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Ab s t r ac t
Aim and Objective: The purpose of this study was to measure the refractive index of four commercially available enamel resin composites, 
using optical coherence tomography (OCT) and their relationship with the atomic composition of the composite resin fillers utilizing an energy-
dispersive X-ray fluorescence spectrometer (EDX).
Materials and methods: Four different enamel composites, namely Enamel HRi color UE3, Enamel HFO color GE3, Vit-l-escence color Pearl 
Frost, and Amelogen Plus color Enamel White were tested. For each composite, disks with different thicknesses were fabricated and then light-
cured according to the manufacturer’s instructions. The disks were then stored in deionized water under 36.5 °C for at least 7 days. Each of the 
samples from the four different groups was measured in five distinctive points to analyze the optical and physical length using optical coherence 
tomography (OCT). Elemental analysis of all four different enamel shades of the composite was done using an EDX.
Results: The filler contents showed interesting differences in elemental composition and concentration; however, Si seemed to be a common 
filler component. The HRi composite presented a distinctive composition compared to other materials and was the only composite that showed 
a smaller percentage of SiO2, and also was the only composite that contained compounds, such as P2O5, ZnO, CaO, La2O3, and V2O5. The optical 
coherence tomography analysis showed the refractive index values of all tested enamel composites. Among the four different enamel composite 
resins tested, the enamel HRi composite demonstrated the most ideal refractive index to mimic natural enamel.
Conclusion: The enamel HRi composite demonstrated a distinctive filler composition and this could be the main reason behind its higher 
refractive index. Nonetheless, it remains unclear how much of an impact this feature has in the final esthetic outcome of anterior composite 
restorations, where many other optical phenomena are also important.
Clinical significance: The clinical success of any esthetic restorative procedure depends on diagnosing the proper treatment plan and also on 
executing this treatment with the right materials. On direct esthetic restorations, knowing the optical properties of such materials is fundamental, 
as they should be able to replicate both natural enamel and dentin.
Keywords: Dental composites, Energy-dispersive X-ray fluorescence spectrometer, Filler composition, Optical coherence tomography, Refractive 
index.
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In t r o d u c t i o n
Since the introduction of composite resins to the dental profession 
by Dr. Bowen in the 1960s, composite resins have proven to be 
predictable and reliable restorative materials for the treatment 
of traumatized dentin or dental caries in both the anterior and 
posterior regions.1,2 Currently, resin composites are undisputedly 
one of the most widely used materials in restorative dentistry.3,4 
Greater aesthetic demand from the patients contributed to 
an increase in aesthetic restorations over the past few years. 
Resultantly, a new stage in modern adhesive aesthetic dentistry 
has begun.

The mechanical properties, especially the optical properties 
of resin composites have been affected by variations in filler 
size, shape, and composition.5 Therefore, the relationship 
between aesthetic properties and different components of the 
composite fillers currently used in dentistry provides important 
information to both clinicians and researchers. Today, many 
modern dental composites present optical characteristics that 
resemble those of natural dentition. Materials with different 
opacities, dif ferent colors, and also more subtle optical 
properties, such as fluorescence and opalescence are now 
available for clinicians.
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Similarly, the use of dental composites for enamel with the 
closest match of refractive index to natural enamel would hopefully 
present an ideal outcome of the optical characteristics found in 
nature.6 This could be one reason why aesthetic problems may arise 
when restoring the enamel on anterior teeth, due to the refractive 
index mismatch of the natural versus the artificial material. Clinically, 
such mismatch may cause a shadow-like effect on the margins 
between the teeth and the restoration due to the destructive 
interference phenomenon of the light when it travels within two 
materials with distinct refractive indexes.7 This phenomenon is 
similar to thin-film interference.8

Presently, a relatively successful method for measuring a 
tooth’s refractive index is the OCT method.9–11 Optical coherence 
tomography (OCT), a novel biological imaging technology, 
has been developed rapidly over the last decades. One of the 
applications of the OCT is the assessment of the refractive 
indexes of non-clear materials, such as human enamel and dental 
composites.12

Considering this problem, nowadays there are dental composite 
materials that claim to have the same refractive index as the natural 
enamel. The null hypothesis assumed in the present study was that 
the filler composition did not influence the refractive indices of 
different enamel shades of resin composites. The objective of this 
study was to measure the refractive indices of four commercially 
available dental composites by using OCT and correlate the 
resulting data with the analysis of the atomic composition of the 
composite fillers using an energy-dispersive X-ray fluorescence 
spectrometer (EDX).

Mat e r ia  l s a n d Me t h o d s
The present study was conducted at the Laser Applications Center 
(CLA), Nuclear and Energy Research Institute (IPEN), University of 
Sao Paulo (USP), Brazil.

