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Discoloration of the anterior teeth with pulp canal obliteration (PCO) presents a significant
clinical and aesthetic challenge, often impacting an individual’s quality of life. This case
series describes the clinical application of the walking bleaching technique in discolored
maxillary anterior teeth with PCO, and reports the observed clinical outcomes and pa-
tient-reported aesthetic perceptions. This case series comprised 7 patients (6 females, 1
male) aged 19 to 42 years. A total of 9 teeth were treated. The chief complaint of all patients
was discoloration. Discolored maxillary anterior teeth were managed with walking bleach-
ing. A cervical barrier of 2-mm glass ionomer cement was applied. 35% hydrogen peroxide
was placed for 1 to 5 appointments, 3 days apart, followed by calcium hydroxide [Ca(OH),]
for one week. Then, composite restoration was performed. Follow-up periods of up to 14
months showed no symptoms. In all teeth, improved tooth appearance was clinically ob-
served, and patients reported satisfaction with the aesthetic outcome. The technique was
applied in complex clinical scenarios, including cases with total PCO confirmed by cone-
beam computed tomography, where conventional endodontic access was not feasible. No
clinical or radiographic evidence of symptomatic inflammation or cervical resorption was
observed during follow-up. Within the limitations of this case series, walking bleaching with
35% hydrogen peroxide is a minimally invasive treatment option for discolored maxillary
anterior teeth, including in total PCO. While clinicians must adhere to regional safety regu-
lations, including the placement of a cervical barrier and Ca(OH)2, this approach offers a
conservative alternative to prosthetic rehabilitation. (Rev Port Estomatol Med Dent Cir Max-
ilofac. 2026;67 (x):XXX-XXX)
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Introduction

Tooth deformities and discolorations directly affect oral
health-related quality of life (OHRQoL), both functionally and
aesthetically." OHRQoL is defined as a state of oral health that
enables an individual to speak, socialize, and eat without dis-
comfort, pathology, or embarrassment. Aesthetics, a key com-
ponent of OHRQoL, is closely linked to self-confidence, and
patients frequently seek dental care to achieve natural-look-
ing teeth.? Dental aesthetic perception is influenced by multi-
ple factors, including tooth alignment, shape, and color, as
well as social and psychological determinants, particularly
among young individuals.?

Internal discoloration refers to changes in the natural col-
or and optical properties of the tooth structure caused by fac-
tors originating from the enamel and/or dentin.? Local factors
include caries, pulp necrosis, trauma, intrapulpal hemorrhage,
pulp obliteration, irrigating solutions, intracanal medications,
root canal filling materials, bioceramic materials, and tempo-
rary or permanent restorative materials, while systemic caus-
es include medications, genetic disorders, and fluorosis.>*

Since the discoloration originates within the tooth, it is
typically managed using intracoronal bleaching techniques,
including the walking bleach technique, a minimally invasive
endodontic procedure. The walking bleaching technique is a
conservative, cost-effective intracoronal bleaching method
that is widely regarded as reliable, offering advantages such as
reduced chair time and ease of application compared with
other techniques, including thermocatalytic and combined
internal-external approaches.>”’” However, its success largely
depends on accurate identification of the underlying etiolog-
ical factors, precise diagnosis, and appropriate selection and
execution of the procedure.

Various materials have been suggested for walking bleach-
ing, including pyrozone, hydrogen peroxide, sodium perborate,
and sodium peroxide.” Hydrogen peroxide is the most com-
monly used bleaching agent, despite its cytotoxic and tis-
sue-damaging effects. Although no clear consensus exists
regarding the optimal concentration of hydrogen peroxide,
lower concentrations have been suggested to reduce the risk
of adverse effects.

Pulp canal obliteration (PCO), also known as calcific meta-
morphosis, is characterized by excessive hard tissue formation
in response to trauma, with grayish or yellowish discoloration
as its most prominent clinical finding.# PCO presents a partic-
ular clinical challenge because aesthetic complaints may occur
despite otherwise asymptomatic teeth without periapical pa-
thology. In these situations, clinicians must decide between
monitoring, prophylactic endodontic treatment, or minimally
invasive aesthetic management. Current evidence generally
favors a conservative follow-up approach; however, when dis-
coloration causes significant aesthetic concern, prophylactic
root canal treatment followed by walking bleaching has tradi-
tionally been proposed.®® This therapeutic dilemma raises an
important clinical question: can aesthetic management of dis-
colored teeth with PCO be achieved through a minimally inva-
sive strategy that avoids unnecessary endodontic intervention?

Although walking bleaching is a well-established treat-
ment for discolored non-vital teeth, evidence regarding its

application in teeth with partial or total PCO remains limited,
especially in cases where conventional canal access is not pos-
sible. Therefore, the present case series aims to demonstrate
the clinical management and outcomes of walking bleaching
using 35% hydrogen peroxide on maxillary anterior teeth with
different etiologies of discoloration, including CBCT-confirmed
total PCO managed without canal negotiation.

Case Report

This case series included patients who presented with dis-
colored maxillary anterior teeth, with or without PCO, for
whom walking bleaching was selected as a conservative
treatment option after clinical and radiographic assessment.
According to institutional regulations, ethical approval was
not required for this retrospective case series involving the
reporting of routinely performed clinical procedures using
anonymized patient data. Written informed consent was ob-
tained from all patients.

