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RESUMO

Proposicao: Este estudo avaliou o efeito da cor circundante e da espessura da amostra
no potencial de ajuste de cor (PAC) de uma resina composta monocromatica.
Metodologia: O composito Vittra APS Unique foi (amostras duplas) ou ndo (amostras
simples) circundado com um compdsito controle Forma (cor A1D, A2D ou A3D).
Amostras simples do composito controle também foram confeccionadas. A opacidade ¢
o indice de brancura para odontologia (WIp) foram calculados para as amostras simples.
As diferengas de cor entre amostras simples (AEa*SIMPLES)/ duplas (AE.*DUPLOS)
e os controles foram calculados. O PAC foi calculado baseado na razdo entre AEq.*
SIMPLES e AEa*DUPLOS. Resultados: O composito testado apresentou menor
opacidade (53 a 62% vs. 80 a 93%) e maior WIp (= 42 vs. 18 a 32) que os controles.
Independente da espessura da amostra (1,0/1,5 mm), os valores mais baixos de
AE*SIMPLES (11,1/ 10,8) e AEa*DUPLOS (7,2/ 6,1) foram observadas quando a
resina circundante era A1D. A cor A3D produziu maior AE.»*SIMPLES (16,4/ 17,1) e
AEa*DUPLOS (11,3/ 12,3) que A2D (AEa*SIMPLES = 13,4/ 14,6; ¢ AE* DUPLOS
=9,7/10,3). A espessura das amostras afetou significativamente o PAC (0,35 ¢ 0,44 para
1,0 e 1,5 mm, respectivamente) apenas para a cor A1D, que teve os maiores valores de
PAC. A cor A3D resultou nos maiores valores de PAC (0,31) que A2D (0,27) quando
amostras de 1,0 mm de espessura foram usadas, mas valores similares foram observados
para amostras de 1,5 mm (= 0,29). Conclusdo: Tanto a cor circundante como a
espessura das amostras podem afetaram o PAC de um compdsito resinoso

monocromatico, sendo este maior para a cor Al e espessura de 1,0 mm.

Palavras-chave: Materiais dentarios; Resinas compostas; Cor.
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ABSTRACT

Propose: This study evaluated the effect of surrounded shade and specimens’ thickness
on the color adjustment potential of a monochromatic composite. Methodology: The
composite Vittra APS Unique was surrounded (dual specimens) or not (single specimens)
by a control composite (shade A1D, A2D, or A3D). Single specimens of control
composite were also confectioned. Opacity and whiteness index for dentistry (WID)
were calculated for single specimens. Color differences between the single
(AEab*SIMPLE)/ dual specimens (AE.,*DUAL) and the controls were calculated. CAP
was calculated based on the ratio between AEa.™* SIMPLE and AEa.* DUAL. Results:
The tested composite presented lower opacity (53 to 62% vs. 80 to 93%) and the higher
WIp (=42 vs. 18 to 32) than controls. Irrespective of the specimens’ thickness (1.0/ 1.5
mm), the lowest values of AEa.p* SIMPLE (11.1/ 10.8) and AE.»*DUAL (7.2/ 6.1) were
observed using the surrounding shade AI1D. The shade A3 vyielded higher
AEa*SIMPLE (16.4/ 17.1) and AEa* DUAL (11.3/ 12.3) than te A2D (AE.*SIMPLE
= 13.4/ 14.6; and AEa* DUAL = 9.7/ 10.3). The specimen’s thickness significantly
affected the CAP (0.35 and 0.44 for 1.0 and 1.5 mm, respectively) only for shade A1D,
which had the highest CAP values. The shade A3D resulted in higher CAP values (0.31)
than A2D (0.27) when 1.0-mm thick specimens were used, but similar values were
observed for 1.5 thick specimens (= 0.29). Conclusion: Both surrounding shade and
specimen thickness can affect the CAP of a monochromatic resin composite, and the

highest values were observed for shade Al and 1.0-mm thick specimens.

