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Impact of Material Shade and Distance
from Light Curing Unit Tip on the
Depth of Polymerization of Composites

André L. Faria-e-Silva', Christopher Fanger?, Lillian Nguyen?, Demetri
Howerton?, Carmem S. Pfeifer3

This study aimed to evaluate the effect of the composite shade and distance from the
light-curing unit (LCU) tip on the irradiance reaching the bottom of composite disks and
on the depth of polymerization. Composites of three shades (opaque - OXDC, bleach - BXL,
and A2) were inserted into molds with 3-mm of thickness positioned over a spectrometer
and photo-activated with the LCU (Bluephase) tip placed at 0 or 1 cm from the composite
surface. The mean irradiance reaching the bottom of composite was recorded during the
entire photo-activation (30 s). Specimens (2 x 2 x 4 mm) were polymerized and used
to map the degree of conversion achieved in different depths from irradiated surface.
Specimens were sectioned into slices that were positioned over the platform of the infra-
red microscope connected to the spectrometer to map the conversion. The conversion
was measured in eight different depths every 500-pm. Increasing the distance of LCU tip
reduced the irradiance only for A2. Interposing OXDC disks resulted in lowest values of
irradiance and A2 the highest one. A tendency to decrease the conversion was observed
towards the bottom of specimens for all experimental conditions, and the slope was more
accentuated for OXDC. Differences among shades and distances from LCU tip were evident
only beyond 1.5-2.0 mm of depth. In conclusion, both composite shade and distance
from LCU tip might affect the light-transmission and depth of polymerization, while the
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effect of last was more pronounced.

Introduction

Composite resins are largely used worldwide to restore
both anterior and posterior teeth with high success rates
(1,2). The annual failure rate of posterior composite
restorations is as low as 2.0% and most failures are related
to the presence of recurrent caries, and to fracture of the
material or tooth structure (3). Increased annual failure rates
(up to 4%) have been reported for composite restorations
in anterior teeth, but in those cases re-interventions due to
aesthetic reasons are also accounted for (4). The longevity of
composite restoration depends on several factors, including
the bonding to the tooth substrate and the mechanical
strength of the material, which in turn depends on proper
polymerization. Currently available materials for direct
restorations are strictly photo-activated, since this allows
for polymerization on command and complete control
of working time by the clinician. However, the degree of
conversion depends on the emission spectra of light curing
units matching the absorption spectra of photo-initiators
used in these materials (5,6) and on the light actually
reaching all portions of the restoration (7-9). In other
words, light transmission directly affects the properties of
a composite, and ultimately the restoration performance.

Many factors related to the material can affect light
transmission through a composite, such as the thickness

curing lights, polymerization.

of the increment, and several optical properties, including
the refractive index mismatch between the organic matrix
and inorganic filler, the size and distribution of filler
particles and the addition of pigments (10). For example,
light scattering is known to be greater in materials with
higher filler concentration, and with larger filler (11,12).
In addition, light scattering also increases in materials
where the mismatch between refractive indices of the
organic and inorganic portionsis greater (7). More recently,
manufacturers have included different pigments in their
formulations to mimic the natural appearance of the tooth
structure in terms of shade, fluorescence and opalescence.
The range of shades now available to the clinician is very
broad and encompasses opaque versions capable of masking
discolorations, as well as very light shades to match teeth
that have undergone whitening treatments (13). All of
these are expected to affect the light transmission through
the restoration.

In relation to the light source, the factors affecting
light transmission include: the actual amount of photons
reaching the material, expressed as energy per area or
irradiance (mW/ecm?), the wavelength emission spectra
and the beam distribution. Most light-curing units (LCU)
available on the market deliver irradiances as high as 1,000



mw/cm?, with some examples going far beyond that, which
has been shown to provide adequate levels of degree of
conversion for the composite in most clinical situations
(14). However, very often the access for the light guide is
compromised to some extent, as is the case on the bottom
of the proximal box of class Il restorations from Black
classification , especially when considering distal boxes
in posterior teeth in the upper arch, for example. In such
situations, the positioning of the light tip is compromised,
and the amount of light delivered to the composite is less
than optimal (15,16). Studies have shown that in those
situations, light attenuation can be in the order of 68-83%
(17),and that reflects in compromised mechanical properties
(15). Since the longevity of composite restorations is largely
dependent on the proper polymerization of the restorative
material, it is important to determine the quality of the
light being transmitted through the composite and the
conversion achieved by this material in its entire thickness,
so that reliable restorative protocols can be established.

