the surfaces (n = 9). Load of 5 
mN was applied at 0.04 mN/s onto the specimens for 15 
s.  Five points at different regions  were determined along 
the specimen. The shape function was determined by the 
Oliver and Pharr method (1992). Nanoindentation tests per-
formed at 90° relative to the surface allow evaluating stress/
strain fields induced during indentation across the speci-
men with respect to the displacement axis of the indenter. 
Nano-hardness and elastic modulus were acquired as a func-
tion of the position of the indenter axis relative to the speci-
mens’ surface. Additionally, Vickers micro-hardness of the 
specimens was measured using  a micro-indenter apparatus 
(Leica VMHT30™, Leica Microsystems, Germany) with 
a diamond pyramid-shape indenter. An indentation load 
at 200 g was applied onto the specimens for 20 s [44, 51, 
52] at 5 different points on the surface of each specimen 
(n = 15). The plastic deformation of the indentation area was 
inspected using an optical microscope (Leica DM 2500 ™; 
Leica Microsystems, Germany) coupled to a computer for 
image processing by Leica Application Suite™ software.

Chemical and microstructural analyses

At first, cross-sectioned specimens were inspected by optical 
microscopy at magnification ranging from × 30 up to × 1000. 
Microstructural analyses were performed using an optical 
microscope (Leica DM 2500 ™; Leica Microsystems, Ger-
many) coupled to a computer for image processing, using 
Leica Application Suite™ software (Leica Microsystems, 
Germany). A number of  five micrographs were acquired 
at different magnifications, for each specimen (n = 15). The 
software Adobe PhotoshopTM (Adobe Systems Software, 
Ireland) was used to analyze black and white images, con-
sidering the black region represented the organic matrix and 
the white regions represented the inorganic fillers. Image 
JTM software (National Institutes of Health, USA) was used 
to quantify the content of inorganic fillers. Then, surfaces 
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were sputter coated with a AgPd thin layer for scanning 
electron microscopy (SEM) analyses by using a SEM unit 
JSM-6010 LV™ (JEOL, Japan) coupled to energy dispersive 
spectroscopy (EDS). The inorganic fillers and microstructure 
of the specimens were evaluated at high magnification rang-
ing from × 1000 up to × 20,000 under (SE) secondary and 
(BSE) backscattered electrons, as shown in Fig. 4 [34–36]. 
Even though the chemical composition of the resin-matrix 
composites was provided by the manufacturers (in Table 1), 
elemental analyses were performed by energy dispersive 
spectroscopy (EDS) coupled to the SEM apparatus.

Statistical analysis

Results were statistically analyzed by normality test Sha-
piro–Wilk and two-way ANOVA to determine statistical 
differences in the micro-hardness, nano-hardness, elastic 
modulus, and transmittance values between groups. The 
Student t-test was used to compare the results consider-
ing the content of inorganic fillers and polymerization 
time. A probability value  below 0.05 was considered 
significant. The power analysis performed by Student 
t-test or ANOVA to determine the number of specimens 
for each group (n) revealed a test power of 100% in the 
present study. Statistical analyses were carried out using 
Origin Lab statistical software (Origin Lab, Northamp-
ton, MA, USA).

Results

Chemical and microstructural analyses results

The microstructure of the materials acquired by optical 
microscopy can be noticed in Fig. 2A–C. At low magni-
fication, the white spots in the micrographs represent the 
micro-scale inorganic fillers with an irregular morphological 
aspect. The morphological aspects were evaluated at higher 
magnification by SEM at secondary or backscattered elec-
trons mode, as seen in Fig. 2D–I.

On SEM analyses, the micro-scale inorganic fillers 
were clearly inspected and the sizes of the particles were 
measured for each material. The chemical analyses by 
EDS detected the presence of zinc oxide in the flowable 
resin-matrix composites reinforced with 60 wt. % inorganic 
fillers and ytterbium fluoride and silica for flowable resin-
matrix composites reinforced with 62.5 wt. %. Traditional 
resin-matrix composites reinforced with 74 wt. % inorganic 
fillers revealed the presence of silica (spherical particles) 
and glass ceramic (with irregular shape). Traditional resin-
matrix composites reinforced with 78–80 wt. % inorganic 
fillers showed the presence of spherical silica particles and 
glass ceramic with irregular shape.

