Frontiers in Dentistry

Effect of Two Bleaching Techniques on Teeth Discolored with
Different Calcium Silicate-Based Cements

Somayeh Hekmatfar?, Vahid Samadi?, Avissasadat Meraji3, Karim Jafari4*

1. Department of Pediatric Dentistry, Dental Faculty, Ardabil University of Medical Sciences, Ardabil, Iran
2. Private practice, Ardabil, Iran

3. Private practice, Tehran, Iran

4. Department of Prosthodontics, Dental Faculty, Ardabil University of Medical Sciences, Ardabil, Iran

ABSTRACT

Objectives: The objective of this study was to investigate tooth discoloration
caused by different calcium silicate-based cements (CSCs), and assess the efficacy
of two bleaching techniques in restoring the original tooth color.
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INTRODUCTION

Calcium silicate-based cements (CSCs) have
gained popularity in endodontic treatment
owing to their biocompatibility and osteogenic
properties. However, discoloration induced by
these cements can adversely affect esthetic
outcomes [1]. CSCs are biomaterials containing
tricalcium silicate, tricalcium aluminate, and

tricalcium oxide [2-4]. Endocem is a novel CSC
derived from pozzolan cement, with rapid
application and manipulation features [5-7].
Calcium-enriched mixture (CEM) cement is
another CSC that exhibits commendable sealing
ability, low cytotoxicity, high biocompatibility,
and antibacterial properties [8-10].

Grayish  discoloration is a significant
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disadvantage of wusing mineral trioxide
aggregate (MTA) cement, which causes the
patients to seek cosmetic interventions. The
discoloration is believed to result from the
infiltration of substances into the pulp chamber
[11-14]. In addressing this concern, bleaching
agents like carbamide peroxide and hydrogen
peroxide have become indispensable in
restorative and cosmetic treatments [15,16].
Carbamide peroxide (CHeN203) serves as a
widely utilized bleaching agent, undergoing
breakdown into ammonia (NH3), wurea
[CO(NH2)2], hydrogen peroxide (H20:), and
carbon dioxide (CO2z) when exposed to moisture.
In comparison to hydrogen peroxide, carbamide
peroxide exhibits a slower penetration into
dentin, resulting in an elevation of pH attributed
to ammonia  production [17].  The
internal/external bleaching technique, initially
described by Settembrini et al, [18] combines
the internal and external application of 10%
carbamide peroxide. But limited research has
been undertaken to assess the efficacy of various
bleaching techniques in correcting the
discolorations induced by three distinct CSCs,
namely Endocem, CEM cement and MTA
Angelus. Consequently, there is a need for
further investigations to delineate the effects of
combined internal and external bleaching
techniques on tooth discoloration caused by
CSCs. This additional information can assist
clinicians in making informed decisions
regarding the selection of appropriate bleaching
agents and techniques to effectively and safely
address tooth discoloration in patients with CSC
restorations or during endodontic treatment.
The primary objective of this study was to
assess and compare tooth discoloration
induced by Endocem, MTA Angelus, and
CEM cement. Additionally, this
investigation aimed to explore the impact of
combined internal and external bleaching
techniques on tooth discoloration. By
undertaking this research, we sought to
make valuable contributions to the
development of efficient and non-invasive
bleaching agents. These improvements are
designed to fix tooth discolorations caused
by endodontic cements, providing more
options for dentists.
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MATERIALS AND METHODS

The present in vitro experimental study was
approved by the ethics committee with
reference number IR.ARUMS.REC.1399.398.
To calculate the sample size, we used the
sample size calculation formula, and the
parameters were extracted from a study by
Akbulut et al, [19]:

(% + Zﬁ)z X 20'2
Bl (uy — pz)?

Where n is the required sample size in each
group, y; is the mean change in color from
baseline in the first group, u: is the mean
change in color from baseline in the second
group, Mi-p2 is the clinically significant
difference=0.5, o=standard deviation=1.195,

Z“/Z: depends on level of significance, and is

1.96 for 5%, and Zs: depends on power, and is
0.92 for 80%.

