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ABSTRACT

Background: Tooth discolouration of endodontic origin (DEO) refers to an undesirable change in tooth colour arising from
the pulp space as a result of reactive physiological processes, pathological processes or endodontic procedures and materials. As
DEO frequently affects teeth in the aesthetic zone, it may substantially impair self-esteem and oral health-related quality of life,
making its prevention and minimally invasive management clinically important.

Objectives: This state-of-the-art review summarizes current knowledge on the aetiology, diagnosis, prevention and manage-
ment of DEO. Emphasis is placed on the colour stability of contemporary endodontic materials, preventive clinical protocols,
case selection, bleaching techniques, regulatory aspects of bleaching agents, safety considerations and possible complications.
Restorative treatment options are also discussed for situations in which bleaching is ineffective, contraindicated or insufficient
to achieve an acceptable aesthetic outcome.

Method: Given the broad scope of the review and the anticipated heterogeneity of the available evidence, a narrative review
study type was adopted. A targeted literature search was conducted in PubMed from database inception to April 2026 using
relevant keywords related to the DEO topic. The search was supplemented by screening the reference lists of identified articles
and key reviews.

Results: Prevention should focus on preserving pulp vitality whenever possible, selecting materials with a low discolouration po-
tential, performing meticulous endodontic procedures and providing a durable coronal seal. When treatment is required, bleach-
ing should be considered the first-line option whenever clinically appropriate. Restorative intervention should be reserved for
cases in which bleaching is contraindicated, unsuccessful or insufficient to achieve an acceptable aesthetic outcome. Selection
and use of bleaching agents must comply with applicable local regulatory requirements.

Conclusion: By integrating current evidence, clinical experience and regulatory considerations, this review provides a con-
temporary basis for clinical decision-making and supports the forthcoming position statement of the European Society of
Endodontology on prevention and management of DEO.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Tooth discolouration of endodontic origin (DEO) denotes an
undesirable change in tooth colour arising from within the root
canal or pulp chamber. It may result from reactive physiological
processes (e.g., pulp-canal obliteration, tertiary dentine forma-
tion) or pathological events (e.g., trauma-related haemorrhage,
pulp necrosis, intracoronal resorption). In addition, endodontic
interventions—such as pulp capping, pulpotomy, revitalization,
as well as intracanal dressings and root-canal fillings—can
cause visible discolouration particularly when materials lack
adequate colour stability or react chemically with surrounding
tissues, blood or irrigating solutions (Ahmed and Abbott 2012;
Krastl et al. 2013; Kahler and Rossi-Fedele 2016; Bosenbecker
et al. 2020).

DEO usually affects only one or a few teeth, and may sub-
stantially impair aesthetics, self-esteem and oral health-
related quality of life particularly when the aesthetic zone
is involved (Bersezio et al. 2017, 2018; Bonafe et al. 2021).
Because affected teeth are often structurally sound and func-
tional, conservative management is both clinically and ethi-
cally preferable. Unlike the bleaching of an otherwise healthy
dentition for purely cosmetic enhancement, the management
of DEO addresses a localized pathological or treatment-
related alteration in tooth appearance and should therefore
be regarded as a medically indicated therapeutic interven-
tion aimed at restoring the original clinical appearance in a
minimally invasive manner. Nonetheless, current approaches
to the prevention and management of DEO, as well as the se-
lection of materials and techniques, remain highly variable.
Contemporary endodontic materials differ considerably in
their discolouration potential, and new material formulations
continue to enter the market.

Regulations governing bleaching procedures vary world-
wide. The European Union (EU) and the United Kingdom
(UK) apply similar restrictions, which differ notably from the
regulatory frameworks in many other regions. These differ-
ences, together with misconceptions regarding the risks and
indications of bleaching, have contributed to the underuse
of this minimally invasive treatment in favour of prosthetic
restorations. In view of the international readership of the
International Endodontic Journal, this review considers the
available evidence on treatment approaches and bleaching
agents from a global perspective, while acknowledging that
the clinical use of specific products must comply with local
regulatory frameworks.

A comprehensive review by Kahler provided an important and
detailed overview of the management of discoloured teeth, in-
cluding vital and non-vital teeth, bleaching strategies, prost-
hodontic considerations, safety issues and regulatory aspects
(Kahler 2022). Since its publication, further information has
become available. The present state-of-the-art review builds
on this existing knowledge and updates it with more recent
evidence and clinical considerations. In contrast to broader
reviews on tooth discolouration in general, this article focuses
specifically on DEO and does not address discolouration of non-
endodontic origin. Likewise, discolouration associated with

different pathological tooth resorptions is not addressed, as its
management requires fundamentally different therapeutic ap-
proaches (Patel et al. 2023).

A targeted literature search was conducted in PubMed from
database inception to April 2026. Search terms included com-
binations of ‘tooth discolouration’ or ‘tooth discoloration’ with
‘endodontic’, ‘root canal treatment’, ‘intracoronal bleaching’,
‘internal bleaching’, ‘non-vital bleaching’, ‘walking bleach’,
‘vital bleaching’, ‘external bleaching’, ‘pulp canal obliteration’,
‘transient apical breakdown’, ‘hydraulic calcium silicate ce-
ment’, ‘bioceramic sealer’, ‘minimally invasive access cavity’,
‘cervical root resorption’ and ‘restorative treatment’. Boolean
operators (‘(AND’ and ‘OR’) were used to combine terms as ap-
propriate. The reference lists of relevant articles and key reviews
were screened to identify additional publications. Relevant text-
book chapters, position statements, regulatory documents and
product-composition data were also considered where appro-
priate. Publications were selected if they addressed the aetiol-
ogy, diagnosis, prevention or management of DEO. Laboratory
studies were included when they provided relevant evidence on
material-related discolouration, chemical interactions or bleach-
ing mechanisms.

Given the broad scope of the review and the heterogeneity of the
available evidence, the aim was to provide a clinically oriented
narrative synthesis rather than to answer a narrowly defined
research question. Consequently, no formal systematic-review
protocol, risk-of-bias assessment or meta-analysis was under-
taken. By integrating current evidence, clinical experience and
regulatory considerations, this review provides a contemporary
basis for clinical decision-making and supports the forthcoming
European Society of Endodontology Position Statement on the
prevention and management of DEO.

2 | Aetiology, Classification and Diagnosis of DEO

Tooth discolouration originating from the pulp tissue, the root
canal system or from interventions used to manage diseases of the
pulp is intrinsic in nature. DEO can be classified as physiological,
pathological or iatrogenic. Before treatment is initiated, an accu-
rate diagnosis and a discussion of the patient's aesthetic expecta-
tions are essential (Kahler 2022). The diagnostic process should
include a history of dental trauma, caries, orthodontic treatment,
previous endodontic or restorative procedures, and the onset and
progression of the colour change. Clinical examination should
assess the colour, distribution and severity of the discolouration,
ideally supported by standardized clinical photographs from both
the labial and palatal/lingual aspects, as discolouration may be
more apparent from the oral aspect. Pulp sensibility, where appro-
priate, percussion response, periodontal probing, mobility and the
quality of existing restorations should also be assessed. Periapical
radiographs are required to evaluate pulp canal obliteration, root
canal fillings, periapical status and possible resorptive defects.
Cone-beam computed tomography should be reserved for selected
cases in which conventional radiographs are inconclusive and the
additional information obtained would influence the diagnosis,
patient management or treatment. Careful differential diagnosis
distinguishes DEO from discolouration of non-endodontic origin,
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including extrinsic staining, caries, restoration-related discoloura-
tion and developmental defects.

