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ABSTRACT

Objectives

This study aimed to evaluate the effect of different light-curing units on the im-
mediate post-polymerization color change of one-shade and multi-shade composite
resins.

Material and Methods

Eight composite resins, comprising 4 universal one-shade (Omnichroma, Charis-
ma Diamond One, Essentia Universal, and Vittra APS Unique) and 4 multi-shade
composite resins (Estelite Sigma Quick, Genial Universal Injectable, Optishade
Universal, and Filtek Ultimate) were evaluated. Standardized specimens were pre-
pared using 8 mm-diameter, 2 mm-thickness Teflon molds (n = 10). Baseline color
measurements were obtained with a contact-type spectrophotometer (Vita Easys-
hade Compact) before polymerization. Then the specimens were polymerized using
4 different light-curing units (Elipar S10, VALO Cordless, Woodpecker LED.E, and
Woodpecker iLed), and second color measurements were performed. Color differ-
ences were calculated using the CIEDE2000 formula. Data were analyzed using a
two-way ANOVA and post hoc Tukey tests, with o = 0.05.

Results

Statistically significant differences in color change were observed among the tested
composite resins and light-curing units (P < 0.05). The AEoo values ranged from
3.75 to 13.93. The most significant color change was detected in the Omnichro-
ma group polymerized with the Woodpecker iLed unit (AE00 = 13.93). In contrast,
Estelite Sigma Quick demonstrated the lowest color change when cured with the
VALO Cordless (AE00 = 3.75).

Conclusion

Within the limitations of this study, both the type of composite resin and the light-cur-
ing units significantly influenced post-polymerization color change. Therefore,
shade selection should be performed after polymerization, and the same light-curing
unit should be used for polymerization to achieve optimal aesthetic outcomes in
clinical practice.
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Amag

Bu ¢alismanin amaci, farkli 1s1k cihazlarinin tek renkli ve
cok renkli kompozit rezinlerde polimerizasyon sonrasi
anlik renk degisimi tizerindeki etkisini degerlendirmektir.

Gerec¢ ve Yontemler

Calismada, dordii tek renkli universal kompozit (Omni-
chroma, Charisma Diamond One, Essentia Universal ve
Vittra APS Unique) ve dordii ¢ok renkli kompozit rezin
(Estelite Sigma Quick, Genial Universal Injectable, Op-
tishade Universal, Filtek Ultimate) olmak {izere toplam
8 kompozit rezin degerlendirilmistir. Standart 6rnekler,
8 mm capinda ve 2 mm derinliginde silikon kaliplar kul-
lanilarak hazirlanmistir (n = 10). Polimerizasyon 6nce-
sinde, temas tipi bir spektrofotometre (Vita Easyshade
Compact) ile baslangi¢ renk dlglimleri yapilmigtir. Daha
sonra Ornekler 4 farkli 11k cihazi (Elipar S10, VALO
Cordless, Woodpecker LED.E ve Woodpecker ilLed)
kullanilarak polimerize edilmis ve ikinci renk olgtimleri
gergeklestirilmistir. Renk farklart CIEDE2000 formiilii
kullanilarak hesaplanmustir. Veriler, iki yonli ANOVA ve
Tukey post-hoc testleri kullanilarak o = 0,05 anlamlilik
diizeyinde analiz edilmistir.

Bulgular

Test edilen kompozit rezinler ve 1sik cihazlari arasin-
da renk degisimi agisindan istatistiksel olarak anlamli
farkliliklar saptanmistir (P < 0.05). AE0o degerleri 3.75
ile 13.93 arasinda degismistir. En yiiksek renk degisimi,
Woodpecker iLed cihazi ile polimerize edilen Omnichro-
ma grubunda (AE00 = 13.93) gozlenirken, en diisiik renk
degisimi VALO Cordless cihazi ile polimerize edilen Es-
telite Sigma Quick grubunda (AE00 = 3.75) goriilmiistiir.