The resin-matrix composite with 78–80 wt. % inorganic 
fillers revealed the presence of silica, ytterbium fluoride, 
and barium glass, while composites reinforced with 89 wt. % 
inorganic fillers revealed silica and zirconia in their micro-
structure. Chemical composition of the inorganic fillers cor-
roborated with the technical information provided by the 
manufacturer (Table 1). As seen in Fig. 2I, the size of the 
zirconia particles ranged from 0.74 up to 5.01 μm.

Optical transmittance analysis

As seen in Fig. 3, the transmittance spectra of non-polym-
erized specimens (0 s) were quite similar with a high trans-
mittance within the ultraviolet (UV) region, below 400-nm 
wavelength.

The non-polymerized (np) specimens showed very low 
optical transmittance from 400- up 850-nm wavelength once 
the light was completely absorbed. Thus, non-polymerized 
resin-matrix composites showed no significant differences in 
optical transmittance for wavelengths above 450 nm (Fig. 3).

After the polymerization, there was an increase in optical 
transmittance of all specimens above 650-nm wavelength, 
i.e., when the optical spectrum approaches the near-infra-
red (near-IR) region. On higher polymerization time, the 
increase in the light transmittance  was also higher, show-
ing that the polymerization of the resin-matrix composites 
increases with the irradiance time. For instance, similar 
optical transmittance behavior was noticed for resin-matrix 
composites containing 62.5 and 78–80 wt. % inorganic fill-
ers since an increase in transmittance occurred for polymeri-
zation time from 0 up to 40 s. Both resin-matrix composites 
contained the same types and quite similar dimensions of 
inorganic particles, as seen in Fig. 2.

Also, resin-matrix composites containing 60 and 74 wt. % 
inorganic fillers revealed similar light transmittance at irra-
diance for 20 or 40 s. The findings also suggested the light 
irradiance time can be performed for 20 s and therefore the 
clinical procedure validate such findings. Resin-matrix com-
posites containing 60 and 74 wt. % inorganic fillers were 
composed of identical types of inorganic particles. Nev-
ertheless, different light transmittances were recorded for 
resin-matrix composites reinforced with 89 wt. % inorganic 
fillers (Fig. 3A). A lower increase of light transmittance was 
detected for such composite for 20 or 40 s when compared to 
the other resin-matrix composites (Fig. 3B–E). Light trans-
mittance was higher at irradiance time for 20 s compared to 
values recorded for 40 s. Statistical analyses of transmittance 
measurements at 850-nm wavelength are shown in Table 2.

In Fig.  4, the average ratio of the light transmittance 
between the polymerized (p) and non- polymerized (np) spec-
imens (n/np ratio) is shown regarding the light wavelength 
range from 600 up to 850 nm for different polymerization 
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time points: 10, 20, and 40 s. The results showed 1.6 times 
higher transmittance ratio for resin-matrix composites rein-
forced with 89 wt. % inorganic fillers under light irradiance 
at 850-nm wavelength in comparison with light irradiance at 
650-nm wavelength (p = 0.0038). Also, p/np ratio was higher 
for 40 s compared to the ratio for 10 or 20s  (Fig. 4A). The p/
np ratio for resin-matrix composites reinforced with 78–80 wt. 
% inorganic fillers was higher under light irradiance for 20 s 
(p = 0.018) and 40 s (p = 0.0009) and lower for 10 s (p = 0.001), 
being 2.5 times higher at the 850-nm wavelength than at 600-
nm wavelength (Fig. 4B). The p/np ratio for resin-matrix com-
posites reinforced with 74 wt. % inorganic fillers was similar 
under light irradiance for 10 or 20 s  (p < 0.0001), although p/
np ratio was higher for 40 s (p = 0.0002) and increased × 2.5 
from 600-nm up to 850-nm wavelength (Fig. 4C). Resin-
matrix composites reinforced with 62.5 wt. % inorganic fillers 
showed a higher p/np ratio for 40 s (p < 0.0001) and lower p/

np ratio for 10 or 20 s (p < 0.0005), but it was 2.5 times under 
light irradiance at 850-nm wavelength (Fig. 4D). At last, the 
resin-matrix composites reinforced with 60 wt. % inorganic 
fillers showed the highest p/np ratio since it was recorded at 
3.5 times higher under light irradiance at 850-nm wavelength 
than that at 600-nm wavelength (p < 0.0001) (Figs. 4E and 5).