The present study used both maxillary and
mandibular incisors, which were randomly
selected from a pool of 54 sound teeth
extracted due to either orthodontic treatment
or periodontal disease. These 54 teeth were
subsequently categorized into three groups
(n=18).  Additionally, each  specimen
underwent meticulous scrutiny under
magnification and adequate lighting to ensure
absence of restorations, cracks, -cavities,
calcifications, and discolorations.

A thorough cleaning process was
implemented using a rubber cup and pumice
to eliminate debris and extrinsic stains from
the crown surface. The study thus adhered to
rigorous quality control measures to maintain
the integrity of the collected data.

Then, the teeth were disinfected in 0.05%
thymol solution, and maintained in a
physiological saline solution after extraction
until preparation for the study. Furthermore,
the coronal part of the teeth was cut with a
high-speed diamond disc under copious water
2mm below the cementoenamel junction. The
remnants of the pulp were eliminated using an
excavator. Access cavities were meticulously
prepared using a #10 round diamond bur
(Tizkavan, Iran) with a high-speed handpiece,
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ensuring water cooling during the process.
Subsequently, the prepared access cavities
underwent a thorough cleaning with 2%
sodium hypochlorite for a duration of 30
seconds, followed by drying with an absorbent
point. A spectrophotometer (Vita EasyShade®
compact; VITA Zahnfabrik, Germany) was
used to determine the samples’ baseline color.
The samples were assigned to three groups
(n=18) of Endocem (Maruchi, Wonju, Korea),
MTA Angelus (Angelus, Londrina, Parana, Brazil),
and CEM cement (BioniqueDent, Tehran, Iran),
using simple random sampling technique. In each
group, a 3-mm-thick cement was applied into the
access cavity. Then, glass ionomer cement (Fuji I,
GC, Japan) was used to seal the area. The samples
were then stored individually in coded tubes
containing distilled water and incubated at 37°C.
Color change (AE) was measured after 3 months.
Three months later, a #1 round carbide bur was
utilized to remove both the temporary filling
material and CSC. Moreover, a glass ionomer
cement base (Fuji II, GC, Japan) with 2.0mm
thickness was placed 1mm below the
cementoenamel junction.

Bleaching procedures were performed
following a 3-month application of discoloring
materials. Each group was randomly
subdivided into two subgroups (n=9) to assess
the influence of bleaching techniques. The
internal bleaching group underwent internal
bleaching, while the internal/external group
underwent both internal and external
bleaching procedures. Throughout the
process, meticulous care was taken to keep all
samples moist, mitigating the risk of crack
formation attributable to dehydration.

In the internal bleaching group, 35% hydrogen
peroxide  (Opalescence®Endo;  Ultradent
Products Inc., USA) was used with a black mini-
syringe, as provided by the manufacturer, to fill
the pulp chamber. In the internal/external
group, 10% carbamide peroxide
(Opalescence®Endo; Ultradent Products Inc.,
USA) was used to fill the pulp chamber, and then
applied on enamel surfaces. The bleaching
procedure was performed for 2 weeks. The
bleaching agents were refreshed daily. In all the
groups, temporary filling materials (Coltosol F;
Coltene/Whaledent Inc., Altstatten,
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Switzerland) were utilized to seal the specimens.
Subsequently, an incubator was used to store
the materials at 100% humidity and 37°C
temperature for 2 weeks.

The CIE L *a*b* color system along with the
following formula was used to determine the AE
using a spectrophotometer (Vita EasyShade®
compact, VITA Zahnfabrik, Germany). A
customized silicone index was used to ensure
repeatable position of spectrophotometer head
to standardized the area and lighting conditions
during the color assessment process.

AE = \/(AL*)? + (Aa*)? + (Ab*)?

The data were analyzed in SPSS version 23 (SPSS
Inc, IL, USA). The data normality was evaluated
using the Kolmogorov-Smirnov test. One-way
ANOVA was used to analyze the differences
among the three groups at baseline and 3 months
later. Additionally, paired t-test was employed to
analyze the color change from baseline to 3
months within each group. Two-way ANOVA was
applied to investigate the interaction effect of
bleaching technique and time on AE. The Tukey’s
test was used as post-hoc for pairwise
comparisons. P<0.05 was considered significant.