Inclusion criteria were as follows: maxillary anterior teeth
with discoloration requiring treatment; walking bleaching per-
formed with the described protocol; available baseline clinical
and radiographic records; and follow-up data. Exclusion crite-
ria were cases with a lack of follow-up data, incomplete clini-
cal/radiographic documentation, systemic disease, and pa-
tients in whom walking bleaching was not completed
according to the protocol.

Case identification was performed retrospectively. Patients
who underwent the described walking bleaching protocol be-
tween March 2024 and September 2025 were screened for eli-
gibility. Consecutive eligible cases with available follow-up
data were included. During this period, ten patients met the
clinical inclusion criteria. Three patients were excluded be-
cause follow-up data were unavailable, preventing assessment
of treatment outcomes. The remaining seven patients were
included in the present case series.

Case-series flow: Ten patients were screened and met the
clinical inclusion criteria. Three patients were excluded be-
cause follow-up data were unavailable. Seven patients with
complete records and follow-up information were included
and underwent outcome assessment.

The procedures were performed at the Department of End-
odontics, Siileyman Demirel University Faculty of Dentistry,
Turkey. All patients were referred from the Department of Oral
and Maxillofacial Radiology. All clinical procedures were car-
ried out by a single clinician (S.B.O., a general dentist with 4
years of experience in endodontic practice), ensuring proce-
dural consistency throughout the case series. The follow-up
examinations were conducted by an endodontist (D.Y.N., an
endodontist with 8 years of clinical experience).

Tooth numbering throughout the manuscript follows the
World Dental Federation (FDI) two-digit system.

Case 1

A 36-year-old, systemically healthy female patient was re-
ferred to the endodontics clinic with a chief complaint of dis-
coloration in her right maxillary lateral incisor (tooth 12).
Dental history demonstrated a previous endodontic treat-
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ment within the last 3 years. Clinical examination revealed
that tooth 12 had a composite filling with no tenderness to
percussion or palpation, and grayish discoloration was ob-
served. Periapical radiography revealed a previous root canal
filling and a partial PCO at the apical half. No pathology was
detected in the periapical tissues. Since the previous root ca-
nal treatment was radiographically adequate and no periapi-
cal pathology was present, a conservative walking bleaching
approach was preferred. The patient was informed about the
possible complications of walking bleaching and provided
written and verbal informed consent.

A rubber dam was placed to prevent the agent from con-
tacting the gingiva. The previous restoration was removed. The
access cavity was cleaned of restorative materials, gutta-per-
cha, and root canal sealer remnants up to 2 mm below the
canal orifice. A 2 mm layer of conventional glass ionomer ce-
ment (GIC) (Ketac Cem, 3M ESPE, Germany) was placed at the
canal orifice.

Before intracoronal bleaching

After intracoronal bleaching

As a bleaching agent, 35% hydrogen peroxide (Opalescence
Endo, Ultradent Products Inc., South Jordan, USA) was placed in
the pulp chamber, covered with Teflon tape, and sealed temporar-
ily with conventional GIC. After two appointments, 3 days apart,
for the agent application, the desired color change was achieved.
The agent was removed from the cavity, followed by placement of
calcium hydroxide [Ca(OH),] for one week. In the following ap-
pointment, the temporary restoration and Ca(OH), were removed,
and the pulp chamber was rinsed with saline solution. Definitive
restoration was performed without any additional delay interval.
A selective-etch strategy was used in all cases with a two-step
self-etch adhesive system (Clearfil SE Bond, Kuraray Noritake Den-
tal Inc., Japan), followed by placement of a composite resin (Dy-
namic Plus, President Dental, Munich, Germany) (Figure 1).

Case 2
A 35-year-old, systemically healthy male patient was referred
to the endodontic clinic with a chief complaint of discolora-

Post-operative
radiography

Figure 1. Clinical and radiographic sequence of walking bleaching in Case 1 (Tooth 12) and Case 2 (Tooth 21)
with partial pulp canal obliteration. A1, A2 - Initial clinical appearance. B1, B2 - Postoperative aesthetic outcome.

C1, C2 - Postoperative periapical radiograph.
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tion in his left maxillary central incisor (tooth 21). Dental his-
tory revealed a previous root canal treatment 10 years earlier
with no history of swelling or pain. Clinical examination
showed a dark brown discoloration in tooth 21, with no per-
cussion or palpation sensitivity. Periapical radiography
showed no pathology. PCO was observed in the apical third of
the root. Because the tooth was asymptomatic and the exist-
ing root canal treatment showed no radiographic deficiencies,
only aesthetic management with walking bleaching was per-
formed. The patient was informed about the possible compli-
cations of treatment and provided written informed consent.

The treatment procedure was performed as previously de-
scribed. After 5 appointments performed 3 days apart, the de-
sired color change was achieved. The agent was removed from
the cavity, and Ca(OH), was applied for one week. Final resto-
ration was performed using composite resin (Figure 1).

