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Abstract

European Society of Endodontology developed by:

Galler KM, Krastl G, Simon S, Van Gorp G, Meschi

N, Vahedi B, Lambrechts P. European Society of

Endodontology position statement: Revitalization procedures.

International Endodontic Journal, 49, 717–723, 2016.

This position statement represents a consensus of an

expert committee convened by the European Society of

Endodontology (ESE) on revitalization procedures. The

statement is based on current clinical and scientific

evidence as well as the expertise of the committee. The

goal is to provide suitably trained dentists with a protocol

including procedural details for the treatment of imma-

ture teeth with pulp necrosis as well as a patient consent

form. Revitalization is a biologically based treatment as

an alternative to apexification in properly selected cases.

Previously published review articles provide more

detailed background information and the basis for this

position statement (Journal of Endodontics, 39, 2013,

S30; Journal of Endodontics, 39, 2013, 319; Journal of

Endodontics, 40, 2014, 1045; Dental Traumatology, 31,

2015, 267; International Endodontic Journal, 2015, doi:

10.1111/iej.12606). As controlled clinical trials are

lacking and new evidence is still emerging, this position

statement will be updated at appropriate intervals. This

might lead to changes to the protocol provided here.

Keywords: Endodontology, position statement,

regeneration, revitalization.

Introduction

Pulp necrosis in immature teeth due to caries, dental

trauma or developmental aberrations poses severe

challenges to the dental practitioner. Short roots,

thin, fracture-prone dentine walls and wide root

canals and apices do not present ideal conditions for

conventional root canal treatment. The classic apexifi-

cation procedure established more than 40 years ago

consists of long-term intracanal medication with cal-

cium hydroxide to stimulate the formation of a calci-

fied barrier at the apical foramen. Due to the

weakening effect of calcium hydroxide on the thin

dentine walls and the resulting high incidence of root

fracture (Andreasen et al. 2006), this procedure is not

advocated any more. Current treatment protocols rec-

ommend the placement of an MTA plug to close the

apical foramen followed by filling of the root canal

with gutta-percha (Simon et al. 2007, Parirokh &

Torabinejad 2010, Bakland & Andreasen 2012).

Although MTA induces a mineralized barrier apically,

further root formation cannot be expected, and sus-

ceptibility to root fractures due to thin canal walls

and poor root-crown ratio remains. However, clinical

evidence regarding long-term success and tooth
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survival is missing, in contrast to calcium hydroxide

apexification (Cvek 1992, Andreasen & Bakland

2012). Adhesive materials may be used for intraradic-

ular reinforcement; but again, long-term clinical

evidence is missing. Revitalization procedures in

immature teeth after pulp necrosis have become part

of the endodontic treatment spectrum and should be

considered as an alternative to apexification.

This biologically based approach, which is synony-

mously referred to as ‘revascularization’ or ‘regener-

ative endodontic procedures’ in the literature (for

further information see Galler 2015), aims at the

(re)generation of pulp-like tissue inside the root

canal after inducing an influx of stem cells from the

apical papilla. It results not only in a resolution of

pain and inflammation, but also in healing of peri-

apical lesions (for review: Hargreaves et al. 2013).

Furthermore, revitalization can induce an increase

of root length and thickness (maturogenesis), which

is expected to improve the strength of the root (Har-

greaves et al. 2013, Wigler et al. 2013). The key

points of revitalization procedures include the follow-

ing: (i) minimal or no instrumentation of the denti-

nal walls, (ii) disinfection with irrigants, (iii)

application of an intracanal medicament, (iv) provo-

cation of bleeding into the canal and creation of a

blood clot, (v) capping with a hydraulic silicate

cement, and (vi) an effective coronal seal. Whether

apexification or revitalization generates more favour-

able clinical outcomes remains controversial (Alobaid

et al. 2014), although evidence in support of the lat-

ter approach is accumulating (Jeeruphan et al.

2012). However, histologic analyses after revitaliza-

tion show that in some cases healing or repair

might take place but not regeneration. Repair is

defined as ectopic tissue formation with a partial

loss of function with studies reporting the formation

of fibrous tissue, cementum or bone inside the root

canal (da Silva et al. 2010, Wang et al. 2010,

Andreasen & Bakland 2012, Martin et al. 2014,

Meschi et al. 2015).