2.1 | Physiological or Pathological Causes for DEO

2.1.1 | Trauma-Related Intrapulpal Haemorrhage
(Transient Pink Discolouration)

Teeth that have sustained a traumatic event, often a luxation in-
jury, may sustain an associated intrapulpal haemorrhage. The
blood components diffuse into the dentinal tubules and cause
initial pinkish discolouration (Figure 1) (Plotino et al. 2008).
Pulp necrosis may develop subsequently, but this is not inev-
itable. Teeth that retain pulp vitality may show only transient
discolouration and subsequently return to their normal colour
(Andreasen and Kahler 2015). If the pulp survives the trauma
and recovers, enzymes can haemolyse the extravasated erythro-
cytes and the tooth recovers to an improved colour within a few
months (Andreasen 1989; Heithersay and Hirsch 1993; Marin
et al. 1997).

2.1.2 | Trauma-Related Transient Apical Breakdown
(Transient Grey/Brown Discolouration)

Transient apical breakdown (TAB) of the root tip may be seen
after moderate luxation injuries, especially extrusive or lateral
luxations. It is initially associated with widening of the periodon-
tal ligament space apically, ranging up to a pronounced apical ra-
diolucency, an ischemic but not infected pulp and a grey or brown
discolouration (Andreasen 1986; Tsukiboshi et al. 2024). This
process has been described as being followed by apical resorption

with enlargement of the apical foramen and subsequent revas-
cularization of the pulp. The ischaemic tissue may then be re-
placed by vital tissue, often accompanied by a return to normal
pulp sensibility responses, while the transient discolouration
usually improves spontaneously within 6-12 months (Tsukiboshi
et al. 2024).

2.1.3 | Pulp Necrosis (Grey/Brown Discolouration)

Pulp necrosis caused by trauma or caries typically leads to dis-
colouration. Haemolysis of erythrocytes releases iron into the
pulp space and dentinal tubules (Marin et al. 1997). Interactions
between blood, bacterial by-products and degrading proteins of
necrotic pulp tissue can cause grey, black or brown discoloura-
tions (Figures 2 and 3) (Watts and Addy 2001; Plotino et al. 2008;
Ahmed and Abbott 2012; Setzer 2020). In cases of sterile necro-
sis, discolouration results from the haemoglobin and associated
haematin molecules (Marin et al. 1997). Iron release is less likely
without infection, as this process is facilitated by bacterial inter-
actions (Plotino et al. 2008). Moreover, the loss of vascular supply
prevents the delivery of enzymes capable of degrading and haemo-
lysing erythrocytes, allowing residual blood components to per-
sist within the dentinal tubules and contribute to discolouration.

2.1.4 | Pulp Canal Obliteration (Yellow
and Yellow-Brown Discolouration)

Pulp canal obliteration (PCO), also referred to as calcific meta-
morphosis, may result in yellow to yellow-brown discolouration
of the affected tooth (Jacobsen and Kerekes 1977; Robertson
et al. 1996; Setzer 2020).

FIGURE1 | Discolouration of right central incisor shortly after subluxation. No clinical symptoms and positive sensibility test. No intervention

needed but monitoring.

FIGURE 2 | Grey discolouration of the maxillary left canine due to pulp necrosis following damage to the neurovascular supply during orthog-
nathic surgery. The extirpated pulp tissue shows a necrotic appearance without evidence of vascularisation.
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Luxation injuries constitute the main predisposing factor be-
cause they may damage the neurovascular supply of the pulp.
PCO represents a successful but dysregulated healing response
involving accelerated hard-tissue deposition within the pulp
space, including secondary and reparative dentine formation
and tubular sclerosis. These structural changes probably con-
tribute to a darker and more yellowish tooth colour (Watts and
Addy 2001; Setzer 2020).

The exact mechanism underlying the yellow discolouration
associated with PCO remains unclear. The prevailing explana-
tion attributes the yellow appearance to reduced translucency
caused by an increased thickness of dental hard tissue beneath
the enamel as mineralised tissue fills the pulp space (Patterson
and Mitchell 1965; Bastos and Cortes 2018). However, this ex-
planation may not fully account for the clinical observations.
Following luxation injuries, obliteration may progress to com-
plete PCO within the first Syears after trauma, whereas visi-
ble crown discolouration appears to be uncommon during this
early period despite radiographic evidence of PCO (Andreasen
et al. 1987). This indicates that radiographic obliteration and
clinically visible yellow discolouration do not necessarily de-
velop in parallel (Figure 3).

Discolouration typically develops gradually after the onset
of PCO and may intensify over time (Figure 4). In most in-
stances of pulp canal obliteration, the affected teeth are con-
sidered vital despite a lack of response to pulp sensibility
tests. However, if apical periodontitis develops, root canal
treatment is indicated (Robertson et al. 1996; McCabe and
Dummer 2012).

2.2 | Iatrogenic Causes for DEO

2.2.1 | Orthodontic Transient Apical Breakdown
Transient (Grey Discolouration)

High orthodontic forces may cause transient tooth discoloura-
tion resembling that observed after luxation injuries (Baik
et al. 2017). In one study, colour resolved in 33% of cases after
a median follow-up of 23months, while individual case re-
ports have documented resolution within 6 months (Gonzalez
et al. 2014; Baik et al. 2017; Zhu 2023).

2.2.2 | Pulp Tissue Remnants After Endodontic
Treatment (Mostly Grey Discolouration)

Pulp extirpation may leave blood products and tissue remnants
within the pulp space (Plotino et al. 2008). Furthermore, if the
pulp is sedated with a medicament instead of completely debrid-
ing the canal, the presence of the retained lacerated pulp vessels
and the constituents of the medicament could cause discoloura-
tion of the crown (Figure 5).

2.2.3 | Root Canal Irrigants and Root Canal Medication
(Mostly Grey/Brown Discolouration)

The root canal irrigants most frequently used to reduce the mi-
crobial load include 1%-5.25% sodium hypochlorite (NaOCI)
and 0.2%-2% chlorhexidine digluconate (CHX) which are not
in themselves associated with tooth discolouration (Dettwiler

FIGURE 3 | Pulp canal obliteration 4.5years after subluxation of both maxillary central incisors, without visible crown discolouration at this

stage.

FIGURE4 | Yellow discolouration of teeth 12 and 11 associated with pulp canal obliteration and rather brown discolouration of tooth 21 associ-

ated with pulp necrosis in a 27-year-old patient 19 years after luxation injuries.

4
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FIGURES5 | Discolouration of a tooth associated with insufficient endodontic access cavity preparation and residual tissue remnants in the region

of the pulp horns.

et al. 2016). For smear layer removal, 10%-17% ethylene diamine
tetracetic acid (EDTA) or 10%-50% citric acid have been recom-
mended (Zehnder et al. 2005). Continuous chelation can also be
achieved by adding etidronic acid to the sodium hypochlorite
solution (Deari et al. 2019). None of these chelating agents cause
tooth discolouration when in contact with dentine. However, ir-
rigants used in sequence can interact and form coloured precip-
itates. Interaction of CHX with NaOCl leads to the formation of
an orange-brown precipitate. The precipitate is formed by the re-
action of the chloride in NaOCl with the guanine group in CHX
(Basrani et al. 2007). The formation of para-chloroaniline is con-
troversial (Nocca et al. 2017), and it is likely that it is formed but
not released in solution (Orhan et al. 2016); however, it contam-
inates the dentine and adheres to the canal walls causing tooth
discolouration (Souza et al. 2013).

The main intracanal medicament used in the treatment of per-
manent teeth is calcium hydroxide. Calcium hydroxide itself has
not been associated with colour changes; however, the inclusion
of certain radiopacifiers, particularly bismuth-based compounds,
in calcium hydroxide pastes may result in staining (Lenherr
et al. 2012).

