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Clinical Relevance

Intracoronal bleaching (nonvital bleaching) using a ‘‘walking bleaching’’ technique
generates increased markers related to bone resorption.

SUMMARY

Objective: This randomized clinical trial eval-
uated the effect of 35% hydrogen peroxide in
comparison with 37% carbamide peroxide in a
nonvital bleaching technique of ‘‘walking
bleaching’’ (four sessions of treatment) on
periodontal markers: nuclear factor kappa B-
ligand (RANK-L—process of root resorption
marker) and interleukin 1b (IL-1b—inflamma-
tory response marker).

Methods and Materials: Fifty volunteers pre-

senting with discoloration of nonvital teeth

and endodontic treatment in good condition

participated. Fifty teeth were randomly di-

vided into two study groups according to

bleaching gel: HP = 35% hydrogen peroxide

(n=25) and 37% carbamide peroxide (n=25).

Nonvital bleaching was performed with a

walking bleaching technique consisting of

four sessions of bleach application. Gingival

crevicular fluid samples were taken in order

to quantify the RANK-L and IL-1b levels by
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enzyme-linked immunosorbent assay. Sam-
ples were obtained from six periodontal sites
for each bleached tooth: three vestibular and
three palatine (mesial, middle, and distal) at
seven time periods: baseline, after each of the
four sessions of nonvital bleaching, at one
week, and at one month after nonvital bleach-
ing. Tooth color variations were analyzed in
each session by VITA Bleachedguide 3D-MAS-
TER (DSGU).

Results: Significant increments in the RANK-L
and IL-1b levels were detected in each evalu-
ated time compared with baseline (p,0.05);
however, no differences were detected be-
tween hydrogen peroxide and carbamide per-
oxide on increments of the biomarkers studied.
The change of color was effective for both
nonvital bleaching therapies (p,0.05).

Conclusions: Nonvital bleaching induced a
significant increment in the RANK-L and IL-
1b levels in periodontal tissues around
bleached, nonvital teeth.

INTRODUCTION

The intracoronal bleaching technique has tradition-
ally been used to solve esthetic problems of nonvital
tooth discoloration since it is a minimally invasive,
fast, and effective treatment. In general, gels of
sodium perborate, carbamide peroxide, and hydro-
gen peroxide are used to treat discolored teeth.1 For
all these products, the active agent is hydrogen
peroxide, which whitens by means of an oxidation
chemical reaction.2 Bleaching of a discolored tooth
positively impacts esthetic self-perception and psy-
chosocial impact,3,4 as do other vital bleaching
systems,5 and even patient satisfaction and correla-
tion with personality styles.6,7

However, one of the adverse effects of intracoronal
bleaching that has been reported is external root
resorption, which is increasingly rare but still
apparent when tooth loss, which occurs quite
frequently, is achieved.1 The incidence mentioned
in the literature varies greatly, from 1% to 13%.8-11

Unfortunately, the etiology of root resorption has yet
to be comprehensively explained. It is known that
the high oxidative power of hydrogen peroxide can
alter the histological and morphological properties of
tooth structure.12-14 Also, hydrogen peroxide has a
low molecular weight of H2O2 and is able to diffuse
through the tooth structure and stay in periodontal
tissues.15 An extra-root effect produced by free-
radical peroxide has produced periodontal cell

cytotoxicity and increased pH in the surface of the
root.16

Recent studies have shown an increase in the
activity of inflammatory cytokines and metalloprotei-
nases when using bleaching techniques.12,17 These
studies suggest that this could also have an effect on
the levels of markers of bone destruction, considering
that they would have spread to the periodontal tissues.
The most important marker of destruction that has
been extensively studied is the receptor activator of
nuclear factor kappa B-ligand (RANK-L), which is also
associated with regulating the process of root resorp-
tion.18,19 Interleukin 1b (IL-1b) plays a central role in
immune and inflammatory responses and the bone
remodeling process. It is a cytokine that is present in
most of the inflammatory processes, and its increase
has been linked to a number of pathological processes,
such as periodontitis and marginal bone loss.20

There are no reports of associations between
increased biomarkers of bone resorption and non-
vital whitening using the ‘‘walking bleaching’’ tech-
nique. Evidence remains poor, and there are no
studies that explain the process by which hydrogen
peroxide could act on the processes of tissue
destruction surrounding the tooth.