An overall comparison of the average ratio of the light 
transmittance between the polymerized and non-polymer-
ized specimens is shown in Fig. 5. Statistical data on the p/
np ratio at 850-nm wavelength are shown in Table 3.

Mechanical behavior

In Fig. 6, the micro-hardness mean values are reported for 
the resin-matrix composites reinforced with different con-
tents of inorganic fillers and polymerized under light irradi-
ance for 20 or 40 s.

Fig. 2   A-C  Optical microscopy recorded at × 500 magnification for 
resin-matrix composites reinforced with A 60, B 78–80, and C 89 wt. 
% inorganic fillers. D-I  SEM images recorded at × 5000 magnifica-
tion for resin-matrix composites reinforced with D 60, E 62.5, F 74, 

G 78–80, and H 89 wt. % inorganic fillers. I SEM images recorded 
at × 10,000 magnification for resin-matrix composites reinforced with 
89 wt. % inorganic fillers
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As expected, the highest microhardness mean values 
were recorded for resin-matrix composites reinforced with 
89 wt. % inorganic fillers after polymerization for 20 or 40 s 
(p < 0.005). In the same way, resin-matrix composites rein-
forced with 78–80 wt. % inorganic fillers showed higher 
microhardness mean values than the other resin-matrix com-
posites after polymerization for 20 s (p < 0.05). Flowable 
resin-matrix composites showed low micro-hardness values 
and the composites reinforced with 60 wt. % inorganic fillers 
revealed the lowest mean values.

Mean values of elastic modulus and nano-hardness of the 
materials recorded by nano-indentation assays are shown 
in Fig. 6C and D. After light irradiance for 20 or 40 s, the 
highest mean values of elastic modulus and nano-hardness 
were measured for resin-matrix composites reinforced with 
89 wt. % (p < 0.001), followed by the composites reinforced 
with 78–80 wt. % (p < 0.05), while the lowest values were 
recorded for composites reinforced with 62.5 wt. %.

Discussion

The present study focuses on the effect of inorganic parti-
cles on the light transmittance through resin-matrix com-
posites by using visible and near-IR spectrophotometry. 
Thus, the findings acquired in this study revealed the per-
centage of inorganic fillers influences the light transmit-
tance through the resin-matrix composites. Resin-matrix 
composites reinforced with 89 wt. % inorganic fillers 
showed a low light transmittance after polymerization for 
10, 20, or 40s. Also, the highest content of fillers resulted 
in a low ratio of light transmittance on the resin-matrix 
composites regarding light absence before and light irra-
diance. On the other hand, flowable resin-matrix compos-
ites reinforced with 60 wt. % inorganic fillers revealed the 
highest light transmittance and consequently light trans-
mittance ratio regarding light absence before and after 
light irradiance. In this way, the results validate the first 

Fig. 3   Transmittance (a.u.) of the resin-matrix composites in the 
wavelength range from 350 up to 850 nm at light irradiance for 0 s 
(non-polymerization), 10 s, 20 s, and 40 s. Resin-matrix composites 

containing A 89, B 78–80, C 74, D 62.5, and E 60 wt. % inorganic 
fillers. F Schematics of the light transmission through resin-matrix 
composites
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hypothesis of the present study. The second hypothesis 
was rejected on the increase in the fillers’ amount induc-
ing a high light-curing transmission through the material.

