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Abstract: The aim of the present study was to evaluate the effect of the pre-application of dentin
bonding agent and laser application on the prevention of tooth discoloration caused by (MTA) in
the presence of blood. Fifty extracted human anterior teeth were prepared by standardizing root
lengths to 10 mm and shaping root canals. Specimens were divided into five groups (n = 10) based
on the treatment applied to the pulp chamber dentin wall: Group 1/no surface treatment; Group
2/Optibond FL; Group 3/Clearfil SE; Group 4/Optibond Universal adhesive application; Group
5/Nd:YAG laser application. Root canals were filled with fresh human blood below the cemento-
enamel junction (CEJ), followed by ProRoot MTA, and collagen barrier placement. Color changes
were monitored using a spectrophotometer at 0, 7, 30, 90, and 180 days post MTA placement. Color
differences (∆E) were calculated and analyzed using two-factor mixed-design ANOVA with Sidak
adjustment at p = 0.05. The degree of coloration increased with time within each group (p < 0.05). No
significant differences were observed between Optibond FL and Optibond Universal within each
time interval, or between Clearfill SE Bond and the control group (p > 0.05). When compared to the
control group, the Nd YAG group exhibited the least degree of discoloration in all time intervals
(p < 0.05). Although the Nd:YAG laser had promising results, none of the methods can guarantee a
100% prevention of discoloration resulting from tooth discoloration caused by MTA-blood contact.

Keywords: calcium silicate materials; dentin bonding; dentin tubule occlusion; Nd:YAG laser;
tooth discoloration

1. Introduction

Regenerative endodontic treatment (RET) represents a biologically oriented therapy
employed for necrotic teeth with an immature apex, aimed at promoting ongoing root
development, increasing dentinal wall thickness, and achieving apical closure [1,2]. The
treatment protocol is based on inducing a blood clot or protein scaffold formation in the
root canal, followed by the placement of a biomaterial to support this process [1,3]. Mineral
Trioxide Aggregate (MTA) has been widely utilized for this purpose due to its excellent
biocompatibility and low cytotoxicity [4,5]. However, one of the undesirable consequences
associated with this material is its potential to cause tooth discoloration, for which the exact
mechanism is currently uncertain [4,6,7].

Tooth discoloration induced by MTA can be attributed to several factors. The presence
of metal oxides within MTA, such as bismuth oxide, ferrous oxide, aluminum oxide,
and magnesium oxide, contributes to the discoloration [7]. Moreover, undesired tooth
discoloration may be linked to MTA contamination with blood [8,9], interactions between
bismuth oxide and irrigation solutions [10,11], and chromogenic alterations resulting from
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light irradiation in an oxygen-free environment [12]. Furthermore, some studies suggest
that the color change resulting from a blood clot formation could be linked to the infiltration
of blood products like hemoglobin, hematin, and erythrocytes into the dentin tubules [2].

The mechanisms underlying the blood-associated discoloration of Mineral Trioxide
Aggregate (MTA) remain unclear. One potential explanation for discoloration resulting
from contact between blood and MTA may involve the interaction between erythrocytes
and unset MTA. The gradual hydration process of MTA might facilitate the absorption and
subsequent hemolysis of erythrocytes from the blood, leading to both material and subse-
quent tooth discoloration [13]. Notably, discoloration linked to collagen bismuth oxide has
been documented as well [14]. Nevertheless, it is important to highlight that MTA without
bismuth oxide can also induce discoloration in the presence of blood, potentially due to
the porosity of the cement or the hypothesis of heme absorption from hemoglobin [15].
Research indicates that the heme group is a prosthetic group composed of a ferrous (Fe2+)
ion located at the center of a large heterocyclic organic ring called a porphyrin. This
structure is formed by four pyrrolic groups interconnected by methine bridges [16]. Over
time, blood in contact with the cement undergoes a natural redox reaction leading to the
conversion of Fe2+ (with a red color) to ferric (Fe3+), which imparts a dark brown color. This
transformation may contribute to the darkening of the cement and, subsequently, tooth
discoloration [13,17]. Hence, it is advisable to consider alternative treatment approaches,
focusing on the pre-treatment occlusion of dentin tubules, to prevent discoloration [7,18].

