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Abstract: Internal bleaching is a conservative treatment applied to a darkened endodontically treated
tooth to restore its original colour, either as a single treatment or as a treatment prior to a subsequent
prosthetic phase. The aim of this study was to objectively measure and compare using an experimental
model the expansive capacity of four bleaching groups: carbamide peroxide 37% (CP 37%), hydrogen
peroxide 30% (HP 30%), HP 30% mixed with sodium perborate (SP) and SP mixed with distilled
water. A total of 150 lower incisors (n = 30 in each group) were prepared for the Walking Bleach
technique and a glass tube with oil was introduced into the coronal access cavity to measure the
expansive capacity through oil displacement, due to the reaction that occurs when bleaching agents
interact with dental tissues. The results after 10 days were analysed with the Games–Howell post
hoc test to compare the samples. Significant higher expansion was observed with HP 30% (p < 0.05)
and lower expansion with SP (p < 0.05) compared to the other groups. No significant differences
were observed between CP 37% (p > 0.05) and HP 30% + SP (p > 0.05). This provides significant and
observable information on the behaviour of each bleaching group and its evolution after 10 days.

Keywords: in vitro research; internal bleaching; restorative dentistry; nonvital teeth; colour appearance

1. Introduction

Over the last few decades, there has been a growing concern about dental aesthetics
and smile appearance among the population [1,2]. Since tooth colour is one of the main
factors determining the appearance of a smile, the darkening or alteration of the colour can
be of real concern for patients, and even more so when only one tooth in the anterior area
undergoes colour change and no longer matches the rest [3–7]. Patients with this type of
problem tend to be more worried about appearance when the darkening also becomes more
pronounced over time. Therapeutic procedures aimed at treating and resolving this type
of problem are thus relatively common in the dental clinic. Normally, this type of colour
alteration is due to intrinsic staining, although it is necessary to study and individualise
each case in order to prescribe the appropriate treatment [8]. Colour changes of intrinsic
origin are more noticeable and more difficult to treat due to their colour distribution
over the entire tooth structure. The most common causes of intrinsic tooth staining are
diverse: pulp haemorrhage usually caused due to trauma in anterior teeth, pulp necrosis,
necrotic tissue remaining in the pulp chamber after endodontic treatment, pulp calcification,
infections and regenerative endodontic protocols using triple antibiotic pastes containing
minocycline and mineral trioxide aggregate (MTA) as an intracanal barrier over a blood clot
induced at the cementoenamel junction (CEJ) [9–11]. Such staining has also been associated
with iatrogenic factors (application of various irrigants used for the chemical treatment
of canals, drugs and endodontic sealants) [10,11]. In these cases, the simplest and most
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conservative treatment option for restoring the original colour of the darkened tooth is
internal bleaching [12].

Endodontically treated teeth can be bleached externally, internally or through a combi-
nation of both [13]. There are several internal bleaching techniques: intracoronal bleaching
using the thermocatalytic technique, the Walking Bleach technique or a combination of
both [9,14,15]. Walking Bleach is currently the intracoronal bleaching method of choice
for whitening darkened teeth, because it is considered safer for the patient and has a high
success rate [6]. Different concentrations of hydrogen peroxide (HP) are used in tooth
whitening, which can be applied directly or can also be generated from sodium perborate
(SP) or carbamide peroxide (CP) [10,12]. Generally, HP is used at higher concentrations
for nonvital teeth whitening than for vital teeth whitening. However, it also depends on
whether the whitening is performed in the dentist’s office or at home. Similar concentra-
tions are applied for both vital and nonvital teeth in the dental office under professional
supervision, but in lower concentrations in home bleaching for safety reasons [11]. Hydro-
gen peroxide acts as an active agent in an oxidative process that degrades tooth-darkening
compounds and larger stains. These bleaching agents are introduced into the pulp chamber
of the endodontically treated tooth between 5 and 14 days, always after checking that
the endodontic filling is perfect and without problems in the apex with X-rays, sealing
the cavity with temporary restorative material [16,17]. If the desired shade has not been
achieved after this time, the procedure can be repeated. The HP present in all whitening
products penetrates through tooth structures and produces reactive oxygen species, free
radicals and HP anions, which oxidatively rupture the double bonds of the chromogens
deposited on the tooth and which are responsible for tooth darkening, thereby resulting
in whiter teeth [15,18]. Internal bleaching is also sometimes performed with the aim of
lightening the tooth substrate as a step prior to the placement of a subsequent aesthetic
prosthetic restoration [19].