Antibiotic-corticosteroid pastes recommended after severe luxa-
tion injuries, especially avulsion (Krastl et al. 2021), differ consid-
erably in their discolouration potential. There is strong evidence
that Ledermix, which contains demethylchlortetracycline, may
cause significant tooth discolouration (Day et al. 2019); whereas
alternative products that use clindamycin instead of the tetra-
cycline component appear to be more colour stable (Dettwiler
et al. 2016).

Antibiotic pastes, which have historically been widely used in
revitalization procedures as alternative intracanal dressings
because of their pronounced antimicrobial activity, are also
associated with severe tooth discolouration, particularly when
used as triple antibiotic pastes containing minocycline (Galler
et al. 2022). However, replacing minocycline with other antibi-
otics, such as cefuroxim or clindamycin, does not eliminate the
risk completely and even double antibiotic pastes without mi-
nocycline may still cause pronounced discolouration (Lenherr
et al. 2012; Dettwiler et al. 2016; Badi et al. 2026).

2.2.4 | Root Canal Filling Materials (Mostly Grey/
Brown Discolouration)

Root canal filling materials include solid cones, sealers and mate-
rials of higher viscosity used to block the communication between

FIGURE 6 | Exposed roots during crown lengthening showing the
difference in colour between root canal filled teeth 12 and 11 with an
unknown material and vital teeth.

the root canal and the periodontal ligament space in immature
teeth with open apices. The discolouration potential of root canal
filling materials has been investigated in numerous in vitro stud-
ies during the past four decades using a wide range of materials
and methodological approaches (Ahmed and Abbott 2012; Krastl
et al. 2013). In brief, root canal filling materials may cause vary-
ing degrees of tooth discolouration, with the extent of staining de-
pending on the specific material, the time elapsed and the location
of residual material within the pulp chamber (Figures 6 and 7).

Regardless of the chemistry, pronounced discolouration has
particularly been associated with materials containing bismuth-
based components, especially bismuth oxide included as a ra-
diopacifier (Figure 7). A review of the literature on root canal
sealers identified the chemistries of the classic sealers used in
root canal therapy (Prashanth 2017), and bismuth-based prod-
ucts are shown to be present in most of the formulations. Table 1
provides an overview of different chemistries of sealers associ-
ated with discoloration and their composition.

The newer sealers, particularly the hydraulic calcium silicate
sealers, include alternative inert radiopacifies such as zirco-
nium oxide and exhibit satisfactory colour stability (Lenherr
et al. 2012; Thomson et al. 2012; Camilleri et al. 2022). A
market survey published in 2023 demonstrated consider-
able variation in the chemistry of sealers marketed as bioce-
ramic or hydraulic calcium silicate-based materials. A major
limitation was the lack of detailed information provided by
manufacturers regarding both composition and the quantity
of individual components (Cardinali and Camilleri 2023).
Therefore, generalization across this material group should be
made with caution. The bismuth oxide and its associated links
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FIGURE 7 | Severe discolouration of the right maxillary central incisor associated with an inadequate root canal filling with an unknown, pre-

sumably bismuth-containing, root filling material which extends above the cement-enamel junction.

TABLE1 | Composition of root filling materials associated with discolouration.

Material name Active component

Radiopacifier

Additives

Bismuth subcarbonate

Bismuth subnitrate

Hydrogenated rosin, hydrous
alumina, sodium borate, eugenol

Dexamethasone, hydrocortisone,
thymol iodide, paraformaldehyde

Bismuth subcarbonate,
bismuth subnitrate,
titanium dioxide

Bismuth oxide, silver/
titanium dioxide

Barium sulphate

Barium sulphate,
bismuth subcarbonate

Lead tetroxide, paraformaldehyde,
phenyl mercuric borate, eugenol,
cleum rosea, cleaum lavandular

Calcium hydroxide

Formaldehyde, sulfuric acid,
ammonia, glycerine, phenol

Eugenol, staybelite resin, sodium borate

Grossman formulation Zinc oxide
Endomethasone Zinc oxide

N2 Zinc oxide

AH 26 Methanamine, epoxy resin
Riebler Zinc oxide

Pulp canal sealer Zinc oxide
Endofill Thymol iodide
Tubliseal Zinc oxide

Cavizol Zinc oxide

Barium sulphate

Eugenol, polyoxymethylene,
hydrocortisone acetate,
dexamethasone acetate

Eugenol, corn starch, mineral
oil, thymol iodide

Zinc sulfate, glycerol acetate,
polyvinyl acetate, calcium sulphate

Note: The data has been collated from Prashanth (2017).

to tooth discolouration are the main shortcoming of the use
of hydraulic cements for various endodontic applications. To
this end, the updated classification of hydraulic cement used
in dentistry classifies these materials as bismuth-containing
or free of bismuth (Camilleri 2026).

In general, attributing discolouration to a specific sealer class
would be an oversimplification, as the staining potential ap-
pears to be more closely related to individual additives and radi-
opacifying chemistries than to the basic sealer matrix itself. For
example, among resin-based sealers (Komabayashi et al. 2020),
AH 26 was associated with visible discolouration, whereas
the successor product AH Plus seemed to exhibit satisfactory

colour stability, an effect that has been attributed primarily to
the replacement of bismuth oxide with zirconium oxide as the
radiopacifier (Lenherr et al. 2012; Thomson et al. 2012; Kohli
et al. 2015). The bismuth oxide in AH 26 interacted with the
formaldehyde released by the epoxy resin leading to a dark pre-
cipitate (Marciano et al. 2015).

2.2.5 | Cements Used in Vital Pulp Treatment/
Revitalization (Mostly Grey Discolouration)

Vital pulp treatment (direct pulp capping or pulpotomy) has his-
torically used calcium hydroxide. However, current international
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guidelines primarily recommend hydraulic calcium silicate-
based cements (HCSCs) as capping materials for vital pulp treat-
ment of traumatically exposed pulps (Krastl et al. 2021) and,
in particular, after carious pulp exposure (Duncan et al. 2019;
AAE 2021). The discolouration potential of these materials
has been investigated extensively in in vitro studies. A review
demonstrated considerable differences in discolouration poten-
tial within this material group (Mozynska et al. 2017). Bismuth
oxide is present in a number of HCSCs (such as Pro Root MTA)
and has been linked to severe tooth discolouration in all for-
mulations. Interactions of bismuth oxide with tooth structure
(Marciano et al. 2014), blood (Guimaraes et al. 2015) and sodium
hypochlorite (Camilleri 2014) showed a distinct change in co-
lour in the bismuth oxide from yellow to dark brown/black with
an associated change in colour of the material and the adjacent
tooth structure. The bismuth oxide changes phase, and the dark
colour is caused by the formation of §-bismuth oxide (Camilleri
et al. 2026).

All HCSCs regardless of the presence of bismuth oxide seem to
exhibit clinically perceptible colour changes in contact with so-
dium hypochlorite and chlorhexidine. Chlorhexidine appears to
cause more pronounced discolouration than sodium hypochlo-
rite, and the extent of staining also varies between individual
products. (Keskin et al. 2015; Usta and Keskin 2024).

Although clinical data are scarce, and a comprehensive review
(Fasoulas et al. 2023) identified only 4 clinical studies that reported
tooth discolouration associated with vital pulp therapy (Taha and
Khazali 2017; Awawdeh et al. 2018; Parinyaprom et al. 2018;
Uesrichai et al. 2019), the available comparative evidence suggests
that MTA has a substantially higher discolouration potential than
a fast-setting HCSC with an alternative radiopacifier. These clini-
cal findings are in line with the in vitro evidence.

As the same class of HCSCs is also recommended as barrier
materials in revitalization procedures, the implications for
tooth discolouration are similar. However, in these cases, the
discolouration is more likely to affect the cervical region of
the tooth.