Key words: Dental materials, Composites resins, Color.
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1. Introducao

O sucesso de restauragdes dentdrias estéticas dependem de uma correspondéncia
adequada entre a cor do material restaurador e aquela observada nas estruturas dentarias.
Fenomenos opticos como difusdo, dispersdo, absorc¢ao e reflexdo da luz, interagindo com a
dentina e o esmalte sdo responsaveis pela cor dental (PECHO et al., 2016; ELGENDY et al.,
2019; ILIE et al.,2020). A cor intrinseca dos dentes esta associada a dispersdo e absorc¢ao de
diferentes comprimentos de onda em tubulos dentinarios e cristais de hidroxiapatita de
esmalte (ELGENDY et al., 2019; ILIE & FURTOS, 2020). Assim, a cor final esta relacionada
as espessuras dos substratos dentarios e suas curvaturas, modificando a direcdo da luz
refletida (VILLARROEL et al., 2011).

A complexidade dos fendmenos Opticos desafia os clinicos a mimetizarem a cor do
dente com restauragdes diretas em resina composta. Os sistemas fornecidos pela maioria dos
fabricantes de compositos sao baseados em materiais com diferentes niveis de translucidez.
Além de uma selecdo adequada da cor, uma relacdo adequada entre a translucidez do
composito e a sua espessura afeta fortemente o resultado estético (VILLARROEL et al., 2011;
SALAS, 2018 et al.; SANTOS et al., 2018). Outro fator associado a percep¢ao da cor € o
iluminante, uma vez que a cor pode mudar sob diferentes fontes de luz (LEE et al., 2011).
Portanto, a experiéncia dos clinicos em selecionar as cores e inserir os compositos sdo fatores
cruciais, reduzindo a previsibilidade do procedimento restaurador (OLMS et al., 2013;
SINMAZISIK et al., 2014).

Sob tal perspectiva, compositos com melhor capacidade de ajustar sua cor em direcao
aquela das estruturas dentarias adjacentes podem facilitar os procedimentos restauradores. A
mudanga de cor ou potencial de ajuste de cor (PAC) do composito depende tanto do “efeito
camaledo” (percep¢do visual e subjetiva) quanto de sua translucidez (PARAVINA et al.,
2008; TRIFKOVIC et al., 2018; PEREIRA et al., 2019; KOBAYASHI et al., 2021).

Logo, como a espessura do compdsito estd intimamente relacionada com sua
translucidez, ¢ razodvel supor que o aumento da espessura da camada de resina composta
possa afetar sua capacidade de mimetizar os substratos adjacentes. Além disso, a cor do
substrato adjacente também pode afetar o PAC, mas este efeito ainda ¢ pouco estudado na
literatura odontologica. Na verdade, apesar de sua importancia na odontologia estética, os
mecanismos envolvidos no ajuste de cor dos compdsitos nao sdo totalmente compreendidos.

Diante disso, o presente estudo considerou a hipdtese que (1) a cor envolvida e (2) a espessura
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dos espécimes ndo afeta os valores do PAC.



2. Proposicao

Avaliar o efeito da cor circundante e da espessura da amostra sobre o potencial de

ajuste de cor de um compdsito monocromatico.



3. Metodologia

3.1 Desenho experimental

Este estudo laboratorial avaliou o PAC (varidvel dependente) da resina composta
monocromarica Vittra APS Unique (FGM, Joinville, SC, Brasil). As varidveis independentes
espessura da amostra, em dois niveis (1,0 mm ou 1,5 mm) e cor da resina circundante em trés

niveis (A1D, A2D, ou A3D). A variavel dependente foi o PAC.

3.2 Métodos

3.2.1 Confecg¢do dos espécimes em forma de discos de resina

Amostras com um (simples) ou dois (duplas) compositos foram confeccionadas
utilizando matrizes metélicas (Odeme, Luzerna, SC, Brasil). Além do composito teste Vittra
APS Unique, o composito Forma (Ultradent, Indaiatuba, SP, Brasil) foi utilizado para
confeccionar as amostras simples do controle e a por¢do externa das amostras duplas. Esse
ultimo composito foi utilizado nas cores A1D, A2D e A3D, correspondendo a uma

translucidez de dentina. A figura 1 ilustra os compositos utilizados no estudo.