The application of one or more layers of dentin bonding agent (DBA) prior to MTA ap-
plication has demonstrated effectiveness in preventing tooth discoloration [19,20]. However,
this approach may not entirely prevent MTA penetration into the dentin tubules [18,20]. An
alternative strategy for dentin tubule occlusion could be the application of a neodymium-
doped yttrium aluminum garnet (Nd:YAG) laser, utilizing a technique known as ‘melting
and re-solidification’ [18]. This laser procedure effectively obliterates and narrows denti-
nal tubules, resulting in a glazed [21] surface without causing any dentinal cracks or
craters [22,23].

Nevertheless, there is a gap in the existing literature as few studies have evaluated the
impact of the pre-application of laser irradiation in preventing tooth discoloration. Upon
reviewing the existing literature, it was determined that research on this topic is highly
scarce. Hence, the objective of this study is to assess the efficacy of the pre-application of
Nd:YAG laser irradiation and DBA on preventing tooth discoloration induced by MTA in a
simulated regenerative endodontic procedure (REP) scenario. The null hypothesis of this
study was that there will be no difference between the different tubule occlusion methods
in terms of effectiveness on the prevention of RET-induced tooth discoloration.

2. Materials and Methods

The local ethics committee granted approval for the study protocol (Approval no:
2023-05/2). Conducting a power analysis with G*Power 3.1 software (Heinrich Heine
University, Dusseldorf, Germany), and drawing from a comparable study [6], the sample
size for each experimental group in this study was determined as a minimum of 10 (alpha
probability of error = 0.05, power = 0.95) for this study.

2.1. Sample Selection

Fifty human permanent anterior teeth, which were extracted due to periodontal
reasons, were selected. The teeth were inspected under a dental operation microscope
(OMS2380, Zumax, Suzhou, China) to eliminate teeth with cracks, fractures, and caries.
Initial bucco-lingual and mesio-distal periapical radiographs were taken. The teeth with
single root, single canal morphology were included. The teeth with decay, restoration,
old root canal filling, any anatomical variations, resorption, calcification, or initial tooth
discoloration were excluded.
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2.2. Preparation of Specimens

A standardized length of 10 mm from the buccal cementoenamel junction (CEJ) was
achieved by resecting the root end using high-speed burs. Subsequently, an endodontic
access cavity was created with a round bur, and the root canals were instrumented using
Gates-Glidden drills #3 to #5, spanning the entire length from crown to root end. The root
canals underwent irrigation with 5 mL of 2.5% sodium hypochlorite, followed by 5 mL of
17% EDTA, and finally, 5 mL of distilled water. Following irrigation, the root canals were
dried using sterile paper points, and a sterile cotton pellet was inserted from the access
cavity, reaching down to the CEJ. The closures of the root ends were accomplished using
Z250 universal micro-hybrid resin composite (3M ESPE, St. Paul, MN, USA), while the
access cavities were sealed with a temporary restorative material (Cavit; 3M ESPE, St. Paul,
MN, USA). All procedures were conducted under a dental operating microscope (OMS2380,
Zumax, Suzhou, China). Subsequently, the teeth were stored in a saline solution until the
commencement of the experiment.

2.3. Experimental Groups

The teeth were removed, the cotton pellet was taken out, and the same irrigation
process was performed. Afterward, the canals were dried with sterile paper points. The
samples were randomly divided into 5 main groups according to the prevention of discol-
oration strategies:

• Group 1: (No laser, no bonding application) The internal walls of the pulp chamber
were not sealed with any method, and this group was used as the control group.

• Group 2: (Optibond FL, Kerr Corporation, Orange, CA, USA) After 15 s of acid
application to the pulp chamber, the acid was washed away for 15 s. After gentle air
drying, prime was applied by rubbing for 15 s. After air drying, adhesive was applied
by rubbing for 15 s and polymerized for 20 s after air drying.

• Group 3: (Clearfill SE Bond, Kuraray Medical Inc., Tokyo, Japan) It was applied to the
pulp chamber by rubbing primer for 20 s. After 5 s of gentle air drying, the bond was
applied to the specimens. After air drying, it was polymerized for 10 s.

• Group 4: (Optibond Universal, Kerr Corporation, Orange, CA, USA) With a self-etch
approach, it was applied to the pulp chamber by rubbing for 20 s. After 5 s of gentle
air drying, it was polymerized for 10 s.

• Group 5: (Laser irradiation) The internal walls of the pulp chamber in this group were
irradiated using an Nd:YAG laser (Fotona, Lightwalker, San Clemente, CA, USA).
Lasers were used with 1 W power, at an energy level of 100 mJ per pulse, and a
repetition rate of 10 Hz, for 10 s, firing interval: 250 msn. A 300 mm quartz fiber was
used with pre-established movements in the occluso-apical and mesio-distal directions
and vice versa.

