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Abstract: Background: Relationships between reflectivity, hardness and chemical composition of the
dispersed phase, included in orthodontic composites Transbond XTTM (Trans), Light-Cure Orthodon-
tic Paste (Leone) and Bisco Ortho Bracket Paste LC (Bisco), were investigated in vitro to evaluate
whether reflectivity results can be useful in internal material composition interpretation, thus ob-
taining information on mechanical behaviours. Methods: Light transmission through 36 resin discs
was measured with a UV/Vis spectrophotometer, evaluating the spectral range from 190–1100 nm.
To have a benchmark of material hardness and internal composition, Vickers measurements and
Cross-Sectional Focus Ion Beam Scanning Electron Microscopy (FIB/SEM) analysis were provided.
Results: Bisco has the highest reflectivity, Leone shows an absorption pattern in the UV region similar
to Bisco and Transbond has the lowest reflectivity compared to the others. This trend is confirmed
by FIB/SEM imaging, showing a more similar induced roughness and internal composition for
Bisco and Leone, with respect to Transbond. Higher filler presence in the composition of Bisco and
Leone justifies a higher hardness of these two materials, with respect to Transbond, as confirmed by
Vickers measurements. Conclusions: Bisco and Leone show similar optical responses and similarities
in mechanical performance. This statement is explained by the lower and similar filler content as
confirmed also by FIB/SEM analysis. The inner composition of Bisco and Leone provides a higher
value of microhardness, as demonstrated by Vickers measurements. Therefore, this study confirms
that the UV-Vis analysis can also offer a significant overview on the internal material composition,
thus indirectly providing information on the mechanical properties of orthodontic composites.

Keywords: orthodontic composite; reflectivity; chemical composition; mechanical behaviour;
UV-Visible Spectrophotometry; Cross-Sectional Focus Ion Beam/Scanning Electron Microscopy;
Vickers indentation

1. Introduction

At first, the real discriminant in the choice of composite resin for orthodontic bonding
was the mechanical resistance to stress induced by orthodontic forces, especially in critical
clinical cases [1–4]. An ideal orthodontic adhesive system, in fact, is one that is able both to
resist the orthodontic-chewing forces during all phases of treatment and to preserve the
integrity of the dental enamel following the removal of the bracket [5].
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The bond strength of the bracket to the enamel is strictly influenced by each step of
the application process, such as acid etching and drying time, the method of application of
the adhesive and the curing time [6]. In recent years, optical properties (color, translucency,
opalescence and fluorescence) and translucency in particular, have become fundamental
properties to be evaluated for choosing the right composite resin, not only for bracket
bonding procedures [7]. More recently, treatments with transparent aligners must involve
additional auxiliaries, such as attachments in composite materials, which, acting as force
transducers, make the orthodontic movement more effective, thus improving the biome-
chanics while respecting aesthetics [8]. Translucency, together to color, is the most easily
observed optical property of materials that describes the partial passage of light through a
certain structure [7]. The main factor that determines the optical properties of a material is
its chemical composition: it is for this reason that the refractive index is different between
dental biomaterials such as ceramics, glass ionomer cements and composite resins [9–17].
For composite resins, some of the factors responsible for the optical dispersion of light
throughout the material are the overall composition and the filler content, both in terms of
shape and size [18,19].