Case 3

A 36-year-old, systemically healthy female patient was re-
ferred to the endodontics clinic with a chief complaint of dis-
coloration in her left maxillary central incisor (tooth 21). Clin-
ical examination demonstrated a yellowish-light brown
discoloration in tooth 21, and no other symptoms. Periapical
radiography indicated healthy periapical tissues and total
PCO. Cone-beam computed tomography (CBCT) confirmed to-
tal PCO. Pulp sensitivity test demonstrated a negative re-
sponse. Pulp necrosis was suspected based on the available
clinical and radiographic findings. Considering the absence of
symptoms and the CBCT-confirmed total PCO, aggressive ca-
nal negotiation was avoided to minimize the risk of iatrogen-
ic complications, and a minimally invasive walking bleaching

Before intracoronal bleaching

After intracoronal bleaching

approach was selected. Accordingly, conventional root canal
instrumentation and intracanal disinfection were not per-
formed. No attempt was made to negotiate the obliterated
canal in order to avoid iatrogenic complications. Manage-
ment was therefore limited to conservative access and walk-
ing bleaching.

A limited-access cavity was conservatively prepared
within the obliterated pulp chamber area to create suffi-
cient space for walking bleaching. Subsequently, a 2-mm
GIC cervical barrier was placed at the cervical region, and
35% hydrogen peroxide was applied into the prepared cor-
onal cavity above the cervical barrier without canal instru-
mentation. Walking bleaching procedures were performed
as previously described. After two appointments performed
3 days apart, the desired color change was obtained, and the
agent was removed. Ca(OH), was left in the cavity for one
week, and a final composite resin restoration was placed
(Figure 2).

Case 4

A 40-year-old, systemically healthy woman was referred to
the endodontic clinic with a chief complaint of discoloration
in her maxillary central incisors (teeth 11 and 21). Dental his-
tory revealed a previous endodontic treatment 5 years earlier.
Clinical and radiographic examinations revealed yel-
low-brown discoloration without any additional symptoms.
Radiographic evaluation of the periapical tissues and the pre-
vious root canal filling revealed no pathology or discrepan-
cies. As both teeth had acceptable previous endodontic treat-
ment and no evidence of apical pathology, walking bleaching
alone was considered sufficient to manage the aesthetic com-

C

Postoperative radiography

Figure 2. Management of Case 3 (Tooth 21) with total pulp canal obliteration. A - Initial clinical appearance. B - Clinical
appearance after bleaching. C - Postoperative periapical radiograph.
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plaint for teeth 11 and 21. The patient was informed about the
possible complications of this technique and provided in-
formed consent.

The procedure was performed as previously described. Af-
ter 4 appointments performed 3 days apart, the desired color
change was achieved to the patient’s satisfaction. The agent
was removed, and Ca(OH), was placed for one week, followed
by placement of a composite resin restoration (Figure 3).

Case 5
A 30-year-old, systemically healthy female patient presented
to our clinic with a complaint of discoloration in her left max-
illary central incisor (tooth 21). Clinical and radiological ex-
amination revealed dark hemorrhagic discoloration associat-
ed with pulp necrosis in tooth 21, and pulp sensitivity tests
were negative. Root canal treatment was required because
the tooth was non-vital and associated with discoloration
secondary to pulp necrosis; walking bleaching was subse-
quently performed for aesthetic rehabilitation. The patient
was informed about the possible complications of the treat-
ment plan and provided written informed consent.

The access cavity was prepared under rubber dam isola-
tion. The canal was instrumented using a rotary file system

Before intracoronal bleaching

After intracoronal bleaching

and irrigated using 2.5% sodium hypochlorite (NaOCl) and
17% ethylenediaminetetraacetic acid (EDTA) with ultrasonic
irrigation activation (TA-200-S2H, Micron, Japan). Subse-
quently, the canal was filled using gutta-percha and epoxy
resin sealer. A cervical barrier was placed using GIC. Walking
bleaching was subsequently performed as previously de-
scribed. After 3 days, the desired color was achieved. The
agent was removed, and Ca(OH), was placed for one week.
Subsequently, the final restoration was made with composite
resin (Figure 3).

Case 6

A 42-year-old, systemically healthy woman was referred to
the endodontics clinic with a chief complaint of discoloration
in her right maxillary lateral incisor (tooth 12). Clinical exam-
ination revealed gray discoloration in tooth 12. Pulp sensitivi-
ty tests (electric pulp test and cold test) were negative. Radio-
logical examination showed mild changes in the periapical
region. Due to negative pulp sensitivity tests and mild peria-
pical changes, root canal treatment was indicated before
walking bleaching. The patient was informed about the possi-
ble complications of root canal treatment and walking bleach-
ing and provided informed consent.

Post-operative
radiography

Figure 3. Treatment workflow of Case 4 (Teeth 11 and 21) and Case 5 (Tooth 21) without pulp canal obliteration.
A1, A2 - Baseline clinical appearance. B1, B2 - Final aesthetic appearance after treatment. C1, C2 - Periapical

radiography after treatment.
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Root canal treatment was performed as previously de-
scribed. Walking bleaching was performed for two appoint-
ments, 3 days apart. The desired color change was achieved,
and the agent was removed from the cavity and dressed with
Ca(OH), for 1 week. Then, the temporary restorations were re-
moved, the pulp chamber was rinsed with saline, and the final
restoration was made with composite resin (Figure 4).

Case 7

A 19-year-old, systemically healthy woman was referred to
the endodontic clinic with a complaint of discoloration in her
left maxillary central incisor (tooth 21). The prosthodontic
clinic planned a laminate veneer for teeth 11 and 21. Dental
history revealed a previous root canal treatment 6 years earli-
er, with no history of pain or swelling. Clinical examination
revealed gray discoloration in tooth 21. No tenderness to per-
cussion or palpation was observed. Radiographic evaluation
showed that teeth 11 and 21 had undergone root canal treat-
ment, and no pathology was found. Thus, walking bleaching
was performed as a conservative aesthetic procedure prior to

Before intracoronal bleaching

After intracoronal bleaching

planned laminate veneer restoration. The patient was in-
formed about the possible complications of walking bleach-
ing and provided informed consent.