Figura 01. Resinas compostas testadas Vittra APS Unique (Ultradent, Indaiatuba, SP, Brasil)
e Forma (FGM, Joinville, SC, Brasil) nas cores A1D, A2D e A3D.
Para a confecg¢do de amostras simples, os compositos resinosos foram inseridos em um
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unico incremento em uma matriz metalica com 8 mm de didmetro interno e profundidade de
1,0 mm ou 1,5 mm (n = 5). A profundidade da matriz era ajustavel através da movimentacao
de sua base rosqueavel. Cada modificagao da profundidade era conferida com auxilio de um
paquimetro digital. Apos a inser¢ao, o composito era coberto com uma tira de poliéster e
fotopolimerizado por 40 segundos, utilizando o aparelho fotopolimerizador Radii-Cal (1.200
mW/cm?; SDI, Victoria, Australia). Uma vez que a ponta ativa do aparelho possui didmetro
interno (6,0 mm), esta foi afastada de forma que o feixe de luz alcangasse todo o didmetro de

amostra. A figura 2 ilustra o preparo das amostras simples.

Figura 2. Preparo das amostras duplas. (A) matriz metalica utilizada, (B) insercdo e (C)

fotopolimerizacao da resina composta, € (D) amostra simples confeccionada.

Uma matriz, com 16 mm de didmetro interno € um cilindro metalico com 8 mm no
centro, foi utilizado para obter amostras duplas. A profundidade interna desta matriz era
igualmente ajustavel. Para cada cor, o compdsito resinoso Forma foi inserido na matriz em
um Unico incremento e coberto com uma tira de poliéster (n = 5). Esse composito foi
polimerizado com quatro fotoativacdes por 40 segundos. A posi¢do da ponta do aparelho foi

alterada entre cada fotoativacdo para cobrir toda a superficie da amostra. Entdo o cilindro
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metalico central da matriz era rebaixado (rosca) até que a sua por¢do superior ficasse na
mesma altura da base da amostra (resina Forma circundante). Desse modo, o centro da
amostra (8 mm de didmetro) foi preenchido com o compédsito Vittra APS Unique. Esta era
coberta com uma tira de poliéster antes de ser fotopolimerizada por 40 segundos. A figura 3

ilustra o preparo das amostras duplas. As amostras foram armazenadas em condic¢des secas

por pelo menos sete dias antes das mensuracdes de cor.

Figura 3. Preparo das amostras duplas. (A) matriz metalica utilizada, (B) insercdo e (C)
fotopolimerizagdo da resina composta Forma (cor A1D, A2D ou A3D), (D) insercdo e (E)
fotopolimerizacao da resina composta Vittra APS Unique no centro da amostra, e (F) amostra
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dupla confeccionada.

3.2.2 Leitura de cor

A cor dos espécimes foi avaliada utilizando um espectrofotdometro portatil de esfera
(SP60, X-Rite, Grand Rapids, MI, EUA), em modo de reflexdo, com uma abertura de 8 mm
de diametro, angulo de observacdo de 2 graus, e um iluminante D65. As coordenadas do
sistema LAB da CIE - Commission Internationale de L'Eclairage foram registradas. O sistema
CIELab ¢ baseado na luminosidade (coordenada L*) e nas coordenadas cromaticas a* (eixo
vermelho- verde) e b* (eixo amarelo-azul). As coordenadas de cor foram obtidas com os
espécimes posicionados sobre um fundo branco (ColorChecker grayscale, X-Rite, Grand
Rapids, MI, EUA). Para as amostras simples e duplas, a cor foi medida posicionando a ponta

do espectrofotometro no centro da amostra correspondente a Vittra APS Unique (Figura 3).

Figura 3. Leitura de cor em amostra dupla.
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3.2.3 Célculo do indice de brancura para odontologia (WIb):

A opacidade dos espécimes simples também foi calculada com base nas medidas de
cor contra fundos branco e preto (ColorChecker grayscale, X-Rite, Grand Rapids, MI, EUA).
Com base nos dados do laboratério, o indice de brancura para odontologia (WIp) de todos os

espécimes foi calculado usando a seguinte formula (PEREZ et al., 2016):

WIp =0.551 xL—2324 xa—1.1 xb

3.2.4 Célculo do Potencial de ajuste de cor (PAC):

As diferengas de cor (AE.*SIMPLES) entre o composito de controle (cor A1D, A2D
e A3D) e Vittra APS Unique usando apenas a cor de um unico espécime duplo. Foi utilizada a

seguinte formula:
AEa* = [(AL*)2 4 (Aa*)z 4 (Ab*)z]l/z
Além disso, as diferencas de cor entre os espécimes simples do composito de controle
e os espécimes duplos com a mesma cor em torno do composito Vittra APS Unique

(AEa*DUAL) foram calculadas para estimar os valores de PAC. A Figura 4 ilustra as

comparagoes utilizadas para calcular as diferengas de cor.
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Amostras simples Amostras duplas

Forma A1

Vittra APS Unique

Vittra APS ;
Unigue e e 1 Forma A2

Vittra APS Unique

t «-—) Forma A3

Controle
Forma

Figura 4. Comparacdes utilizadas para calcular as diferengas de cor (AE,,*smprLes €

AE.p*puaL).