Most orthodontic adhesives consist of composite resin. Though, the orthodontic adhe-
sive systems represent a variant, in terms of formulation, to the adhesives and composites
used in conservative dentistry, differing from these mainly in the increased concentration
of co-monomers found in their basic formulation [6]. The orthodontic composite resin is
a complex material consisting of an organic matrix, (Bis-GMA, UDMA, TEGDMA), syn-
thetic polymers (ceramic reinforcing fillers and silane coupling agents) and molecules that
promote or modify the polymerization reaction. Resin adhesives consist of methacrylates
(e.g., hydroxyethyl methacrylate or HEMA, and 4 methacryl-oxyethyl-trimellitic-anhydride,
or 4-META), dimethacrylates (e.g., triethylen-glycol dimethacrylate, or TEGDMA, and Bis-
GMA, consisting of a molecule of Bisphenol A and two molecules of glycidyl methacrylate),
phosphonated pentacrylic esters, acrylic amides, aldehydes (for example glutaraldehyde)
and organic acids [20]. Bis-GMA, together with UDMA (urethane dimethacrylate), is the
main constituent of the resin matrix of composites; one of the most important character-
istics of this dimethacrylate is its high viscosity, which makes it necessary to use a more
fluid resin to dilute it. TEGDMA and HEMA have lower viscosity and can be considered
diluting monomers. Resin adhesives also contain solvents, such as ethanol, acetone or
water, which act as a vehicle for water between the collagen fibers affected by the adhesive
bond, preventing their collapse. If not evaporated properly, however, these substances can
negatively affect the quality of the adhesion [20]. In orthodontic resins, the inorganic fillers
added to the organic matrix act by modifying the mechanical behaviour of these adhesive
materials, conferring reinforcement and stiffness, decreasing dimensional variations and
improving their versatility during clinical use [21]. In recent decades, resin composites
have generally been classified on the basis of the size of the particles making up the filler,
distinguishing themselves into: hybrids (8–30 µm), microhybrids (0.6–3.6 µm) and microfill
(approximately 0.04 µm) [22,23]. Recently, a new class of nanofilled resinous composites,
so-called nanocomposites, has been introduced. Some in vitro studies show that nanocom-
posites perform well towards dental restorations, but there are few studies currently in the
literature on their light transmission capacity, and even less can be found in the orthodon-
tic scientific research field [23]. Nowadays, research and innovations are also focusing
on bioactive materials and their minimally invasive, regenerative and caries-preventing
capabilities [22].

Knowing the variability in filler content present in the different adhesive resins used
for bracket bonding can be useful to explain some mechanical behaviours and describe
clinical performances on these adhesive materials.

In the present study, the relationship between optical reflectivity and chemical compo-
sition of the dispersed filler phase were investigated in three orthodontic adhesive resins
employed for bracket bonding in order to evaluate for the first time whether the reflectivity
results can be used to interpret the mechanical behaviours of orthodontic composites in
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addition to their optical qualities. To prove this statement, these data have been compared
with the real mechanical and chemical properties of the three composites by using FIB/SEM
analysis and Vickers measurements. This approach is totally new, and it aims to maximize
the amount of information coming from a low-cost and non-destructive analysis such as
the optical one to also compare the chemical and the mechanical properties of orthodontic
bonding materials in one step.

2. Materials and Methods

Three light-cured orthodontic adhesive composites, Transbond XTTM Light Cure Adhesive
(Trans), Light-Cure Orthodontic Paste (Light) and Bisco Ortho Bracket Paste LC (Bisco) have
been selected for the in vitro test; their chemical compositions are shown in Table 1.

Table 1. The chemical compositions of the three light-cured orthodontic adhesive composites consid-
ered for the study.

Orthodontic Composite Resin Manufacturer Composition Acronym

Bisco Ortho Bracket Paste LC Bisco, Schaumburg, IL, USA

UDMA (5–10%), TEGDMA (5–10%),
molten silicon (50–75%). The substances
contained in the remaining part of the

adhesive are not specified by the supplier

Bisco

Light-Cure Orthodontic Paste Leone s.p.a., Sesto Fiorentino,
FI, Italy

Bis-GMA, UDMA, TEGDMA, Silica and
other inert fillers, catalysts and stabilizers
(unknown percentages since not provided

by the manufacturer)

Light

Transbond XTTM Light Cure
Adhesive

3M Unitek, Monrovia,
CA, USA

Bis-GMA (5–10%), bis-EMA (10–20%),
TEGDMA (5–10%), reaction products with

quartz (70–80%), reaction products with
dichlorodimethylsinane with silica (<2%)

Trans XT

2.1. Specimen Preparation

Samples of each composite were made using a thermo-formed polyurethane mould,
replicating the negative shape of a disc. The mould was filled with one uncured composite
at a time and, using a transparent strip (Have Neos Dental, Bioggio, Switzerland) pressed
on top of the mould, the surface was flattened and uniformed; in addition, microscope
glass slides were pressed over and under the mould.