After removal of the previous coronal restoration, gut-
ta-percha remnants causing the discoloration in the pulp
chamber were removed. A cervical barrier was placed. Walking
bleaching was performed twice, 3 days apart, until the desired
aesthetic was achieved. A satisfactory aesthetic outcome was
achieved by the third appointment. The bleaching agent was
removed from the cavity, and Ca(OH), was kept for 1 week.
Following completion of the walking bleaching procedure, a
composite resin restoration was placed to provide coronal
sealing and interim aesthetic rehabilitation before the planned
laminate veneer treatment. The patient was subsequently re-
ferred to the prosthodontic clinic for definitive porcelain ve-
neer restoration (Figure 4).

To standardize the walking bleaching protocol and mini-
mize the risk of hydrogen peroxide diffusion-related compli-
cations, all cases were treated using the same clinical protocol.

Post-operative
radiography

Figure 4. Aesthetic rehabilitation process of Case 6 (Tooth 12) and Case 7 (Teeth 11 and 21) without pulp canal
obliteration. A1, A2 - Initial clinical presentation. B1, B2 - Postoperative clinical presentation. C1, G2 — Postoperative
periapical radiography.
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In all teeth, gutta-percha and sealer remnants were removed
up to 2 mm below the canal orifice when applicable, followed
by placement of a 2-mm conventional GIC cervical barrier. The
bleaching agent was restricted to the coronal cavity/pulp
chamber above the cervical barrier and sealed with Teflon tape
and temporary restoration material. Heat activation was not
used in any case. Walking bleaching sessions were performed
at standardized 3-day intervals, and calcium hydroxide dress-
ing was maintained intracoronally for one week before defin-
itive restoration.

To standardize cervical barrier positioning, gutta-percha
was removed up to approximately 2 mm apical to the cemen-
to-enamel junction (CEJ) using a bur with a known diameter.
Conventional GIC was then placed up to the canal orifice, cre-

ating approximately 2-mm-thick cervical barriers. In all cases,
35% hydrogen peroxide was confined within the pulp cham-
ber/coronal cavity without overflow and sealed temporarily
with conventional GIC. The bleaching agent remained intra-
coronally during the 3-day inter-appointment period and was
renewed at each session.

In this case series, the number of walking bleaching ses-
sions ranged from 1 to 5 appointments, with most cases re-
quiring 2-3 sessions to achieve clinically acceptable aesthetic
improvement. In all cases, final color appearance was evalu-
ated clinically by comparison with adjacent teeth under rou-
tine dental operatory lighting conditions.

An electric pulp tester (Pulp Tester; BeePower Taiwan Inc.,
Taiwan) was used to evaluate pulpal sensibility in all cases.

Table 1. Summary of clinical characteristics, diagnosis, treatment approach, and follow-up outcomes of the presented cases.

Age/ Clinical Pulpal

Radiographic

Treatment

Case # Sex L History discoloration diagnosis findings Diagnosis approach A
1 36/F 12 Previous Gray Previous Previous root  Discolored Walking Up to 8 months;
endodontic  discoloration  endodontic canal filling; tooth with bleaching with No discoloration
treatment treatment Partial PCO partial PCO 35% H,0,; recurrence or
at the apical Composite filling  cervical
half; resorption
No periapical
pathology
2 35/M 21  Previousroot Dark brown Previous Previous root  Discolored Walking Up to 6 months;
canal discoloration  endodontic canal filling; tooth with bleaching with No discoloration
treatment treatment PCO at the partial PCO 35% H,0,; recurrence or
apical third; Composite filling  cervical
No periapical resorption
pathology
3 36/F 21 No relevant  Yellowish- Negative Total PCO Discolored Walking Up to 8 months;
dental trauma light brown response / confirmed by  tooth with bleaching with No discoloration
reported discoloration  Suspected CBCT; total PCO 35% H,0,, recurrence or
pulp No periapical Composite filling  cervical
necrosis pathology resorption
4 40/F 11,21 Previousroot Yellow- Previous Previous root  Discolored Walking Up to 13 months;
canal brown endodontic canal filling; tooth bleaching with Satisfactory
treatment discoloration  treatment No periapical 35% H,0,; aesthetic
pathology Composite filling  outcome
maintained
5 30/F 21 No relevant ~ Dark Negative No periapical  Discolored Root canal Up to 6 months;
dental trauma hemorrhagic  response/ pathology tooth with treatment No discoloration
reported discoloration  Pulp pulp followed by recurrence or
necrosis necrosis walking cervical
bleaching with resorption
35% H,0,,
Composite filling
6 42/F 12 No relevant  Gray Negative PAI 1 Discolored Root canal Up to 6 months;
dental trauma discoloration  response / tooth with treatment No discoloration
reported Pulp pulp followed by recurrence or
necrosis necrosis walking cervical
bleaching with resorption
35% H,0,;
Composite filling
7 19/F 21  Previousroot Gray Previous No periapical  Discolored Walking Up to 14 months;
canal discoloration  endodontic pathology tooth bleaching with No discoloration
treatment treatment 35% H,0,; recurrence or
Interim cervical
composite filling  resorption
followed by

porcelain veneer

PAI - periapical index; PCO - pulp canal obliteration; H,O, — hydrogen peroxide.
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Periapical radiographs were acquired using a digital intraoral
X-ray device (CS 2100, Carestream Dental LLC, Atlanta, GA,
USA) set at 60 kV and 7 mA with an exposure time of 0.16
seconds. CBCT was acquired only in Case 3.

