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Abstract: Background: This clinical trial aims to evaluate the color changes of direct
resin composite veneer (DCV) restorations based on spectrophotometric analysis of 4
different types of resin composites between the baseline immediately after polishing and
after one year of follow-up. Materials and methods: 28 patients were assessed for eligibility
for participation, aged between 18 and 38 years old, who indicated for DCV restorations in
anterior maxillary teeth were considered for participation in this study. In total, 25 patients
who met the inclusion criteria were selected (6 males and 19 females, mean age: 20.9 at the
time of restoration placement), and 3 patients were excluded. Participants were divided
into four groups based on the type of composite resin used for restorations. Group 1
nanohybrid Ips Empress direct (Ivoclar Vivadent)](IPS) (13 restorations/6 patients), group
2 microfilled [Essentia (GC cooperation Japan)](ES) (14 restorations / 7 patients), group 3
supra-nano filled [ Estelite ). Quick (Tokuyama, Tokyo, Japan)](EQ) (17 restorations / 7
patients) and group 4 nanofill [Filtek Ultimate (3M ESPE)](FU) (13 restorations / 5 patients).
Baseline Color measurements were performed with a spectrophotometer immediately after
finishing and polishing (baseline), and after one year of recall, color change (AE) from
baseline values and after one year of follow-up of DCVs were calculated according to
CIELab color coordinates. For this, a silicone mold was fabricated for each patient and used
as a guide for each measurement to standardize the site of the readings. Statistical analysis
of the data was applied using the Kruskal-Wallis test with Dunn-Bonferroni posthoc test
after controlling the distribution of data in terms of normality with the Shapiro Wilk
test. Results: At the end of one year,25 participants(57restorations) were followed up. The
mean AE of IPS, EQ, and FU composites were higher than the ES composite resin, but there
was no statically significant difference between all types of composites (P> 0.05). There was
no statistically significant difference in the mean AL* between any types of composite resin
(p> 0.05). There was a significant change in Aa* and Ab* after a one-year recall for all the
types of DCV restorations (p < 0.05). Conclusion: After one year of follow-up, the
spectrophotometer measurements of direct resin composite veneer restorations, it was
concluded no difference between the mean AE of ES, IPS, FU, and EQ resin composite. ES
(Microfilled hybrid) showed a lower mean AE value compared to the other groups. All
groups of resin composite showed color changes within clinically acceptable levels after a
one-year follow-up.

Keywords: Direct composite veneer, color changes, spectrophotometer.

In the last decades, there was an era in bonding restorations especially composite resins. The
development in the mechanical and optical properties of composite resin has enabled it to become one
of the most used dental materials in dental practices in both anterior and posterior restorations M. With
the evolution of composite resin technology, direct anterior composite restorations, including veneers,

became an economical and visually pleasing solution compared to more complex restorations @ 3. The
attractiveness and popularity of composites are easy to explain as these restorations have excellent
esthetic potential, excellent prognosis, and a reasonable fee 4. There are several advantages of composite
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restorations. The first one is related to their adhesive properties, the minimal preparation size, the
reinforcement of remaining teeth and the esthetic appearance ©.

Many esthetic clinical cases in the anterior region can be treated with direct composite restorations such
as tooth discoloration, diastemata, extensive fractures, misaligned teeth, or dental caries lesions which
may cause significant impairment in esthetic appearance and smile harmony, causing an impact on the
quality of life & 6. It has been frequently cited that direct resin composite veneers (DCV) are a more
conservative option for some clinical cases planned for porcelain veneers 9.

Despite these developments, several disadvantages have been recorded clinically and in in-vitro studies
that affect the performance of the composite. These disadvantages are represented mainly by
discoloration of restoration, which primarily affects the satisfaction of patients ©. Color stability can be
the difference between success and failure. Composite resin discoloration is multifactorial, including
factors such as intrinsic discoloration and extrinsic staining. Nevertheless, a correlation between color
(discoloration) and degree of conversion was established, with incomplete polymerized composite
resins showing reduced mechanical properties and greater discoloration susceptibility 101,

Therefore, this clinical study aimed to investigate the color changes of direct anterior resin composite
veneer restorations after a one-year follow-up based on a spectrophotometric analysis of four different
types of composites. The null hypothesis of this study was that there would be no difference in the color
changes among resin composite materials (Microfilled hybrid, nanohybrid, nanofill, and supra nanofill
composite resins) after one year of follow-up.

Materials and Methods

This clinical trial evaluated the AE value and color coordinates (L*, a* and b*) of DCV
restorations of 4 different types of composite resin after a one-year follow-up using a
spectrophotometer.