Sonuc¢

Bu ¢aligmanin sinirliliklari dahilinde, hem kompozit rezin
tipi hem de kullanilan 151k cihaz1 polimerizasyon sonrasi
renk degisimini anlamli derecede etkilemistir. Bu neden-
le, klinik uygulamada optimal estetik sonuglar elde etmek
amaciyla renk secimi polimerizasyon sonrasinda yapil-
mali ve polimerizasyon i¢in de ayni 1g1k cihazi kullanil-
malidir.

Anahtar Sozciikler
Renk degisimi, Kompozit rezin, Isik cihazi, Polimerizasyon

INTRODUCTION

The increasing demand for aesthetic treatments has led to
the development of advanced restorative materials. Par-
ticularly in the anterior region, accurate color matching is
essential to achieve satisfactory esthetic outcomes. Com-
posite resin restorations are widely preferred in clinical
practice because they can provide shade integration that is
indistinguishable from natural teeth. Consequently, color
stability and shade matching are critical factors influen-
cing the long-term clinical success of these materials (1).
Nevertheless, immediate color alterations following light
curing have been reported in contemporary resin composi-
tes, suggesting that polymerization-related optical chan-
ges may affect the final clinical shade outcome (2).

Conventional shade reproduction in anterior composite
restorations is commonly achieved through incremental
layering of enamel and dentin shades to mimic natural
optical depth and translucency (3). Although this tech-
nique allows precise esthetic characterization, it is tech-
nique-sensitive and may increase chair time. To simplify
shade selection and reduce procedural complexity, sin-
gle-shade or one-shade composite resins have been int-
roduced (4). These materials aim to harmonize with sur-
rounding tooth structure through controlled translucency
and optimized light diffusion, and in some systems through
structural color mechanisms rather than conventional pig-
ment-based matching (5). Although manufacturers claim
adaptation across the 16 VITA classic shades (VITA North
America, Yorba Linda, CA, USA) (5), emerging evidence
indicates that their color adjustment potential may be in-
fluenced by restoration thickness, background shade, and
cavity configuration (6,7). Furthermore, their optical per-
formance depends on filler morphology, refractive index
matching, and photoinitiator systems, which may undergo
alterations during polymerization (5).

Objective shade evaluation has therefore become increas-
ingly important to minimize operator-dependent variabi-
lity. Spectrophotometric measurements provide reliable
and reproducible data within the CIE Lab* color space
(8). While the conventional CIELAB (AEab) formula has
been widely used, the CIEDE2000 (AE00) formula offers
improved correlation with human visual perception by
incorporating corrections for lightness, chroma, and hue
interactions (9). Previous studies (9,10) have shown that
CIEDE2000 provides greater sensitivity in detecting clin-
ically perceptible and acceptable color differences.

Light curing plays a fundamental role in determining the
final optical properties of resin composites. During po-
lymerization, changes in refractive index and the degree
of conversion of photoinitiators such as camphorquinone
or alternative initiator systems may result in measurable
shifts in lightness and chromatic parameters (11,12). The
spectral emission characteristics and irradiance output of
light-curing units (LCUs) further influence polymeriza-
tion kinetics and immediate color attributes (11,13). Mod-



ern LED LCUs are available as monowave or polywave
systems, delivering different wavelength distributions that
may interact variably with diverse photoinitiator com-
positions (14). Variations in light intensity and spectral
distribution have been shown to affect not only the de-
gree of conversion and mechanical properties but also the
immediate optical behavior of resin composites (11,15).
Therefore, the interaction between composite formulation
and LCU characteristics represents a clinically relevant
variable that may influence shade matching, particularly
in simplified one-shade systems that rely heavily on opti-
cal blending mechanisms (16).

Despite the growing clinical adoption of universal one-
shade composites, evidence remains limited regarding the
immediate post-polymerization color behavior of both
one-shade and multi-shade resin systems when cured with
different LCUs. Given that polymerization-related optical
alterations may compromise the initially selected shade,
understanding these interactions is essential to refine clini-
cal shade selection protocols and minimize the risk of per-
ceptible color mismatch following light activation. There-

Table 1. The composite resins used in the study.
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fore, the aim of the present study was to evaluate the effect
of different LCUs on the immediate post-polymerization
color change of one-shade and multi-shade composite res-
ins. The null hypothesis tested was that neither composite
type nor light-curing unit type would significantly influ-
ence the immediate post-polymerization color change.