After applying sealing strategies, a volume of 0.2 cc of fresh human blood was obtained
from one of the researchers (T.Ö). This blood was injected directly into the root canal using
an insulin syringe, filling it up to approximately 4 mm below the CEJ. Subsequently, a
blood clot was allowed to form over a 15 min period, and spongostan (Cutanplast, Milan,
Italy) was placed on the clot. A 3 mm thickness of ProRoot MTA in the coronal third of the
root canal was positioned 1 mm below the CEJ. The endodontic access cavity was sealed
with temporary restorative material, and the thickness and depth of the MTA were verified
by capturing a periapical radiograph. Throughout the entire experiment, the samples were
maintained at 37 ◦C with 100% humidity (Figure 1).
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Figure 1. Schematic representation of the experimental setup.

2.4. Tooth Color Assessment

To ensure an equitable distribution of teeth for each experimental group, a spectropho-
tometer device (VITA Easyshade Advance 4.0, VITA Zahnfabrik, Germany) was used to
measure initial color values before the experiment, thus calibrating the groups. An equal
number of color tones were distributed to each group (three teeth, color A2; two teeth, color
B1; two teeth, color B2; and three teeth, color A3 in the same experimental group) [24]. Teeth
were placed against an absolute white background (standard calibration tile according to
Commission Internationale de l’Éclairage [CIE] L*: 93.84, a*: 1.48, b*: 3.76), and the central
area of the buccal surface was subjected to color measurement.

Care was taken to ensure the device’s tip made full contact with the flattest area of
the tooth’s buccal surface, limiting the measurement to the central area only. The same
researcher performed all measurements, verifying the spectrophotometer’s tip contact with
the tooth before each measurement. The device was specially calibrated according to the
manufacturer’s instructions before measuring each new sample group, and the measure-
ments were subsequently repeated three times for each tooth by the same operator (YSU).

The color evaluation was conducted following the CIE Lab* color space parameters.
The lightness of the object is indicated by the L* coordinate, which scales from white (0) to
absolute black (100). The a* coordinate signifies the chromaticity on a green (−) to red (+)
axis, with values typically ranging from −70 for green to +70 for red. The b* coordinate
measures chromaticity on a blue (−) to yellow (+) axis, where values range from −80,
indicating blue, up to +100, signifying yellow.

Following the baseline assessment (T0), the teeth were immersed in artificial saliva
and placed in an incubator set at 37 ◦C to mimic the oral environment and aging procedures.
This saliva was refreshed every seven days. Subsequent color evaluations were conducted
after (T1) 7, (T2) 30, (T3) 90, and (T4) 180 days to benchmark against the initial L*a*b*
values (baseline), enabling comparisons over time and assessments of color stability or
change. The measurements were performed in accordance with the CIEDE2000 (∆E00)
system. ∆E00 was calculated using the following formula [25,26]:

∆E00 =

[(
∆L′

KLSL

)2

+

(
∆C′

KCSC

)2

+

(
∆H′

KHSH

)2

+ RT

(
∆C′
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)(
∆H′

KHSH

)]1/2

2.5. Statistical Analysis

Statistical analyses were performed using SPSS version 21. Descriptive statistics for
each variable were computed and expressed as “Mean ± Standard Error of Mean (SEM)”.
Subsequently, a two-factor mixed-design ANOVA (analysis of variance) was employed
using the General Linear Model procedure for repeated measurements. The model in-
corporated “Group” and “Time” as the primary effects, along with their interaction term
(Group*Time). In instances where Mauchley’s test indicated a violation of the assumption
of sphericity, the Greenhouse–Geisser adjustment was implemented. To further dissect any
significant interaction effect terms as a post hoc analysis, a simple effect analysis with Sidak
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adjustment was conducted. A probability value less than 0.05 was considered indicative of
significance, unless stated otherwise.

3. Results

The means and standard deviations of the color changes (∆E) are shown in Table 1 and
Figure 2, and the luminosity (∆L*) at each time period are shown in Figure 3 and Table 2.
Discoloration was observed in all groups (Figure 4). The ∆E values for experimental groups
from T0 to T180 ranged from 7.11 to 12.83 (Table 1).
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Table 1. Means and standard deviations of color change values (∆E00) in all time periods. ∆E values express color variation from baseline (T0) to each evaluation
timepoint (T1—7 days, T2—30 days, T3—90 days, and T4—180 days).