In this study, five types of resin-matrix composites were 
assessed considering the content of inorganic fillers, as seen 
in Table 1. One group of resin-matrix composites showed a 
high content of inorganic fillers at 89 wt. %, while another 
group revealed a low content of inorganic fillers at 60 wt. %. 
Inorganic fillers were properly identified by scanning elec-
tron microscopy coupled to energy dispersive spectros-
copy. Resin-matrix composite reinforced with 89 wt. % 

Table 2   Analysis of variance of the transmittance results at 850-
nm wavelength. Each measurement corresponds to an individual sam-
ple

Variation Square sum d.f Square aver-
age

(F) p

60 wt. % fillers for 10 s
  Between 

groups
0.182 1 0.182 116.139  < 0.001

  Within 
groups

0.013 8 0.002

  Total 0.195 9
60 wt. % fillers for 20 s

  Between 
groups

1.384 1 1.384 870.799  < 0.001

  Within 
groups

0.013 8 0.002

  Total 1.397 9
60 wt. % fillers for 40 s

  Between 
groups

1.174 1 1.174 668.013  < 0.001

  Within 
groups

0.014 8 0.002

  Total 1.188 9
62.5 wt. % fillers for 10 s

  Between 
groups

0.036 1 0.036 101.424  < 0.001

  Within 
groups

0.003 8 0.000

  Total 0.038 9
62.5 wt. % fillers for 20 s

  Between 
groups

0.137 1 0.137 386.916  < 0.001

  Within 
groups

0.003 8 0.000

  Total 0.140 9
62.5 wt. % fillers for 40 s

  Between 
groups

0.903 1 0.903 941.626  < 0.001

  Within 
groups

0.008 8 0.001

  Total 0.910 9
74 wt. % fillers for 10 s

  Between 
groups

0.337 1 0.337 258.886  < 0.001

  Within 
groups

0.010 8 0.001

  Total 0.347 9
74 wt. % fillers for 20 s

  Between 
groups

1.019 1 1.019 897.650  < 0.001

  Within 
groups

0.009 8 0.001

  Total 1.028 9
74 wt. % fillers for 40 s

  Between 
groups

0.877 1 0.877 255.582  < 0.001

Table 2   (continued)

Variation Square sum d.f Square aver-
age

(F) p

  Within 
groups

  Total
78–80 wt. % fillers for 10 s

  Between 
groups

0.095 1 0.095 89.436  < 0.001

  Within 
groups

0.008 8 0.001

  Total 0.103 9
78–80 wt. % fillers for 20 s

  Between 
groups

0.241 1 0.241 21.852 0.002

  Within 
groups

0.088 8 0.011

  Total 0.330 9
78–80 wt. % fillers for 40 s

  Between 
groups

0.877 1 0.877 255.582  < 0.001

  Within 
groups

0.027 8 0.003

  Total 0.905 9
89 wt. % fillers for 10 s

  Between 
groups

0.046 1 0.046 77.409  < 0.001

  Within 
groups

0.005 8 0.001

  Total 0.050 9
89 wt. % fillers for 20 s

  Between 
groups

0.192 1 0.192 72.568  < 0.001

  Within 
groups

0.021 8 0.003

  Total 0.213 9
89 wt. % fillers for 40 s

  Between 
groups

0.061 1 0.061 22.891 0.001

  Within 
groups

0.021 8 0.003

  Total 0.083 9
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inorganic fillers was composed of irregular shape glass fill-
ers and spherical amorphous silica (Fig. 2). The dimensions 
of glass fillers were identified at micro-scale, while silica 
was detected at submicron- and nano-scale. Considering 
the type of inorganic fillers, a similar microstructure was 
noticeable on the resin-matrix composites reinforced with 
62.5 or 80 wt. % inorganic fillers composed of ytterbium 
fluoride or amorphous silica. The mean size of most inor-
ganic fillers was measured at submicron- and micro-scales 
although nano-scale silica was also enclosed. Furthermore, 
a similar microstructure was noticeable on the resin-matrix 
composites reinforced with 60 or 74 wt. % inorganic fill-
ers composed of ytterbium fluoride or amorphous silica at 
micro-, submicron-, or nano-scale dimensions. The resin-
matrix composites were selected considering a similarity 
of organic components as follows: Bis-GMA, Bis-EMA, 

Fig. 4   Transmittance ratio (a.u.) between the polymerized and non-
polymerized resin-matrix composites in the wavelength range from 
600 up to 850 nm at light irradiance. Resin-matrix composites con-

taining A 89, B 78–80, C 74, D 62.5, and E 60 wt. % inorganic fillers. 
F Schematics of the light transmission through resin-matrix compos-
ites

Fig. 5   Ratio of the transmittance of the polymerized and non-polym-
erized  (p/np ratio) resin-matrix composites for different light irradi-
ance exposures. *Statistically significant (p < 0.05); **highly signifi-
cant (p < 0.001)
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TEGDMA,  UDMA,  HEMA (Table 1). The photoinitiator 
system, namely, camphorquinone, was analogous for each 
resin-matrix composite. Thus, the refractive index of mono-
mers and inorganic fillers can affect the light transmittance 
through resin-matrix composites [1, 53, 54] that implies the 
light transmittance is highly dependent on the type of mate-
rials [4, 54, 55].