Follow-up

Seven patients were followed up for periods ranging from 6 to
14 months (Table 1). Follow-ups under 1 year were scheduled
once, and follow-ups over 12 months were scheduled in
6-month periods. The predefined adverse outcomes assessed
during follow-up included external cervical resorption, post-
operative pain or sensitivity, development of periapical pa-
thology, periodontal inflammation, restoration failure, and
discoloration relapse.

During follow-up, each case was examined clinically and
radiographically. All periapical radiographs were taken accord-
ing to the bisecting-angle periapical technique. No symptoms
were observed in any case. At follow-up appointments, all treat-
ed teeth demonstrated stable aesthetic outcomes without clin-
ically detectable discoloration recurrence. No gingival changes
indicative of external cervical resorption (ECR) were observed.
Patients were satisfied with the aesthetic appearance, and no
conditions requiring repeat treatment were observed. No pre-
defined adverse events were observed in any of the cases. More-
over, periapical radiographs showed no radiographic findings
suggestive of cervical resorption or periapical pathology.

Demographic data, history, clinical and radiographic find-
ings, treatment, and follow-up data for all cases are presented
in Tables 1 and 2.

Discussion

The most important finding of this case series is that walking
bleaching was not associated with clinically detectable ad-
verse events during the reported follow-up period in teeth

with partial or total PCO nor in endodontically treated teeth.
The emphasis on aesthetic concerns, particularly in the ante-
rior region, increases the clinical value of this treatment ap-
proach. The literature shows that walking bleaching provides
high aesthetic success and patient satisfaction, and that com-
plication rates are low in case series.>>

Treatment planning in the present case series was primar-
ily based on clinical symptoms, pulpal/periapical status, canal
accessibility, and patient-centered aesthetic expectations.
Teeth presenting with previous adequate root canal treatment
and no periapical pathology were managed conservatively
with walking bleaching alone, whereas teeth with pulp necro-
sis or apical pathosis underwent root canal treatment before
walking bleaching. In cases of PCO, particularly when total
obliteration was confirmed by CBCT, avoidance of aggressive
canal negotiation was preferred to minimize the risk of perfo-
ration and unnecessary loss of tooth structure. Therefore,
treatment decisions were guided by a minimally invasive phi-
losophy while maintaining aesthetic rehabilitation as the pri-
mary clinical objective.

In the present case series, all patients underwent a stan-
dardized diagnostic protocol including clinical examination
and preoperative periapical radiographic assessment. Pulp
sensibility tests were additionally performed in teeth without
previous endodontic treatment, whereas previously treated
teeth were evaluated according to the radiographic quality of
the root canal filling, presence of symptoms, and periapical
status. Non-surgical retreatment was not considered in as-
ymptomatic teeth presenting with acceptable previous root
canal treatment and partial PCO in the absence of periapical
pathology. CBCT examination was selectively indicated in Case
3 because conventional radiographs were insufficient to de-
termine the presence and trajectory of the canal system in a
tooth with suspected total PCO. In contrast, CBCT was not con-
sidered necessary in cases of partial PCO because these teeth
exhibited satisfactory root canal fillings, no radiographic peri-

Table 2. Aesthetic outcomes and follow-up findings of the presented cases.

Case # Baseline discoloration*

Post-treatment clinical observation

Follow-up outcome

1 Gray
2 bleaching sessions

Clinically harmonious color match achieved after

Stable color appearance at 8 months
No adverse event

2 Dark brown
bleaching sessions

Clinically improved aesthetics achieved after 5

Stable color appearance at 6 months
No adverse event

3 Yellowish-light brown Clinically improved aesthetics achieved despite Stable color appearance at 8 months
total PCO No adverse event
4 Yellow-brown Clinically improved aesthetic achieved after 4 Stable color appearance at 13 months

bleaching sessions

No adverse event

5 Hemorrhagic dull

1 bleaching session

Clinically improved aesthetic outcome achieved
following root canal treatment and after

Stable color appearance at 6 months
No adverse event

6 Gray Clinically improved aesthetic outcome achieved Stable color appearance at 6 months
after 2 bleaching sessions No adverse event
7 Gray Clinically improved aesthetic appearance before Stable color appearance at 14 months

laminate veneer rehabilitation

No adverse event

* Baseline discoloration and post-treatment appearance were assessed clinically and documented descriptively. No standardized shade guide,

spectrophotometric assessment, or AE color analysis was performed.
PCO - pulp canal obliteration.
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apical lesions, and no clinical symptoms other than aesthetic
concerns. Therefore, additional three-dimensional imaging
was not expected to alter treatment planning.