Irrespective of the intrinsic discolouration potential of the
HCSCs used, it should be acknowledged that in both vital pulp
treatment and revitalization procedures the material is placed
in direct contact with vascularized tissue or blood. The presence
of blood alone may therefore influence subsequent tooth colour
(Lenherr et al. 2012; Shokouhinejad et al. 2016).

3 | Prevention of DEO

Although treatment strategies for discoloured teeth are available,
they are often challenging, may be partially invasive and do not
necessarily guarantee long-term aesthetic success. Preventing
DEO wherever possible is therefore an important clinical goal.

Throughout endodontic treatment, clinicians can reduce the
risk of discolouration by selecting conservative treatment strat-
egies and colour-stable materials, cleaning dentine meticulously
and providing a durable coronal seal (Ahmed and Abbott 2012;
Ahmed et al. 2022).

Maintaining pulp vitality whenever possible reduces the
need for intracanal procedures and, consequently, the risk of
coronal staining. Although vital pulp treatment can also re-
sult in some degree of discolouration, this is often material-
dependent and may be easier to manage than the more severe
discolouration that can result from unsatisfactory root canal
treatment.

For vital pulp treatment, clinicians should avoid bismuth-
containing biomaterials and select alternatives with more
colour-stable radiopacifiers. Similarly, in revitalization proce-
dures, calcium hydroxide should replace discolouring antibiotic
pastes as the intracanal medicament whenever clinically appro-
priate, and HCSCs with low discolouration potential should be
selected for the coronal barrier (Kahler and Rossi-Fedele 2016;
Kahler 2022).

In teeth with pulp necrosis, prevention of DEO depends largely
on meticulous removal of all pulp tissue remnants, thorough
cleaning of the root canal and access cavity, and strict control of
the location of intracanal materials.

The access cavity should provide sufficient access to permit
complete removal of necrotic tissue, particularly from the pulp
horns, where retained remnants may contribute to subsequent
discolouration (Plotino et al. 2008; Ahmed and Abbott 2012;
Ahmed et al. 2022; Kahler 2022). This consideration may be
particularly relevant to ultraconservative access cavities. In an
ex vivo study, these cavities were associated with significantly
more root-filling material remaining in the pulp chamber after
cleaning than traditional access cavities, providing a plausible
pathway for subsequent staining (Silva et al. 2020). However,
minimally invasive access preparation does not necessarily
compromise colour stability: when the pulp chamber was me-
ticulously cleaned under an operating microscope using al-
cohol and ultrasonic tips, no difference in colour stability was
observed between minimally invasive and conventional access
cavities (Silva-Sousa et al. 2024). Thus, the potential discoloura-
tion risk appears to depend less on access-cavity design alone
than on whether the design permits adequate visualization,
removal of tissue and filling-material remnants, and thorough
cleaning of the pulp chamber.

In addition to adequate access and meticulous cleaning, pre-
vention requires careful selection and placement of intracanal
materials. Medicaments with known staining potential should
be avoided whenever suitable alternatives are available. If
their use is necessary, they should be confined to the radicu-
lar portion of the canal system, below the gingival level, and
any remnants should be thoroughly removed from the pulp
chamber. Sealing the coronal dentinal tubules with a bonding
agent before placement of the medicament may be an additional
strategy to reduce the risk of discolouration (Shokouhinejad
et al. 2018, 2019).

To reduce the likelihood of chemical interactions between
different irrigants, or between irrigants and other endodon-
tic materials, that may result in discolouration, interme-
diate rinsing with saline is advisable (Krishnamurthy and
Sudhakaran 2010). Irrigant activation may further enhance
the cleaning effect and facilitate removal of any precipitates
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formed (Guneser et al. 2017). Root canal filling materials
should not be left in the pulp chamber. Particularly in aes-
thetically relevant teeth, root canal filling material should be
removed below the CEJ or, where appropriate, below the gin-
gival level in order to reduce the risk of visible coronal stain-
ing (Kahler 2022).

Another essential preventive measure is careful cleaning of the
access cavity after root canal filling. Remains of necrotic tissue,
medicament, sealer, gutta-percha or restorative material within
the pulp chamber can all contribute to later discolouration.
Clinicians should therefore clean the pulp chamber thoroughly,
ideally under magnification and adequate illumination, while
preserving sound tooth structure. Epoxy resin-based sealers are
hydrophobic and poorly soluble in aqueous cleaning solutions;
consequently, cleaning with water/air spray alone is largely in-
effective, whereas scrubbing the access cavity with an ethanol-
saturated microbrush reduced the sealer-covered area by 93%
in vitro (Bodere et al. 2022). Furthermore, clinical evidence in-
dicates that air abrasion of the access cavity reduces the occur-
rence of discolouration (Zizka et al. 2021). Finally, a well-sealed
adhesive composite restoration is crucial, as coronal leakage may
permit recontamination of the root canal system and also increase
the risk of future discolouration.

4 | Clinical Management of DEO in Root-Filled
and Revitalized Teeth

Intracoronal bleaching also referred to as internal bleaching,
is generally recommended as the method of choice for manag-
ing discolouration in adequately root-filled teeth and can be
performed either in-office using high-concentration bleaching
agents or, more commonly, by employing the walking bleach
technique, which is considered the standard approach (Attin
et al. 2003; Plotino et al. 2008; Ahmed et al. 2022; Kahler 2022).
In this procedure, a hydrogen peroxide-releasing agent is placed
within the coronal pulp chamber, sealed and left in place for sev-
eral days, allowing it to diffuse into the discoloured dentine. The
reactive molecules break down the long-chained, dark-coloured
chromophore compounds and cleave their double bonds into
smaller, less pigmented and more diffusible molecules (Dahl
and Pallesen 2003).

A simultaneous external tray bleaching of the discoloured
tooth during the intracoronal procedure (inside-outside
closed technique) may accelerate the bleaching effect but adds
cost and complexity and is therefore not required in most
cases. The inside-outside open technique, in which the access
cavity is left open to allow the patient to replenish the bleach-
ing agent, has been described as an alternative approach and
allows motivated patients to titrate the colour improvement
(Carrillo et al. 1998; Sulieman 2008; Leith et al. 2009). From
an endodontic perspective, however, this approach is not ideal
because, during home bleaching, the root canal filling is pro-
tected only by the cervical barrier, creating a risk of bacterial
contamination of the dentine and root canal system (Ahmed
et al. 2022; Kahler 2022). In settings where regulatory restric-
tions limit the use of bleaching agents to lower concentrations
with reduced efficacy, however, this approach may be neces-
sary to facilitate effective bleaching.

4.1 | Pulp Chamber Preparation for Intracoronal
Bleaching

The access cavity should be carefully prepared under rubber
dam isolation, with complete removal of any remaining restor-
ative material, root filling material or necrotic pulp tissue, par-
ticularly from the pulp horns. Incomplete cleaning—especially
on the labial wall of the pulp chamber—can markedly reduce
bleaching efficacy by preventing direct contact between the
bleaching agent and the discoloured dentine (Attin et al. 2003;
Ahmed and Abbott 2012). Magnification and optimal illumi-
nation facilitate precise cleaning while helping to preserve
sound tooth structure (Kahler 2022). The fluorescence-aided
identification technique (FIT) provides a non-invasive adjunct
for distinguishing composite remnants from natural tooth tis-
sue during cleaning of the access cavity (Magni et al. 2022).
Discoloured dentine should not be routinely removed, because
bleaching aims to improve tooth colour while preserving sound
tooth structure (Attin et al. 2003).