MATERIAL and METHODS
Study Design

This in vitro study was designed as a 2-factor experi-
mental investigation evaluating the effects of composite
type (one-shade vs multi-shade) and LCU on immediate
post-polymerization color change. Eight contemporary
resin-based composite materials were included, consisting
of four one-shade systems (Omnichroma, Charisma Dia-
mond One, Essentia Universal, and Vittra APS Unique)
and four multi-shade systems (Estelite Sigma Quick,
Genial Universal Injectable, Optishade Universal, and
Filtek Ultimate). Detailed information regarding their
composition, filler characteristics, photoinitiator systems,
and manufacturer specifications is presented in Table 1.

C ite
R::i]:sos Filler Type = Composition Photoinitiator* Manufacturer
Omnichroma Spherical UDMA, TEGDMA, supra-nano . Tokuyama
spherical filler, and composite Not disclosed Dental,
(one-shade) Nanofilled
fillers Tokyo, Japan
Charisma TCD-DI-HEA, Fluoro-alumino-
Diamond One Nanohybrid borom!watg glas.s » silica, TiOz, . Not disclosed Kulzer,
metallic oxide pigments, organic Hanau, Germany
(one-shade) .
pigments
Essentia UDMA, Bis-EMA, Bis-GMA, GC Co
Universal Microhybrid TEGDMA,Prepolymerized fillers, Not disclosed e
. e Tokyo, Japan
(one-shade) Barium glass, Silica
g . UDMA, TEGDMA, silane, boron  “\dvanced Polymerization System ooy py )
UNIQUE Nanohybrid : e (APS); low-concentration CQ+ : :
aluminum silicate glass fillers . S Joinville, Brazil
(one-shade) proprietary co-initiators
Estelite Sigma Bis-GMA, TEGDMA, Composite Camphorquinone (CQ); Radical ol
Quick, A2 Nanofilled filler, Silica-zirconia filler, Amplified Photopolymerization Tokyz Ta ’an
(multi-shade) prepolimerized fillers (RAP) system » 74P
Genial .
Universal Nanohvbrid zl(jnil\x:g,sl{)]zn% I?:St:azﬁizte Diphenyl(2,4,6-trimethylbenzoyl)  GC Corp.,
Injectable, A2 4 (Si02) ’ giass, phosphine oxide (TPO) Tokyo, Japan
(multi-shade) .
Optishade Bis-EMA, Bis-GMA, TEGDMA,
Universal, LT Nanohybrid  PPF, BaO, AL>O3, SiOy, silica and Not disclosed ﬁgr;Dental, £
(multi-shade) F3Yb
Filtek Ultimate, Bis-GMA, UDMA, Bis-EMA, Camphorquinone (OQ) + amine 3M ESPE,
A2 Body Nanofilled ~ PEGDMA, TEGDMA, Zirconia, - in‘i’ti atc‘}: ) St. Paul, MN,
(multi-shade) Silica g ABD

Abbreviations: Bis-EMA: ethoxylated bisphenol A glycol dimethacrylate; Bis-GMA: Bisphenol A-diglycidyl methacrylate; PEGDMA: polyethylene glycol dimethacrylate;
PPF: pre-polymerized filler; TCD-DI-HEA: bis-(acryloyloxymethyl) tricycle-[5.2.1.02.6] decane; TEGDMA: triethylene glycol dimethacrylate; UDMA: urethane dimethac-
rylate. *Photoinitiator systems were recorded based on manufacturer safety data sheets (SDS) and technical documentation when explicitly disclosed.