Regeneration, which is expected to take place after

a revitalization procedure, refers to the restoration of

the original tissue architecture and function. Pulp-like

tissue formation within the root canal is noted where

cells differentiate into odontoblasts capable of secret-

ing tubular dentine. From a patient-based perspective,

whether it is truly pulp or not may be irrelevant as

long as the length and thickness of the root are

increased by mineralized tissue apposition and the

health of the alveolar bone is maintained.

Case selection and informed consent

Revitalization procedures should be considered in

teeth with incomplete root formation with pulp necro-

sis, whether or not periradicular lesions are present;

the aim of treatment being the regeneration of the

dentine–pulp complex. Cases that should be excluded

from revitalization treatment include avulsed teeth

immediately after replantation (as revitalization may

occur naturally), impossibility of adequate tooth isola-

tion, and teeth with extensive loss of coronal tissue

that require restoration with a post that will occupy

the space required for blood clot formation. Recom-

mendations regarding revitalization procedures in

cases with luxation injuries cannot be given, as clini-

cal evidence is lacking. For medically compromised

patients (ASA physical status classification system

ASA III and higher), it may be more prudent to rely

on conventional treatments.

The patient, parents or legal guardian must be pro-

vided with both general and specific information

regarding the:

• existing pathosis;

• regenerative procedure with its potential advan-

tages and current uncertainties compared to con-

ventional therapies;

• time course of treatment and follow-ups;

• use of materials and medicaments as well as the

treatment alternatives; and

• likely outcomes.

As the procedure is relatively new, data on long-

term survival and tooth stability are missing. A first

short-term outcome study documents a higher sur-

vival rate after revitalization compared to MTA or cal-

cium hydroxide apexification (Jeeruphan et al. 2012);

however, the study is limited by a relatively small

number of cases per group.

A patient consent form including the points dis-

cussed above is available (see Appendix 1).

Protocol including procedural details

First appointment

• Perform clinical diagnostics according to the

checklist (see Appendix 2);

• Tooth cleaning, local anaesthesia (optional), field

isolation and disinfection (with, e.g. iso-Betadine);

• Prepare access cavity;

• Remove loose or necrotic pulp tissue using suitable

endodontic instruments;
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• Avoid mechanical instrumentation of the root

canal walls;

• Irrigate with 1.5–3% sodium hypochlorite (20 mL,

5 min), use of side-vented needle, place 2 mm

above vital tissue (which can be controlled using

an operating microscope or when the patient

reports pain). The choice of sodium hypochlorite

concentration reflects the need for a balance

between sufficient disinfection and tissue preserva-

tion (Martin et al. 2014);

• Bleeding or exudate (control with paper points)

may require extended irrigation;

• Irrigate with sterile physiological saline (5 mL) to

minimize the cytotoxic effects of sodium hypochlo-

rite on vital tissues;

• Dry with paper points;

• Irrigate with 20 mL of 17% EDTA;

• Insert a nondiscolouring calcium hydroxide pro-

duct (Lenherr et al. 2012) homogenously into the

root canal. For most published case reports, antibi-

otics, mainly triple antibiotic paste consisting of

ciprofloxacin, metronidazole and minocycline (Hos-

hino et al. 1996) were used with good results.

Drawbacks such as discolouration (Lenherr et al.

2012), cytotoxicity (Ruparel et al. 2012), sensitiza-

tion, development of resistance and difficulty of

removal from the root canal (Berkhoff et al. 2014)

need to be taken into account. Recent publications

advocate the use of calcium hydroxide (for reviews

see Bezgin & S€onmez 2015, Galler 2015,

Kontakiotis et al. 2014);

• Place coronal seal directly onto intracanal dressing

with a minimum thickness according to the mate-

rial selected.