Para cada condicdo experimental (espessura vs. cor externa), o PAC foi calculado

usando a seguinte formula (TRIFKOVIC, 2018):

PAC = 1 — (AEa " DUPLOS/AEaw “SIMPLES)

3.3 Analise de dados

Os dados foram analisados para distribuicdo normal (teste de Shapiro-Wilk) e
homogeneidade de variancia (teste de Levene). Para cada desfecho, os dados foram analisados
usando analise de varidncia de duas vias. As varidveis independentes foram ‘espessura da
amostra’ e ‘cor do composito’. Comparagdes multiplas foram realizadas pelo teste de Tukey,

e um nivel de significancia de 95% foi adotado para todas as anélises.
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4. Resultados

Artigo nas normas de Brazilian Dental Journal

EFFECT OF SURROUNDED SHADE AND SPECIMEN'S THICKNESS ON
COLOR ADJUSTMENT POTENTIAL OF A SINGLE-SHADE COMPOSITE

Short title: Color adjustment of a single-shade composite
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SUMMARY

This study evaluated the effect of surrounded shade and specimens” thickness on the color
adjustment potential (CAP) of a single-shade composite. The composite Vittra APS Unique
was surrounded (dual specimens) or not (simple specimens) by a control composite (shade
Al, A2, or A3). Simple specimens of the control composite were also confectioned. Opacity
and whiteness index for dentistry (WIp) were calculated for simple specimens. Color
differences between the simple (AE*sivpLE)/ dual specimens (AE*puar) and the controls were
calculated. CAP was calculated based on the ratio between AE* sivpLe and AE* puar. The
tested composite presented lower opacity (53 to 62% vs. 80 to 93%) and higher Wlp (= 42 vs.
18 to 32) than controls. Irrespective of the specimens’ thickness (1.0/ 1.5 mm), the lowest
values of AE* sivpre (11.1/ 10.8) and AE*puar (7.2/ 6.1) were observed using the surrounding
shade A1. The shade A3 yielded higher AE*sivpLe (16.4/ 17.1) and AE* puar (11.3/12.3) than
the A2 (AE*sivpLe = 13.4/ 14.6; and AE* puaL = 9.7/ 10.3). The specimen's thickness
significantly affected the CAP (0.35 and 0.44 for 1.0 and 1.5 mm, respectively) only for shade
A1, which had the highest CAP values. The shade A3 resulted in higher CAP values (0.31)
than A2 (0.27) when 1.0-mm thick specimens were used, but similar values were observed for
1.5 thick specimens (= 0.29). In conclusion, both surrounding shade and specimen thickness

can affect the CAP of a single-shade resin composite.

KEYWORDS: Color adjustment potential, Color blending, Resin composite, Opacity.
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INTRODUCTION

Esthetic dental restorations depend on an adequate matching between the color of
restorative material and that observed in tooth structures. Optical phenomena such as
diffusion, scattering, absorption, and light reflection interacting with the dentin and enamel
are responsible for the dental color (1-3). The intrinsic color of teeth is associated with the
scattering and absorption of different wavelengths in dentinal tubules and enamel
hydroxyapatite crystals (2,3). Thus, the ultimate color is related to the thicknesses of dental

substrates and their curvatures, modifying the direction of the reflected light (4).

The complexity of optical phenomena challenges the clinicians in mimicking the tooth
color using direct resin composites. Most of the composites’ manufacturers provide their
systems are based on materials with different translucency levels. Further to a proper shade
selection, an adequate relation between the composite translucency and the thickness of its
layer strongly affects the esthetic result (4-6). Another factor related to color perception is the
illuminant since an object's color changes under different light sources (7). Therefore, the
experience of clinicians to select the composite shades and build the restorations up are

crucial factors, improving the predictability of the restorative procedure (8,9).