Hydrogen peroxide generates a cytotoxic and
tissue-damaging effect. There are reports on the
relationship between lower concentrations and less
negative effects;21 therefore, considering that car-
bamide peroxide degrades to one-third of its concen-
tration being hydrogen peroxide, there may be a
lowered effect on periodontal tissue compared with a
hydrogen peroxide gel of similar concentration.

Although there is no consensus about the proper
amount of hydrogen peroxide to be used with the
walking bleaching technique, lower concentrations
are typically used since they have a lower potential
to alter the histological and morphological properties
of the tooth structure.12-14 However, to our knowl-
edge, no previous published clinical studies have
evaluated this issue. Therefore, the aim of this
randomized clinical trial was to evaluate the effect
of 35% hydrogen peroxide and 37% carbamide
peroxide in a nonvital walking bleaching technique
(four sessions of treatment) on periodontal markers
RANK-L and IL-1b. The first null hypothesis was
that the two gels do not have any effect on the
induction of IL-1b and RANK-L at different times.

METHODS AND MATERIALS

Fifty volunteers were selected with one nonvital
tooth with discoloration. Prior to the start of the
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study, patients signed an informed consent form.
They received a prophylaxis brush and a slurry of
pumice and water. In addition, oral hygiene instruc-
tions were given to standardize the oral conditions of
each volunteer and to control for basal periodontal
health status.

Study Design

The trial was a randomized parallel and double-blind
(patient and evaluator) clinical trial. Advertising
was held to invite participation in the dental school
and through social networks such as Facebook and
Twitter. This randomized clinical study was ap-
proved by the Ethics Committee of the Faculty of
Dentistry of the University of Chile (2016/04) and
was performed according to the Consolidated Stan-
dards of Reporting Trials Statement22 and the
Declaration of Helsinki23 (1975; revised 2000) (Fig-
ure 1).

Sample Size

To determine the size of the sample, GPower 3.124

software was used, considering a significance level
of 5% statistical power of 80% and 10% abandoned
based on change of color. This study corresponds
to a therapeutic equivalence type, where a color
variation of DSGU tones in the range of 7 to 10 or
more based on the original color was considered
significant. This gives a sample size of 20, and to
compensate for a potential dropout rate, we used
a sample size of 25 per group. In the absence of
previous studies that valued biomarkers using
this methodology, it was not possible to make a
sample calculation based on the values of bio-
markers.

Inclusion and Exclusion Criteria

Patients included were over 18 years of age with
one or more nonvital teeth. Any restoration did not
cover the vestibular face of the tooth, and end-
odontic treatments were required to be in good
condition and without apical lesions, with no
previous experience of tooth bleaching, and with
a tooth shade C2 or greater according to the Vita
Classical scale.

Patients were excluded if they were pregnant or
lactating, had enamel hypoplasia, had teeth stained
by tetracycline or fluorosis, were in orthodontic
treatment with fixed appliances, or had periodontal
disease. Also, patients with systemic pathologies
were excluded, as were those volunteers who
presented clinically and radiographically for with

external or internal dental resorption, caries, or
periapical lesions. They were informed and referred
to specialists for treatment.

Randomization and Allocation Concealment

The teeth (n=50) were randomly divided into two
groups according to the bleaching gel to be applied:
25 patients with 35% hydrogen peroxide (Opales-
cence Endo, Ultradent, South Jordan, UT, USA)
and 25 patients with 37% carbamide peroxide
(Whiteness Super-Endo, FGM, Joinville, Brazil).
A third person who was not involved in the
research protocol performed the randomization
procedure by using computer-generated tables.
We used simple randomization with an equal
allocation ratio (www.sealedenvelope.com).
Opaque, sealed, and consecutively numbered
envelopes containing the identification of the
groups were opened immediately only before the
beginning of the bleaching protocol.