Second appointment (2–4 weeks later)

• Clinical diagnostics according to the checklist (see

Appendix 2);

• If signs of inflammation have not subsided, refresh

calcium hydroxide. Administration of systemic

antibiotics may be considered if the patient reports

general health alteration such as fever or dyspha-

gia (for further information see recommendations

of the European Academy of Paediatric Dentistry/

EAPD);

• Cleaning, anaesthesia, field isolation and disinfec-

tion of operating field. The chosen anaesthesia

should feature optimal bone penetration. Current

recommendations specify the use of anaesthetics

without vasoconstrictor; however, the creation of

a blood clot is mostly hampered by the patients’

sensation of pain, and evidence describing

improved bleeding without vasoconstrictor is

sparse (Petrino et al. 2010). Experiences from the

first visit regarding patient compliance, anxiety

and pain control should be taken into account;

• Remove temporary seal;

• Irrigate with 17% EDTA (20 mL, 5 min), use of

side-vented needle and place 2 mm above vital

tissue;

• Irrigate with sterile physiological saline (5 mL) to

reduce adverse effects of irrigants on target cells;

• Remove excess liquid with paper points;

• Induce bleeding by mechanical irritation of peri-

apical tissue and rotational movement of an api-

cally pre-bent file (e.g. size 40 Hedstr€om);

• Allow the canal to fill with blood until 2 mm

below the gingival margin to wait for blood clot

formation for 15 min;

• Cut a collagen matrix (e.g. Parasorb Cone (Resorba,

Medical GmbH, Germany), Collaplug (Integra LifeS-

ciences Corp., Plainsboro, NJ, USA) or Hemocolla-

gene (Septodont, Saint Maur des Foss�es, France) to

a diameter larger than the coronal part of the root

canal and a height of 2–3 mm, place on top of the

blood clot, allow the matrix to soak with liquid to

avoid formation of a hollow space;

• Place a hydraulic silicate cement (e.g. MTA or tri-

calcium silicate cement) on top of the collagen

matrix in a thin homogeneous layer of about

2 mm underneath the cement–enamel junction

and beware of potential discolouration after con-

tact of the material with blood;

• Apply a flowable, light-curable glass–ionomer or

calcium hydroxide cement;

• Refresh the cavity walls with a diamond bur or

grit blast with aluminium oxide;

• Seal with adhesive restoration.

Follow-up

Follow-ups should be performed after 6, 12 and 18

and 24 months, after that annually for 5 years. A 3-

month follow-up is recommended in cases of long-

standing infection, difficult elimination of signs of

inflammation (e.g. second application of intracanal

dressing), the presence of inflammatory root resorp-

tion or where alternative treatment (e.g. autotrans-

plantation) has to be considered. Clinical and
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radiographic diagnostics should be performed accord-

ing to the flow chart.

In the case of planned orthodontic treatment, it

should be recognized that teeth after revitalization

may be more perceptible to inflammation and apical

root resorption (Kindelan et al. 2008). Thus, bony

healing should be awaited, and teeth after revitaliza-

tion should be excluded from orthodontic treatment

or follow-up intervals should be shortened during

orthodontic treatment.

Success criteria

• No pain;

• No signs and symptoms of inflammation;

• Healing of pre-existing bony periapical lesion;

• Increase of root thickness and length;

• Absence of (continued) external root resorption;

• Positive response to sensibility testing;

• Patient acceptance;

• No unacceptable colour changes;

• Radiographic detection of a new PDL along the

inner wall of the root canal.

Assessment and future perspective

Regenerative endodontic procedures have become

part of the endodontic treatment spectrum. Clinicians

with suitable training should be aware of the proce-

dure and consider it as an alternative treatment to

apexification based on the individual case. A growing

body of evidence that shows the clinical feasibility of

this approach makes it likely that regenerative

endodontic therapies will become established proce-

dures in endodontic practice.
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Appendix 1: Patient Consent Form

Revitalization

Dear parent or legal guardian,

The dental examination of your child has shown that

due to unusual anatomy, dental decay or trauma, the

loss of the inner soft tissue (dental pulp or ‘nerve’)

has occurred in a tooth with incomplete root forma-

tion. This document provides information regarding a

biology-based treatment as an alternative to conven-

tional treatment, which opens the possibility of a bet-

ter prognosis.

General information

At the time of tooth eruption, the formation of the

root below the gum that anchors the tooth in its

bony socket is not complete. In fact, it takes 2–
3 years for the root to become fully developed. If

damage to the dental pulp occurs before the root is

fully developed, the dentist faces a number of prob-

lems:

• The loss of the dental pulp (nerve) stops any fur-

ther root development;

• Immature teeth have a wide root canal, thin canal

walls that are prone to fracture and a wide open

apex at the root tip. These conditions do not allow

for conventional root canal treatment;

• Following infection in the pulp subsequent prob-

lems may include inflammation of the surrounding

bone, resorption of tooth root or surrounding

bone, increased tooth mobility and eventually

tooth loss.