An a priori power analysis was performed using G*Power
software (Heinrich Heine University, Diisseldorf, Germa-
ny) (17) based on a two-way ANOVA design including 8
composite materials and 4 LCUs. An effect size of = 0.40
was selected according to previous studies (11,15) report-
ing mode- rate-to-large color differences (AE) among resin
composites under different polymerization conditions. The

minimum statistical power was set at 80% with a signifi-
cance level of a = 0.05. The analysis indicated that at least
256 specimens were required to achieve the desired power.
To ensure balanced subgroup allocation and increase sta-
tistical precision, a total of 320 specimens (z = 10 per sub-
group) were included in the study.
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Specimen Preparation

For each composite material, 40 disk-shaped specimens
(8 mm in diameter and 2 mm in thickness) were fabri-
cated using standardized Teflon molds, resulting in a total
of 320 specimens across 8 materials. The composite resin
was placed into the molds in a single increment to elimi-
nate layering-related optical variability. The surface was
covered with a polyester (Mylar) strip and gently pressed
between 2 glass slides under constant manual pressure to
obtain a smooth surface and standardized thickness while
minimizing the oxygen-inhibited layer. Each composite
group (n = 40) was randomly divided into 4 subgroups (n
= 10) according to the LCU used, and the specimens were
numbered for identification.

Color Measurement

Color measurements were performed using a contact-type
spectrophotometer (Vita Easyshade Compact, Vita Zahn-
fabrik, Germany) directly from the Mylar strip-covered
surface to standardize surface texture. The device was cal-
ib- rated before each measurement session according to
the manufacturer’s instructions. All measurements were

Table 2. The LCUs used in the study.

obtained against a standardized white background (CIE
L*=93.2,a*=0.3, b*=1.2), which was consistently used
for both baseline and post-polymerization recordings to
eliminate background-related variability. Each measure-
ment was performed 3 times per specimen, and the ave-
rage baseline color values (L1%*, al*, b1*) were recorded
before light curing.

Light-Curing Procedure

Following baseline measurements, the upper surface of
the specimens was light-cured for 20 sec using 4 different
LCUs (Elipar S10, VALO Cordless, Woodpecker LED.E,
and Woodpecker iLed). The light-curing unit tip was po-
sitioned in direct contact with the Mylar strip-covered
surface and maintained perpendicular to the specimen
without applying additional pressure. The tip was centered
over the specimen to ensure uniform light exposure. Irra-
diance values were verified using a radiometer (Bluephase
Meter II, Ivoclar Vivadent, Schaan, Liechtenstein) before
specimen preparation. The technical specifications and
manufacturer information of the LCUs used in this study
are presented in Table 2.

Light-Curing Units Type Wavelenghts Light irradiance Manufacturer
Elipar S10 2nd generation 430-480 nm 1200 mW/cm? 3M ESPE, USA
(monowave LED)
3rd generation 1000 mW/cm?
VALO Cordless (polywave LED) 395-480 nm (Standard Mode) Ultradent, USA
2nd generation Guilin Woodpecker
& 2 i
Woodpecker LED.E (monowave LED) 420-480 nm 1200 mW/cm Medlcal_ Instrument
Co., Guilin, China
. Guilin Woodpecker
. 3rd generation 1200 mW/cm? :
Woodpecker iLed (polywave LED) 385-515 nm (Normal Mode) Medical Instrument

Co., Guilin, China

Post-Polymerization Color Assessment

Immediately after light curing, second color measure-
ments were obtained from the same Mylar strip-covered
surface under identical conditions using the same white
background. Each measurement was repeated 3 times
per specimen, and the average post-polymerization color

values (L2*, a2*, b2*) were recorded. Color differences
between baseline and post-polymerization measurements
were calculated using the CIEDE2000 (AE00) formula.
The CIEDE2000 color difference (AE00) was calculated
according to the following equation (9):

AEoo =\ [(AL' / Ky SL) + (AC' / Kc Sc)? + (AH' / Kyt Su)?
+Rr (AC’ / Kc Sc)(AH' / Ky Sh)].