Low-light transmittance through resin-matrix compos-
ites reinforced with a high proportion of inorganic fillers 
(i.e., 89 wt. %) corroborates with the inorganic particles 
influencing the light distribution through the resin-matrix 

Table 3   Analysis of variance of the p/np  ratio at 850-nm wave-
length for 10, 20, and 40 s compared  with p/np ratio at 0 s

Variation Square sum d.f Square 
average

(F) p

p/np ratio on 60 wt. % fillers for 10 s
  Between 

groups
5.270 1 5.270 110.222  < 0.001

  Within 
groups

0.383 8 0.048

  Total 5.653 9
p/np ratio on 60 wt. % fillers for 20 s

  Between 
groups

13.244 1 13.244 217.447  < 0.001

  Within 
groups

0.487 8 0.061

  Total 13.732 9
p/np ratio on 60 wt. % fillers for 40 s

  Between 
groups

13.309 1 13.309 112.508  < 0.001

  Within 
groups

0.946 8 0.118

  Total 14.256 9
p/np ratio on 62.5 wt. % fillers for 10 s

  Between 
groups

4.242 1 4.242 148.963  < 0.001

  Within 
groups

0.228 8 0.028

  Total 4.469 9
p/np ratio on 62.5 wt. % fillers for 20 s

  Between 
groups

4.031 1 4.031 623.348  < 0.001

  Within 
groups

0.052 8 0.006

  Total 4.083 9
p/np ratio on 62.5 wt. % fillers for 40 s

  Between 
groups

7.086 1 7.086 1568.183  < 0.001

  Within 
groups

0.036 8 0.005

  Total 7.122 9
p/np ratio on 74 wt. % fillers for 10 s

  Between 
groups

4.242 1 4.242 148.963  < 0.001

  Within 
groups

0.228 8 0.028

  Total 4.469 9
p/np on 74 wt. % fillers for20 s

  Between 
groups

4.031 1 4.031 623.348  < 0.001

  Within 
groups

0.052 8 0.006

  Total 4.083 9
p/np ratio on 74 wt. % fillers for 40 s

  Between 
groups

5.485 1 5.485 188.508  < 0.001

Table 3   (continued)