The management of PCO remains controversial, particu-
larly in asymptomatic teeth with total canal calcification. A
previous review reported that prophylactic endodontic treat-
ment is generally not recommended in asymptomatic PCO
cases without periapical pathology, supporting a conservative
follow-up approach whenever possible.® Furthermore, the au-
thors emphasized that in cases of total PCO, invasive attempts
to negotiate the canal may increase the risk of iatrogenic com-
plications, and minimally invasive or external aesthetic man-
agement strategies should be preferred. In accordance with
these recommendations, our approach prioritized the preser-
vation of tooth structure and the avoidance of unnecessary
endodontic intervention, especially in cases where total oblit-
eration was confirmed by CBCT.

On the other hand, in the management of PCO cases, guid-
ed endodontic techniques have been proposed as minimally
invasive alternatives for canal localization. Static and dynam-
ic computer-aided approaches combine CBCT imaging with
digital planning to improve access accuracy and reduce the
risk of perforation or excessive dentin removal. Another pre-
vious review reported that guided endodontics may be partic-
ularly useful in anterior teeth with PCO.% In the present case,
canal negotiation was avoided due to total obliteration and the
absence of symptoms. However, guided endodontic approach-
es may represent a valuable treatment option in selected cas-
es requiring endodontic intervention.

Various bleaching agents are used for the walking bleach-
ing technique.®> These methods essentially involve the use of
hydrogen peroxide-containing compounds in varying concen-
trations, formulations, and application systems. Among the
most commonly used bleaching agents, hydrogen peroxide
can be applied directly or produced by chemical reaction from
sodium perborate or carbamide peroxide. Hydrogen peroxide
releases free radicals, reactive oxygen species, and peroxide
anions. Reactive molecules break down long-chain, dark-col-
ored chromophore molecules and cleave double bonds into
smaller, less colored, and more diffuse molecules.>®

The effects of various bleaching agents on the periodontal
ligament and their potential to cause postoperative complica-
tions vary. Due to concerns about hydrogen peroxide use, some
authors have advocated for the use of carbamide peroxide.”'!
Carbamide peroxide, which is equivalent to 12% hydrogen per-
oxide when decomposed, has a low diffusion level and creates
an alkaline environment by breaking down ammonia, making
it a potentially safer alternative for walking bleaching.'* How-
ever, a recent study found similar effects of using 25% hydro-
gen peroxide and 37% carbamide peroxide in the walking
bleaching technique on the levels of IL-1f and RANK-L mark-
ers in the gingival crevicular fluid profile over 12 months.'? The
authors point out that clinicians should assess individual in-
flammatory tendencies when selecting a bleaching agent. In
this case series, we closely evaluated patients’ periodontal
status and susceptibility to inflammation during walking
bleaching using 35% hydrogen peroxide. No periodontal in-
flammation was detected in any patient, nor were there any
systemic diseases that could predispose to inflammation. Ac-

cording to our treatment results, the use of hydrogen peroxide
in healthy periodontal tissues provided effective results and
allowed for timely definitive restoration.

ECR is one of the most critical complications associated
with walking bleaching, particularly in teeth with a history of
trauma and pre-existing hard tissue alterations. Although the
exact mechanism is not fully elucidated, diffusion of hydrogen
peroxide through dentinal tubules and CEJ defects is consid-
ered a key initiating factor, leading to inflammatory resorptive
activity in susceptible cases.® It has been suggested in the lit-
erature that higher concentrations of bleaching agents may
increase the risk of this occurring, especially in the absence of
an adequate cervical barrier.’ In the present case series, no
clinical or radiographic evidence of cervical resorption was
observed during the follow-up period, which may be attribut-
ed to the use of a properly sealed cervical barrier and con-
trolled application protocol. However, given the limited fol-
low-up duration, long-term monitoring remains essential to
exclude late-onset resorptive changes. Furthermore, the ab-
sence of a standardized safety protocol may weaken conclu-
sions regarding the safety of walking bleaching. Therefore,
more stable clinical protocols are required to minimize the risk
of ECR. On the other hand, it should be noted that ECR may be
radiographically subtle in its early stages and may not always
be detectable on conventional periapical radiographs; there-
fore, CBCT should be considered when clinical or radiograph-
ic findings raise suspicion of ECR.

Our results are similar to those of studies using 35% hy-
drogen peroxide. In a previous study, a combination of at-
home and in-office bleaching techniques was used in two
cases; in both cases, patients did not report significant tooth
sensitivity, and the treatment results met the patients’ expec-
tations.™ In a case series of three patients, a 3-4 shade light-
ening was observed in vital upper central incisors after a sin-
gle session of 35% hydrogen peroxide application, moderate to
high levels of temporary tooth sensitivity were reported in all
cases, and a 20-40% temporary decrease in pulp blood flow
was observed with Laser Doppler, with both flow and sensitiv-
ity returning to baseline levels within one week.'> In a different
study, 37% carbamide peroxide and 35% hydrogen peroxide
were reported to have similar efficacy for non-vital walking
bleaching.®

The success of walking bleaching treatment is multifacto-
rial. The severity of the initial discoloration, the type and con-
centration of the bleaching agent, the duration of application,
the number of sessions, and the material used for the cervical
barrier directly affect the treatment outcome.>”’ In our cases,
repeated applications were required for teeth with intense
discoloration, as in Case 2; however, satisfactory aesthetic re-
sults were obtained in all cases. According to our findings, light
yellow and gray discolorations yielded results faster than dark
yellow and black teeth.