Ethics committee approval for this study was obtained from the Selcuk University Faculty of Dentistry
Clinical Research Ethics Committee (Ethics Committee Decision Date: 26.06.2018 / N0:06). In this
study, 28 patients were assessed for eligibility for participation, aged between 18 and 38 years old, who
applied to Selcuk University Faculty of Dentistry, Department of Restorative Dentistry with aesthetic
complaints in the anterior region between January 2017 and December 2018 and indicated for DCV
restorations were considered for participation in this study. In total, 25 patients who met the inclusion
criteria were selected (6 males and 19 females, mean age: 20.9 at the time of restoration placement),
and 3 patients were excluded due to either failing to meet the inclusion criteria or declining to come
for follow-up visits. Additionally, participants selected for this study were students at Selcuk
University (undergraduate and postgraduate ) and were able to come for recall visits. The selected
patients received a total of (57 ) DCV restorations in anterior maxillary teeth, and each patient received
2-4 restorations from the same type of resin composite. The following inclusion criteria were used to
evaluate and enroll potential participants: individuals at least 18 years old with fracture, diastema
closure, peg-shaped laterals, congenitally missing lateral incisors (in cases of canine transformation to
lateral incisors ), enamel hypoplasia disorders, misaligned anterior tooth and discolored tooth that
resist the internal endodontic bleaching, and able to read and sign the informed consent document,
physically and psychologically able to tolerate the procedure.

Furthermore, patients who were selected for the study had full dentition and normal occlusion without
generalized periodontal disease, as verified by the clinical and radiographic records. Patients were
excluded when severe untreated bruxism, active caries, poor oral hygiene and heavy smokers. In this
study, 4 different composite resins that contain different chromatic shades were used. An experienced
dentist restored all the DCV restorations using the different restorative materials. The teeth of the
patients included in the study were divided into 4 groups according to the type of composite to be
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applied; group 1 nanohybrid [ Ips Empress direct (Ivoclar Vivadent)] (IPS) (13 restorations/6 patients),
group 2 micro filled [Essentia (GC cooperation Japan)] (ES) (14 restorations / 7 patients), group 3 supra-
nano filled [ Estelite ) Quick (Tokuyama, Tokyo, Japan)](EQ) (17 restorations / 7 patients) and group
4 nanofill [Filtek Ultimate (3M ESPE)] (FU) (13 restorations / 5 patients).

The self-etch 2-step adhesive system Clearfil SE bond (Kuraray, Osaka, Japan) with selective etching
to the enamel was used as an adhesive system, restorations were performed using an anatomical
layering technique and were light-cured using an LED polymerization unit Valo (Ultradent Products
Inc, South Jordan, UT, USA). The restorations were finished and polished immediately in the same
visit underwater cooling using fine diamond burs, finishing and polishing discs (Opti Disc, Kerr
Corporation), and aluminum oxide strips (Hawe™ Finishing and Polishing Strips Kerr Corporation)
for the interproximal surfaces. They were followed by using Enhance (Dentsply/Caulk, Milford,
Delaware) or OneGloss (Shofu, Kyoto, Japan), then using carbide brushes (Astrobrush, Ivoclar
Vivadent, Liechtenstein), and lastly, Synthetic and natural foam (Dentsply/Caulk, Milford, Delaware)
with extra-fine polishing paste (Prima-Gloss; Dentsply, Latin America), were used for the natural gloss
until all restorations were considered clinically acceptable. After polishing, there were no dietary
restrictions or cleaning instructions that have been informed for patients to do during the follow-up
time period. Therefore, the different dietary consumptions or cleaning materials that the patients may
use could impact the color stability and the results of the current study.

Color measurement was performed with a spectrophotometer VITA Easyshade V (VITA Zahnfabrik,
Bad Sackingen, Germany) immediately after finishing and polishing (baseline) and after one year of
recall, the equipment was calibrated before each reading, and a single trained investigator made all
the color measurements under the same ambient light conditions. The active tip of the
spectrophotometer was placed at the middle third of the buccal surfaces of composite veneer
restorations of each tooth. For this, a silicone mold was fabricated for each patient and used as a guide
for each measurement to standardize the site of the readings. The color of all restorations was
measured three times, and their average values were taken. Color measurement was performed from
the buccal surfaces of restorations after drying by using air from a triple syringe and L*, a¥, and b*
were recorded. Where L* is a measure of the lightness, a*is a measure of redness (positive direction)
or greenness (negative direction), and b* is a measure of yellowness (positive direction) or blueness
(negative direction). The AE value was calculated for each restoration using the following formula

AEab* = [(AL*)2 + (Aa*)? + (Ab*)2]1~2

Where, AL*, Aa*, Ab* are the differences in L* a* and b* values of restorations immediately after
finishing and after a one-year recall.