4.2 | Cervical Sealing

After cleaning the pulp chamber, the root canal filling should be
reduced to provide space for a protective cervical seal approxi-
mately 2mm thick (Figure 8). This barrier prevents apical leak-
age of the bleaching agent along the root filling and protects the
periradicular tissues (Rotstein, Zyskind, et al. 1992; de Oliveira
et al. 2003). Traditionally, the cemento-enamel junction (CEJ)
has served as the reference for positioning the seal, and the
coronal surface of the barrier should follow the CEJ contour as
closely as clinically feasible. However, in cases of gingival re-
cession or root exposure, the CEJ no longer coincides with the
visible crown margin. In such cases, the barrier should follow
the gingival contour, with its most coronal aspect positioned

FIGURE 8 | Schematic illustration of the recommended intracoro-
nal bleaching cavity and cervical barrier. The cervical barrier should
follow the CEJ contour as closely as clinically feasible and end just be-
low the level of the labial gingival margin to allow effective bleaching.
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slightly below the labial gingival margin. A barrier positioned
too coronally may leave unbleached dentine in the cervical area
and result in an uneven shade. Conversely, positioning the bar-
rier too apically may bring the bleaching agent into close contact
with the periodontal tissues and increase the risk of external
cervical resorption. Ideally, the barrier should follow the epithe-
lial attachment to provide both aesthetic and biological protec-
tion (Ahmed et al. 2022; Kahler 2022). Various materials have
been proposed for the cervical seal, including Cavit, IRM, glass-
ionomer or zinc phosphate cements, hydraulic calcium-silicate
cements (Plotino et al. 2008; Ahmed et al. 2022). Although their
sealing performance varies, all can provide a sufficient short-
term intracoronal barrier when properly placed. Self-adhesive
flowable composites may represent another practical alternative
(Traviglia et al. 2019).

In cases where the walking bleach technique is applied to teeth
that have undergone successful revitalization, the pre-existing
HCSC coronal plug—originally placed as part of the regenera-
tive procedure—should be partially reduced to permit adequate
bleaching of the entire crown. Depending on the situation, an
additional cervical seal may be required. The final coronal bar-
rier should ideally be positioned slightly below the gingival mar-
gin, while maintaining at least 2mm of material thickness (from
intracanal barrier and/or cervical seal) to protect the underlying
vital or newly formed tissue.

Before placing the bleaching agent, ultrasonic tips, ethanol-
soaked foam pellets or microbrushes or air abrasion may provide
a final cleaning step. Dentine etching remains controversial.
Most earlier studies found no clear improvement in bleaching
efficacy when the smear layer was removed (Casey et al. 1989;
Horn et al. 1998), whereas more recent data suggest that pre-
treatment with phosphoric acid may enhance the bleaching ef-
fect (Deny et al. 2026). However, acid etching may also increase
dentine permeability and hydrogen peroxide diffusion (Camps
et al. 2010), potentially affecting the periodontium adversely
(Fuss et al. 1989). Therefore, the available evidence does not
support routine smear-layer removal (Attin et al. 2003; Ahmed
et al. 2022).

4.3 | Bleaching Agents and Regulatory
Considerations in the EU and UK

Reactive oxygen-releasing agents used for intracoronal bleach-
ing include hydrogen peroxide, carbamide peroxide, sodium
perborate and sodium percarbonate. These agents are available
as either granules or gels. Selection should balance efficacy and
safety while accounting for the regulatory framework applicable
in the jurisdiction where treatment takes place. From a practical
perspective, granules in aqueous suspension are often easier to
place within the access cavity than gel-type materials and pro-
vide a more stable base for adaptation and sealing of the tempo-
rary restoration (Mayer et al. 2024).

The H,O, equivalent allows comparison of the theoretical oxi-
dation potential of different oxygen-releasing agents. However,
it does not fully predict clinical performance because the bleach-
ing effect also depends on pH, solubility, release kinetics and in-
teractions with dental hard tissues (Mayer et al. 2024).

Sodium perborate granules in aqueous suspension (approxi-
mately 21% H,0, equivalent) (Mayer et al. 2024) have histor-
ically been the most extensively investigated and clinically
established agent for this indication and have shown a favour-
able safety profile compared with high-concentration hydrogen
peroxide-based materials. However, the EU classifies perboric
acid and its salts, including sodium perborate, as Category 1B
reproductive toxicants. Consequently, the REACH Regulation
1907/2006 has prohibited their use in cosmetics in the EU
since May 2023 (European_Parliament_and_Council 2006).
Although this restriction does not specifically target dental use,
it effectively precludes the use of sodium perborate for intracor-
onal bleaching within the EU. However, this is not a worldwide
ban, as the regulatory status of sodium perborate differs across
jurisdictions.

As alternative bleaching agents, both granular materials in
aqueous suspension and gel-type preparations may be used for
internal bleaching with the walking bleach technique. Granular
bleaching agents include sodium percarbonate (approximately
27% H,0, equivalent) and carbamide peroxide (approximately
35% H,0, equivalent) (Mayer et al. 2024). Compared with so-
dium perborate, substantially less evidence is available for these
materials. In vitro and ex vivo studies have demonstrated clin-
ically relevant bleaching effects with sodium percarbonate,
although its efficacy appears to be lower than that of sodium
perborate under comparable conditions (Mayer et al. 2024).
Gel-type agents contain either carbamide peroxide or hydrogen
peroxide and are available in different concentrations up to 35%
hydrogen peroxiden (Lim et al. 2004; Frank et al. 2022). In an
aqueous environment, carbamide peroxide dissociates into hy-
drogen peroxide and urea. Consequently, its hydrogen peroxide
equivalent corresponds to approximately one third of its nominal
concentration (Plotino et al. 2008; Mayer et al. 2024).

The EU and UK impose additional restrictions on the maxi-
mum hydrogen peroxide concentration in bleaching products.
Under Council Directive 2011/84/EU concerning cosmetic
products, freely available oral products are limited to <0.1%
hydrogen peroxide present or released, a concentration that is
clinically ineffective for the management of DEO. Bleaching
products containing more than 0.1% and up to 6% hydro-
gen peroxide may only be sold to dental practitioners, with
first use by a dental practitioner or under direct supervision
(European_Union_Council 2011).

Thus, the maximum permitted concentration for cosmetic tooth
whitening in the EU is 6% hydrogen peroxide. Commercially
available 16% carbamide peroxide gels for cosmetic tooth whit-
ening are intended to remain within this limit. For individuals
under 18years of age, the Directive does not permit the use of
products containing or releasing more than 0.1% hydrogen per-
oxide for cosmetic tooth whitening, even by dental professionals
(European_Union_Council 2011). As a consequence, cosmetic
bleaching of teeth affected by DEO would effectively not be pos-
sible in children at the permitted concentration of 0.1% hydrogen
peroxide.

Because DEO is not regarded as a cosmetic indication but as
a medically indicated therapeutic intervention, and because
Council Directive 2011/84/EU addresses cosmetic products
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outside a medical indication, the legal situation is not entirely
straightforward and has given rise to differing interpretations
across the EU. In addition, in some countries of the EU, bleach-
ing gels containing up to 35% hydrogen peroxide are marketed
for medical tooth whitening as part of an internal bleaching
approach.