Therefore, the aim of this study was to evaluate the
effect of the composite shade and the distance from the
light-curing unit (LCU) on the irradiance reaching the
bottom of composite disks on the depth of polymerization.
The hypotheses of study were than both distance from
LCU tip and composite shade would affect the depth of
polymerization.

Material and Methods

This in vitro investigation was conducted using a 2 x
3 factorial study design to evaluate the factors ‘distance
from LCU tip' in two levels (0 or 1.0 cm) and ‘composite
shade’ in three levels. The nano-hybrid composite Venus
Diamond (Heraeus Kulzer, GmbH, Gemrnay) was evaluated
at following shades: Opaque Extra Dark Chromatic (OXDC),
Bleach Extra Light (BXL, for bleached teeth), and the
universal shade A2.

In order to assess the ability of light to penetrate
through each composite shade, a portable spectrometer-
based instrument (CheckMARC, BlueLight Analytics, Halifax,
NS, Canada) was used to assess the irradiance reaching the
bottom of composite disks. Unpolymerized composites were
inserted into silicon molds (3.0 mm in diameter, 3.0 mm in
thickness) between two polyester strips and then, placed
over the top surface sensor of the spectrometer. The tip
of an LED unit (Bluephase, Ivoclar-Vivadent, Amherst, NY,
USA) was positioned contacting the surface of the upper
polyester strip (distance of 0 cm) or 1.0 cm above this
surface. During the entire time of photo-activation (30
s), the irradiance of light reaching the sensor through the
3-mm thickness of the composite was recorded (n=3). The
irradiances reaching the spectrometer sensor without any
interposition of composite disks were also measured for
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each distance from the LCU tip. This allowed us to calculate
the percentage of irradiance lost due to interposition
of composite disks, as well as the effect of the distance
from the tip on the irradiance reaching the specimen.
The confidence interval was set at 95% for the irradiance
measured at each experimental condition.

In order to map the degree of conversion achieved at
different depths from irradiated surface, the composites
were inserted into silicon molds (2 mm long x 2 mm wide
X 4 mm thick), covered with a glass slide and photo-
activated under the same conditions described for the
previous experiment (n = 3). The specimens were stored
in dark container for 24h at 37°C. Previous research has
shown that after 24 h there is no significant increase in
the conversion (17). The specimens were then removed
from the mold and embedded into gypsum blocks. The
blocks were sectioned using a diamond saw (Accutom-5,
Struers, Cleveland, OH) to obtain three 0.4 mm thick slices
parallel to the long axis of each specimen. The slices were
positioned over the platform of the IR microscope (Nicolet
Continupm FTIR Microscope) connected to the spectrometer
Thermo Nicolet 6700 (Thermo Scientific, Pittsburgh, PA,
USA). Degree of conversion in depth was mapped using the
motorized stage through the 4 mm length in transmission.
For each slice, three spectra per depth for eight different
depths were collected in 500-pum steps using aperture of 100
um, 32 scans/spectrum, 4 cm-! resolution. Conversion was
calculated taking into account the vinyl peak area at 6165
cm-"' normalized by an internal reference (aromatic peak
area at 4625 cm™'). Spectra of unpolymerized composites
were also collected and used to calculate de degree of
conversion. The average of degree of conversion measured
at each specimen (means from three slices) was calculated
and used in the statistical analysis. The confidence interval
at 95% was used for the degree conversion obtained at
different depths for each experimental condition.

Results

Results for the mean irradiance measured at the bottom
of 3 mm specimens at the end of a photo-activation time
are displayed in Table 1. Photo-activating the specimens
with the tip contacting the surface resulted in highest
irradiance only for A2, whereas the distance of tip did not
affect the irradiance transmitted through disks of others
shades. Interposing OXDC disks resulted in lowest values of
irradiance, whereas the highest values were observed when
A2 disks were used. The irradiance lost due to composite
disks interposition ranged from 91.4 to 99.3%.