Composites with improved ability to shift their color toward adjacent tooth structures
can facilitate restorative procedures. The “color shifting” or “color adjustment potential”
(CAP) of composite results from both blending effect (visual and subjective perception) and
its translucency (10-14). Therefore, since the composite's thickness is closely related to its
translucency, it is reasonable to assume that increasing the thickness of the composite layer
might reduce its ability to mimic the adjacent substrates. Moreover, the color of the adjoining
substrate also might affect the CAP, but this effect is barely studied. In fact, despite its
importance in esthetic dentistry, the mechanisms involved in the color adjustment of

composites remain not fully understood.

This study evaluated the effect of surrounded shade and specimens’ thickness on CAP
of a single-shade resin composite using an instrumental method. The study hypothesized that

the surrounded shade and the specimens’ thickness do not affect the CAP values.
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MATERIAL AND METHODS

The CAP of the single-shade resin composite Vittra APS Unique (FGM,
Joinville, SC, Brazil) was evaluated in the present study. The composite Forma
(Ultradent, Indaiatuba, SP, Brazil) was used as the control and surrounded color (shades
A1D, A2D, and A3D). Specimens were built with single (simple) and two (dual)
composites. Composites from the same manufacturer tend to present similar optical
behavior considering the similarity in the monomeric and filler compositions.
Therefore, composites from another manufacturer were used as controls to avoid
possible bias. For the simple specimens, the composites were inserted in a single
increment into a metallic matrix with 8-mm of internal diameter and depth of 1.0 or 1.5
mm (n = 5). The composites were covered with a polyester strip. They were light-cured
with a LED-based light unit (Radii-Cal, SDI, Victoria, Australia) used in the standard
mode (1,200 mW/cm?) for the 40s. The light-curing tip was positioned approximately 2
mm from the specimen to allow the light to reach its entire surface.

A matrix with a 16-mm internal diameter and a metal cylinder with 8-mm in its
center was used to obtain dual specimens (Figure 1). The internal depth of this matrix
was adjustable to obtain specimens with either 1.0 or 1.5-mm of thickness. For each
shade, the composite Forma was inserted into the matrix in a single increment and
covered with a polyester strip (n = 5). Four 40s photoactivations were performed. The
position of the light-curing unit tip was changed between each photoactivation to cover
the entire surface of the specimen. Afterward, the central metal cylinder was moved
down, leaving the correspondent space, which was filled with the composite Vittra APS
Unique. This last composite was light-cured for the 40s, and the specimens were stored
in a dry condition for at least seven days before the color measurements.

The specimens’ color was assessed with a spectrophotometer (SP60, X-Rite,
Grand Rapids, MI, USA) used in reflectance mode. The device has an aperture diameter
of 8 mm, and the readings were carried out with a 2° observer angle and illuminant
D65. The coordinates of the LAB system from the Commission Internationale de
L’Eclairage (CIE) were recorded. This system is based on the lightness (coordinate L*)
and the chromaticity coordinates a* (red-green axis) and b* (yellow-blue axis). Color
coordinates were read with the specimens placed against a white background
(ColorChecker grayscale, X-Rite, Grand Rapids, MI, USA). For the dual specimens, the

color was measured by positioning the spectrophotometer tip on the specimen’s center
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corresponding to the composite Vittra APS Unique. The specimens were placed onto a
paper matrix that assured the color readings in their center.

The opacity of simple specimens was also automatically calculated by the
spectrophotometer based on the contrast between the colors measured against white and
black backgrounds. Based on Lab data, the whiteness index for dentistry (Wlp) of all

specimens was calculated using the following formula (15):

WID = 0.551 x L* —2.324 xa*— 1.1 X b* Equation 1

The color differences (AE*sivpLE) between the control composite (shades A1D,
A2D, and A3D) and Vittra APS Unique using only the color of simple specimens. The
following formula was used:

AE* = [(AL")? + (Aa")® + (Ab*)?*]"/? Equation 2

Furthermore, the color differences between the simples specimens of the control
composite and the dual specimens with the same shade surrounding the composite
Vittra APS Unique (AE*puar) were calculated to estimate the CAP values. Figure 2
illustrates the arrangement of the specimens to calculate both AE*sivpLe and AE*puat.