In the UK, the General Dental Council has stated that concen-
trations exceeding 6% of hydrogen peroxide present or released
in oral products, including tooth-whitening or bleaching prod-
ucts, remain prohibited unless wholly for the purpose of the
treatment or prevention of disease. The same position statement
also notes that, in persons under 18years of age, products con-
taining >0.1% and <6% hydrogen peroxide may be used where
such use is intended wholly for the purpose of treating or pre-
venting disease (General Dental_Council 2016). This regu-
latory ambiguity is of particular clinical and ethical relevance
in children and adolescents with DEO, because the alterna-
tive treatment options are more destructive to tooth tissues. It
should also be acknowledged that, in other parts of the world,
higher concentrations of hydrogen peroxide are used without
equivalent regulatory restriction. A recent review based on 40
studies including 1042 patients concluded that bleaching proce-
dures are safe in children and adolescents (Lopes et al. 2025).
The American Academy of Paediatric Dentistry supports ap-
propriately selected bleaching procedures that have been
shown to be safe and effective for children and adolescents
(American_Academy_of_Pediatric_Dentistry 2025).

Bleaching procedures should also be deferred during preg-
nancy, as recommended by the American Dental Association
and the American Academy of Paediatric Dentistry, because
evidence regarding foetal safety is limited (Ahmed et al. 2022;
Amer 2023).

Taken together, these regulatory and safety considerations
highlight the need for clinicians to remain compliant with the
regulatory framework applicable in their own jurisdiction at
all times, as regulations may differ between countries and may
change over time.

4.4 | Application of the Bleaching Agent
and Temporary Restoration

The bleaching agent is placed into the pulp chamber and posi-
tioned obliquely against the labial wall to maximize the effect
on visible crown areas while leaving space for a 2-3 mm layer of
temporary restoration. Granular agents in aqueous suspension
can be applied with an amalgam carrier or a spatula, whereas
gel-type agents are usually delivered with the provided syringe
and application tip.

Conventional temporary hydraulic materials such as Cavit can
provide a short-term seal over the bleaching agent when firmly
packed into the access cavity to a thickness of at least 2mm
(Hosoya et al. 2000).

Gel-type bleaching agents, however, do not provide a stable base
for adequate condensation of the temporary material. In such
cases, a small foam pellet can separate the bleaching gel from
the temporary restoration (Traviglia et al. 2019).

In general, flowable composite materials used in combina-
tion with a dental adhesive provide better stability and sealing
(Kahler 2022), but they require greater procedural care to ensure
adequate bonding to clean cavity margins. Self-adhesive flow-
able composites may at first glance represent a straightforward
alternative for reducing technique sensitivity, but their bond
strength and sealing ability are considerably inferior (Delgado
et al. 2025).

4.5 | Duration and Replacement

A treatment cycle generally lasts 3-7days, depending on the
concentration and H,O, equivalent of the bleaching agent and
the severity of the discolouration. Further cycles with fresh
bleaching agent may be performed until the desired shade
change is achieved, usually after 2-4 cycles. Patients should as-
sess the colour change daily and report marked or rapid whiten-
ing (Kahler 2022). Highly concentrated bleaching agents may
induce pronounced whitening within only a few days, increas-
ing the risk of over-bleaching, especially in teeth with limited
residual hard-tissue thickness.

If bleaching does not produce a satisfactory effect, the cause
requires careful reassessment. Residual restorative material,
particularly on the labial wall of the access cavity, may prevent
contact between the bleaching agent and the discoloured tooth
structure and thereby limit its efficacy. Discolouration caused
by metallic ions may also respond less favourably to bleaching
(Brown 1965).

4.6 | Definitive Restoration

After successful intracoronal bleaching, the access cavity
should be definitively restored with an adhesive resin compos-
ite (Figure 9). Residual peroxide and free oxygen can tempo-
rarily compromise polymerization and bond strength (Cavalli
et al. 2001; Shinohara et al. 2001, 2004, 2005). Therefore, an
interval of 1-3weeks before placement of the final restoration
is preferable, with a calcium hydroxide dressing placed during
this period (Kahler 2022). Although in vitro evidence suggests

FIGURE9 | Intracoronal bleaching of discoloured central incisors with subsequent composite restorations.
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that immediate restoration may be feasible, the available find-
ings remain limited and method-dependent (Arcari et al. 2007).
Antioxidant pretreatment, for example with 10% ascorbic acid
(Olmedo et al. 2021), and gentle surface refreshing of enamel
and dentine may help optimize adhesion when earlier definitive
restoration is intended. A well-sealed and durable final resto-
ration prevents contamination of the root canal system and re-
duces the risk of recurrent discolouration.

5 | Clinical Management of DEO in Calcified
Teeth

Crown discolouration of anterior teeth due to pulp canal oblit-
eration is a frequent late consequence of dental trauma. These
teeth are often intact and caries-free but may gradually develop
a yellowish discolouration over time. In the absence of signs of
apical pathology, endodontic intervention is not indicated (Amir
et al. 2001; McCabe and Dummer 2012). Although intracoronal
bleaching of obliterated teeth with preparation of a deep access
cavity with placement of a cervical barrier has been described
(Pedorella et al. 2000), such approaches are invasive and should
be considered critically because they require removal of sound
tooth structure and may introduce root canal contamination.
External bleaching therefore represents the first-line treatment
(Ahmed et al. 2022).

5.1 | External Bleaching

In general, bleaching of teeth with DEO associated with pulp
canal obliteration may be less reliable, because the darkening
results from reduced translucency and a more pronounced den-
tine appearance rather than staining by iron-related compounds
(Setzer 2020).

These teeth often respond more slowly and therefore require an
effective but conservative protocol. Treatment options include
both in-office and home bleaching (Kwon 2011).

In-office bleaching with high-concentration hydrogen peroxide
gels may improve tooth shade. Treatment usually comprises 20-
mincycles, with no more than three applications per visit, and
requires strict gingival protection using light-cured barriers.
However, a single visit rarely achieves an ideal colour match.
Light activation does not appear to improve the colour change,
regardless of the concentration of the bleaching agent (Maran
et al. 2018).

In contrast, single-tooth tray home bleaching is generally con-
sidered the preferred approach (Chong 1993; Greenwall 2007;
Amato and Krastl 2012). Custom trays should include a reservoir
that is limited to the affected tooth in order to avoid uninten-
tional bleaching of adjacent teeth (Figure 10). Patients typically
wear the tray with a 10%-20% carbamide peroxide gel for a few
hours each day. Visible improvement may occur within the first
week; however, patients may need to continue treatment for sev-
eral weeks depending on the severity of the discolouration and
the concentration of the bleaching agent. Longer daily wear or
an extended treatment period may compensate for a lower gel
concentration (Ahmed et al. 2022). Combining in-office treat-
ment with single-tooth tray home bleaching may accelerate the
response (Park et al. 2023). If bleaching alone does not achieve
the desired aesthetic outcome, restorative options may be con-
sidered (see below).

6 | Treatment Success, Colour Stability and
Retreatment

Studies using various bleaching agents and clinical protocols
generally report either an excellent colour match or clinically sig-
nificant improvement after intracoronal bleaching (Brown 1965;
Holmstrup et al. 1988; Anitua et al. 1990; Waterhouse and
Nunn 1996; Abbott and Heah 2009; Amato et al. 2018).

Short-term outcomes are favourable, with success rates during
the first year often approaching 95%-100%, depending on the
criteria used to define success (Kahler 2022).

Long-term colour stability, however, is less predictable, and
no bleaching protocol can guarantee a stable result. After a
follow-up of 1-8years, Friedman et al. found that 50% of teeth
matched the adjacent teeth, 29% showed some discolouration
but remained acceptable to the patient, and 21% required fur-
ther treatment; most failures occurred between 2 and 8 years
after bleaching (Friedman et al. 1988). At 16 years after a com-
bined in-office and walking bleach protocol using sodium
perborate and hydrogen peroxide, Amato et al. reported fa-
vourable colour stability in 22 of 35 evaluable cases (62.9%),
whereas 13 cases (37.1%) showed marked relapse of two or
more shade units (Amato et al. 2006). In a subsequent 25-year
follow-up study, the same group reported an 85% success rate
after a combined in-office and walking bleach protocol using
10% carbamide peroxide, again defining success as a colour
mismatch of less than two shades compared with adjacent
teeth (Amato et al. 2018).