The results of depth of polymerization are presented
in Table 2 and Figure 1. In general, differences among the
composites shades only were observed at depths greater
than 1.5 mm from the irradiated surface. Beyond this depth,
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a trend was observed for highest and lowest values of DC
for shades A2 and OXDC, respectively. For all composite
shades, a trend in reduction of the DC towards the bottom
of the specimen was observed, while a more evident slope
occurred for OXDC, followed by BXT. Almost no conversion
was measured for OXDC beyond 3.5 and 3.0 mm from the
surface when the tip of LED was kept at 0 and 1 mm from
the composite surface, respectively.

Discussion
The distance from the tip of the light guide in relation

Table 1. Averages (95% CI) of mean irradiance in mW/cm? measured during
the entire time of light-activation (n = 3); and percentage of irradiance lost
due to composites disk interposition or increasing on distance from LCU tip

Distance from LCU tip

Composite shade

0 cm 1 cm

50.0 (41.9 - 58.1) 30.7 (26.2 - 35.2)

A2

91.4%!' 92.9%!
23.0 (21.1 - 24.9) 23.0 (20.1 - 25.9)
BXL 96.00%! 94.7%!
4.3 (2.7 - 5.5) 4.0 (2.9 - 5.1)

0XDC

99.30! 99.1%!
Without composite 580.3 (567.9 - 592.7) 431.7 (416.4 - 447.0)
interposition - 25.6%?

CI: Confidence interval; LCU: Light-curing unit. 1. Percentage of irradiance
lost regarding the average measured at same distance of tip but without
composite disks interposition; 2. Percentage of irradiance lost due to
increasing on distance from LCU tip.

Table 2. Means (95% CI) for degree of conversion (%) measured at different depths from the irradiated surface for
each composite shade (A2, BXL, 0XDC) and distance from tip (0 and 1 cm) during the photo-activation (n = 3).

to the composite surface is an important factor influencing
the irradiance achieved at the composite surface and can
be controlled by the clinician in some situations (15,18,19).
As the distance from the composite surface increases,
a significant reduction on the irradiance reaching the
composite can be expected due to the divergence of the
beam from the tip of the light guide tip, as well as due
to energy scattering as the light passes through the air
(15,18,20). During the restoration of class |l preparations in
posterior teeth, the placement of the light guide over the
cusp tip usually results in 6-8 mm of distance between the
LCU tip and the floor of a proximal box. In the present
study, a longer distance of 10 mm was used, simulating
a clinical scenario imposed by class Il preparations (6
to 8 mm) with the added distance caused by incorrect
positioning of the LCU tip. Interestingly, a reduction
of only around 25% on irradiance was observed when
the tip was placed 10 mm away from the spectrometer
sensor. This reduced drop on irradiance values s can
be explained mainly by on beam homogeneity of
LCU used in the present study. An interesting study
using a beam profiler demonstrated that irradiance
measured by spectrometers represents a wide range
of irradiance values distributed across the light
beam, and the distance affects the useful beam
diameter (18). Thus, irradiance measured from more
heterogeneous beams drops more drastically when
the distance to the tip is increased. The LCU used
in the present study
presents a homogenous
beam profile (14) which
helps to explain the low
values of irradiance

Distance from LCU tip

lost due to increased

Depth from
irradiated 0 cm 1cm distance from tip.
surface (mm) ..
A2 BXL 0XDC A2 BXL 0XDC Surprisingly, the
0.5 73.5 71.4 70.9 71.4 72.2 68.6 reduc-tlon on |rrad|anlce
) (73.0 - 74.0) (68.0 - 74.8) (68.1 - 73.6)  (65.6 - 77.2) (70.3 - 74.1) (59.7 - 77.6) reaching the composite
o 73.3 72.2 69.2 69.6 715 66.8 had limited effect on
: (723 -74.3) (68.2-176.2) (63.6-749) (649 -743) (69.3-73.7) (64.2-69.3) material conversion at
L5 73.8 70.8 64.2 70.1 69.3 60.9 the surface, regardless
(73.4 - 74.1) (649 -76.6) (57.6-70.8) (64.2-76.0) (68.0-70.6) (58.1 - 63.7) of the shade. The results
20 72.3 68.7 50.4 67.2 67.3 36.7 of conversion indicated
(71.7 - 72.9)  (62.5-75.0) (41.0-59.8) (61.2-73.2) (64.6-70.0) (31.7 - 41.7) _
similar values close
”s 70.4 63.2 30.9 65.6 61.7 8.5 to composite surface
’ (69.4 - 71.5) (53.9-72.5) (23.1-38.7) (58.3-72.8) (55.9-67.5) (6.1 -10.9) P
between the photo-
30 68.2 48.7 15.9 63.0 35.2 0.9 o
) (65.6 - 70.8) (41.8 - 55.6) (11.0 - 20.8)  (56.8 - 69.2) (26.6 - 43.8) (0.0 - 0.7) activation performed
25 66.0 31.5 7.3 59.8 14.6 0.4 with the LCU tip placed
: (63.1-68.8) (26.1-36.8) (55-9.1) (53.9-657) (9.9-19.4) (0.1-0.7) over the strip and that
40 58.5 21.3 1.9 44.9 5.1 0.1 carried out with the
’ (55.2 - 61.8) (15.1 -27.5) (0.0 - 3.8) (41.2 - 48.6) (0.6 - 9.6) (0.0 - 0.1) tip 1 cm away from