For each experimental condition (thickness vs. surrounding shade), the CAP was

calculated using the following formula (11):

CAP =1-— (AE*DUAL/AE*SIMPLE ) Equation 3

The data were analyzed for normal distribution (Shapiro-Wilk test) and
homogeneity of variance (Levene's test). For each outcome, data were analyzed using
two-way ANOVA. The independent variables analyzed were ‘thickness’ and
“composite shade’ vs. surrounding shade.’ Pair-wise comparisons were performed with

Tukey's test, and a significance level of 95% was set for all analyzes.
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RESULTS

The results for WIp and opacity for simple specimens are displayed in Table 1.
Two-way ANOVA showed that both factors ‘thickness’ (p < 0.001) and ‘composite
shade’ (p < 0.001) affected the WIp values, and the interaction between the factors was
also significant (p < 0.001). Only for the shades A2 and A3, the specimens’ thickness
affected the WIp values (1.5 mm < 1.0 mm). Irrespective of thickness, the whitest
specimens were observed for Vittra APS Unique, and the whiteness increased from A3
toward Al. The opacity was also affected by specimen’s ‘thickness’ (p < 0.001),
‘composite shade’ (p < 0.001), and the interaction between the factors (p = 0.001). For
both thicknesses, Vittra APS Unique showed the lowest opacity values. No differences
in opacity among the shades of composite Forma were observed for 1.5-mm thick
specimens. On the other hand, for specimens with 1.0mm of thickness, the shade A1l
was opaquer than the others, which did not differ between them. Opacity increased for
thicker specimens.

Table 2 displays the color difference between control shade and simple
specimens of Vittra APS Unique (AE*sivpLe) and between control shade and dual
specimens of Vittra APS Unique (AE*puaL). Two-way repeated-measures ANOVA
showed that AE*sivpLe values were affected by both factors ‘thickness’ (p < 0.001) and
‘shade’ (p < 0.001), as well as by the interaction between the factors (p < 0.001). Values
of AE*puaL were similarly influenced by the surrounded ‘shade’ and interaction
between the factors (p < 0.001 for both). However, the ‘thickness’ alone was not
significant (p = 0.179). Regardless of the thickness, the color difference increased
toward more chromatic resins (from Al to A3) for both color differences (AE*sivpLE
and AE* puar). Only for shade Al, the color difference values tended to reduce as the
thickness increased (no significant difference for AE*smprLe). The opposite was
observed for the other shades (no significant difference for AE*puar and A2).

Regarding the values of CAP, the factors ‘composite shade’ (p < 0.001) and
‘thickness’ (p = 0.010) affected the results, and the interaction between these factors
was also significant (p = 0.002) - Figure 3. Irrespective of the specimen’s thickness, the
highest potential was observed when the outer resin was Al. Differences between the
other shades of outer resin were observed only for the thinner specimens (A2 < A3).
The specimen’s thickness affected the CAP values only when the outer resin was Al

(1.5 mm > 1.0 mm).
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DISCUSSION

In the present study, specimen thickness and surrounded shade affected the CAP
values of a single-shade resin. Therefore, we rejected the null hypotheses of the study.
The rationale of CAP calculation is that the tested composite shifts its color toward the
surrounding composite shade (11,12). Therefore, compared with the control composite,
it is expected that the color difference is lower for dual specimens (AE*puatr) than for
the simples (AE*sivpiie). Consequently, the CAP values are directly related to the
difference between AE*sivpLe and AE*puaL.

When the color of single composite specimens was analyzed, the highest values
of WIp were observed for Vittra APS Unique. It is reasonable to associate these results
with the fact that the Vittra APS Unique is less opaque (53 to 61%) than the composite
Forma (80 to 93%), allowing enhanced visualization of the white background (16,17).
In general, specimens thicker than 2 mm are required to prevent the background from
influencing the color measurements (18,19). However, composites are usually inserted
in layers thinner than 2 mm to restore esthetic areas such as incisal edges of cavities
class IV (20,21). Therefore, despite some background effects on the color assessment,
we choose to evaluate specimens with more clinically suitable thickness ranging from
1.0 to 1.5 mm. Moreover, it is essential to emphasize that no clinically relevant Wlp
differences were observed by increasing the specimen’s thickness from 1.0 to 1.5 mm.
This last matter suggests that the background effect was less significant than expected.