FIGURE 10 | Single-tooth tray home bleaching of a tooth with pulp canal obliteration.
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In general, many patients appear to accept some degree of co-
lour regression. The patient's aesthetic expectations largely de-
termine whether the outcome remains acceptable and whether
further intervention is necessary. If colour relapse after initially
successful intracoronal bleaching results in an aesthetically
unacceptable outcome, repeat internal bleaching may be con-
sidered. However, re-entry poses a risk because removal of a
well-bonded definitive composite restoration is technically de-
manding and may unintentionally remove sound tooth struc-
ture. Magnification, careful technique and sufficient treatment
time help preserve dentine and minimize iatrogenic damage
during re-intervention (Ahmed et al. 2022).

Evidence regarding tray bleaching of calcified teeth remains
limited. Case reports describe successful outcomes, but long-
term colour-stability data are lacking (Chong 1993; Amato and
Krastl 2012; Park et al. 2023). Colour relapse is likely to occur over
time and may become apparent as early as 1-3years after bleach-
ing (Park et al. 2023). In such cases, renewed bleaching using the
original tray may represent a simple and practical option.

7 | Risk Assessment and Complications
7.1 | Cervical Root Resorption

Intracoronal bleaching is generally considered to be safe and
less destructive to tooth structure than porcelain veneers or
crowns (Dahl et al. 2019; Newton and Hayes 2020; Kahler 2022).
Nevertheless, external cervical root resorption has historically
been described as a serious complication of bleaching with
peroxide-containing agents (Harrington and Natkin 1979; Lado
et al. 1983; Cvek and Lindvall 1985). Reported rates of exter-
nal cervical resorption after intracoronal bleaching without
a cervical barrier ranged from 6% to 8% in cases treated with
35% hydrogen peroxide and from 18% to 25% when hydrogen
peroxide was heat-activated (Friedman et al. 1988; Heithersay
et al. 1994; Friedman 1997). By contrast, no cases of resorption
were reported when sodium perborate was applied over a zinc
oxyphosphate cement barrier placed to protect the cervical re-
gion (Amato et al. 2006).

The mechanism proposed for initiation of the resorptive process
is the diffusion of hydrogen peroxide through dentinal tubules
into the cervical region of the tooth, particularly in areas lack-
ing cementum (Kopp 1973; Rotstein et al. 1991; Neuvald and
Consolaro 2000). It has been suggested that hydrogen perox-
ide and free oxygen radicals reaching the periodontal tissues
(Wang and Hume 1988; Newton and Hayes 2020) may trigger
resorption (Dahlstrom et al. 1997). These oxidants appear to be
more active when heat is applied (Harrington and Natkin 1979;
Freccia et al. 1982; Madison and Walton 1990) and heat may
additionally promote denaturation of dentine matrix proteins
(Lado et al. 1983).

However, cervical resorption diagnosed after bleaching does
not necessarily establish a causal relationship. In anterior teeth,
trauma is the most common reason for both endodontic treat-
ment and subsequent discolouration requiring bleaching (Amato
et al. 2006; Abbott and Heah 2009). Consequently, whether
trauma or bleaching represents the principal predisposing factor

often remains unclear. In a study of 337 teeth with external cer-
vical resorption, Mavridou et al. identified bleaching as the sole
predisposing factor in only 1% of cases (Mavridou et al. 2017).

Overall, the available evidence suggests that the risk for cervical
resorption is particularly low when low-concentration bleach-
ing agents are used, heat activation is avoided and a cervical
barrier is placed over the root canal filling (Amato et al. 2018;
Kahler 2022).

7.2 | Structural Enamel and Dentine Damage

Numerous laboratory studies have reported changes in the
microhardness and morphology of dental hard tissues fol-
lowing exposure to bleaching agents (Murchison et al. 1992;
Rotstein, Lehr, and Gedalia 1992; Tong et al. 1993; Zalkind
et al. 1996; Bitter 1998; Lopes et al. 2002; White et al. 2002; Chng
et al. 2005; Zanolla et al. 2017; Grazioli et al. 2018). Available
evidence suggests that peroxide components may alter the ratio
of organic to inorganic constituents within these tissues (Powell
and Bales 1991; Tong et al. 1993; Lewinstein et al. 1994). These
morphological changes are concentration-dependent as 35%
carbamide peroxide changed the inorganic composition of the
enamel, whereas lower concentrations of 10%-16% had no effect
on enamel composition (Oltu and Gurgan 2000). The clinical
significance of these changes in enamel constituents and sur-
face structure is not well understood. Moreover, this issue is of
greater relevance to external bleaching (Kahler 2022).

7.3 | Fracture Risk

The effect of intracoronal bleaching on fracture resistance re-
mains controversial. Most studies report no significant reduction
in fracture resistance after intracoronal bleaching (Bonfante
et al. 2006; Azevedo et al. 2011; Uzunoglu et al. 2018), whereas
one study reported that all bleaching protocols reduced fracture
resistance in bovine teeth (Leonardo et al. 2014).

Fracture-risk assessment should also consider the aetiology of
DEO because teeth discoloured following trauma may already
have cracks or structural defects that increase their inherent sus-
ceptibility to fracture independently of bleaching. Irrespective
of the bleaching protocol, structural weakening may occur if
excessive cervical dentine is unintentionally removed during
access cavity preparation or if severely discoloured dentine is
deliberately removed. Such tissue sacrifice should therefore be
avoided whenever possible. On the other hand, in view of the
current trend toward smaller access cavities to reduce fracture
risk, it is noteworthy that tooth shade was re-established more
easily by intracoronal bleaching with traditional access cavities
than with contracted endodontic access cavities (Marchesan
et al. 2018).

7.4 | Gingival Irritation
Gingival irritation primarily concerns external bleaching,

and its severity depends on the concentration of the bleaching
agent (Bruzell et al. 2013). In intracoronal bleaching, routine
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application of a rubber dam prevents contact of the bleaching
agent with the oral soft tissues (Heithersay et al. 1994). If neces-
sary, block-out materials may be used to improve sealing of the
rubber dam and provide additional protection for the gingival
tissues (Rotstein 2019; Setzer 2020).

8 | Restorative Options for Discoloured Teeth

Restorative treatment may be necessary when non-vital bleach-
ing is contraindicated or unsuccessful, or when bleaching
alone cannot achieve a satisfactory aesthetic outcome. In such
cases, progressively more invasive restorative options may be
considered, including direct composite veneers, indirect ce-
ramic veneers and full-coverage crowns (Kahler 2022; Aljanahi
et al. 2025). Each of these restorative modalities has specific in-
dications, advantages and limitations.

8.1 | Direct Composite Veneers

Direct composite veneers represent a conservative and versa-
tile option for masking discoloured anterior teeth (Figure 11)
(Felippe et al. 2003; Dietschi 2008; Yanikian et al. 2019; Fahl
and Ritter 2020).

Compared with indirect ceramic veneers, direct composite ve-
neers offer several advantages, including lower cost, shorter
treatment time, ease of repair and modification, and the ability
to complete the restoration in a single clinical session. Especially
in younger patients, direct composite veneers are preferred over
indirect ceramic veneers because tooth position and gingival
margins may change during growth and development.

Although composite veneers are commonly perceived to require
less aggressive tooth preparation than ceramic veneers, this
assumption is only valid when the underlying tooth structure
is not significantly discoloured. In severely discoloured teeth,
1.0-1.5mm of space is usually needed for composite layering,
and additional incisal reduction of about 2mm may be required
to achieve proper aesthetic integration (Felippe et al. 2003;
Yanikian et al. 2019; Fahl and Ritter 2020). A silicone index
based on a diagnostic wax-up can help control the preparation
depth and ensure sufficient restorative space.