The timing of restorative treatment after walking bleach-
ing is also critical to treatment success. The presence of resid-
ual oxygen radicals in the pulp chamber may negatively affect
the polymerization of composite resins and their bonding
strength to dentin and enamel. It is recommended that resto-
ration be performed 1-3 weeks later.” In our cases, after the
bleaching agent was removed, Ca(OH), was applied, and the
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restoration was postponed for one week. The most important
factor in permanent restoration after walking bleaching is pre-
venting microleakage. Composite resins can prevent leakage
by increasing the seal between the tooth and the restoration.
In our cases, this protocol was followed, and the final resto-
rations were completed with composite resin.

While walking bleaching is generally considered a safe pro-
cedure, its most important complication is ‘invasive cervical
resorption’. Studies show that the thermocatalytic method
using heat and the absence of a cervical barrier are associated
with the occurrence of cervical resorption.®”'® Hydrogen per-
oxide placed in the pulp chamber spreads through the dentin
tubules and enamel to reach the outer tooth surfaces and the
periodontal tissues.'®

Cervical resorption is mostly asymptomatic and is usually
detected by routine radiographs. Clinically, it can sometimes
manifest as swelling and percussion tenderness in the inter-
dental papilla. Therefore, close follow-up is very important for
treatment prognosis. A recent study reported significant in-
creases in the levels of bone resorption markers RANK-L and
IL-1B in the gingival crevicular fluid of teeth treated with 35%
hydrogen peroxide or 37% carbamide peroxide as bleaching
material, and these inflammatory mediators persisted for 3
months after walking bleaching.?%:??

Recommendations to reduce the risk of cervical-resorption
complications include applying a cervical barrier at least 2 mm
thick, avoiding the use of heat, limiting session durations, and
preferring low-concentration agents.*® Various dental materi-
als such as GICs, hydraulic filling materials (Cavit, Coltosol),
resin composites, photo-activated temporary resin materials
(Fermit), zinc oxide-eugenol cement, and zinc phosphate ce-
ment have been suggested as temporary restoration materials
for cervical barriers.>®’ In our cases, cervical barrier applica-
tion with conventional GIC was performed on all teeth, and no
evidence of resorption was observed during the follow-up pe-
riod. In a previous study, a walking bleaching protocol combin-
ing 35% hydrogen peroxide and sodium perborate, along with
the placement of a 2.5-mm cervical barrier, was applied to 255
teeth.??2 During a follow-up period ranging from 6 months to 5
years, no cases of cervical resorption were reported. These
findings suggest that the risk of cervical resorption may be
more strongly associated with the presence of an adequate
cervical barrier and the use of heat to potentiate hydrogen
peroxide activity, rather than with the concentration of hydro-
gen peroxide alone.

Another preventive approach for cervical resorption is the
placement of calcium hydroxide as an intracoronal medica-
ment following walking bleaching. Ca(OH), counteracts the
acidic effects of hydrogen peroxide radicals by creating an al-
kaline environment, thereby reducing the risk of inflammato-
ry root resorption.'® Maintaining Ca(OH), within the pulp
chamber for one week after the walking bleaching procedure
promotes alkalization of the surrounding tissues, which may
help protect the periodontal ligament and prevent the devel-
opment of cervical resorption.?? In all of our cases, definitive
restorations were completed after a one-week Ca(OH), appli-
cation period.

Regarding clinical contraindications, clinicians should fol-
low local regulations and current clinical guidelines on the use

of hydrogen peroxide-containing bleaching agents. Regulatory
requirements governing the clinical use of high-concentration
hydrogen peroxide vary across countries and jurisdictions, and
restrictions may apply to the concentration, indication, or
mode of application of bleaching products. Therefore, the clin-
ical protocol described in the present case series should be
interpreted within the regulatory framework applicable at the
time and place of treatment, and its applicability may differ
according to local legal requirements and professional recom-
mendations. The clinical procedures described in this case
series were performed in accordance with the regulations and
professional standards applicable at the time and place of
treatment. In addition, walking bleaching procedures should
be carefully planned for patients with potential contraindica-
tions, including pregnancy and young age.!82223

PCO presents a significant clinical challenge due to the
extensive deposition of tertiary dentin within the pulp cham-
ber and root canals. While the primary clinical manifestation
of this entity is a yellowish-brown or grayish discoloration, the
management of such cases often leads to a therapeutic dilem-
ma. Traditional protocols suggest proactive root canal treat-
ment to facilitate walking bleaching; however, the absence of
a discernible canal path increases the risk of iatrogenic com-
plications, such as lateral perforations. In this case series, a
minimally invasive strategy was employed, particularly in cas-
es where total obliteration was confirmed via CBCT. CBCT is a
valid diagnostic tool for determining root canal morphology
and its relationship with surrounding tissues. In teeth with
PCO, a comprehensive CBCT evaluation and determination of
canal presence and trajectory before walking bleaching proce-
dures are important for prognosis.

Interpretation of pulp sensibility tests in teeth with PCO
requires caution. Sensibility tests assess neural response rath-
er than true pulpal vitality, and false-negative responses may
occur due to extensive calcification and reduced neural con-
ductivity. Therefore, negative sensibility test results should not
be considered diagnostic of pulp necrosis in isolation and must
be interpreted in conjunction with clinical findings, radio-
graphic assessment, and the presence or absence of periapical
pathosis.