A light-curing unit (LCU) (LED starlight lamp) was employed, whose power density
was measured by a curing radiometer (Model 100, Demetron Research Corp., Danbury, CT,
USA, Serial no. 129540) and then set at 400 mW/cm2.

The orthodontic adhesive composites have been light-activated as suggested by the
producers, applying the LCU at the top and bottom surfaces, with the light tip positioned
in contact with the glass plate at a distance of 1.0 mm from the samples.

Twelve test discs (10.0 mm in diameter and 4.0 mm in thick) obtained from each
orthodontic composite were produced for a total of 36 samples (Figure 1).
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To replicate a condition as close as possible to the clinical situations, no finishing and
polishing were carried out [21].

2.2. UV-Visible Spectrophotometry

Light transmission through the orthodontic composite resins was measured using a
Lambda35 UV/Vis Spectrophotometer (PerkinElmer S/N 101N7060404) to evaluate the
angle-integrated total reflectivity in the spectral range from 190–1100 nm. Due to the
non-crystalline nature of the samples, reflected light was collected by an integrating sphere.
Measurements were performed at room temperature or 25◦ (±1 ◦C) and at 30–50% of
humidity. Specimens were stored in a holder without adhesive bonding in order to avoid
contamination during the tests.

The transmittance values obtained at each wavelength were recorded by a computer
connected to the spectrophotometer using specific software that displays the average values
of transmittance in percentages.

2.3. FIB/SEM Analysis

By using a FEI-Helios Nanolab 600 (FEI/Thermo Fisher Scientific Phillips, Research
Center of Eindhoven, Eindhoven, The Netherlands) dual-beam equipment with a Ga+ ion
source operated at 30 keV acceleration energy and 6.5 nA ion current, a controlled milling
process was performed on the three different resins to observe their internal structure.
To prepare the samples, the resin discs were metallized by using an e-gun evaporator,
depositing a layer of chromium 20 nm thick to control the charging effect during SEM
imaging. The entire procedure can be summarized as follows: A series of rectangular
areas were created starting from the samples’ surface with a fixed dwell time and ion
dose (respectively, 1 µs and 10 nC/µm2). The resins were treated at different tilted angles,
measuring the depth of the excavation and collecting the cross-sectional images to observe
the internal composition of the samples. All the tests were performed at room temperature
and in a controlled vacuum at a working pressure of 1 × 10−6 mbar. In all of the milling
experiments, the metal layer was removed by ions within the first 2 s of the process. This
step did not affect the evaluation of the measurement of the depth of excavation since the
time needed to eliminate the metal layer is negligible with respect to the time used milling
the resin bulk.

2.4. Indentation Strength Test

Hardness of the orthodontic adhesive resins was measured be means of the Leica
VMHT apparatus (Leica GmbH, Wetzlar, Germany) equipped with the standard Vickers
pyramidal indenter (diamond square-based pyramid with face angle of 136◦). The loading
speed was 5 × 10−6 m/s, and the time under each load was 20 s.

In order to provide reproducible and reliable Vickers hardness (HV) values, experi-
mental parameters were set according to the ASTM E381-16 standard [24], with a dwell
time of 20 s and a load of 500 g.

Additional measurements were performed at different loads in order to address the
dependence of the HV in the investigated specimens on the applied load. Loads of 25, 50,
100, 200, 300, 500 and 1000 g were used for this purpose; 10 indentations were performed at
each load and successively averaged to obtain a mean HV value and a standard deviation
(SD) for each applied load.