∆E1 (T0-T1) ∆E 2 (T0-T2) ∆E 3 (T0-T3) ∆E 4 (T0-T4) p
Group n Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Group Time Group*Time

No bonding, no laser 10 9.97 ± 1.95 ab,B 9.77 ± 1.04 ab,AB 9.76 ± 0.75 ab,AB 11.16 ± 0.72 ab,A

<0.001 0.029 0.777
Optibond FL 10 7.37 ± 0.95 bc,B 7.84 ± 0.68 bc,AB 8.21 ± 0.53 bc,AB 9.28 ± 0.77 bc,A

Clearfil SE
Bond 10 10.27 ± 1.02 a,B 10.47 ± 1.59 a,AB 12.83 ± 1.16 a,AB 11.34 ± 0.6 a,A

Optibond Universal 10 7.11 ± 0.35 bc,B 7.74 ± 0.74 bc,AB 7.86 ± 0.66 bc,AB 9.03 ± 0.8 bc,A

Nd YAG Laser 10 6.04 ± 0.78 c,B 7.94 ± 1.26 c,AB 6.82 ± 0.53 c,AB 8.61 ± 1.02 c,A

T0: Day 0, T1: 1st Week, T2: 1st Month, T3: 3rd Month, T4: 6th Month. a,b,c: different letters in the same column show statistical significance (p < 0.05). A,B,C: different letters in the same row
show statistical significance (p < 0.05).

Table 2. Mean and standard deviation values of each of the L*a*b* coordinates of each experimental group for all periods of evaluation.

Time: T0 T1 T2 T3 T4 p

∆L*
Group n Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Group Time Group*Time

No bonding, no laser 10 80.9 ± 1.41 ab,A 72.05 ± 2.97 ab,B 73.21 ± 2.42 ab,B 72.13 ± 2.01 ab,B 69.97 ± 2.07 ab,B

0.002 <0.001 0.219
Optibond FL 10 78.34 ± 2.96 ab,A 74.63 ± 2.06 ab,B 72.74 ± 1.88 ab,B 75.38 ± 1.88 ab,B 73.21 ± 1.75 ab,B

Clearfil SE Bond 10 71.4 ± 3.18 b,A 69.6 ± 2.79 b,B 69.31 ± 2.71 b,B 70.91 ± 2.18 b,B 69.09 ± 1.64 b,B

Optibond Universal 10 86.32 ± 2.83 a,A 83.21 ± 3.18 a,B 82.54 ± 3.16 a,B 81.49 ± 2.92 a,B 79.39 ± 2.77 a,B

Nd YAG Laser 10 83.82 ± 2.76 a,A 80.75 ± 3 a,B 78.09 ± 3.15 a,B 80.8 ± 2.12 a,B 77.19 ± 2.42 a,B

a*

No bonding, no laser 10 5.77 ± 0.69 b,A 5.12 ± 0.97 a,A 2.38 ± 0.4 a,B 1.83 ± 0.32 a,B 1.74 ± 0.31 a,B

0.014 <0.001 <0.001
Optibond FL 10 7.49 ± 1.2 b,A 3.43 ± 1.09 a,BC 2.57 ± 0.49 a,B 1.6 ± 0.45 a,BC 1.64 ± 0.52 a,C

Clearfil SE Bond 10 12.91 ± 1.47 a,A 4.72 ± 0.68 a,B 3.28 ± 0.48 a,B 1.33 ± 0.29 a,C 2.07 ± 0.41 a,C

Optibond Universal 10 5.29 ± 0.87 b,A 1.82 ± 0.66 a,B 1.61 ± 0.45 a,B 1.26 ± 0.37 a,B 1.01 ± 0.36 a,B

Nd YAG Laser 10 5.56 ± 0.92 b,A 2.99 ± 1.02 a,AB 1.93 ± 0.51 a,B 1.5 ± 0.34 a,B 1.32 ± 0.28 a,B
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Table 2. Cont.

