Original Article

IN VITRO EVALUATION OF DISCOLORATION CAUSED BY
ROOT CANAL SEALERS AND COLOR CHANGES AFTER
BLEACHING

Emre Bodrumlu?, Esma Dinger®*

1Department of Endodontics, Faculty of Dentistry, Zonguldak Bulent Ecevit University, Esenkdy, Kozlu, Zonguldak, Turkey 67600.
2Department of Endodontics, Faculty of Dentistry, Bolu Abant Izzet Baysal University, Golkdy Campus, 14030 Bolu, Turkey. esmadingerr@gmail.com

https://doi.org/10.51847/S3rok2RpH4

ABSTRACT

The aim of this study is to evaluate tooth discoloration caused by different root canal sealers and the effect of subsequent
bleaching treatment. In the present study, the coronal areas of the teeth whose crowns were cut and filled with the
bioceramic root canal sealer and the resin-based root canal sealer, and before filling, after waiting for 1 week, 1 month and
applying bleaching treatment. Color changes were observed. Resin-based root canal sealer group showed more coloration
in the t2 measurement compared to the first measurement, which showed a statistical difference compared to the control
group values. After the bleaching treatment, more bleaching was observed in the teeth with root canal sealer and also, the
control group showed a statistically significant difference due to the small change in the control group. It has been shown
that color changes can achieve the desired appearance by applying bleaching treatment after root canal treatment.
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Introduction

Understanding the etiology of tooth discoloration is very
important for accurate diagnosis and treatment planning [1,
2]. Coloration types, which can be classified as external and
internal, are externally caused by oral hygiene, habits,
nutrition, and environmental factors; Internally, it is affected
by genetic and metabolic diseases, medications used,
trauma, and dental treatments [3].

In addition to pulp-related discoloration in endodontic
treatments, intracanal medications, antibiotics, and root
canal sealers can also cause internal discoloration in teeth
[4, 5]. When endodontic materials are left in the canal
orifices and pulpal walls without being adequately cleaned
during root canal treatment, they penetrate the dentinal
tubules and cause discoloration of the teeth [6]. Another
view is that some endodontic treatment materials, especially
root canal sealers or medicaments, cause a chemical reaction
in the presence of moisture and cause color change in the
teeth over time [7].

As a solution to the discoloration of the teeth, internal
bleaching treatment is applied [8, 9]. Bleaching is a
conservative treatment option that can be an alternative to
most restorative and prosthetic procedures [10]. Bleaching
procedures on traumatized devital teeth that have undergone
root canal treatment can be applied with various options
such as the thermocatalytic technique activated by heat,
bleaching with visible light, and the "walking bleach"
technique without the use of heat or light, and bleaching
agents such as hydrogen peroxide, carbamide peroxide, and
sodium perborate [11-13].

In our study, the walking bleach technique and hydrogen
peroxide, which are frequently used today, were preferred
[14, 15]. The bleaching that occurs on the enamel and dentin
surface is based on the principle that hydrogen peroxide
easily penetrates and transforms color pigments into more
colorless hydroxyl groups [16].

The success and prognosis of bleaching treatment may also
vary depending on the materials used during root canal
treatment [17, 18]. Bleaching may be insufficient for
coloring caused by metal-containing compounds [19].

For this reason, aesthetic problems that may occur after the
treatment should be taken into consideration, and materials
that will not cause color change should be preferred [20]. In
our study, we used Well Root-ST (Vericom, Gangwon-Do,
Korea), a bioceramic root canal sealer, and resin-based MM-
Seal (Micro Mega, Besancon, France) root canal sealer.
Well, Root-ST (Vericom, Gangwon-Do, Korea) is an easily
injectable root canal paste containing calcium silicate,
zirconium oxide, and unspecified thickening filling agents
[21]. MM Seal (Micro Mega, Besangon, France) is a resin-
based root canal sealer containing epoxy polymer resin,
ethylene glycol salicylate, calcium phosphate, bismuth
subcarbonate, and zirconium oxide components [22].
According to our research, it is reported in the literature that
the in vitro color change of Well Root-ST (Vericom,
Gangwon-Do, Korea) and MM-Seal (Micro Mega,
Besancon, France) root canal sealers is no studies have been
found regarding color change after bleaching.