The simple specimens’ readings also showed that the WIp of the Vittra APS
Unique was closer to that calculated to the shade Al. Consequently, the lowest values
of AE*simpLE were observed between simple specimens of the tested composite and
Forma A1D. Moreover, comparing these last composites with dual specimens also
resulted in the lowest values of AE*puaL. Since the CAP calculation is based on relative
reduction in AE* values, the percentage of reduction on color differences caused by
placing the composite Vittra APS Unique surrounded by the compared (control) shade
should be used to explain the CAP. For shade A1, the values of AE*puaL were 39%
lower (35 and 44% for specimens with 1.0 and 1.5 mm, respectively) than those
calculated for AE*sivpLe. In contrast, a reduction of approximately 30% (ranging from
28 to 31%) was observed for the other shades. Therefore, the highest values of CAP for
the Vittra APS Unique were observed when the composite was inserted into a cylinder

built using the composite A1, mainly when thicker specimens were evaluated.
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Further to the presence of pigments, the color of dental composites also results
from its bulk structure selecting the reflection of specific wavelengths (22-25). Animals
like butterflies and peacocks present several colors due to photonic crystals instead of
pigments (26). A photonic crystal is an optical nanostructure that changes its refraction
index periodically, affecting light propagation (27). This phenomenon can be obtained
in dental composites by using specific sizes and shapes of filler particles that selectively
reflect certain bands of wavelengths of light (22,24). For instance, the manufacturer of
the composite Omnichroma (Tokuyama Dental, Tokyo, Japan) states that using 260nm
spherical fillers generates the red-to-yellow color, which improves its ability to match
the color of natural teeth (24).

Furthermore, it is reported that an increase in the translucency of the composite
Omnichroma after its polymerization also contributes to the color-shifting ability (14).
The manufacturer of Vittra APS Unique provides a lack of information regarding the
mechanism explaining the material's color shifting. Still, this effect is reported due to its
translucency increasing after the polymerization. Indeed, this composite polymerized
presented lower opacity in the present study than the others used as controls. It is also
important to emphasize that the manufacturer of Vittra APS Unique recommends using
an additional layer of an opaquer composite for very dark substrates. Therefore, it is
reasonable to relate the CAP of Vittra APS Unique more to its high translucency than
some color shifting ability. Finally, the CAP values observed were like those observed
for regular composites in a prior study using a similar methodology used in the present
study (11).

Dental composites with high CAP can facilitate clinicians obtaining satisfactory
esthetic restorations and compensate for any failure on shade selection. The present
study's findings showed that the blending effect of Vittra APS Unique depends on the
surrounding color. The CAP values were higher when the outer composite was Al than
for darker shades, and using a thicker layer increased the blending effect only when the
lighter shade was used. A limitation of the present study was that the colors were
assessed only using a white background. Considering the high translucency of Vittra
APS Unique, it is expected that different results might be observed by using darker
backgrounds. Moreover, the results observed for the Vittra APS cannot be extrapolated
to other single-shade composites since the factors affecting the color-shifting ability is

material-dependent.
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RESUMO

Este estudo avaliou o efeito da cor circundante e da espessura da amostra no potencial
de ajuste de cor (PAC) de uma resina monocromatica. O compésito Vittra APS Unique
foi circundado (amostras duplas) ou ndo (amostras simples) com um composito controle
(cor Al, A2 ou A3). Amostras simples do compoésito controle também foram
confeccionadas. A opacidade e o indice de brancura para odontologia (IBo) foram
calculados para as amostras simples. As diferengas de cor entre amostras simples
(AE*smvpLe) / duplas (AE*puar) e os controles foram calculados. PAC foi calculado
baseado na razdo entre AE* sivpLe € AE* puaL. O composito testado apresentou menor
opacidade (53 a 62% vs. 80 a 93%) e maior IBo (= 42 vs. 18 a 32) que os controles.
Independente da espessura da amostra (1,0/ 1,5 mm), os valores mais baixos de AE*
sivpLE (11,17 10,8) e AE*puaL (7,2/ 6,1) foram observadas quando a resina circundante
era Al. A cor A3 resultou em maior AE*sivpre (16,4/ 17,1) ¢ AE* puar (11,3/ 12,3) do
que A2 (AE*sivpLe = 13,4/ 14,6; e AE* puaL = 9,7/ 10,3). A espessura das amostras
afetou significativamente o PAC (0,35 e 0,44 para 1,0 e 1,5 mm, respectivamente)
apenas para a cor Al, que teve os maiores valores de PAC. A cor A3 resultou nos
maiores valores de PAC (0,31) que A2 (0,27) quando amostras de 1,0 mm de espessura
foram usadas, mas valores similares foram observados para amostras de 1,5 mm (=
0,29). Como conclusdo, tanto a cor circundante como a espessura das amostras podem

afetar o PAC de um composito resinoso monocromatico.
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TABLES

Table 1. Means (standard deviations) of whiteness index and opacity for simple

specimens according to the specimen’s thickness.