3. Results

In Figure 2, the spectra relating to the reflectivity of each orthodontic adhesive resin
reveals a lower reflectivity in the Trans XT compared to the other two materials, while for all
the testing samples, the reflectivity drops down at 380 nm. Bisco is the resin that possesses
the greatest reflectivity. Bisco suddenly reaches its maximum peak around 470 nm and re-
mains constant beyond this wavelength, except for a slight drop between 800 and 900 nm,
which is followed by a downward trend. This drop between 800 and 900 nm of wave-
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length is present for all three composite resins, but refers to different percentage values of
reflectivity. Light has a curvilinear pattern very similar to Bisco.
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The surface roughness and the internal composition of the samples have been investi-
gated through the FIB/SEM analysis. A first comparison can be performed that directly
evaluates the surface structure of the resins at SEM imaging: as can be seen in Figure 3, the
Bisco and Light samples show a quite similar morphology with a homogeneous grainy
shape. Conversely, Trans XT shows a smoother surface with the presence of small spikes
and troughs. After the milling process, the internal composition of the resins can be evalu-
ated: again Bisco and Light show similar characteristics that present a higher density of
grains in the matrix with respect to Trans XT. As can been observed in Figure 4, the SEM
analysis performed at a magnification of 60,000 Trans samples presents essentially two
types of grains embedded in the matrix: a big one with an average size of tens of microns
and a sub-micron class of grains less dense than the other two resins.
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Figure 3. SEM images of the surfaces of (a) the Bisco Ortho Bracket Paste LC (Bisco), (b) Light-Cure
Orthodontic Paste (Leone), and (c) Transbond XTTM Light Cure Adhesive (Trans) collected at a tilt
angle of 52◦. The scale bars indicate 10 µm.

Vickers microhardness measurements were carried out for three orthodontic composite
resins. As recommended by ASTM E381-16 ISO standard [24], to obtain HV hardness values
for each sample, the indentations were made at 500 g of the applied load with a dwell time
of 20 s. The diagonal length was measured after each indentation and used to calculate the
HV value by applying the Crawford equation [25,26]:

HV =
(1854.4 F)

D2 (1)

where HV is Vickers hardness, F is applied load in grams and D is diagonal length in
mm. Experimental values of diagonal lengths and relative calculated mean HV values are
presented in Table 2:
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Figure 4. Cross-sectional analysis: SEM images collected on the sidewalls of the FIB milled areas
on (a) the Bisco Ortho Bracket Paste LC (Bisco), (b) Light-Cure Orthodontic Paste (Leone), and
(c) Transbond XTTM Light Cure Adhesive (Trans) after FIB milling. The images have been collected at
a magnification of 60,000 via in-lens detector. The scale bars indicate 500 nm.

Table 2. Set of experimental diagonal lengths and calculated HV values obtained for applied load of 500 g.

Bisco Ortho Bracket Paste LC (Bisco) Light-Cure Orthodontic Paste (Light) Transbond XTTM Light Cure Adhesive (Trans)

Run D (µm) HV Run D (µm) HV Run D (µm) HV

1 102.0 89.2 1 101.6 89.9 1 116.8 68.0

2 110.6 75.6 2 103.4 86.7 2 113.5 72.1

3 113.7 71.8 3 106.9 81.0 3 114.0 71.4

4 91.2 111.5 4 106.9 81.2 4 111.3 74.9

5 89.8 116.5 5 100.8 91.3 5 113.6 71.9

6 89.0 117.2 6 112.7 73.1 6 117.2 67.6

7 96.8 98.9 7 114.7 70.5 7 118.3 66.3

8 98.6 95.5 8 108.9 78.2 8 116.1 68.8

9 102.7 88.0 9 111.8 74.2 9 121.1 63.2

10 97.8 97.0 10 113.9 71.5 10 114.9 70.3

Mean value + SD 99.2 ± 8.3 96 ± 16 Mean value + SD 108.1 ± 6.4 82 ± 8 Mean value + SD 115.6 ± 2.8 69 ± 3

The obtained HV values followed this order: Bisco > Light > Trans XT and, namely, 96,
83 and 69, respectively. In particular, the value relative to Trans XT resin is in agreement
with the literature value [27,28].

Moreover, a further investigation of the three orthodontic composite resins was per-
formed in order to establish a dependence of HV values on the applied load. Is it known
that microhardness does not represent an absolute characteristic of a plastic material and
is dependent on the applied load [25,29]. To this end, a complete set of indentations was
carried out at 25, 50, 100, 200, 300, 500 and 1000 g of the applied load. In order to quan-
tify the dependence of HV on the applied load, the applied load and the corresponding
diagonal length values were plotted in a logarithmic graph (see Figure 5), as suggested by
Crawford [25] and Wu [29].