Study Intervention

The operator was not blinded to the procedure, as
both bleaching techniques had different commercial
presentations. However, the participants and the
examiners who evaluated the color changes were not
aware of the allocation of the participants within the
study groups. One week before the bleaching
therapy commenced, a protective isolating cervical
base was applied. For this purpose, the root canal of
each tooth was properly isolated with a rubber dam
(Rubber Dam Ash, Dentsply, Petropolis, Brazil).
Afterward, a final seal with 2 mm of resin-modified
glass ionomer cement (Riva Light Cure, SDI, Bays-
water, Australia) was placed and light cured for 40
seconds (Cal Radii, SDI). The location 2 mm above
the cemento-enamel junction was sealed because of
the italic ‘‘S’’ arrangement of the dentinal tubules in
this zone; the seal ensured that the cervical crown
portions were bleached effectively. The radiographic
control was made to corroborate the final seal. In
total, three radiographic controls were performed:
precontrol, unsealing control, and cervical sealing
control.

Bleaching agents were applied according to the
manufacturer’s instructions in four sessions with an
outpatient technique (ie, walking bleaching); each
session was separated by one week.1 In each session,
according to the walking bleaching technique, bleach
gel was left in the pulp chamber. Subsequently, the
cavity was sealed with a temporary cement (Fermin,
Detax, Ettlingen, Germany) until the next session.
After four weeks of bleaching, the temporary
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material was removed, the pulp chamber was

washed with water, and a temporary sealing was

left for seven days prior to the completion of the final

restoration. Patients were advised not to eat or drink

foods that might stain their teeth (e.g., coffee, tea, or

red wine) during the study period. They were given

written instructions and contact information if any

questions or problems were to arise.

Color Evaluation

Two calibrated evaluators with 80% agreement

(kappa test) recorded the color of teeth at baseline,

Figure 1. Consort Flow diagram.
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immediately after each bleaching session, and one
week and one month posttreatment. The color
evaluation was conducted in the middle third of the
labial surface of the tooth bleaching according to the
recommendations of the American Dental Associa-
tion.25 Patients were examined in the same room
with the same lighting, for both examiners indepen-
dently, using the VITA Bleachedguide 3D-MASTER
(Vita Zahnfabrik, Bad Säckingen, Germany). For
every ‘‘value,’’ a color is assigned a numerical value
in order to calculate the change in unit scale (DSGU).
Color changes were recorded as the difference
between the baseline and the different evaluation
times, expressed in the number of color guide units
(DSGU). If the results of the two evaluators did not
match, the two evaluators then discussed the case
until a consensus was reached concerning the color.
The color of the counterpart tooth was also recorded
subjectively and compared to that of the treated
tooth.

GCF Sample Collection

After isolating the tooth with a cotton roll, supra-
gingival plaque was removed with a curette (Gracey
3/4) without touching the marginal gingiva. The
crevicular site was then dried gently with an air
syringe, and gingival crevicular fluid (GCF) was
collected using absorbent paper strips (Periopaper,
OraFlow Inc, New York, NY, USA) that were placed
into the selected periodontal sulci until mild resis-
tance was felt and left in place for 30 seconds. Strips
contaminated by saliva or blood were excluded. GCF
samples were obtained from six periodontal loca-
tions: three vestibular and three palatal (mesial,
middle, and distal) sites from teeth that underwent
the bleaching procedures. Samples were taken
before the bleaching (baseline) and after each
bleaching session as well as one week and one
month postbleaching. Following GCF collection,

strips were placed in Eppendorf vials containing
100 lL of phosphate-buffered saline with 0.05%
Tween-20 (Fluka, Sigma-Aldrich Chemie GmbH,
Buchs, Switzerland) and centrifuged at 10,000 xg
for five minutes at 48C. The elution procedure was
repeated twice, and obtained samples were stored at
�808C until further analysis.

Quantification of RANK-L and IL-1b

Total proteins were quantified using Bradford
procedures, and then the RANK-L and IL-1b levels
were measured using Quantikine ELISA (R&D
Systems Inc, Minneapolis, MN, USA) following the
manufacturer’s instructions. The ELISA kits used in
this study were the RANKL ELISA (catalog number
04-BI-20462, Alpco, Biomedica Medizinprodukte
GmbH & Co, Vienna, Austria) and the IL-1b ELISA
(Human CXCL8/IL-8, D8000C, R&D Systems Inc).
Absorbance was measured at 492 nm with a
wavelength correction of 630 nm using an automatic
microplate reader (Synergy HT, Bio-Tek Instrument
Inc, Winooski, VT, USA). The concentration of each
marker in each sample was calculated by a four-
parameter logistic equation.