This study aims to evaluate tooth discoloration caused by
different root canal sealers and the effect of subsequent
bleaching treatment. Hypotheses tested,; it is stated that the
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root canal sealer used does not cause color change on the
teeth and that the bleaching treatment creates a color tone
change.

Materials and Methods

In the present study, 28 maxillary incisors with no caries,
restorations, or discoloration were used. The teeth were
cleaned with polishing paste and rubber bur. The crowns
were cut 2 mm below the cemento-enamel border with the
help of a diamond bur. The pulp was removed with the help
of an excavator, and the pulp chamber was washed with 5%
NaOCl (Wizard Rehber Kimya, Istanbul, Turkiye) and
distilled water. The air was then dried with water spray and
paper points. The teeth were divided into three groups: two
experimental and one control group. Experimental groups
consisting of 12 teeth each and a control group consisting of
4 teeth were created. Before placing root canal sealer into
the pulp cavities, the first color measurements of the teeth
were made on a white background in a constant light
environment using the Vita EasyShare digital
spectrophotometer device. Then, the pulp chambers of the
teeth in the first experimental group were coated with Well
Root-ST (Vericom, Gangwon-Do, Korea), and the pulp
chambers of the teeth in the second experimental group were
coated with MM-Seal (Micro Mega, Besancon, France). The
root canal sealers’ contents are shown in Table 1. The
samples were temporarily sealed with glass ionomer cement
and stored in a 37C incubator with 100% humidity. The
color measurement was repeated a week and a month later.
Then, for the bleaching process, the teeth were cleaned of
temporary restorations and pasted with a bur. 16% hydrogen
peroxide was used as a bleaching agent and placed in the
pulp chambers. The cavities were temporarily closed with
glass ionomer cement. The teeth were stored in a 37°C
incubator with 100% humidity for one week. Calculate the
color change using a spectrophotometer after one week.
Afterward, the color values were recorded according to the
CIEDE 2000 system formula by determining the first L* a*
and b* color values and the last L* a* and b* color values
between the groups whose differences were to be measured
with a digital spectrophotometer device and the color
differences (AE*) were analyzed. Microsoft Office Excel
was used to apply the findings to each sample (Microsoft
Corporation, Redmond, WA, USA) using the following
formulation [23].

AEy,
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Measurement times and values are indicated symbolically in
the Table 2.

Table 1. The root canal sealers’ contents.

Groups Material Manufacturer Contents

—  Well Root-ST Vericom
s (\Vericom, Calcium silicate,
o Dental, . - . :
% Gangwon-Do, zirconium oxide, fillers
O Korea

Korea)

Epoxy resin, ethylene
glycol salicylate,

~ MM Seal Micro-Meaa calcium phosphate,
S (Micro Mega, 93 pismuth carbonate, color
o Besancon, .
= Besancon, pigment, poly
) France :

France) aminobenzoate,

zirconium dioxide,
calcium oxide

Table 2. Symbolic display of measurement times and
values.

Values obtained at the first measurement (without

applying any treatment to the teeth) 0

Values obtained in the second measurement one week
later (after the canal sealer was placed and waited for 1  t1
week)

Values obtained at the third measurement time one month

later (after waiting with canal sealer for 1 month) 2

*Bleaching agent placement (placed after the third
measurement)

Values were obtained in the fourth measurement, one
week after applying the bleaching agent. (after waiting 1 t3
week with the bleaching agent)

AE1 (t0-t1); AE2 (t0-2); AE3 (t1-12); AE4 (t1-t3); AE5 (£2-3); AE6 (t0-t3)

Results and Discussion

No statistically significant difference was observed between
the control group and the tooth groups with root canal sealer
between the second measurement 1 week later (t1) and the
first measurement (t0). Between the initial measurement (t0)
and the 3rd measurement (t2), the MM Seal (Micro Mega,
Besancon, France) group showed more coloration compared
to the first measurement, which showed a statistical
difference compared to the control group values. (A
statistically significant difference was obtained between
AE2 mean values according to groups (p = 0.046). The mean
value of AE2 was 2.51 in the Well Root-ST (Vericom,
Gangwon-Do, Korea) group, 2.80 in the MM-Seal (Micro
Mega, Besancon, France) group, and 2.16 in the control
group. MM-Seal and control groups differed from each
other.)