Statistical Analysis

The statistical analyses were performed using SPSS for Windows 26.0 (SPSS, Chicago, IL, USA). In the
statistical analysis of AE values of composite veneer restorations, the descriptive statistics are
frequency, percentage, and simple chart bars for demographic data such as age and gender and mean
and standard deviation (SD) for quantitative data. While the inferential statistics is the Kruskal-Wallis
test with Dunn-Bonferroni posthoc test was used after controlling the distribution of data in terms of
normality with the Shapiro Wilk test.

Results

The initial color measurements (baseline) were recorded as L, a, and b for the subject's teeth, and
they are no significant differences among resin composites using the Kruskal-Wallis test, whereas p
values for a, L and b are 0.234,0.102, and 0.546 respectively which mean the correct standardization
and randomization of shades between subjects to get rid of bias.
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Color change (AE*) of the DCV restorations after one year of the recall are shown in Table 1. Also,
changes in AL*, Aa*, and Ab* of DCV restorations after one year were illustrated in Table 2. Color
changes of the different composite resin materials in the range of 0.464 -8.95 AE* unit. After one year,
the mean color change AE in EQ composite (4.2 +2.41) was higher than the mean values of color change
in both FU (4.22 + 3.07) and IPS (4.1 + 1.6) composite resin. At the same time, AE of IPS, FU, and EQ
composites were higher than the ES (2.77 + 2) composite resin, but there was no statically significant
difference between all types of composites. (p value=0.280).

Table 1: Descriptive and statistical test of color change AE (Mean+ SD) among composite resin groups after 1

year.

Groups Number of restorations AE +SD
IPS 13 4.109 + 1.632
ES 14 2.778 + 2.002
FU 17 4286 +2.42
EQ 13 4.220 + 3.072

*Different superscript small letters refer to statistically significant differences between rows (p< 0.05).
AL* (brightness) values

A positive AL* indicates that the restorations became lighter, whereas a negative AL* indicates that the
restorations became darker. All the types of composites showed negative AL* after a one-year recall.
There was no statistically significant difference in the mean AL* between any types of composite resin
(p=0.761). In all four types of composites used in this study, the maximum change in mean AL* was seen
in FU composite (-2.41 + 3.74), while the minimum change in mean AL* was seen in EQ composite resin
(-1.3+3.3).

Aa * (change along the red-green axis) values

A negative Aa* indicates a shift toward green color, whereas a positive Aa* indicates a shift toward red
color). ES, EQ and FU composite resin showed positive Aa*, and IPS composite showed negative Aa*.
There was a statistically significant difference in the Aa* values between all types of DCV restorations
after a one-year recall (p =0.041). After a one-year recall, the maximum change in Aa* was seen in FU
(mean Aa*, 0.49 £ 0.89). There was a statistically significant difference in the Aa* values between IPS and
3M. (p=0.015).

Ab* (change along the yellow-blue axis) values

After a one-year recall, there was a statistically significant difference in the Ab* values between all types
of composite resin materials (p =0.000). A positive Ab* indicates a shift towards yellow color, while a
negative Ab* denotes a shift toward blue color. IPS and ES composite resin showed negative a mean Ab*,
while EQ and nanofill composite resin showed a positive mean Ab*. After a one-year recall, the maximum
change in Ab* was seen in the EQ composite (mean Ab%, 2.65 + 2.1). There was a statistically significant
difference in the Ab* values between IPS and TOKU (p=0.010) and between IPS and 3M (p=0.000).
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Table 2. Mean+ SD values of color coordinates of different composite resin groups after 1-year Recall.

Type of composite AL*+ SD Aa*+ SD Ab*+ SD
IPS -2.03+2.92 -0.30 +0.607 -1.56 +2.12
ES -1.58 £2.72 0.1 +0.54 -0.02+1.32¢
FU -24+3.7° 0.49 +0.89° 0.93 +2.55b¢
EQ -1.3+£3.32 0.35+0.75% 2.65 +2.10P

*Different superscript small letters refer to statistically significant differences between rows (p< 0.05).

Discussion

In vitro studies contribute to clinical evaluations by enabling the development and evaluation of
restorative materials. Although an attempt is made to imitate clinical conditions, this does not accurately
reflect the clinical performance of the materials due to variable parameters in the mouth. Therefore, well-
planned, controlled clinical trials are necessary to evaluate newly produced materials' clinical
performance and compare different restorative materials. This clinical study aimed to evaluate the color
changes of direct resin composite veneer restorations of 4 types of resin composites; nanohybrid,
microfilled, supra-nano filled and nanofill, after one-year follow-up by using a spectrophotometer. The
null hypothesis of this study was accepted because there was no significant difference in color changes
among resin composite materials tested in this study.