Statistical Analysis

Statistical analysis was performed using SPSS 23.0
(SPSS Inc, Chicago, IL, USA) with a = 0.05. For
intragroup analysis, the Wilcoxon test was used; for
intergroup analysis, we used the Mann-Whitney
test.

RESULTS

A total of 74 volunteers were examined, and 50
patients met the inclusion criteria. Fifty teeth were
selected, one from each patient, of which three did
not complete the treatment, and one tooth was
excluded from analysis due to problems with the
analysis of samples of the gingival fluid. The final

Table 1: Baseline Features of the Participants

Baseline Features Groups

Hydrogen Peroxide Carbamide Peroxide

Age (y; means6standard deviation) 30.6 6 11.7 30.8 6 11.3

Minimum age (y) 19 20

Maximum age (y) 65 65

Male (%) 47.83 39.13

Trauma (%)a 56.52 39.13

Caries (%)a 43.48 60.87

VITA Bleachedguide 3D-MASTER median (minimum; maximum) 12 (7; 15) 11 (9; 15)
a Cause of endodontic treatment.
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sample consisted of a total of 46 nonvital teeth that
were bleached; the distribution of the group can be
seen in Table 1.

Color Evaluation

The color change results are shown in Table 2.
Hydrogen peroxide showed a high degree of whiten-
ing after the third session of bleaching to the one-
month follow-up (p,0.05) compared with the car-
bamide-peroxide group, which achieved a significant
difference of color change after the fourth session
(p,0.05).There was a statistically significant differ-
ence (p,0.05) in the third and fourth weeks,
showing more color change in the hydrogen peroxide
group. At one week postbleaching, the color change
did not present significant differences. Significant
whitening was observed in both study groups after
four weeks of treatment (p,0.05). The hydrogen
peroxide group showed a higher degree of whitening
in the second, third, and fourth weeks of bleaching
when compared to the carbamide peroxide group
(p,0.02).There was a difference between the degree
of whitening between groups at one month post-
bleaching (p,0.03).

Quantification of RANK-L

In total, 966 samples were taken from each group for
quantification of RANK-L and IL-1b. Figure 2 shows
the levels of RANK-L expressed in pg/lL, considering
all the sites. All evaluation times were increased with
statistically significant differences between them
(p,0.05). Table 3 shows the RANK-L levels expressed
in differences between the baseline and time values
(delta). The comparison of delta values between groups
showed no statistically significant differences at the
times assessed (p.0.075).

Quantification of IL-1b

Figure 3 shows the levels of IL-1b expressed in pg/
lL, considering all the sites. All evaluation times
have statistically significant differences between
them (p,0.05). Concerning the total values of IL-
1b, there was a statistically significant difference
at three weeks of bleaching (p,0.05) between the
groups; however, there was no significant differ-
ence for the total values by vestibular or palatal
sites at the same time between the groups (p.0.1).
Table 3 shows the IL-1b levels expressed in
differences between the baseline and time values
(delta). The comparison of delta values between
groups showed no statistical difference at the
times assessed (p.0.06) except at the three-week
session (p=0.049).

DISCUSSION

The results of the present investigation showed that
both products showed a significant color change after
four weeks of treatment, although hydrogen perox-
ide exhibited a faster effect. This may be due to the
slower chemical decomposition of carbamide perox-
ide and its lower penetration into dental tissues
compared to hydrogen peroxide;16,26,27 ie, carbamide
peroxide has a chemical decomposition rate that is
one-third that hydrogen peroxide. Both products
showed increased levels of similar markers (Tables 3
and 4). One explanation for this is that the
concentration of hydrogen peroxide released from
gel carbamide peroxide (16%) may be sufficient to
aggravate periodontal tissues.