Variation Square sum d.f Square 
average

(F) p

  Within 
groups

0.233 8 0.029

  Total 5.718 9
p/np ratio on 78–80 wt. % fillers for 10 s

  Between 
groups

2.113 1 2.113 226.218  < 0.001

  Within 
groups

0.075 8 0.009

  Total 2.187 9
p/np ratio on 78–80 wt. % fillers for 20 s

  Between 
groups

5.583 1 5.583 934.345  < 0.001

  Within 
groups

0.048 8 0.006

  Total 5.631 9
p/np ratio on 78–80 wt. % fillers for 40 s

  Between 
groups

7.190 1 7.190 112.027  < 0.001

  Within 
groups

0.513 8 0.064

  Total 7.703 9
p/np ratio on 89 wt. % fillers for 10 s

  Between 
groups

0.433 1 0.433 34.296  < 0.001

  Within 
groups

0.101 8 0.013

  Total 0.534 9
p/np ratio on 89 wt. % fillers for 20 s

  Between 
groups

0.366 1 0.366 29.683 0.001

  Within 
groups

0.099 8 0.012

  Total 0.465 9
p/np ratio on 89 wt. % fillers for 40 s

  Between 
groups

1.092 1 1.092 21.784 0.002

  Within 
groups

0.401 8 0.050

  Total 1.493 9
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composites. Light transmittance increased with the content 
of inorganic fillers decreased down to 60 wt. %. Such find-
ings are consistent with the literature data which indicates 
that increased amount of filler promotes lower transmittance 
values [1, 56, 57]. That was also noticed by the evaluation of 
the ratio between the transmittance of the polymerized and 
non-polymerized specimens since specimens with a high 
inorganic fillers’ content showed lower ratio values. Never-
theless, a lower ratio was detected for composites containing 
62.5 wt. %, that can be explained by a significant proportion 
of opaque and irregular inorganic fillers, such as ytterbium 
fluoride [58]. After polymerization, the optical transmittance 
values were lower at UV region than the values recorded for 
the spectra infrared region. Light transmittance in the UV 
region for non-polymerized and polymerized specimens for 
10, 20, or 40 s indicates that light is mainly absorbed in the 
visible light spectra, while UV light is mainly transmitted 
through the resin composites.  It can be explained by the 
arrangement of the polymer networks after polymerization, 
which allows a proper and efficient light pathway [4, 56]. 
Camphorquinone consumption, which reduces light absorp-
tion, can also be a factor to increase the light transmittance 
[53]. Additionally, the exothermic nature of the polymeriza-
tion chain reaction causes a transient decrease in the refrac-
tive index of resin-matrix composites due to a decrease in 
their density leading to an increase in the light transmittance 
[4, 56]. Thus, the decrease of the light transmittance in func-
tion of a high filler content can be expected although the 

nature of the inorganic fillers also plays a key role on the 
light transmission pathways. For instance, glass ceramics 
such as silica can provide a high translucency, while other 
glass ceramics provide a reflection of visible light. The size 
of inorganic particles also affected the light transmittance 
ratio since the light transmittance increased when the inor-
ganic particles’ size decreased [4, 59]. A mixture of different 
inorganic fillers (i.e., glass ceramics and silica) at different 
sizes can be found in the chemical composition of current 
resin-matrix composites. In this way, a balance in the type 
and size of glass ceramics should be investigated in further 
studies.

The indirect evaluation of polymerization efficiency and 
relative DC percentage [29] can also be predicted by meas-
uring the mechanical properties of the materials including  
hardness, strength, fracture toughness, or elastic modulus 
[60, 61]. Most of resin-matrix composite groups revealed 
higher light transmittance values after light irradiation for 
40 s when compared to the values for 20 s. The results of 
ratio and light transmittance were consistent with the micro-
hardness measurements, indicating a high polymerization 
of the materials after light curing for 40 s. However, com-
mercially available resin-matrix composites can reveal vary-
ing optical behavior under light irradiation depending on 
several factors including exposure time. As seen in Figs. 4 
and 5, the inorganic particles lead to light scattering that 
interferes in the light transmittance concerning a puzzling 
function of the filler size, distribution, and the mismatch of 

Fig. 6   A SEM image of the Vickers indentation on the resin-matrix 
matrix specimen. Mean values of B micro-hardness, C elastic mod-
ulus, and D nano-hardness recorded for resin-matrix composites 