CI: Confidence interval; LCU: Light-curing unit.
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When comparisons between the distances are made for the
same composite shade, differences are only observed for
depths greater than 2-mm, 3-mm and 4-mm for the shades
OXDC, BXLand A2, respectively. Since composite increments
no thicker than 2-mm are recommended to restore posterior
preparations using incremental filling technique (21,22), the
placement of LCU tip up to 10-mm away from the material
surface might not significantly affect the composite
conversion, at least within the limitations of this study. In
fact, according to the present results, the mean irradiance
of 430 mW/cm? leads to up to 60.9-71.4% conversion of
composite during 30s of photo-activation, which has been
deemed to be a clinically acceptable level (23). However,
it needs to be pointed out that only one light source was
evaluated here, and generalizations involving different
equipment need to be made with care.

Depth of polymerization is directly related to the
amount of photons being transmitted through the
material and reaching its deeper portions to activate the
polymerization reaction (24). Therefore, polymerization
in depth can be expected to be hampered in more
opaque materials since light transmission in those cases
is jeopardized (8). In addition, filler fraction, size and
refractive index are all related to a material's translucency
and, therefore, light scattering during polymerization (7,11).
In addition, the inherent shade of a composite material
depends on the pigments that are incorporated in the
matrix and with the fillers (10). In the present study, all
composites are from the same manufacturer and present
similar inorganic and monomeric compositions, and even
though more specific compositional information is not
provided by the manufacturer, it can be inferred that the

Distance from tip of LCU 0 mm 1 mm

Composite shade oxDpc

0.0 -

0.5 -

25 -

3.0 -

Distance from irradiated surface (mm)

3.5 -

Figure 1. Heat maps of the average degree of conversion measured at different depths from
irradiated surface for each composite shade light-cured with the tip of LED positioned at 0 or

1 cm from composite surface

OXDbC
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different shades contain different types and amounts of
pigments. According to the results of the present study, the
A2 shade resulted in the highest irradiance reaching the
spectrometer sensor after passing through the composite
disks, whereas the lowest values were observed for OXDC.
Irradiance reductions ranging from 25 to 54% were found
when the shade BXL was compared to A2, which was
somewhat surprising, but can be speculated to be due to
the addition of white pigments that allow the use of the
BXL shade to restore bleached teeth. Higher irradiance
reduction was observed for OXDC (ranging from 87 to
949 when compared to A2) since this composite is highly
opaque and it is used to mask discolored substrates during
esthetic restorations. Moreover, if the irradiated energy loss
is calculated based on measurement performed withoutany
composite interposition, less than 1% of light delivered by
LCU reached the bottom of OXDC composite disks.

As expected, a reduction on conversion toward deeper
areas was observed, with the more marked reduction
being observed for the most opaque shade. Furthermore,
significant differences among the composites shades was
observed only for depths greater than 1.5-mm, and almost
no conversion was measured for OXDC beyond 2.5-mm.
These results can be partially explained by the reduced
energy dose (irradiance by time of photo-activation)
reaching the composite to start the polymerization.
Reciprocity law states that the polymerization of a given
material is directly proportional to the energy dose, and
for the same final energy delivered similar conversion is
expected (25-27). Based on this statement, at 3-mm of
depth when the LCU tip was placed 1 cm from the composite
surface, the greater energy delivered for BXL (= 0.9 J/
cm?) compared to A2 (= 0.6 jjcm?)
would resultin improved conversion.
However, higher conversion was
observed for A2 (= 63%: and = 35%
for BXL) under this condition. This
apparent anomaly might be related

Degree of conversion (%)

o to the complex chain polymerization
Il 20 . .