The overall experimental stages are illustrated in Figure 1.
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Statistical Analysis

All statistical analyses were performed using Jamovi soft-
ware (Version 2.6; The Jamovi Project, Sydney, Austra-
lia) (18). Data distribution was assessed using the Shap-
iro-Wilk test, and homogeneity of variance was eva- luated
with Levene’s test. A two-way analysis of variance (ANO-
VA) was conducted to evaluate the main effects of com-
posite type and LCU, as well as their interaction effect,
on immediate post-polymerization color change (AE00).
When statistically significant differences were detected,
pairwise comparisons were performed using Tukey’s post
hoc test. The level of statistical significance was set at o
=0.05.

1
- ~
1
c3 'Y |c4
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Figure 1. The stages of the study. (@) Samples preparation b: First color measurement (c¢/) Polymerization with VALO
Cordless (c2) Polymerization with Woodpecker LED.E ¢3: Polymerization with Elipar S10 (¢4) Polymerization with Wood-
pecker iLed (d) Second color mesurement

RESULTS

The mean and standard deviation (SD) values of immedi-
ate post-polymerization color change (AE00) for all com-
posite materials and LCUs are presented in Table 3. Sta-
tistical evaluation revealed that the color change (AE00)
values varied considerably among the tested materials and
LCUs. The highest color change was observed in the Om-
nichroma specimens polymerized with the Woodpecker
iLed unit. In contrast, the lowest AE00 values were record-
ed for Estelite Sigma Quick polymeri- zed with the VALO
Cordless unit.

23
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Two-way ANOVA demonstrated that both composite resin
and LCU had statistically significant effects on immediate
post-polymerization color change (P <0.001). In addition,
a significant interaction effect between composite type

and LCU was detected (P < 0.001), indicating that the lev-
el of color change produced by each curing unit varied
depending on the composite material (Tab. 4).

Table 3. The mean + SD post-polymerization color change (AEoo0) values of composite resins (CRs).

Lol Woodpecker

Elipar S10 VALO Cordless LED.E Woodpecker iLed p values
CRs )
Omnichroma 13.78 £ 0.19%*  13.85+0.26°%*  12.91 +0.18B* 13.93£0.23%*  <0.001
gl::;f::; - 13.65+ 0175  13.52+0.18*®  12.07+0.17%% 13470214  <0.001
Eﬁ"v‘;‘;‘a] 9.11+0204  891+026>  859+020%¢  9.03+0294  <0.001
X‘If]‘;aﬁlés 83240174  1075+£025%¢  707+£032%¢  7.94+020°¢  <0.001
gslrcl;:e e 432+0.114¢ 3.75 + 0.10B¢ 3.97 +0.09B¢ 3.78 +£0.08%¢  <0.001
g;‘;‘:;;lle 877+0.18%  7.88+0.19%  728+02004  627+0.17°  <0.001
822};:;" 6.62+0200  572+0.18%8 6010168  598+0.15%  <0.001
Filtek Ultimate ~ 4.86+0.09%  447+0.10%% 4510098  455+008  <0.001

p values <0.001 <0.001 <0.001 <0.001

*Different uppercase superscripts in rows and lowercase superscripts in columns indicate statistically significant differences.

Table 4. Two-Way ANOVA Results for Post-Polymerization Color Change (AE00).

Source of Variation Sum of Mean F Partial Eta
Squares Square P Squared (n*p)
Composite resins (CRs) 3625.7 7 517.95 14661 <0.001 0.997
Light-Curing Units (LCUs) 42.2 3 14.07 398 <0.001 0.806
CRs * LCUs Interaction 97.4 21 4.64 131 <0.001 0.905

The graphical representation of the interaction effect
(Fig. 2) revealed distinct separation patterns among the
materials. One-shade composites, particularly Omnichro-
ma and Charisma Diamond One, consistently exhibited
higher AE00 values across most LCUs than multi-shade
systems. In contrast, Estelite Sigma Quick and Filtek Ul-
timate demonstrated relatively stable color behavior, with
smaller variations among different LCUs. The Woodpeck-
er LED.E and Woodpecker iLed units generally produced

greater color shifts than Elipar S10 and VALO Cordless,
though this effect was material-dependent. Notably, Vittra
Unique demonstrated marked variability, particularly
under VALO curing. Overall, the extent of color change
varied significantly across different composite-LCU com-
binations, confirming that both material formulation and
curing protocol affect immediate post-polymerization op-
tical properties.
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Figure 2. The graphical representation of the interaction effect.
DISCUSSION the current findings, all composite-LCU combinations ex-