However, some aspects of the behaviour of bleaching agents remain to be elucidated.
With the Walking Bleach intracoronal bleaching technique, it has been observed that the
temporary seal that is placed once the bleaching agents have been introduced into the
chamber becomes deficient. This probably occurs due to an increase in intracameral
pressure caused by the interaction of the bleaching agents with the dental tissues [20–23].
Inadequate sealing may lead to certain problems, such as intracameral contamination due
to the introduction of bacteria through the microscopic gap between the restoration and
the tooth. Likewise, HP could escape into the oral environment and cause disruption of
mucosal or gingival tissues [24,25]. In addition, the bleaching procedure would prove
ineffective and treatment time would be prolonged.

Another less frequent but very harmful complication that places the survival of the
tooth at risk is the occurrence of invasive external cervical resorption (ECR). As it is usually
symptomless until it reaches an advanced stage, the diagnosis may be delayed and therefore
negatively impact upon the treatment possibilities [19]. Furthermore, it has been observed
that after internal bleaching, HP can remain active for some time within the dentinal
tubules and continue to release oxygen by further decomposing two to four weeks after the
bleaching treatment has been performed. This same oxygen can reduce the adhesion of
restorative materials through the interaction of residual oxygen in the form of free radicals
with composite resins [26,27].

Due to the inconveniences and complications that can be encountered when perform-
ing nonvital bleaching, and because the mechanism of bleaching is not yet fully understood,
the aim of the present experimental study was to analyse and compare the expansive
behaviour of different bleaching groups in vitro—CP 37%, HP 30% and HP 30% mixed
with SP and SP with distilled water—and thus to contribute to a better understanding of
the reactions that take place and try to prevent adverse effects in order to whiten more
effectively and safely.
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2. Materials and Methods

The present study focused on the bleaching of nonvital teeth using the Walking
Bleach intracoronal technique, and was approved by the University Ethics Committee (Ref.:
UCV/2019-2020/037).

2.1. Whitening Agents

The following bleaching agents were used: liquid HP 30% (H2O2) (Foret, Peroxfarma,
Barcelona, Spain), CP 37% gel (CH4N2O·H2O2) (Whiteness Super 37 FGM, Joinville, SC,
Brazil) and SP powder (NaBO3) (Acofarma Distribution, Madrid, Spain).

Whitening groups:

• Group 1: CP 37%;
• Group 2: HP 30%;
• Group 3: HP 30% + SP (ratio 2 g/mL);
• Group 4: SP with distilled water (ratio 2 g/mL);
• Group 5: Control.

The liquid (HP or distilled water) and powder (SP) in groups 3 and 4 were mixed in a
dappen glass with a cement spatula. In the control group, only distilled water was used.

2.2. Sample Preparation

A total of 150 lower incisors extracted for orthodontic or periodontal reasons and
without caries, cracks, fractures or any restorative or root canal treatment were used. All
bacterial plaque debris was cleaned with a prophylaxis brush and sterile gauze, and the
teeth were immediately immersed in Hank’s balanced salt solution (HBSS). The teeth were
used within three months of extraction.

All teeth were subjected to endodontic treatment, performed using a single operator,
with the aim of ensuring maximum homogeneity of internal bleaching in all teeth equally.
First, all remaining pulp tissue was removed and the access cavities to the canal system
were made on the lingual surface of the anterior teeth with a high-speed handpiece and
diamond bur (FG ML 200442AA ISO198016, Diatech; Coltene/Whaledent, Altstätten,
Switzerland). The teeth were prepared to working length with the ProTaper® system up
to the F3 file (Dentsply Maillefer, Ballaigues, Switzerland) and an X-SmartTM endodontic
micromotor (Dentsply, Weybridge, UK). The canals were obturated with AH Plus cement
sealer and gutta-percha via lateral condensation, also using accessory gutta-percha and
spacer (Dentsply Sirona, York, PA, USA).