In Figure 5, the sets of values of the applied load F and diagonal D for each sample:
Bisco (black squares), Light (red circles) and Trans XT (blue triangles) is plotted. Logarithmic
plots allowed us to linearize the F vs. D trends as a result of the reformulation of Equation (1)
in the form of Equation (2):

log F = log
(

HV
1854.4

)
+ n logD (2)

where F is applied force in grams, HV is Vickers hardness value, n is an exponent of D
and D is diagonal length. In an ideal system, HV should be constant and proportional to
the inverse square value of the diagonal (1/D2, n = 2). Nevertheless, HV in real systems
is dependent on the applied load, implying a deviation of the n value from the ideal one
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(n = 2). The extent of this deviation can provide a measure of the dependence of HV on
the applied load. A higher deviation of n value from the ideal value indicates a higher
dependence of the HV on the applied load.
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Linear regression on each specimen’s dataset allowed us to extrapolate their relative n
values. The obtained results are reported in Table 3:

Table 3. Dependence of HV on the applied load for investigated orthodontic composite resins.

Bisco Ortho Bracket
Paste LC (Bisco)

Light-Cure Orthodontic
Paste (Light)

Transbond XTTM Light
Cure Adhesive (Trans)

n value 2.19 2.14 2.33

The calculated n values indicate that the dependence of HV on the applied load follows
this order: Trans XT > Bisco > Light.

4. Discussion

Translucency is referred to as the intermediate state between opacity and transparency.
Unlike what happens in a transparent material, in a translucent one, the light still manages
to pass through its entire structure but then undergoes dispersion; this prevents the bodies
behind it from being clearly visible [30]. As composite resins, these materials are based on
methacrylate compounds, made of an organic phase (matrix), a ceramic phase (filler) and
photoinitiators and pro-adhesive agents (silanes). The organic matrix mainly consists of
bisphenol A-glycidyl methacrylate (Bis-GMA), triethylene glycol dimethacrylate (TEGMA)
and urethane dimethacrylate (UDMA). The inorganic phase, on the other hand, consists of
admixtures of glassy particles of different shapes and sizes (macro, micro or nanofillers);
these are mainly compounds of silicon, which determine the material’s properties [25].
According to the clinical requirements, fillers may make up 50% to 70% of the volume, and
particle size may range from 20 nm to 5 µm [31–36].

In composite resins, despite the difference in composition of the different constituents,
the resinous matrix and the inorganic fillers can show very similar refractive indices; this is
what makes the composites themselves highly translucent materials. The resinous organic
matrix, after polymerization, in fact presents refraction values very close to those of the
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fillers, between 1.47 and 1.52. Otherwise, a discrepancy in the refractive indices between
the resin matrix and the filler can increase the opacity of the composite due to excessive
refraction and reflection at the filler-matrix interfaces because, as the refractive indices
vary, the direction of the light changes. Therefore, as the variation of the refractive index
between matrix and filler decreases, the translucency increases and, consequently, the
opacity of the composite decreases. All this, in essence, would affect the light scattering
and, consequently, the color match in the composite material. However, in addition to the
refractive index of the filler, the optical properties of the composite resins are also influenced
by the volume fraction of the filler, the morphological characteristics (such as size, shape
and distribution) of the particles and by the silane coupling. Several studies have focused
on evaluating the effect of the load ratio, type, shape and size of the filler particles on
the optical properties and, above all, on the appearance of resin composites. [23]. Indeed,
there is a huge difference between orthodontic and dental restorative composite resins,
essentially represented by the fact that the latter are accessible in multiple opacities, which
are typically referred to as dentin, body or opaque and enamel or translucent, all to try
to mimic the optical features of the natural dentin and enamel. It has been stated that
composites that exhibit sufficient light diffusivity, i.e., translucency within their resinous
structure, are capable of producing a chameleon effect which would lead to improved color
matching. However, the chameleon effect of resin composites appears to be influenced
not only by color variations but also by the initial size of the restoration. An in vitro study
investigated, through spectrophotometric analysis, the possible effect of the thickness on
the chromatic coordinates and translucency of different composites for dental restorations.
In particular, it assessed whether color variation and transparency varied independently
of the transparency of the composite. From the results, it was evident that the thickness
is able to significantly influence both the color coordinates and the translucency of the
material itself [30].