The present study demonstrated that both composite res-
in type and formulation, and LCU characteristics signifi-
cantly influenced immediate post-polymerization color
change; therefore, the null hypothesis was rejected. In
addition to the significant main effects, the strong intera-
ction between composite type and LCU indicates that the
level of color change cannot be attributed solely to energy
delivery from LCUs but rather reflects a material-depen-
dent photochemical response. These findings suggest that
post-polymerization color behavior demonstrates the in-
terplay between photochemistry, polymer network deve-
lopment, and composite-specific optical architecture.

Polymerization alters the optical structure of resin com-
posites through multiple mechanisms. As monomers con-
vert into a cross-linked polymer network, the refractive
index of the organic matrix increases with the degree of
conversion, affecting refractive index matching with fill-
er particles. Even minor mismatches at the filler-matrix
interface may modify light transmission and scattering
behavior, leading to measurable changes in L*, a*, and b*
coordinates (19,20). Korkut ef al. (2) demonstrated that
polymerization consistently induces perceptible chromat-
ic alterations in contemporary composites, emphasizing
that this phenomenon is intrinsic to the curing reaction it-
self. The AE00 values obtained in the present study (3.75-
13.93) confirm that immediate post-curing color change is
not negligible and may substantially affect clinical shade
matching.

Clinical interpretation of these values must consider es-
tablished perceptibility and acceptability thresholds.
Paravina et al. (21) reported that the 50% perceptibility
and acceptability limits for AE00 are approximately 0.8
and 1.8, respectively. When these thresholds are applied to

ceeded perceptibility limits and most exceeded acceptabil-
ity thresholds. This indicates that color changes occurring
immediately after curing are not merely instrumentally
detectable but are highly likely to be visually apparent un-
der clinical conditions. Therefore, shade selection based
on uncured composite material may result in a visually de-
tectable mismatch. This reinforces the necessity of evalu-
ating shade after curing rather than relying on the uncured
appearance.

The significant main effect of the LCU can be explained
by differences in spectral emission profiles, irradiance dist-
ributions, and radiant exposures. Monowave devices pri-
marily emit in the blue range suitable for camphorquinone
(CQ) activation, whereas polywave systems additionally
deliver shorter wavelengths capable of activating alterna-
tive photoinitiators. Previous studies (22-24) have demons-
trated that emission spectrum and energy distribution inf-
luence the degree of conversion and post-cure properties
of resin composites. Since the degree of conversion affects
the refractive index of the polymerized matrix, differences
in curing efficiency may translate into measurable opti-
cal changes (22-24). Consequently, the same composite
material may exhibit different immediate optical behavior
when polymerized with different LCUs.

The interaction effect observed in this study suggests that
LCU-related differences are material-dependent. This
finding is consistent with the concept that composite for-
mulations vary in photoinitiator systems, filler morpho-
logy, pigment concentration, and resin composition (25).
Materials containing alternative initiators or proprietary
systems may respond differently to specific wavelength
distributions, leading to variable polymer network for-
mation and optical density (26). Thus, the curing device

] |
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cannot be considered independent of composite chemist-
ry; instead, the polymerization outcome results from the
combined effects of initiator absorption characteristics
and light-spectrum compatibility (27).