RESULTS

The results revealed color change in all the test
groups above the perceptibility threshold
(AE>3.3) at 3 months after the application of
Endocem, MTA Angelus, and CEM cement. A
significant difference was observed between the
internal group and internal/external group in
term of L* parameter in the Endocem, MTA
Angelus, and CEM cement groups at time 0
(baseline) and also at 3 months (Table 1).
Additionally, a statistically significant difference
was observed among the Endocem, MTA Angelus,
and CEM cement groups at baseline (P<0.05). The
greatest degree of discoloration was observed in
the Endocem group; whereas, the least
discoloration was noted in the CEM cement
group. Statistically significant differences were
found between the Endocem and other groups
(P<0.05). In contrast, no statistically significant
difference was observed between MTA Angelus
and CEM cement groups (P>0.05). Table 1 shows
the L* parameter in all groups.
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Table 1. Changes in L* parameter in the study groups

Endocem 80.2+4.60 71.9+4.54
MTA Angelus 89.6+5.94 83.9+4.71
CEM cement 88.5+£8.13 85.3+£3.62
P value <0.001 <0.001

84.7+3.65 92.3£5.42 0.001
91.2+3.68 91.5%£3.92 0.009
95.1+3.67 93.7£3.67 0.000
0.088 0.586 0.044

The Endocem group was significantly different
from other groups regarding L* parameter
after the application of bleaching materials
(P<0.05). The internal and internal/external
bleaching subgroups revealed no significant
difference regarding L* parameter exceptin the
Endocem group where the internal/external
bleaching technique increased the L*
parameter significantly more than the internal
bleaching technique (P<0.05).

Table 2 presents the a* parameter in the
groups. There was a significant difference
after the application of bleaching agents
regarding the a* parameter (P<0.05). After
bleaching, the a* parameter decreased in
comparison with baseline. According to the
bleaching technique, the a* parameter was
higher in the internal/external group, as
compared to the internal group (P<0.05).
Table 3 shows the b* parameter in the groups.
There was a significant difference between the
discolored and bleached samples regarding the
b* parameter (P<0.05). After the application of
bleaching agents, the b* parameter decreased
in comparison with baseline. However, no
significant difference was observed between

Table 2. Changes in a* parameter in the study groups

bleaching techniques after bleaching regarding
the b* parameter (P>0.05).

As shown in Figure 1, a significant
difference was observed among the three
groups only in AE in internal/external
technique (P<0.05).

DISCUSSION

This study showed that both bleaching
techniques  effectively  corrected the
discoloration caused by the three CSCs. The
distinction in the effectiveness of internal and
internal/external  techniques was not
significant, except in the Endocem group
where the internal/external technique
demonstrated superior efficacy in restoring
tooth color discolored by Endocem. This aligns
with the findings of Machado et al, [20] who
reported that for dark teeth, internal /external
bleaching was effective for misaligned teeth
without significant risk to patients. This study
used the CIE L*a*b* color system to analyze
color change [21]. This system, approved by
the American Dental Association, stands as the
most widely adopted and accurate system
available today [22].

Endocem 6.27 2.87+0.51
MTA Angelus 3.95 2.41+0.73
CEM cement 3.16 2.54+0.80
P value <0.001 0.140

0.356£1.17 0.744+0.21 0.665
-0.833%162 0.711£0.532 0.661
-1.87+1.30 -0.300%1.69 0.023
0.449 0.069 0.113

Table 3. Changes in b* parameter in the study groups

Endocem 45.9+3.74 32.9+2.28
MTA Angelus 42.6£5.01 33.7+3.62
Cem Cement 40.1+£6.10 32.4+4.15
P value 0.004 0.548

27.3¥4.90 28.6+3.64 0.000
23.3%6.18 29.8+3.60 0.000
20.5+4.81 40.8+£29.1 0.000
0.04 0.302 0.053
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Fig 1. AE values of the three groups. A significant
difference was observed among the three groups only
in AE in the internal /external technique at P<0.05 level.