Outcome WID Opacity (%)
Specimen's thickness 1.0 mm 1.5 mm 1.0 mm 1.5 mm
Forma Al 31.5(0.3)B  30.9(0.2)B 883 (1.4)*° 92.9(2.2)4
Resin Forma A2 27.0 (0.3)C*  253(0.4) 79.8(2.3)B 91.6(1.5)4
composite Forma A3 20.1(0.5)%*  18.4(0.3)® 81.6(2.3)% 90.4 (1.7) "
Vittra APS Unique  42.2 (0.5)"* 42.1(1.0)** 53.0(0.9)® 61.6(1.8) B

For each outcome, distinct letters (uppercase comparing shades, lowercase comparing thicknesses)
indicate statistical difference at Tukey's test (p < 0.05). WID: whiteness index.

Table 2. Color differences (standard deviation) among simple (AE*simple) and dual

(AE*qua1) composite specimens of Vittra APS Unique and the control shades.

Outcome AE*sivpLE AE*puaL
Specimen's thickness 1.0 mm 1.5 mm 1.0 mm 1.5 mm
Al 11.1 (0.6)¢  10.8 (0.8)< 7.2 (0.9)C 6.1 (0.7)C
Shade of A2 13.4 (0.6)® 14.6 (0.7)% 9.7 (0.8)B 10.3 (0.8) B
outer resin A3 16.4(0.5) 17.1(0.3)* 11.3(0.8)* 123 (0.8)*
Ab

For each outcome, distinct letters (uppercase comparing shades, lowercase comparing thicknesses) indicate

statistical difference at Tukey's test (p < 0.05).
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FIGURES

Figure 1. Metallic matrix used to build dual specimens.

Simple specimens Dual specimen

A e — AE*DUAL »

*
AE SIMPLE

Figure 2. Schematic illustration of specimens’ arrangement to calculate AEap*simple and

AEap*dual.
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Figure 3. Means (standard deviation) of color adjustment potential of the composite Vittra
APS Unique according to the shade of outer resin and specimen's thickness. For each
thickness, distinct letters indicate statistical difference at Tukey's test (p < 0.05). * Statistical

difference from 1.5-mm thick specimens for the same shade of outer resin.
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5. Consideracoes finais

Os resultados deste estudo mostraram que o potencial de ajuste de cor da resina
composta monocromadrica Vittra APS Unique depende tanto da cor do substrato adjacente
quanto da espessura da amostra. A cor dessa resina parece se adaptar melhor a substratos
adjacentes mais claros, como o confeccionado com a resina Al. Além disso, a mudanga de
espessura de 1,0 para 1,5 mm sé afetou o potencial de ajuste de cor quando o substrato

circundante era a resina mais clara.
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6. Comunicado de imprensa

A selegdo da cor da resina composta ¢ um grande desafio para o cirurgido-dentista ao
confeccionar uma restauracao estética. Idealmente, a cor da restauracao deve ser semelhante
ao do dente, que apresenta variagdes de cor ao longo de sua estrutura. Assim,
tradicionalmente, o dentista precisa lancar mao de diversas cores de uma resina para obter
uma restauracdo final imperceptivel. Recentemente, resinas compostas que se adaptam a cor
do dente adjacente foram langadas no mercado odontoldgico. Essas resinas, denominadas
monocromaticas, teriam um ‘“efeito camaledao”, mas pouco se sabe sobre a sua eficécia,
mensurada através do “potencial de ajuste de cor”. Uma dissertacdo de mestrado, conduzida
pela cirurgid-dentista Mariana Silva Barros, e orientada pelo Prof. Dr. André Luis Faria e
Silva, foi conduzida no programa de pods- graduagdo em Odontologia, da Universidade
Federal de Sergipe, demonstrou que tanto a espessura como a cor que circunda a resina
monocromatica podem afetar sua habilidade de ajustar sua cor ao substrato adjacente. Os
resultados desse estudo laboratorial advertem o dentista que devem tomar cuidado ao usar
esse tipo de resina, pois, dependendo da espessura que ela for usada ou dar cor do dente,

pode-se ndo obter um resultado estético satisfatorio.
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