Small-particle hybrid composite resins are most commonly used
(Dietschi 2008; Ferracane 2011; Gresnigt et al. 2012; Dietschi
et al. 2019; Fahl and Ritter 2020). Careful shade analysis of ad-
jacent teeth is essential. In cases of severe discolouration, an

FIGURE 11 | Management of DEO with direct composite restoration.

opaquer may be needed after adhesive bonding to neutralize the
dark substrate, followed by dentine and enamel composite layers.
Additional tints or translucent shades may be used to reproduce
natural optical effects (Felippe et al. 2003; Yanikian et al. 2019;
Fahl and Ritter 2020). Aesthetic success depends not only on co-
lour masking but also on accurate morphology, surface texture
and surface gloss (Dietschi 2008; Fahl and Ritter 2020).

Clinical studies evaluating direct composite veneers with 10-
year follow-up have reported annual failure rates of about
5%-10% (Coelho-de-Souza et al. 2015; van de Sande et al. 2019;
Mazzetti et al. 2022). Outcomes appear less favourable in non-
vital than in vital teeth, reflecting the greater aesthetic chal-
lenges when restoring endodontically treated anterior teeth
(Coelho-de-Souza et al. 2015).

8.2 | Indirect Ceramic Veneers

Indirect ceramic veneers are a valuable option when patients
seek a more durable restoration with superior aesthetic potential
(Figure 12). (Peumans et al. 2004; Gurel et al. 2012; Gresnigt
etal. 2019; Rinke et al. 2020; Mazzetti et al. 2022). As with direct
composite veneers, tooth preparation must provide sufficient
space to mask the underlying discolouration while reproducing
the optical properties of adjacent teeth (Magne and Belser 2021a;
Clavijo 2024a).

To improve masking and avoid visible transition zones be-
tween the restoration and the natural tooth structure, the cer-
vical margin is often placed slightly subgingivally. As a general
guide, approximately 0.3 mm of ceramic thickness is required for
each shade change (Sulikowski and Yoshida 2001; Coachman
et al. 2014; Gurrea and Bruguera 2016; Clavijo 2024b).

Feldspathic ceramics are generally considered the material of
choice for the highest aesthetic demands as they allow excel-
lent control of translucency and colour in thin layers (Calgaro
et al. 2014; Magne and Belser 2021b; Clavijo 2024a) and en-
able selective intrinsic masking (Magne et al. 2010; Chu and
Mieleszko 2014; Schlichting et al. 2015). However, they are
technique-sensitive, require a highly skilled ceramist and are
less suitable in cases with increased occlusal loading (Faus-
Matoses et al. 2020).

Lithium-disilicate glass-ceramics (LiSi,) are another com-
monly used option and may be fabricated by pressing or CAD-
CAM. They are available in different translucencies and may
be layered to improve aesthetics (Magne and Belser 2021a;
Clavijo 2024b). However, masking a dark substrate with LiSi,
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FIGURE 13 | Management of a complex aesthetic case involving DEO, including a connective tissue graft to locally increase gingival thickness,
followed by restorative treatment with all-ceramic crowns (courtesy E. Vandooren).

remains challenging, and opaque luting composites to block un-
derlying discolouration may lead to unpredictable results (Pala
et al. 2024; Wayakanon et al. 2025).

If a major shade change is required, a ceramic thickness of up
to 1.5mm may be necessary, including an opaque framework to
block the underlying tooth colour (Sulikowski and Yoshida 2001;
Calgaro et al. 2014; Coachman et al. 2014; Suzuki 2014a, 2014b;
Gurrea and Bruguera 2016). In such cases, preparation is usually
entirely in dentine. Together with endodontic treatment, this
creates less favourable conditions for the long-term durability of
bonded ceramic veneers (Peumans et al. 2004; Gurel et al. 2012;
Blunck et al. 2020; Rinke et al. 2020; Etienne et al. 2025). In
general, indirect ceramic veneers demonstrate survival rates
of about 90% after 10-15years (Gresnigt et al. 2019; Rinke
et al. 2020; Etienne et al. 2025).

8.3 | Full-Coverage Crowns

Full-coverage crowns are indicated to mask discoloured teeth
when the remaining tooth structure is extensively compro-
mised, particularly in cases where the tooth is heavily restored
or contains a post-and-core reconstruction (Figure 13).

In general, for full-coverage crowns at least 1.5mm of space
is required, although up to 2mm of buccal reduction may be
needed to allow adequate ceramic layering and optimal aes-
thetics. Predictable masking is usually achieved with an opaque
core of about 0.5 mm that is subsequently layered with aesthetic
ceramics. Commonly used core materials include LiSi, and zir-
conia, both of which can be used with an opaque substructure to
mask the underlying discoloured substrate (Calgaro et al. 2014;
Suzuki 2014a, 2014b). In cases with a dark underlying substrate,
internal staining of the restoration with opaque colouring agents

may be considered as an additional masking strategy (Pilecco
et al. 2025).

When severe discolouration is caused by a metal post, removal
and replacement with a fibre post and composite core build-up
should be considered whenever feasible, as this may substan-
tially improve the colour of the underlying substrate and fa-
cilitate the final aesthetic outcome. If post replacement is not
possible, a flowable opaquer may be used to mask the dark axial
walls of the preparation, provided an appropriate bonding pro-
tocol is followed.

Clinical studies have reported survival rates for full-coverage
crowns on endodontically treated teeth ranging from 98% at
5years (Signore et al. 2009) to 81% at 10years (Stavropoulou and
Koidis 2007).

Furthermore, when restoring a discoloured endodontically
treated anterior tooth with an indirect veneer or a full crown
the periodontal biotype plays an important role in the aes-
thetic outcome. In patients with a thin gingival biotype, dark
cervical discolouration may show through the gingival tis-
sues, negatively affecting the final appearance of the restored
tooth. In such cases, a connective tissue graft may be placed
to locally increase the gingival thickness, mask the under-
lying substrate and improve the overall aesthetic outcome
(Figure 13) (Jung et al. 2007). In addition, this will provide
long-term stability and natural appearance for the restored
tooth in the anterior region.

In conclusion, regardless of the restorative technique used,
masking a severely discoloured tooth remains a major challenge
in aesthetic dentistry. Although substantial aesthetic improve-
ment can often be achieved, a perfect outcome cannot be pre-
dicted with certainty. Successful treatment requires careful case
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selection, meticulous execution and a clear understanding of the
limitations and optical properties of the restorative materials.

9 | Conclusion

DEO is a frequent and clinically relevant problem that may arise
from trauma, pulp necrosis, pulp canal obliteration or endodon-
tic treatment itself. Prevention is of central importance and re-
quires preservation of pulp vitality whenever possible, careful
selection of low-discolouration materials, meticulous cleaning
of the pulp chamber and durable coronal sealing. When DEO
occurs in adequately treated root-filled or revitalized teeth, in-
tracoronal bleaching remains the preferred minimally invasive
treatment, provided that appropriate case selection, cervical
sealing and safe bleaching protocols are followed. In disco-
loured teeth with pulp canal obliteration and no signs of apical
pathology, external bleaching should be preferred over more
invasive intervention. Although bleaching can provide substan-
tial aesthetic improvement, long-term colour stability cannot be
guaranteed. Restorative treatment should be reserved for cases
in which bleaching is unsuccessful or insufficient to achieve
an acceptable aesthetic outcome. Overall, management of DEO
should preserve as much tooth structure as possible while meet-
ing the patient'’s aesthetic expectations.
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