B process involving methacrylate
— monomers, and demonstrates that
gs‘; the reciprocity law fails to fully

explain the polymerization behavior
of dental composites (26,27).

The incremental composite filling
technique has been recommended
for many decades to ensure proper
polymerization in depth and in
theory reduce polymerization stress,
but simpler and faster restorative
protocols are preferable by clinicians.
It has been reported that a number
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of increments as high as 16 might be used to restore a
standardized mesio-oclusal-distal Class Il cavity preparation
using the incremental technique, depending on the
clinician being surveyed (28). In an attempt to simplify the
procedure, and reduce the opportunity for operator error,
the concept of bulk-fill insertion has been developed and
has gained popularity among the clinicians. This approach
recommends the insertion of compositesin increments up to
4-5 mm thick, using materials that are specifically designed
to thatend (29,30). Modificationsin filler content, the use of
additional or more efficient photo-initiators, and/or the use
of novel resin monomers and additives providing reduced
stress are some of approaches used by manufacturers of
bulk-fill composite to allow for the composite to be inserted
using this technique (31,32). However, the insertion of so-
called conventional composites using increments thicker
than 2-mm has been used and evaluated for quite some
time (32,33). As the results of the present study seem to
suggest, the use of increments thicker than 2 mm might
be possible for certain shades of composite. One limitation
of the methodology used in the present study was that
the irradiance was measured at 3-mm depth, whereas the
conversion was assessed up to 4-mm. The reason was that
the sensor of spectrometer used is unable to measure very
low irradiances.

In conclusion, the findings of present study showed
that increasing the distance of LCU tip from composite
surface had limited effect on irradiance loss and degree
of conversion, and significant modifications on this last
outcome were only observed beyond 2-mm and 4-mm
of depth for more opaque and translucent shades,
respectively. On the other hand, the composite shade,
which is related to translucency of material, had strong
effect on irradiance reaching the bottom of composite
and on depth of polymerization. Shade A2 presented
the deeper polymerization and higher irradiance in the
bottom of composite, whereas the lowest values of depth
of polymerization and irradiance were found to OXDC.

Resumo

Este estudo objetivou avaliar o efeito da cor do compdsito e da distancia
da ponta do aparelho fotopolimerizador (AFP) na irradiéncia alcancando
a base do disco de composito e na profundidade de polimerizacao.
Compositos de trés cores (opaca - OXDC, clareado - BXL, e A2) foram
inseridos em moldes com 3 mm de espessura posicionados sobre um
espectrdmetro e fotoativados com a ponta do AFP (Bluephase) colocada
a 0ou 1 cm da superficie do compésito. A irradidncia média alcancando
a base do composito foi registrada durante toda a fotoativacdo (30 s).
Amostras (2 x 2 x 4 mm) de compésito polimerizado também foram
confeccionadas e usada para mapear o grau de conversdo obtido em
diferentes profundidades da superficie irradiada. As amostras foram
seccionadas em fatias que foram posicionadas sobre a plataforma de um
microscopio infra-vermelho conectado ao espectrometro para mapear a
conversdo. A conversdo foi mensurada em oito diferentes profundidades
com 500-pm entre elas. Aumentando a distancia da ponta do AFP reduziu
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a irradiancia apenas para A2. Interpondo discos de OXDC resultou em
menoresvalores de irradidncia e A2 nos maiores. Uma tendéncia de reducio
na conversio foi observada em direcéo a base das amostras para todas as
condicdes experimentais, com uma redugdo mais acentuada para OXDC.
Diferencas entre as cores e distancias da ponta do AFP foram evidentes
apenas a partir de 1,2-2,0 mm de profundidade. Como conclusio, tanto
a cor do composito como a distancia da ponta do AFP podem afetar a
transmisséo de luz e a profundidade de polimerizacéo, enquanto que o
efeito do ultimo foi mais pronunciado.
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