The discoloration of composite resin can be evaluated either by visual or instrumental techniques. The
color evaluation by visual observation may not be a reliable manner due to inconsistencies inherent in
color perception and specification amongst observers (1214, Instrumental techniques for color
measurement include colorimetry, spectrophotometry, and digital image analysis, of which
spectrophotometry has been reported to be reliable technology in dental material studies. The human
eye cannot detect AE values of less than 1.5, although this value is measurable with the help of a
spectrophotometer (9.

Despite the accuracy of instrumental evaluation of color changing of different restorative materials, the
visual assessment stilled the dependable method for the clinical estimation; this is due to incompatibility
between both visual and instrumental evaluations; this finding is in agreement with the suggestion of
Douglas et al.(2007) that reported future in vivo studies related to color stability by using intraoral
spectrophotometer should follow the thresholds of color perceptibility (AE* of 2.6) and acceptability (AE
* of 5.5)19. At the same time, Sabatini (2012) reports in their study that the concept regarding the color
change (AE) that exceeds 3.3 clinically unacceptable applies to laboratory conditions and cannot be
extrapolated as a threshold for ““clinical unacceptability” 7). According to these findings, in this study,
the mean values of AE between the baseline and after one year of all resin composite types were at
acceptable levels.

Yhe AE of these restorations were calculated according to CIE L*a*b* color system. It describes the color
based on human perception and designates it according to 3 spatial coordinates, L*, a*, and b*. L*
represents the brightness (value) of a shade, Aa* represents the amount of red-green color, and Ab*
represents the amount of yellow-blue color. In accordance with several studies, parameters L* and b*
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were responsible for the most abundant of the observed changes, whereas changes to the a* parameter
were the least to the overall color change and were even regarded negligible (821.In the current study,
the mean (AL¥) of all types of the composite was negative that indicating the lightness decreased in all
materials and became darker; this is in agreement with results from previous in-vitro studies about the
color stability of composite resin, which have shown a decrease in the L*. The decrease in L* values may
be due to the presence of unreacted carbon double bonds that occur according to the degree of
conversion, making the composite more susceptible to degradation (819, which also alters the refractive
index by a scattering pattern leading to change in the opacity of the composite (°2). Mean Aa* shifted to
the red direction for all composite materials except IPS shifted toward the green. Mean Aa* shifted to
the red direction for all composite materials except IPS shifted toward the green. The increased redness
demonstrates the influence of amine-based accelerators in the resin composites; since all amines are
known to form by-products during photoreaction, which tend to cause yellow to red-brown
discolorations under the influence of light or heat ®. While mean Ab* values of FU and EQ showed
positive mean and shifted to yellow, the ES showed slightly shifting toward blue while IPS shifted
toward blue. This difference in the Ab* values may be due to the type of photoinitiators used in their
composition; CQ in the resin leads to an undesirably yellowish effect in the final cured resin-based
material. Additionally, CQ/amine percentage affects the color change of composite resin, as a more
significant yellowing effect is expected with a higher amine rate because the excess of the amine has
excellent potential for darkness due to oxidative reactions @*26). The mean Aa*of IPS shifted toward the
green, while the mean Ab* value of IPS showed shifting toward blue; the differences between IPS and
other resin composite groups may be because it was based on a different photoinitiator Lucirin that
eliminated the amine group @ 2524,

In the current study, the restorations were finished and polished under cooling water; finishing and
polishing under dry or wet conditions remained a controversial topic. It is recommended to polish the
resin composite under water coolant to reduce the detrimental effects of dry finishing and polishing on
the interface between the tooth and adhesive bond; interestingly, it also affects the bond between the
particles and the surrounding matrix of the resin composite ®. Aydin et al. (2022) found in their in-vitro
study that wet and dry use of polishing systems showed similar color changes on the composite resins
used in their study 9.

This study presents some limitations, such as the small number of patients and restorations.
Additionally, a one-year evaluation of resin composite color changes is a short-term follow-up
evaluation time, and this is one of the limitations of this study. Split-mouth study designs can decrease
most inter-patient variability, such as oral hygiene, diet, brushing habits and other habits that affect the
color stability of resin composite restorations. The possible patient loss is a disadvantage of split-mouth
designs since more restorations than one would be lost when a patient did not come for a follow-up
appointment. Although this study was not designed as split-mouth, and the variables between patients
were ignored, the patients not fulfilling the inclusion criteria were excluded from the study. Further
clinical studies are required to determine the long-term color changes of DCVs.

Conclusion
At the end of one year, the spectrophotometer measurements of direct resin composite veneer
restorations it was concluded no difference between the mean AE of ES, IPS, FU, and EQ resin composite.
ES (Microfilled hybrid) showed a lower mean AE value compared to the other groups. All groups of
resin composite showed color changes within clinically acceptable levels after a one-year follow-up.
Conflict of interest: None.
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