Enamel Resin Composites and Curing Light
Four enamel composites were tested in this study: Enamel HRi color 
UE3 (Micerium S.p.A., Italy), Enamel HFO color GE3 (Micerium S.p.A., 
Italy), Vit-l-escence color Pearl Frost (Ultradent Products Inc., USA), 
and Amelogen Plus color Enamel White (Ultradent Products Inc., 
USA). Three resin composite disks, each 5 mm in diameter, were 
tested from four different enamel composites.

These four brands were selected since they reproduce natural 
enamel and are fabricated following the non-vita enamel layering 
technique. In other words, they follow the clinical pattern of 
achromatic, colorless, and enamel colors. The colors selected were 
those required for the reproduction of high-value enamel.

Each composite disk of 5  mm in diameter, with different 
thicknesses ranging from 0.15 to 0.44 mm (Table 1) was fabricated 
and then light-cured according to the manufacturer’s instructions. 
All disks were light-cured for 20 seconds, using a Valo curing light 
(Ultradent Products Inc., USA). This device allows for three different 
intensities, and the light intensity (exitance) used was that of 
1000 mW/cm2, with a wavelength in the range of 395–480 nm. The 

Fig. 1: OCT image of Enamel HRi resin composite. The “a” segment 
represents the optical length; the “b” segment represents the physical 
length; “c” is the air cushion under the composite; “d” is the composite’s 
top; and “e” is the glass plate surface on which the composite was resting

total amount of energy delivered was 20 J/cm2. The disks were then 
stored in deionized water under 36.5 °C for at least 7 days.

Optical Coherence Tomography (OCT)
The OCT experiment was conducted with a device for optical 
coherence tomography (ThorLabs, Lübeck, Germany), with a 
wavelength of 930 nm. The equipment is integrated with software 
for image generation and an XYZ translator. For the image analyses, 
the free software ImageJ was used. 

The four kinds of abovementioned composites were tested, 
with three different sample thicknesses for each one. Each of 
the samples was measured in five distinctive points, to assess 
the material homogeneity and to make the measurements more 
trustful.

Composite samples were placed over a flat glass surface, and 
then both were placed over the translator, enabling the sample to 
be moved both horizontally and vertically.

The resulting images were then analyzed for both the optical 
and physical lengths, through the following equation: n =  ol/pl, 
where n is the refractive index, ol is the optical length, and pl is the 
physical length (Fig. 1).

Energy-dispersive X-ray Fluorescence (EDX)
Elemental analysis of the enamel-based resin composites was 
performed using an EDX. The specimens were fabricated using a 
proper matrix for the EDX spectrometer, in a thickness of 2 mm, 
and were light-cured in the same way as described above for 
the OCT technique. The specimens were then placed on the EDX 
spectrometer stage without any coating. The analysis was then 
performed at the center of each specimen.

Table 1: Composite sample thickness and refractive index according to OCT measurement

Composite Enamel HRi Enamel HFO Amelogen Plus Vit-l-escence

Real thickness (μm) 155.82 312.25 440.97 160.04 322.59 442.37 15411 305.47 450.30 157.73 331.53 447.26
Approx. thickness (mm) 0.15 0.31 0.44 0.16 0.32 0.44 0.15 0.30 0.45 0.16 0.33 0.44
RI 1.59 1.59 1.59 1.55 1.51 1.53 1.56 1.58 1.55 1.54 1.52 1.52
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Results

Refractive Index
Table 1 presents the values of optical length vs physical length and 
also the resulting refractive index (RI) for each composite sample.

Chemical Composition
The chemical compositions of the different enamel composite resins 
including the elements with relative values expressed in weight 
percentage are presented in Table 2. 

The filler contents show significant differences in elemental 
composition and concentration; nevertheless, Si seems to be a 
common filler component, as it was CH, related to the carbonic 
composition of the organic, resinous matrix of all composites.

The Enamel HRi demonstrated consistent refractive index 
values similar to human enamel measured at varying thicknesses. 
At different thicknesses of 0.15, 0.31, and 0.44 mm, the refractive 
index value of Enamel HRi remained consistent at 1.59. The Enamel 
HFO refractive index value ranged from 1.51 to 1.55 with varying 
thicknesses of 0.16, 0.32, and 0.44 mm. 

Amelogen Plus was measured at 0.15, 0.30, and 0.45  mm 
thickness and the refractive index values ranged between 1.55 
and 1.58. The Vit-l-escence enamel composites showed refractive 
index values of 1.52 and 1.54 at thickness values of  0.16, 0.33, and 
0.44  mm. However, the Enamel HFO, Amelogen Plus, and Vit-l-
escence showed inconsistent refractive index values with varying 
thickness of composite resin when compared to Enamel HRi which 
was consistent at the different thickness.