No statistically significant difference was observed in the
coloration changes of the groups between the 2nd and 3rd
measurements (t1-t2). With the 4th measurement (t3) after
one week of bleaching agent application, all other
measurement values (t0, t1, t2) showed a statistical
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difference in the control group compared to the root canal
sealer groups. More bleaching was observed in teeth with
root canal seals, and the control group showed a statistically
significant difference due to the small change in the control
group. (A statistically significant difference was obtained
between AE4 mean values according to groups (p<0.001).
The mean value of A E4 was 8.09 in the Well Root-ST
(Vericom, Gangwon-Do, Korea) group, 8.27 in the MM-
Seal (Micro Mega, Besancon, France) group, and 2.34 in the
control group. The control group differed from other groups.
A statistically significant difference was obtained between
A E5 mean values according to groups (p <0.001). The mean
value of AE5 was obtained as 8.36 in the Well Root-ST

(Vericom, Gangwon-Do, Korea) group, 8.59 in the MM-
Seal (Micro Mega, Besancgon, France) group, and 2.45 in the
control group. The control group differed from other groups.
A statistically significant difference was obtained between
AE6 mean values according to groups (p<0.001). The mean
value of A E6 was obtained as 6.46 in the Well Root-ST
(Vericom, Gangwon-Do, Korea) group, 6.41 in the MM-
Seal (Micro Mega, Besangon, France) group, and 1.41 in the
control group. The control group differed from other groups.
No statistically significant difference was found between the
distributions of other AE values according to groups
(p>0.05).

Table 3. The average results of color changes (AEqo) of the samples.

Groups
Well Root-ST MM-Seal Control Test
Average+SD (Ml\{lri](_js:;x) Average+SD (Ml\{lri](_js:;x) Average+SD (Ml\fri](_j'fl/:gx) Statisties
AE1 2254042 (1’55'_2:23’16) 2458082 | 45'?2119) 2,01+0,84 (1‘026’982‘8) 114 0335+
AE2  2,510,46® (1‘62;_5;’11) 2,80+ 0,450 (2,05'?2,37) 2,16+ 0,31° (1’82’_12‘ ;5 350 004"
AE3 1,68+064 a 1;’983) 1,67 +059 (1,02'?2,56) 152+0,48 (1’0%_4;“ g 024 088
AE4 8,09 0,04° (6,71'%,55) 8,27+ 0,72 (7,13'?8,51) 2,34+ 0,29° (2,05’??2”67) 3455  <0,001%
AES 8,362 0,08" (6,32’_23,91) 8,59+ 0,83" (7‘3?,,’_48’86) 2,45+ 0,33 (2,051?2,85) 84,60  <0,001*
AE6 6,462 0,89 (5’1613{221) 6,41% 0,58" (5’8?2_27’6) 141£0,39° (1,0%%,9 g 8277 <0001

*One-Way Analysis of Variance; **Kruskal WIlis H test; a-b There is no difference between groups with the same letter.

AE1 (t0-t1); AE2 (t0-12); AE3 (t1-t2); AE4 (t1-3) ; AES (t2-t3); AE6 (t0-3)

=

AE
ORr NMWAUION®®©O

TO-T1 TO-T2 T1-T2 T1-T3 T2-T3 TO-T3

Time

Well Root-ST MM-Seal
Figure 1. Change graph of AE values in groups over
time.