after polymerization for A 20  s or B 40  s. *Statistically significant 
(p < 0.05); **highly significant (p < 0.001)
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refractive indexes between the inorganic fillers and organic 
matrix [62, 63]. For instance, resin-matrix composites rein-
forced with 60 wt. % inorganic fillers were significantly 
dependent on the light exposure time in the present study. 
The transmittance ratio was lower under light exposure for 
10 s when compared to the light irradiation for 20 or 40 s. 
Specimens containing 62.5 or 78–80 wt. % fillers showed a 
similar behavior regarding the ratio, although resin-matrix 
composites with 62.5 wt. % fillers were more dependent 
on light exposure time. On the other hand, the resin-matrix 
composite reinforced with 89 wt. % inorganic fillers was 
not dependent on the light exposure for 20 or 40 s. Vickers 
micro-hardness values showed slightly higher values for 20 s 
when compared to those recorded after polymerization for 
40 s, which indicates the resin-matrix composite was prop-
erly polymerized for 20 s. The increased filler content of 
resin-matrix composites tends to improve mechanical prop-
erties of resin-matrix composites  [58]. Micro-hardness val-
ues recorded for resin-matrix composites containing 89 wt. 
% and 78–80 wt. % inorganic fillers after polymerization for 
20 and 40 s were similar to the results from previous studies 
[64]. Also, the elastic modulus and nano-hardness results 
were consistent with the values provided by the manufac-
turers. In this study, mechanical behavior of resin-matrix 
composites was highly dependent on the light exposure time, 
except on the Vicker’s microhardness for the resin-matrix 
composites containing 89 wt. % fillers. The highest values of 
Vicker’s microhardness recorded for the resin-matrix com-
posite containing 89 wt. % fillers were resultant from the 
high inorganic fillers’ content. The elastic modulus values 
for resin composites with 89 wt. % fillers were in concord-
ance  with the values recorded in previous studies [31–33]. 
Also, the results showed differences in values recorded after 
light curing exposure over light curing for 20 or 40 s. The 
other groups of resin-matrix composites reinforced with 60, 
62.5, and 78 wt.% fillers possess a higher portion of organic 
matrix, which requests a longer exposure of visible light 
for adequate polymerization. Then, the DC of monomers 
in the organic matrix of those resin-matrix composites is 
dependent on the light exposure time to achieve the required 
mechanical properties. The findings were validated consider-
ing the differences in light transmittance through the tested 
groups of resin-matrix composites with inorganic fillers 
ranging from 60 up 89 wt.%. Such findings are clinically 
relevant since an adequate polymerization via chair side 
light curing units must be accomplished by the clinicians 
to guarantee proper mechanical properties in the oral cavity 
environment [65]. Thus, the relationship among light irra-
diance, polymerization, DC, and inorganic fillers plays an 
important role on the physicochemical behavior of the resin-
matrix composites. Commercially resin-matrix composites 
are progressively improved by manufacturers and a wide 
range of materials are available for restorative dentistry. 

Then, novel materials must be analyzed by traditional and 
alternative physicochemical approaches. The present data 
show that visible and near-IR spectrophotometry could be 
considered a potential alternative methodology to estimate 
the DC of resin-matrix composites through the evaluation 
of the light transmittance behavior. Considering the findings 
shown in the present study, further studies can be carried 
out involving a comparison of data with other methods such 
as Fourier transform infrared (FTIR) or near-infrared (IR).

Conclusions

Within the limitations of the present in vitro study, the 
results indicate a decrease in the light transmittance through 
resin-matrix composites when the content of inorganic fill-
ers increased in their chemical composition. However, the 
chemical composition, microstructure, and light irradiance 
exposure also varied concerning different commercially 
available resin-matrix composites. The concluding remarks 
can be drawn as follows:

•	 Glass ceramics, ytterbium fluoride, and amorphous silica 
were the inorganic fillers found within the tested resin-
matrix materials. The size of inorganic fillers ranged 
from nano- up to micro-scale dimensions and the high 
content of micro-scale inorganic particles can change 
the light pathway and decrease the light transmittance 
through the materials. Also, inorganic fillers with a high 
light refractive index interfere in the light irradiance, and 
therefore a balance in the light refractive index between 
inorganic fillers and organic matrix plays a key role in 
the light transmittance through the materials.

•	 The lowest light transmittance values were recorded for a 
resin-matrix composite reinforced with 89 wt. % inorganic 
fillers, while the highest light transmittance was recorded on 
the resin-matrix composite reinforced with 60 wt. % inor-
ganic fillers. However, a low light transmittance was noticed 
for the resin-matrix composite reinforced with 62.5 wt. % 
fillers due the presence of opaque inorganic fillers.

•	 The elastic modulus and hardness values of resin-matrix 
composites reinforced with 89 wt.% fillers (11 wt.% 
organic matrix) were not significantly affected by the 
variation in light exposure from 10 up 40 s. On the other 
side, resin composites reinforced with 60 wt. % fillers (40 
wt.% organic matrix) showed low mechanical properties 
only after  light irradiance for 10 s, and therefore their 
light transmittance ratio increased with the light exposure 
time, resulting in enhanced mechanical properties. That 
reveals a dependence of those composites to the light 
irradiance regarding the kinetics of degree of conversion 
of monomers in function of the proportion of the organic 
matrix.
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•	 The present study data showed that visible and near-IR 
spectrophotometry could be considered a potential alter-
native methodology to estimate the DC of resin-matrix 
composites through the evaluation of the light transmit-
tance behavior.
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