Calcium silicate-based materials such as MTA and Bioden-
tine have been associated with coronal tooth discoloration,
especially in the presence of blood contamination. Previous
studies reported that regenerative and vital pulp therapy pro-
cedures using these materials may result in clinically visible
discoloration over time.*?* Therefore, discoloration observed
in endodontically treated teeth may not only be related to pulp
necrosis or restorative materials, but also to the use of calcium
silicate-based cements. This should be considered during the
differential diagnosis and treatment planning of walking
bleaching cases.

One limitation of the present case series is the lack of ob-
jective shade assessment and standardized outcome mea-
sures. Aesthetic outcomes were evaluated using clinical exam-
ination and patient satisfaction, without standardized
color-measurement methods, including VITA shade guides,
spectrophotometers, or AE analysis. Therefore, the predictabil-
ity of color change could not be quantitatively assessed. Future
studies with standardized shade-evaluation protocols and
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larger sample sizes are needed to provide more objective data
on bleaching outcomes. In addition, patient satisfaction was
documented qualitatively during routine follow-up visits and
was not assessed using a standardized patient-reported out-
come measure such as a visual analog scale or Likert-scale
questionnaire. Future studies should incorporate validated
patient-reported outcome measures to provide a more system-
atic assessment of patient satisfaction and perceived aesthet-
ic improvement. Furthermore, periapical radiographs were
obtained using the bisecting-angle technique as part of routine
clinical practice. Although this method is widely used clinical-
ly, it may provide less reproducible projection geometry than
the paralleling technique during longitudinal follow-up as-
sessments. This should be considered when interpreting ra-
diographic comparisons over time.

Other limitations included a small sample size and the
absence of a control or comparator group, limiting the strength
of causal inferences. Although all eligible cases with available
follow-up data were included, three otherwise eligible patients
were excluded because follow-up information was unavail-
able, which may have introduced selection bias. The small
sample size and single-center nature of the case series may
also limit representativeness and external validity. Moreover,
the included cases exhibited heterogeneous clinical charac-
teristics, which may have influenced treatment outcomes. In
turn, the relatively short follow-up period limits the ability to
detect rare but clinically relevant complications, such as ECR.
Finally, the generalizability of the findings is constrained, par-
ticularly due to regional regulations restricting hydrogen per-
oxide concentrations, which may differ from protocols report-
ed in the broader literature.

Our findings suggest that even in the absence of tradition-
al endodontic access, walking bleaching can be effectively
performed provided that a secure cervical barrier is estab-
lished to mitigate the risk of cervical resorption. No clinical or
radiographic adverse events were observed during the report-
ed follow-up period in this limited case series. Within the lim-
itations of this descriptive case series, walking bleaching pro-
duced satisfactory aesthetic outcomes in the reported cases.
This approach aligns with the ‘watchful waiting’ philosophy,
prioritizing the preservation of tooth structure while address-
ing the patient’s aesthetic expectations.

ies with standardized outcome measures and longer-term
follow-up are required to better characterize the clinical out-
comes of this treatment approach.
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Tratamento de dentes anteriores superiores
descolorados com/sem obliteracdo do canal pulpar:
uma série de casos

RESUMO

A descoloracdo dos dentes anteriores associada a obliteragdo do
canal pulpar (OCP) representa um desafio clinico e estético signi-
ficativo que afeta frequentemente a qualidade de vida dos indivi-
duos. Esta série de casos descreve a aplicacdo clinica da técnica
de branqueamento ambulatério neste contexto e relata os resul-
tados clinicos observados, bem como as percecdes estéticas dos
pacientes. Esta série de casos incluiu 7 pacientes (6 mulheres e 1
homem), com idades entre 19 e 42 anos. A principal queixa dos
pacientes era descoloracado dentaria. No total, trataram-se 9 den-
tes anteriores superiores descolorados com a técnica de bran-
queamento ambulatdrio. Colocou-se uma barreira cervical de 2
mm de cimento de ionémero de vidro. Aplicou-se perdéxido de
hidrogénio a 35% durante 1 a 5 sessdes, com intervalos de 3 dias.
Posteriormente, manteve-se hidréxido de calcio [Ca(OH),] intra-
coronalmente durante uma semana, seguido de restauragao com
resina composta. O acompanhamento, de até 14 meses, ndo reve-
lou sintomas clinicos. Todos os dentes apresentaram melhoria na
aparéncia dentdria, e os pacientes relataram satisfacdo com o
resultado estético. A técnica foi aplicada em cendrios clinicos
complexos, incluindo casos de OCP total confirmada por tomo-
grafia computadorizada de feixe cénico em que o acesso endo-
dontico convencional ndo era vidvel. Nao se observaram evidén-
cias clinicas ou radiograficas de inflamagdo sintomatica ou
reabsor¢ao cervical durante o periodo de acompanhamento. Ape-
sar das limita¢des desta série de casos, o branqueamento ambu-
latério com perdxido de hidrogénio a 35% pareceu proporcionar
resultados estéticos satisfatérios em dentes anteriores superiores
descolorados, incluindo casos de OCP total. Embora os clinicos
devam seguir as regulamentacoes locais e os protocolos de segu-
ranca, incluindo a utilizagdo de barreira cervical e hidréxido de
calcio intracoronal, esta abordagem pode representar uma alter-
nativa conservadora as reabilitacoes protéticas. (Rev Port Estoma-
tol Med Dent Cir Maxilofac. 2026;67(x):Xxxx-XXx)
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