Data were analyzed in IBM SPSS V23. The suitability of the
data for normal distribution was examined with the Shapiro-
Wilk test. The One-Way Analysis of Variance test was used

to compare normally distributed data according to three or
more groups, and multiple comparisons were examined with
Duncan and Tamhane test. Kruskal Wallis H test was used
to compare data that did not comply with normal distribution
in groups of three or more. The significance level was taken
as p<0.05.

The color change seen in endodontically treated teeth is a
type of internal discoloration that occurs over time.
Clinically, it creates undesirable aesthetic problems for both
physicians and patients. As a result of clinical observations,
it is stated that the color change after endodontic treatment
is caused by residual pulp residues in the canal and the
chemical materials used. Studies have found that endodontic
materials such as Walkhoff paste, Grossman paste, zinc
oxide eugenol, endometasone, and N2 cause discoloration
in teeth [24, 25]. Lena et al. stated that all endodontic pastes
cause some color change [26].

Although there are many studies in the literature that include
discoloration caused by root canal sealers, there is no study
evaluating the effect of Well Root-ST and MM-Seal root
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canal sealers on discoloration and bleaching treatment [24-
27]. Well, Root-ST and MM Seal are structurally different
from root canal sealers, which contain discoloration-causing
substances such as tricalcium phosphate and bismuth oxide
[28]. In the present study, although there was no statistically
significant difference between the Well Root-ST and MM
Seal groups in terms of coloration and bleachability, a
significant difference was observed between the MM Seal
and the control group in terms of coloration. This situation
made us think that MM Seal root canal sealer components
may also cause discoloration. In addition, factors such as
non-standard tubule penetration of the teeth used and the
measurement sensitivity of the device also affect the results.
Further studies on this subject will help in evaluation.

In the present study, while the effect of bioceramic and
resin-based root canal sealer on the discoloration of teeth
was evaluated, during the application phase, the occlusal
entry cavity was not opened for the placement of root canal
sealer as recommended in the studies, and EDTA was not
used for irrigation. The materials were placed in the chole
area. Thus, problems such as discoloration and leakage of
the temporary restorative material were eliminated without
affecting the tubule permeability of the dentin and the
optical properties of the enamel [29].

At the end of the first 1-month color change process, internal
bleaching treatment was applied to provide aesthetic
treatment of the tooth. For internal bleaching treatment,
minimally invasive 16% Hydrogen peroxide was used [30].
Nathoo stated that hydrogen peroxide oxidizes the long,
double-chain chromogens that cause coloration and turns
them into lighter-colored small chromogenic substances
[26]. Coelho et al. stated that high concentrations of
hydrogen peroxide may spread through the dentinal tubules
to the periodontal tissues and root surface, causing
inflammation and root resorption [31]. Through the etching
process, it is known to ensure increased penetration of the
bleaching agent into the dentin, resulting in a quick and
efficient bleaching process [5]. However, acid etching was
not performed in this study, because this application may
cause cervical resorption.

In the present study, both tooth groups with root canal sealer
showed more bleaching than the control group, showing that
the color changes can reach the desired appearance by
applying bleaching treatment after root canal treatment.

A spectrophotometer device, which is the most commonly
used device, was used for color measurement. The
spectrophotometer device measures the amount of light
reflected from the measured object in the visible spectrum
range, at 1-25 nm intervals [23]. The accuracy rate of the
values measured by spectrophotometers is quite successful
compared to other traditional methods [23, 32]. In the
present study, the CIEDE 2000 color evaluation system was
used as the evaluation system for color differences.
Although the CDE Lab system is generally available in the

literature, the CIEDE 2000 color evaluation system was
preferred in our study because some studies reported that the
CIEDE 2000 color evaluation system was more successful
in detecting color differences and that it was a system that
we could use within our means [23, 32].

Conclusion

No visible color change that would create a clinically
aesthetic problem was observed. As a result of our study,
although a statistically significant difference was observed
between the root canal sealers used in the MM-Seal group
compared to the control group, there was no statistical
difference between them and the Well Root ST group
regarding their effects on tooth discoloration. It has been
shown that the desired bleaching can be achieved by
creating a statistical difference with the control group after
the bleaching process.
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