To investigate the relationship between the filler particles of composite resins and
their mechanical properties, conventional studies have been conducted, nonetheless, no
agreement has yet been reached on what is the optimal level of filler content for a biological
area subjected to stress [37].

Previously conducted studies on composite resins for dental restorations have largely
shown that factors such as the kind of monomer, the type and volume fraction of the
filler, as well as the refractive index of the polymer matrix and the filler itself, are able
to influence transmission of light in these resinous polymer blends [32,38]. UV-Visible
Spectrophotometry analysis uses visible light to define the concentration of chemicals in
an admixture. Atoms and molecules adsorb amounts of energy from light and undergo
electronic transitions. Each compound will possess its own absorption or reflection profile
based on its atomic composition. The specific profile enables for the quantitative determi-
nation of analytes in a sample. Therefore, the purpose of the UV-Visible Spectrophotometry
analysis presented in this in vitro study was not only to establish the superior reflectivity
of the Bisco resin compared to Light (although similar) and the lower reflectivity of Trans
XT compared to the other composites: refraction isn’t of great interest in orthodontic adhe-
sive resin. Rather, the objective of this work was to demonstrate for the first time in the
orthodontic field how, using an alternative method of investigation such as a direct optical
test, it is possible to provide additional information on the relationship between reflectivity,
chemical composition and mechanical behaviour of orthodontic bonding nanofiller resin
materials. In particular, it was possible to argue that the difference in the chemical composi-
tion of Trans XT and the constitution analogy existing between Bisco and Light resins is
strongly influenced by the percentage of fillers constituting the inorganic phase of these
polymers. In particular, among all the adhesive resins, Trans XT had the lowest content in
fillers while Bisco and Light contained higher concentrations and, in any case, were similar
to each other.

In particular, it has been observed that the bond strength of UDMA-based adhesives
depends on the filler content: those reinforced with a higher percentage of fillers reveal
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greater strength than unfilled or lightly filled adhesives, which show a lower bond strength
due to the reduced stiffness of the resin compared to the loaded adhesive, with detachment
occurring within the adhesive resin (cohesive fracture) and not at the adhesive-bracket
interface [18,39]. The high filler load in composite systems appears to be based on the
concept of achieving high mechanical properties as established by conventional mechanical
testing [40]. The quantity of the filler particles contained, together with the coupling
characteristics between the filler and the matrix resin, also represent significant variables,
i.e., capable of influencing the mechanical features of the composite resin. The compressive
strength, hardness, flexural strength and modulus of elasticity grows whenever the filling
volume fraction increases, while the shrinkage reduces [21]. In the literature, it has been
reported that highly filled resin composites bond to metal brackets with better mechanical
retention than lesser filled composites [13]. A greater mechanical retention of the Trans
XT resin at the metal base of the bracket compared to the other two orthodontic adhesive
resins reported in the literature can therefore be justified by its lower content of fillers in the
inorganic phase [21]. It is also known that a resinous composite with less fillers turns out
to be less rigid than one highly loaded in fillers. From this it is therefore conceivable that
Bisco and Light, precisely because of their higher content in fillers, can clinically express a
more rigid behaviour in transferring orthodontic forces to the tooth, as demonstrated in
previous works by the type of bonding between the enamel and the bracket [21,41].

As observed in some previous studies [41–48], one in particular in which the Raman
Spectroscopy analysis of the same orthodontic composites has revealed strong affinities
between the spectra of Bisco and Light, while Trans XT exhibits a peculiar peak at 450 cm−1

associated to the high percentage of quartz in the chemical composition [Table 1] [39].
Similar results were obtained in the present in vitro study through the UV-Vis analysis:
the higher content of fused quartz in Trans XT fillers resulting from UV-Vis Spectrometry
analysis improves some important mechanical properties such as: the attainment of high
compressive strength and stiffness, the abrasion resistance and the reduction in thermal
dimensional change in the resin to a value matching that of tooth structure, effectively
increasing adhesion to both the adhesive/enamel interface and the adhesive/bracket base
interface through temperature changes often happening in the oral cavity.