The most important topic to be presented in this
study is whether hydrogen peroxide or carbamide
peroxide could be responsible for increasing the levels
of RANK-L and IL-1b. The results of the present trial
suggest that hydrogen peroxide and carbamide perox-

Table 2: Changes of Color by DSGU (VITA Bleachedguide 3D-MASTER) by Group in Different Time Frames Expressed by
Median, Minimum, Maximum, and Statistical Significance (Minimum; Maximum)a

Assessment Points Color Change Mann-Whitney
Between GroupsHydrogen Peroxide Carbamide Peroxide

Baseline vs 1 wk of bleaching 3 (0; 5) A 1 (0; 4) A 0.410

Baseline vs 2 wk of bleaching 4 (0; 8) A 2 (0; 5) A 0.002

Baseline vs 3 wk of bleaching 5 (0; 9) 4 (1; 5) A 0.007

Baseline vs 4 wk of bleaching 5.5 (0; 9) 4 (2; 8) 0.019

Baseline vs 1 wk after bleaching (before restoration) 5 (0; 9) 4 (2; 7) 0.037

Baseline vs 1 wk after bleaching (after restoration) 5 (0; 9) 4 (2; 7) 0.040

Baseline vs 1 mo after bleaching 5 (0; 9) 4 (2; 7) 0.027
a Mann-Whitney test was applied only for pairwise comparison between groups at each time (a=0.05). Wilcoxon rank statistical test was applied only for comparison of
different times for each group (a=0.05). Values with the same letter indicate statistically significant difference with all times in the group (p,0.05).
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ide influence the RANK-L-RANK–OPG axis by signif-

icantly increasing RANK-L and IL-1b from the first

session of nonvital bleaching until one month post-

bleaching. This study showed a constant increase of

biomarkers even one month postbleaching (Tables 3

and 4); therefore, the question remains, When does the

increase of biomarkers stop? The answer is that

hydrogen peroxide triggers a chronic process into the

periodontium and can exhibit a duration over one

month postbleach–gel contact.

This indicates that the significant increase of

levels of markers of bone destruction (ie, RANK-L

and IL-1b) could be responsible for the phenomenon

of external root resorption, a pathology associated

with the walking bleaching technique when applied

in endodontically treated teeth.28-30

IL-1b is a potent osteoclast activity initiator31 and
generally stimulates macrophages, monocytes, or
endothelial cells, among others, to produce metal-
loproteinases, prostaglandins, and other proinflamma-
tory cytokines.32,33 Also, it stimulates RANK-L produc-
tion of osteoblasts, causing differentiation and
maintenance of osteoclasts.34 Among the factors that
trigger increased IL-1b are nonmicrobial factors, such
as tissue injury or the presence of inflammatory
molecules, among others;32 this situation is initiated
by the peroxide released from the pulp chamber to the
periodontium.

The role of IL-1b, a key cytokine with proinflam-
matory functions, has not yet been studied in the
case of bleaching treatment. Studies have linked
increased levels of IL-1b in teeth with apical external
resorption associated with orthodontic treatment

Figure 2. RANK-L levels at times
expressed in pg/lL, mean with 95%.
a, statistically significant difference
with baseline with the Wilcoxon test
(p,0.05); b, statistically significant
difference with previous time with the
Wilcoxon test (p,0.05).
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sequelae.35 This demonstrates the presence of an
inflammatory process,36 which can explain the
unbalanced levels of RANK-L.37 Royaka and others,
in a recent study, explain that extraradicular
diffusion during intracoronal bleaching with differ-
ent bleaching agents.27

Also, the imbalance shift of IL-1b and RANK-L
levels is a finding that could be explained initially by
the sudden drop in pH and, in turn, autocatalyzation
to achieve a stabilization of metalloproteinase and
cathepsin. This is because, according to a recent
report, proteolytic enzymes, cysteine cathepsins, and
matrix metalloproteinases are activated in mineral-
ized dentin during degradation from tooth-bleaching
treatment with 35% H2O2.12

Although no clinical or radiographic signs of
external root resorption were observed in the present
study—mainly because this is a chronic process—the
findings of the present study may explain to some
extent the beginning of this process, mainly because
there is an increase in markers responsible for the
activation of osteoclasts. This may be a predisposing
factor for the marginal bone resorption and an
explanation for the phenomenon of external cervical
resorption–mediated odontoclasts, which is still not
explained in the literature.

It is worth mentioning that the increased levels of
RANK-L are not comparable to those achieved by a
patient with active periodontal disease since these
levels could suggest an activation process of bone
resorption in patients with high periodontal risk.38

However, increasing the levels of IL-1b (about 190 pg/
lL) is comparable with active sites of periodontitis,39

indicating that this damage is relevant, mainly because

after completion of bleaching and up to one month of
monitoring, there is a continuous and progressive
increase in the levels of IL-1b and RANK-L.