Di s c u s s i o n
The null hypothesis was rejected because as it seems, the filler 
composition influenced the refractive index of different enamel 
shades of resin composites. The addition of filler particles has been 
the most critical factor in the development of a newer generation 
of composite resins, since the scattering and absorption can be 
controlled for the best color reproduction, considering different 
refractive indices of filler and resin matrix.13

To outline the restorations against dentin and enamel, 
radiopaque additives (e.g., barium doped glass) are added to 

increase the radiopacity of composite resins.14 Sometimes, 
additional additives are also used, like Sr, Zr, Yb, and La. Besides 
possessing radiopacity, these bigger atoms are also fluorescent. This 
feature helps to increase the optical properties of the composites 
compared to the natural tooth. The natural fluorescence of the 
tooth, according to Fukushima et al.15 is due to the presence of 
piridinoline, a collagen amino acid responsible for its cross-linking. 
Other studies16 have attested that besides piridinoline, which 
fluoresces when excited under <325 nm and emits in the range 
of 300  nm, three more elements might be responsible for the 
phenomena: tryptophan (excitation at 300  nm and emission at 
350 nm) and two still unknown chromophores, which excites at 380 
and 410 nm and emits at 450 and 520 nm respectively.

However, since the abovementioned atomic elements have 
higher atomic numbers, the translucency under visible light of 
the resin composites is restricted. The silane coupling agent, 
responsible for augmenting the bond between the filler and 
matrix, could also cause a decrease in translucency. Assimilating 
a greater percentage of radiopaque fillers leads to incongruity 
in the refractive index between the filler and the resin matrix.12 
Watts and Cash17 demonstrated that the material’s composition 
is a determining factor of its optical properties. The EDX 
spectrometer is an instrument that quantitatively determines the 
elements within a sample by irradiating the sample with X-rays 
and then analyzing the re-emitted fluorescent X-rays. The HRi 
enamel composite evaluated presented a distinctive composition 
compared to the other materials; it was the only composite that 
showed a smaller percentage of SiO2, and also was the only 
material that contained materials, such as P2O5, ZnO, CaO, La2O3, 
and V2O5. The presence of HfO2 in such a small concentration can 
be explained by the fact that this is a common finding when in 
the presence of Si, as both elements present similar EDX values, 
and those may sometimes overlap.

Other elements found in all composites were SrO and Al2O3. 
The Amelogen Plus composite also showed traces of SO3, CdO, 
and CuO. A common element found in several composites is the 
Fe2O3, which is used as an opaque brownish pigment, usually 
as dentin colors, but it was not found in our study since the 
materials tested are composites meant to reproduce natural 
colorless translucent enamel. Filler composition, content, 
shape, and size are some of the factors responsible for the 
optical dispersion of a material, and for the light transmittance 
characteristics of composite resins.

In recent years, the refractive index mismatch has been 
addressed because clinically it may cause a shadow-like effect 
around the margins of the restoration due to the destructive 
interference phenomena of the light when it travels through two 
materials with different refractive indexes. If that mismatch is 
enough to make light waves having equal wavelength occupy the 
same physical space, they will interfere with each other in a manner 
determined by their relative phase and amplitude. The interference 
is destructive if the waves are exactly out of phase (by 180 degrees), 
and if their amplitudes are equal, they cancel each other out to yield 
a wave of zero amplitude.

The refractive index or the relationship between the speed of 
the light in a vacuum and a concrete body is a distinctive property 
of matter typically used for identifying materials.6,9 When the 
refractive index of light in the vacuum coincides with the index 
in the medium, without path modification, the medium is called 
transparent. If the refractive indices are different, the medium would 
present distinct translucent or opaque characteristics.5

Table 2: Atomic composition of each composite, in % per atomic mass

HRI HFO VIT APLUS
SiO2 27.751 53.032 52.311 35.203
P2O5 19.167
ZrO2   8.208
SrO   7.096   7.79   7.636   0.088
ZnO   3.375
Al2O3   3.04   9.824   9.393 20.643
CaO   2.44   0.055
La2O3   1.084
V2O5   0.182
HfO2   0.179
CH 27.478 28.55 29.743 21.421
BaO   0.0803   0.862 22.542
SO3   0.072
CdO   0.019
CuO   0.012
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However, it may be inferred that the Enamel HRi composite had 
the closest refractive index to human enamel when compared to 
other enamel shades investigated.

An understanding of the shade and optical properties of resin 
composites is integral to obtain lifelike restorations. The clinical 
success of these restorative procedures depends on selecting 
appropriate materials that replicate the natural enamel and provide 
long-term color stability.
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