Finally, a 3 mm endodontic filling was removed apical to the cementoenamel junction
(CEJ) with a tungsten carbide bur (Tungsten bur, FG 330, Kerr, Bolzano, Italy); then, a
2 mm seal was applied using a resin-reinforced glass ionomer cement (Vitrebond, 3M ESPE,
Maplewood, MN, USA).

2.3. Experimental Model

The experimental design of this study focuses on the measurement of oxygen ex-
pansion during Walking Bleach using different bleaching agents: CP 37%, HP 30%, HP
30% + SP and SP.

After endodontic treatment, the enamel around the access cavity was prepared and
etched with 37% orthophosphoric acid (Scotchbond Etchant, 3M ESPE, Saint Paul, MN,
USA). After rinsing with water and drying, adhesive (Excite DSC F, Ivoclar Vivadent,
Schaan, Liechtenstein) was applied so that 1 mm diameter glass tubes (2940211, Paul
Marienfeld Superior, Lauda-Konigshofen, Germany) could be assembled with adhesive
and composite to the access cavity.

Before fixing the tubes, the corresponding bleaching agent was placed for each group
of teeth and a volume of oil covering a length of 10 mm was introduced into the tubes in
order to retain the fluids and to measure the expansion through their displacement along
the glass tube, using an irrigation syringe with a 25G needle (25G, C80, Larident, Tribogna,
Italy) (Figure 1). If necessary to control the continued displacement of the oil, the tubes



Appl. Sci. 2024, 14, 532 4 of 11

were joined with adhesive and composite to allow the oil to continue to rise. Expansion
was measured every 24 h for 10 days using a digital meter. Each time that the expansion
was measured, a mark was made with a permanent marker pen so that the expansion
could be measured from that mark on subsequent days. The preparation of the samples
and bleaching products was carried out by one operator, while the measurements were
performed by another operator who did not know what was in each sample.
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2.4. Statistical Analysis

It is hypothesised that an expansion reaction occurs within the pulp chamber when
bleaching agents are introduced into the pulp chamber during the Walking Bleach nonvital
whitening technique. Oxygen expansion was observed and measured for 10 days and all
data were entered into an MS Excel spreadsheet for further statistical analysis using the
SPSS version 23 statistical package (IBM Corp., Armonk, NY, USA) with a confidence level
of 95% and considering statistically significance for p < 0.05.

First, Welch’s ANOVA test was performed, which showed that the mean final expan-
sion of at least two of the four bleaching groups was significantly different (p-value < 0.001).
In order to assess these differences, a Games–Howell post hoc test was used to assess the
observed differences in expansion in the different bleaching groups.

3. Results

Only the study groups were compared, because there was no oil displacement in the
control group. This also shows that the procedure was valid for measuring the oxygen ex-
pansion resulting from the interaction between the bleaching agents and the dental tissues.

Thus, based on this method, the expansion (in mm) produced by CP 37%, HP 30%,
HP30% + SP and SP in internal bleaching for 10 days in a situation similar to the usual
conditions was measured and compared through a displacement of the oil introduced into
the tubes. Figure 2 shows the evolution per day of the expansion in each bleaching group
during the 10 days of recording. Figure 3, in turn, shows the cumulative sum for each
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group. Figure 4 shows a bar chart with the standard deviations and a box plot with the
expansion values after 10 days.
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In all four groups, the greatest variation in expansion occurred within the first 24 h,
with HP 30% showing the highest expansion rate and SP with distilled water showing the
lowest. The CP 37% and HP 30% + SP groups performed very similarly over the 10 days,
while SP showed a more stable behaviour very different from that of the rest of the groups.

The Games–Howell post hoc test was used to assess the differences between the
four groups (Table 1).

Table 1. Multiple comparison of the expansion results obtained in each bleaching group to assess the
significant differences in the expansion behaviour between them.