It is important to mention that a high variability of
marker levels was found during all phases of the
study; also, some significant differences were found
for IL-1b when palatal and vestibular sites were
compared in the same tooth. This could be explained
by several factors. The anatomy of endodontically
treated teeth and the thickness of the remaining
walls are not uniform, so it is expected that in teeth
with less dentin thickness, diffusion of peroxide into
the periodontal regions can have a greater effect.40

In addition, the biological response of each individ-
ual is different.39 Perhaps some cracks and fractures
associated with traumatic injuries could be respon-
sible for the faster spread of peroxide. Also, the
inflammatory response with high intersubject vari-
ability may better explain root resorption mediated
by increased levels of IL-1b and RANK-L markers.

The technique evaluated in the present study
applied the bleaching products inside the pulp
chamber to facilitate contact with dentinal tissue
and to maintain that contact for a long period of
time (one week)1,41,42 during which the chemical
agent makes prolonged contact with the tooth; this
favors the spread of peroxide into the extraradicu-
lar space, which would cause an increase in the
markers studied. This study coincides with that of
Firat,43 where an in-office bleaching gel was applied
in vital teeth without direct contact with the
dentinal tissue and showed that an increase in
levels of IL-1b was produced by direct contact of
three gels with higher concentrations of hydrogen
peroxide (.35%) despite the fact that this amount of

Table 3: Delta IL-1b and RANKL Levels Expressed in pg/lL, Median (Minimum; Maximum)a

Assessment Points Delta IL-1b Delta RANK-L

DHP DCP DPH DPC

1 wk of bleaching vs baseline 2.77
(�1.69; 17.32)

2.64
(�1.91; 30.03)

0.52
(�2.61; 2.80)

0.54
(�0.88; 4.77)

2 wk of bleaching vs baseline 9.78 A

(0.77; 35.36)
8.64 A

(0.30; 57.92)
1.92 A

(�0.88; 6.57)
1.71 A

(�0.70; 9.24)

3 wk of bleaching vs baseline 21.53 A

(2.75; 73.01)
18.27 A

(0.49; 107.03)
4.17 A

(-0.47; 13.81)
3.40 A

(0.18; 13.19)

4 wk of bleaching vs baseline 40.38 A

(7.86; 147.22)
34.23 A

(3.12; 177.58)
8.02 A

(0.30; 22.76)
6.62 A

(1.72; 18.19)

1 wk after bleaching vs baseline 66.98 A

(13.10; 201.01)
62.62 A

(9.91; 222.92)
12.17 A

(1.91; 37.67)
11.19 A

(2.61; 29.83)

1 mo after bleaching vs baseline 81.74 A

(21.79; 237.21)
79.37 A

(16.47; 254.03)
15.20 A

(0.80; 46.45)
14.57 A

(4.18; 36.41)

Abbreviations: D, assessment points vs baseline; HP, hydrogen peroxide; CP, carbamide peroxide.
a Wilcoxon rank statistical test was applied only for comparison of different times for each group (a=0.05). Values with the same letter indicate statistically significant
difference with previous time with the Wilcoxon test (p,0.05).
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IL-1b is very low (,73 pg/lL per site) compared
with the results of this study (Table 3). This
reinforces the importance of remaining hydrogen
peroxide in the pulp chamber.

Future studies should use in-office bleaching only
on the enamel surface of nonvital teeth to evaluate
bone markers, such as RANK-L and IL-1b.

CONCLUSIONS

The walking bleaching technique with 35% hydrogen
peroxide and 37% carbamide peroxide results in
constantly increasing levels of RANK-L and IL-1b in
the gingival crevicular fluid around the bleached
teeth through one month postbleaching; this is
associated with a chronic process within the peri-
odontium apparently of unknown behavior—that is,
the biomarkers increased until the one-month

follow-up, and we do not know when they will return

to normal. The change of color in the hydrogen

peroxide group was faster than the carbamide

peroxide group when using a walking bleaching

technique and when measured subjectively, but both

groups showed high effectiveness.
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