Time: T0 T1 T2 T3 T4 p

∆L*
Group n Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd Group Time Group*Time

b*

No bonding, no laser 10 41.86 ± 1.36 a,A 29.83 ± 2.28 a,B 27.98 ± 1.94 a,B 25.56 ± 1.12 a,B 26.79 ± 0.98 a,B

0.315 <0.001 0.644
Optibond FL 10 44.81 ± 1.76 a,A 30.56 ± 2.51 a,B 30.18 ± 1.07 a,B 29.61 ± 1.06 a,B 28.17 ± 1.23 a,B

Clearfil SE Bond 10 40.06 ± 1.72 a,A 27.36 ± 1.29 a,B 27.34 ± 1.45 a,B 26.14 ± 1.37 a,B 25.99 ± 1.28 a,B

Optibond Universal 10 45.51 ± 1.41 a,A 29.4 ± 1.56 a,B 28.12 ± 1.74 a,B 29.56 ± 1.43 a,B 27.89 ± 1.74 a,B

Nd YAG Laser 10 41.68 ± 1.65 a,A 30.53 ± 1.94 a,B 28.43 ± 1.41 a,B 29.34 ± 1.58 a,B 26.49 ± 1.8 a,B

T0: Day 0, T1: 1st Week, T2: 1st Month, T3: 3rd Month, T4: 6th Month. a,b,c: different letters in the same column show statistical significance (p < 0.05). A,B,C: different letters in the same row
show statistical significance (p < 0.05).
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The results indicate that the degree of coloration increased with time within each
group, with statistically significant differences observed among the groups in terms of the
extent of discoloration (p < 0.05). The highest degree of discoloration in each experimental
group was observed at the end of the 6th month, as compared to the 1st month, except
the Clearfil SE Bond group (p < 0.05). On the other hand, no significant differences were
observed between Optibond FL and Optibond Universal within each time interval, or
between Clearfill SE Bond and the control group (p > 0.05). When compared to the control
group, the Nd YAG group exhibited the least degree of discoloration in all time intervals
(p < 0.05).

4. Discussion

Color change is a significant aesthetic concern encountered following regenerative
endodontic treatment. Although the pre-application of an adhesive has been shown to
potentially prevent discoloration caused by MTA [19,20], there is currently no definitive
treatment protocol for preventing such discoloration [27,28]. In the present study, the
efficacy of different pre-treatment applications for preventing discoloration were evaluated,
and no significant differences were observed among Optibond FL, Optibond Universal,
and Nd:YAG laser treatments across all time intervals. The Nd YAG laser group exhibited
the least color change across all time intervals compared to the control group. Accordingly,
the null hypothesis stating that there would be no significant difference in the effectiveness
of various tubule occlusion methods in preventing tooth discoloration was rejected.

In all experimental groups, a significant reduction in enamel lightness was observed
over time compared to the initial values. When each experimental group was evaluated
individually, no differences were noted between the time intervals, but there was a reduc-
tion when compared to the baseline. The decrease in enamel lightness across all groups
indicates a darkening of the samples over time, demonstrating a perceptible change in
tooth color or staining [29].

The CIEDE2000 is the latest formula for calculating color differences, enhancing the
number of parameters used and presenting a more complex model than the CIELAB (∆Eab)
formula. It is advised to employ the CIEDE2000 (∆E00) for its superior performance and
closer correlation with visual perception in detecting color discrepancies. In dentistry,
the primary clinical importance of comparing color differences lies not only in detecting
statistical differences but also in understanding their relevance to perceptibility and accept-
ability thresholds [26,30]. In this study, these factors have been taken into account when
assessing the impact of strategies to prevent color changes induced by the application of
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MTA following regenerative endodontic treatment (RET), with the CIEDE 2000 system
utilized for measurement.

For the results to be interpretable in real-life terms, it is necessary to compare them
with color difference thresholds, preferably known as perceptibility thresholds (PTs) and
acceptability thresholds (ATs). A PT represents a situation where observers can discern a
color difference between two items, whereas an AT indicates the level at which the degree
of color difference detected is still considered acceptable [30]. Paravina et al. revealed an
approach to evaluating color discrepancies using 50:50% perceptibility and acceptability
thresholds, which was an extension of their prior research [26]. They proposed a new
classification for the degree of color mismatch: moderately unacceptable (more than 1.8 but
up to 3.6 ∆E00), distinctly unacceptable (more than 3.6 but up to 5.4 ∆E00), and highly
unacceptable (exceeding 5.4 ∆E00) [30]. Based on this classification, the present study found
that all the values obtained, across all the tested groups, were within the range deemed
highly unacceptable.