Multiple Comparisons

Confidence Interval 95%

Group Comparative p-Value Difference of Means Typical Error Lower Limit Upper Limit

HP 30% 0.022 * −136.707 45.975 −258.72 −14.69
CP 37% HP 30% + SP 0.973 15.467 36.024 −79.84 110.77

SP <0.001 * 190.133 26.504 117.93 262.33

CP 37% 0.022 * 136.707 45.975 14.69 258.72
HP 30% HP 30% + SP 0.007 * 152.173 44.810 33.07 271.28

SP <0.001 * 326.840 37.585 224.44 429.24

CP 37% 0.973 −15.467 36.024 −110.77 79.84
HP 30% + SP HP 30% 0.007 * −152.173 44.810 −271.28 −33.07

SP <0.001 * 174.667 24.428 108.12 241.21

CP 37% <0.001 * −190.133 26.504 −262.33 −117.93
SP HP 30% <0.001 * −326.840 37.585 −429.24 −224.44

HP 30% + SP <0.001 * −174.667 24.428 −241.21 −108.12

Data marked with (*) indicate statistical significance: (p-value < 0.005).

4. Discussion

The present in vitro study shows in an objective and quantifiable way the expansion
behaviour that takes place after the interaction of the currently most commonly used
internal bleaching agents with the dental tissues inside the pulp chamber. Specifically,
measurement and comparison were made of the expansion between four bleaching groups.

The experimental model was designed to produce a situation as similar as possible
to the conditions of the tooth when internal bleaching is carried out, and consisted of an



Appl. Sci. 2024, 14, 532 7 of 11

extracted tooth to which a glass tube was affixed in the opening orifice in order to measure
the expansion after endodontic treatment for the study. This is the same technique as that
used in the study by Pallarés-Serrano et al. [23], but with the novelty that, in our study, we
also included and compared CP 37%.

The bleaching agent with a significantly greater expansion versus the rest was HP
30%, followed by CP 37% and HP 30% + SP, with no significant differences between the
latter. In turn, SP showed significantly less expansion with respect to the other groups.

All bleaching groups showed greater oil displacement within the first 24 h, with
stabilisation over the following days.

In the CP 37%, HP 30% and HP 30% + SP groups, oil displacement persisted after
10 days, showing that the reaction that produced expansion continued, although to a much
lesser degree than in the first few days. However, in the case of SP, from the fourth day
onwards, the oil ceased to displace and even began to decrease from the sixth day onwards.
A very different behaviour was therefore observed in the SP group. These results are very
similar to those reported in an in vitro study carried out by Pallarés-Serrano et al. [28],
in which the authors separated the enamel from the dentine to observe the expansive
behaviour of the bleaching agents upon both structures separately.

The same behaviour was observed as that obtained from mixing the bleaching agents
with dentine. This could be due to the fact that in this study, the bleaching agents placed
inside the pulp chamber were in direct contact with the dentine and not with the enamel.

While considered to be a safe treatment, the mechanism by which a tooth is bleached
is not fully understood [10] and although it has many advantages, the procedure is not
free from possible drawbacks or complications described as resulting from the oxidising
behaviour of HP—such as the appearance of an ECR or adverse effects upon the cavity
seal [11].

The reaction observed in this experimental model creates an increase in intracameral
pressure and would be responsible for the displacement of the temporary restoration that
has been observed in other studies over the years, which can leave a microscopic gap
between the restoration and the tooth [21,23,28,29].

Displacement of the temporary restoration could result in prolonged treatment with
more sessions due to failure to obtain the desired results, bacterial infiltration and even
failure of the endodontic treatment, as well as irritation of the tissues with which the
bleaching agent comes into contact as it seeps into the oral cavity through the open
space [11,24,25,30,31].

Based on the results obtained in this study, HP 30% would be by far the bleaching
agent with the greatest capacity to produce such a displacement.

In turn, the expansion observed in this study also agrees with the whitening capacity
reported in other publications, with better results using HP 30% after a few days, coinciding
with the days of greatest expansion observed, and whitening the teeth more quickly and
effectively than with other agents [31–34].

These results also apply to SP, as many studies suggest that it has a more stable
behaviour but with a lower bleaching capacity, as our findings also suggest [34].