This mechanistic framework is consistent with previously
reported findings in the literature. Studies (28,29) eval-
uating polymerization-induced color shifts have shown
that variations in curing protocols may result in measur-
able chromatic differences immediately after light acti-
vation. Pérez et al. (28) reported that different light-po-
lymerization protocols significantly affected post-curing
color and translucency parameters. Similarly, Mondelli
et al. (29) demonstrated distinct color changes between
pre- and post-curing states depending on the curing unit
used. Collectively, these studies support the present re-
sults and confirm that immediate optical alterations are
not solely material-dependent but are also strongly inf-
luenced by the spectral characteristics and energy deli-
very of the light-curing unit. However, it should be noted
that contemporary literature specifically addressing un-
cured-to-immediate post-polymerization color differences
across multiple LCU types remains limited. Most recent
investigations have focused on post-curing aging or color
stability rather than the direct optical transition occurring
immediately after light activation. Therefore, the present
study contributes to a relatively underexplored aspect of
resin composite optics by directly examining the inter-
action between composite type and LCU characteristics
during the immediate polymerization phase.

Material-specific patterns observed in this study further
support this mechanism. The generally higher AE00 va-
lues observed for one-shade composites may be attributed
to their structural color mechanism. Omnichroma consis-
tently exhibited the highest AE00 values across all LCUs.
As a structural color-based composite relying on con-
trolled light diffusion through spherical fillers, its color
expression is highly sensitive to changes in internal scat-
tering conditions (28). Polymerization-induced refractive
index shifts may therefore disproportionately affect its
optical integration. In contrast, Estelite Sigma Quick and
Filtek Ultimate demonstrated comparatively stable AE00
values across curing devices, suggesting more stable pig-
ment-based shade formulation or optimized matrix-filler
refractive index harmony. Vittra APS Unique exhibited
a pronounced AE00 increase when polymerized with the
VALO unit, suggesting wavelength-dependent interac-
tion between its polymerization system and the spectral
characteristics of that LCU. Because initiator activation
efficiency varies according to emission spectrum (24,25),
such material-dependent spectral compatibility may influ-
ence polymer network stabilization and immediate optical
properties.

It should be noted that complete photoinitiator compo-
sitions were not fully disclosed by manufacturers for all
tested materials. Although some products refer to proprie-
tary or advanced polymerization systems, detailed infor-
mation regarding initiator identity and concentration was
not consistently available. Therefore, while initiator-LCU
compatibility provides a plausible explanation for the ob-
served interaction, definitive attribution to specific pho-
toinitiator systems could not be established.

From a clinical perspective, these findings have direct
implications for the button technique used during shade
selection. Evaluating composite shade in the uncured state
may lead to clinically unacceptable mismatch after po-
lymerization, as AE00 values exceeded established accept-
ability thresholds (21). In agreement with Korkut et al.
(2) composite increments used for shade selection should
be polymerized before final evaluation. Furthermore, be-
cause immediate color change varied according to LCU
type, the same curing unit employed during the button trial
should be used during definitive restoration placement to
minimize additional chromatic discrepancies.

This study has certain limitations that should be considered
when interpreting the findings. One methodological con-
sideration concerns the surface standardization protocol.
In the present study, color measurements were obtained
through Mylar strip-covered surfaces both before and im-
mediately after polymerization to eliminate the potential
influence of surface roughness on optical outcomes. Pre-
vious research (31) has shown that variations in composite
surface roughness may result in measurable color differ-
ences even without exposure to staining agents. Therefore,
the use of Mylar-covered surfaces enabled a controlled,
reproducible assessment of polymerization-induced color
change (28,32). However, it should be acknowledged that
polished clinical surfaces may exhibit different optical
behavior compared with Mylar-standardized laboratory
specimens. Additionally, this study evaluated only the
immediate post-polymerization color change; longer-term
optical behavior, post-curing reactions, and aging-related
effects were not assessed. In addition, incomplete disclo-
sure of photoinitiator compositions limited mechanistic
interpretation. Future studies incorporating aging pro-
tocols, spectroscopic analysis of initiator chemistry, and
detailed spectral characterization of LCUs would provide
deeper insight into curing-induced optical alterations.

CONCLUSION

Immediate post-polymerization color change was signifi-
cantly affected by both composite type and LCU, with a
material-dependent interaction pattern. The level of AE00
values indicates that curing-induced optical alterations are
clinically relevant. Shade evaluation should therefore be
performed under polymerized conditions, and consisten-
cy in the curing protocol is essential to enhance aesthetic
predictability.
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