Conventional therapy and treatment options

Apexification

Conventional treatment involves thorough disinfec-

tion of the root canal and insertion of a biocompatible

and bioactive cement as an apical barrier towards the

tip of the root. The material induces the formation of

hard tissue at the root tip. The disadvantage of apexi-

fication is that the pulp does not regain vitality and

that the root length and thickness do not increase; in

other words, the tooth remains weak.

No treatment

Bacteria inside the root canal can spread to the sur-

rounding bone and cause inflammation, which can

lead to abscess formation and premature tooth loss.

Extraction

Extraction of the tooth requires replacement, either

by an implant or a prosthodontic bridge, autotrans-

plantation or orthodontic space closure. Implants and

bridges should be performed only in adult patients

after skeletal growth is complete (20–30 years of

age).

Extraction and autotransplantation

After extraction of a damaged incisor, it can be

replaced with a posterior tooth, for example a premo-

lar, if root development of this posterior tooth is at

the correct stage. This procedure requires extraction

and transplantation of the posterior tooth in the posi-

tion of the incisor.
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Biology-based treatment – revitalization

The treatment we are planning requires at least two

visits. During the first visit, access to the pulp chamber

and root canal is achieved and the pulp tissue

remnants are removed. The access cavity is placed on

the palatal or lingual aspect of the tooth and is not visi-

ble from the outside. The tooth will be shielded (nor-

mally with a rubber dam) to avoid contamination with

saliva. The root canal inside the tooth will be disin-

fected with irrigant solutions, and a medicament is

placed into the canal before placement of a temporary

filling. The medicament is usually calcium hydroxide;

however, if signs of inflammation persist, the use of an

antibiotic mix inside the root canal may be indicated.

With the exception of the antibiotic mix, all these

stages are part of regular endodontic treatment.

On the second visit, the temporary filling and medica-

ment are removed. After repeated rinsing with antisep-

tics, bleeding is induced into the canal by mechanical

irritation of the tissue at the root tip with a hand instru-

ment. After 10–15 min, a blood clot will form inside the

root canal, which is then covered with a collagen

sponge, a layer of bioactive cement and the permanent

filling. All measures are normally performed under local

anaesthesia and are free of pain. An exception might be

the use of the hand file to induce bleeding, which can

cause mild irritation but is not painful.

Advantages

The goal of the treatment is to repopulate the root

canal with vital living tissue in order for root develop-

ment to continue. This leaves the tooth with thicker

and stronger root walls and allows the bony lesion to

heal. Regeneration of the dental pulp can be induced

by stem cells, which reside in the apical part of the

root of immature teeth. With the induction of bleed-

ing, they can flow into the root canal and induce

complete root formation.

If the described treatment does not lead to a suc-

cessful outcome, conventional treatment can still be

attempted.

Assessment and risks

Revitalization is a fairly new treatment option that

has been described in the dental literature in case

reports and case series in the past 10 years. However,

there are only a small number of clinical trials, and

an agreed clinical technique has not been developed.

The procedure is promising, but treatment success

depends on several factors, including type and

duration of the inflammation as well as an individ-

ual’s healing and defence mechanisms.

After treatment, pain can occur in some cases. If it

does not subside, please return to the clinic to con-

sider other treatment options.

The treatment may lead to discolouration of the

crown, which might be aesthetically unfavourable.

Follow-up

After initial treatment, follow-up visits are necessary

to observe the healing process. This includes regular

clinical and radiographic examinations, initially after

3, 6, 9, 12 and 18 months, after that every year for

the next 5 years.

Patient consent

I confirm that I have been informed comprehensively

regarding the planned treatment. All my questions

have been answered.

Date, Place Signature
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Appendix 2: Revitalization: Pre-operative Diagnostics

Patient

Age

Gender

Affected tooth

Chief complaint

Medical and dental history

Drugs used before treatment

Yes No Remarks

Clinical Examination

Response to cold thermal pulp test

Response to electric pulp test

Tenderness to percussion

Tooth mobility

Ankylotic percussion tone

Pain on palpation

Swelling

Sinus tract

Coronal discolouration

Probing depth ≫ mb: b: db:

ml: l: dl

Cracks

Radiographic Analysis

Periapical lesion Size:

Apical foramen ≫ Size:

CBCT analysis
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