On the other hand, it has been postulated that oxidising agents from internal bleaching
can cause cement necrosis, an inflammation of the periodontal ligament and may contribute
to ECR from the pulp chamber through the dentinal tubules [35].

In a study on the ultrastructural changes in dentin induced via intracoronal bleaching
agents, Maleknejad et al. (2012) found that HP 35%, CP 45% and HP 30% + SP produced an
increase in the diameter of dentinal tubules, with the exception of SP with distilled water,
probably as a result of protein oxidation [36]. Similarly, Martin-Biedma et al. also studied
in vitro the possible changes in enamel and dentine produced by SP for 7 days, and the
results showed that it did not produce microstructural changes in enamel and dentine [37].
In addition, Serin et al. [38] and Keskin et al. [39] also observed in their in vitro studies
changes in MTA produced by intracoronal bleaching agents, in surface morphology and
chemical composition that could negatively affect the subsequent restoration.
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These results are consistent with those of our study, which shows a greater reaction
with these agents, while the reaction with SP would not have sufficient capacity to alter
dentine in the same way. Furthermore, they also agree with the findings of Heling et al.
(1995), who observed the ability of Streptococcus faecalis to penetrate through the dentinal
tubules of teeth bleached with HP 30% and HP 30% + SP, but not of teeth bleached with
SP [40].

This finding was relevant because it has been observed that bacteria in the gingival
or pulp chamber sulci can subsequently colonise the empty dentinal tubules, cause the
persistent inflammation of the surrounding tissues and may contribute to the development
of ECR [19,36,41,42].

There are published studies on the relationship between the reduction in the organic
content of enamel and dentine with changes in biomechanical properties during bleaching
procedures. Since the dentine structure constitutes an important part of endodontically
treated teeth, any alteration in the biomechanical properties of dentine may have an impact
on the overall strength of the tooth [22,42,43].

Using extracted human teeth, Lewinstein et al. examined the effect of HP 30% and
SP on dentine and enamel microhardness [43]. They observed that HP 30% reduced the
microhardness of both, but not the treatment with HP 30% + SP, and therefore considered
this combination as the treatment of choice for the Walking Bleach technique.

In a study by Berger et al., all the bleaching agents that they used reduced the elastic
modulus of dentin up to 7 days after bleaching compared to an unbleached control group;
however, at 14 days postbleaching, there was no significant difference between the study
groups and the controls, even though the group with higher HP levels had not yet reached
normal values [44].

These authors speculate that this may be due to the fact that after 14 days, the oxygen
concentration was reduced, favouring the reversion of the values of the modulus of elasticity.
In this study, we observed that after 10 days, the expansion had been greatly reduced with
respect to the initial values, and we would expect that after 14 days, it would be even less
or nonexistent.

According to the results of our study, after 10 days and in all the internal bleaching
groups except for SP, the oil in the tubes was still displaced, i.e., the expansion reaction was
still present after 10 days. Therefore, we estimate that the delay of the definitive restorative
treatment should be at least two weeks, since one week would be insufficient time. Our
results agree with those reported by Yoon et al. (2014), who bleached dentin with SP and
subsequently used sodium ascorbate for different periods of time, and found no differences
versus the control groups [45]. This may be due to the low expansion observed in this study
with SP. Cavalli et al. (2018) indicated that the time the restoration or prosthesis should be
delayed depends on the bleaching agent used and its concentration, and advised SP for
this type of treatment in which the subsequent restoration phase is relatively urgent [46].

The present study has the limitations of in vitro research. Although the tooth has been
treated in the same way as we would treat it in a patient, the results could be influenced
by the wet conditions involved. Further, both in vitro and in vivo studies are needed to
contrast the results obtained.

5. Conclusions

Within the limitations of this in vitro study, it could be observed that each bleaching
group has a different expansion behaviour, with the exception of the HP 30% + SP and CP
37% groups that show a very similar behaviour. However, HP 30% shows a significantly
higher oxygen expansion, and SP shows a significantly lower expansion than the rest and a
very different and more stable behaviour.
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