The literature reports that in regenerative endodontic procedures, tissue scaffolds such
as blood, platelet-rich fibrin (PRF), and platelet-rich plasma (PRP) have been utilized to
support cell growth, differentiation, and organization [31]. Although each method has
some advantages and limitations, the use of a blood clot, platelet-rich plasma (PRP), and
platelet-rich fibrin (PRF) as scaffolds has been shown to not have a statistically significant
difference in supporting root development in immature teeth undergoing RET [32]. For
these reasons, the blood clot method, which offers the advantages of low cost and ease
of clinical application, was used in the present study. However, there are several benefits;
when a blood clot interacts with the coronal tooth structures, red blood cells that enter
the dentinal tubules undergo hemolysis. The accumulation of released hemoglobin and
hematin molecules in the dentinal tubules leads to tooth discoloration [33]. Another cause
of color change associated with regenerative endodontic treatment (RET) is the contact
between blood and calcium silicate cement and dentin. The tendency for color change
upon contact with blood is reported in all calcium silicate cements, even in those known
to have a lower potential for color change. Given the fact that a blood clot is the most
commonly used matrix in RET [34], the significance of procedures to prevent discoloration
becomes apparent.

In order to prevent tooth discoloration induced by RET procedures or triple antibiotic
paste TAP applications, Teethmate desensitizer, a bonding agent, Nd:YAG laser, and Er:YAG
laser have been used in the literature [18,20,27]. Shokouhinejad et al. [20] evaluated for
the first time, using an ex vivo model, the role of sealing the dentin walls of the pulp
chamber with a dentin bonding agent (DBA) in preventing crown discoloration prior to
a regenerative endodontic procedure (REP). While the application of the DBA did not
completely prevent clinically perceptible coronal color changes, it was observed that there
was significantly less crown discoloration in each stage of the regenerative treatment. This
outcome directed the researchers to find another method.

The Nd:YAG laser is frequently preferred in the treatment of dentine sensitivity due
to its highly effective dentinal tubule occlusion and high penetration depth effects [35–37].
Additionally, the Nd:YAG laser, when applied with appropriate parameters, reduces un-
wanted side effects such as cracks and pulp damage in teeth [23,36]. Within this aspect,
Küçükekenci et al. [18] used an Nd:YAG laser to prevent tooth discoloration induced by
triple antibiotic paste and compared its effectiveness with those of a bonding agent and
Teethmate desensitizer. They reported no significant difference between these three experi-
mental groups. Ateş and Aydın performed a similar study with an additional experimental
group, Er:YAG laser, and they applied Biodentin directly over the blood clot [27]. Their
results were also in accordance with those of Küçükekenci et al. In the present study, no sig-
nificant differences were observed among Optibond FL, Optibond Universal, and Nd:YAG
laser treatments across all time intervals. Surprisingly, the effect of Clearfill SE Bond on the
prevention of the tooth discoloration was lesser than those of the other bond systems. The
possible reason could be the yellowish color of this bond, which may induce coloration.
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Another reason for this result could be the application of the primer on the unetched
surface, which may cause discoloration as reported by the manufacturer (Figure 5) [38].
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In using extracted teeth that were kept in saliva, an attempt was made to standardize
the clinical conditions. The groups were also divided by taking into account the initial color
of the teeth. On the other hand, the color analysis was conducted from the same region
each time.

The alteration of certain key parameters in the study could have led to variations
in the results, which is the limitation of the present study. The teeth allocations of each
group were conducted based on the previous studies [24,39]. According to this, an equal
number of color tones were distributed to each group based on colors A2, B1, B2, and A3.
The initial luminosity values were recorded but not considered for the allocation of the
groups. For this reason, in the result part, luminosity change was evaluated within each
group, rather than between the groups. Accordingly, the luminosity value of each group
decreased compared to that on T0. In this research, various methods were employed to
prevent tooth discoloration caused by MTA–blood contact. Different outcomes might have
been obtained using another calcium silicate-based material. Additionally, changes in laser
usage parameters could also have influenced the result. Lan et al. [40] reported the critical
power for the same laser as 1.5 W; exceeding this may result in fractures and damage on
the tooth surface. On the other hand, White et al. [41] highlighted that the Nd:YAG laser
power should be equal to or less then 1 W in order not to damage pulp. This result is also in
accordance with previous studies [23,36]. In this study, due to its effective tubule occlusion
and high penetration depth [23,36], the Nd:YAG laser was utilized for tubule occlusion
with a parameter setting of 1 W. Using the Nd:YAG laser at a power of 1.5 W may yield
more effective results. Further in vitro and in vivo studies are needed.

5. Conclusions

Within the limitations of this study, although dentin tubule occlusion methods have a
preventive effect against staining of the tooth, none of the methods can completely prevent
this coloration. The use of the Nd:YAG laser is a promising feature in preventing tooth
discoloration, and further studies with different usage parameters are needed.
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