All these speculations regarding the differences in the internal compositions of the
three resins can be corroborated also by the FIB/SEM analysis. This technique is not only
used for imaging but also for locally removing or patterning small areas through the ion
bombardment of Ga+ ions. In this way it is possible to customize the surface of the samples
and thin the samples while checking the results via SEM imaging. Even if historically this
technique has been deeply utilized for the preparation of transmission electron microscopy
(TEM) specimens [43], the process can provide valuable information regarding the hardness
of a material and can shed light on its internal microscopic composition. Recently, we
have proposed to use this technique to compare the hardness of different orthodontic
materials by evaluating the deepness of the excavation on a surface for a fixed time of
milling [21]. Even if several potential issues must be considered such as the sputtered
material of the sample, the specific interaction between the sample and the ions, the heating
of the sample surface, etc., we believe that such a technique can offer a deep insight into
the material while providing information on the internal composition of samples that are
usually composed of multiple components and on material consistency. In particular, in this
case we observed that both the initial surface roughness and the cross-section views of Bisco
and Light samples look very similar in terms of classes of grain dimensions dispersed in the
matrix and homogeneity of the grain density. On the other hand, Transbond XTTM Light
Cure Adhesive samples show a significant reduction both in grain homogeneity and grain
dimensions. In particular, the grains at the sub-micro scale are the ones that show the largest
difference, as can be seen in Figure 4. Indeed, their distribution is significantly reduced in
the Trans XT sample, and the presence of the matrix (dark region in the image) is largely
increased with respect to the other examined materials. As reported by Drummond [49]
the presence of particles and grains in the filler contributes to an increase in the material
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hardness, so we can attribute greater hardness values to the two orthodontic adhesive
resins Leone and Bisco with respect to Trans XT, as observed by the FIB/SEM analysis.
Actually, this hypothesis is confirmed by the direct evaluation of the microhardness of the
examined materials: indeed, based on the obtained HV values, it is possible to conclude
that the Bisco Ortho Bracket Paste LC (Bisco) is characterized by HV 96 ± 16, being the
hardest one, the Light-Cure Orthodontic Paste (Light) by HV 82 ± 8 and the Transbond
XTTM Light Cure Adhesive (Trans) by HV 69 ± 3.

5. Conclusions

The UV-Vis analysis presented in this work was used as an alternative method of
investigation to evaluate indirectly the compositional analogy that characterizes the inor-
ganic phases of three orthodontic bonding nanofiller resins (Bisco, Light and Trans XT).
Indeed, the goal of the paper was to evaluate and demonstrate the potentiality of UV-Vis
Spectrophotometry as a tool useful for extrapolating not only optical but also compositional
information. This could represent a novel and significant advantage in discriminating
the properties of orthodontic resins without the use of more expensive techniques such
as TEM or FIB/SEM imaging. From the analysis of the spectra, Bisco and Light adhesive
resins showed a high and very similar filler content in percentage, which may explain
some similarities in their mechanical performance. At the same time, the higher content of
quartz observed in the inorganic phase of Trans XT and expressed by the lower reflectivity
of the composite can confirm the improvement of some important mechanical properties.
These results compared with FIB/SEM analysis obtained similar outcomes: analogous
internal structures for Bisco and Light with a reduced presence of the matrix with respect
to Trans XT and significant diversity in the distribution and the grain size of Trans XT,
compared to both the Bisco and Light resins. Finally, a higher presence of filler in Bisco
and Light contributes to a higher hardness of the composites, as also revealed by Vickers
measurements, thus confirming the hypothesis that the materials with a high content in
the ceramic phase present a more rigid mechanical behaviour. These findings confirm the
potentiality of UV-Vis analysis in revealing multiple information regarding the optical and
mechanical properties of orthodontic composite materials.
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