In dentistry, spectrometer emerges as an
indispensable, versatile, and precise tool for
comprehensive calorimetry [23]. Extensive
evidence supports the assertion that visual
color determination is inherently subjective,
contrasting with the spectrometer's objective
evaluation capabilities [24]. According to
Dozic et al, [25] spectrometer is the most
dependable device, demonstrating reliability
both in vitro and in vivo.

The present findings revealed significant
color change induced by all CSCs used in this
study 3 months after their application. This
outcome aligns with the observations of
Partovi et al [26]. Various hypotheses have
been postulated concerning CSC-induced
tooth discoloration [27,28]. Notably, bismuth
oxide, present in CSCs, has recently been
identified as the primary cause of tooth
discoloration in CSCs [29,30].

The variation in tooth discoloration caused by
the materials in the present study is intricately
linked to their distinct chemical compositions.
Notably, discoloration induced by Endocem was
particularly prominent 3 months’ post-
application. Endocem, a recently developed fast-
setting CSC, has a significantly higher
concentration of bismuth oxide (Bi»03) and
ferric oxide (Fe;03) compared to MTA Angelus
and CEM cement [31,32]. Furthermore, the
present results indicated no significant
difference between CEM cement and MTA
Angelus in terms of their discoloration potential.
This aligns with the findings of Arman et al, [33]
who reported similar results following the
application of MTA Angelus and CEM cement.
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In the present study, the study groups
demonstrated a  significant reduction
concerning L* parameter. Moreover, Endocem
showed significantly higher discoloration
compared to CEM cement and MTA Angelus.
Concerning visual perception, the L* values
were analyzed descriptively and revealed a
darkening impact on tooth crowns.

A significant reduction was detected in the
study groups with regard to the a* and b*
parameters. Furthermore, the Endocem group
experienced significantly higher discoloration.
In comparison with the other groups, a
descriptive analysis of visual perception was
conducted on the a* and b* values. The findings
showcased diminished redness and yellowness,
consequently  indicating an  augmented
inclination towards green and blue.

The present results unveiled the effectiveness
of the two bleaching techniques in restoring
tooth color after artificial discoloration
induced by CSCs. Notably, the
internal/external tooth bleaching technique
emerged as a, cost-effective, convenient, and
low-risk method for tooth whitening.
Moreover, this technique necessitates fewer
appointments compared to the internal
bleaching technique [34].

This study indicated that there was no
significant difference between the internal
and the internal/external bleaching
technique in effective retrieval of tooth color.
Both techniques increased the L* parameter
and the lightness of discolored teeth. In the
Endocem group, the internal/external
technique was significantly more effective.
After the bleaching phase, the L*, a* and b*
parameters reached the baseline values. After
the bleaching procedure, teeth can return to
their baseline color.

External cervical root resorption is a major
drawback of internal bleaching techniques
with the use of high concentrations of
hydrogen peroxide [35,36]. The internal
technique can be more expensive than the
internal/external technique because it
requires more appointments and time to
refresh the bleach material within [36].

The present results are similar to those of
Pedrollo Lise et al, [37] who reported that the
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internal/external protocol and the internal
protocol were equally effective and there was
no subsequent recurrence after one year. In
the present investigation, 35% hydrogen
peroxide was used for the internal and 10%
carbamide peroxide was used for the
internal /external bleaching technique.
Interestingly, Saati et al. [38] demonstrated
that hydrogen peroxide was significantly more
effective than carbamide peroxide, presenting
results that differed from the current findings.
The results of Giachetti et al, [39] comparing
in-office bleaching with at-home bleaching
aligns with our findings, as they concluded
that there was no significant difference
between 38% hydrogen peroxide and 10%
carbamide peroxide. Similar to our findings,
Mittal et al. [40] concluded that there was no
difference between internal bleaching and
internal-external methods.

CONCLUSION

After 3 months, all CSCs were found to induce
significant tooth discoloration. Notably,
Endocem exhibited more pronounced
discoloration compared to other materials.
However, both internal and internal /external
bleaching techniques proved effective in
restoring the original color of discolored
teeth. Interestingly, in the Endocem group,
the internal /external technique
demonstrated superior effectiveness in
correcting discoloration.
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