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Abstract
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This European Society of Endodontology (ESE) posi-

tion statement on surgical extrusion, intentional

replantation and tooth autotransplantation represents

the consensus of an expert committee, convened by

the ESE. A narrative review (Plotino et al. 2020,

international Endodontic Journal, 53, 1636–52)
formed the basis for the position statement. The

review provided detailed information on the

background, clinical procedures and the outcome of

surgical extrusion, intentional replantation and tooth

autotransplantation techniques. The aim of the cur-

rent statement is to summarize the best available evi-

dence on these clinical techniques to provide

appropriate clinical guidance to undergraduate and

postgraduate students, dental practitioners, clinical

teachers and researchers. The current position state-

ment will be updated by the ESE periodically to reflect

new evidence as it becomes available to provide the

most current treatment guidance for clinical practice.
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sion, tooth autotransplantation.
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Introduction

Teeth considered nonrestorable by conventional treat-

ments, such as those with unmanageable endodontic

disease, subgingival caries or fractures, are candidates

for management by surgical extrusion, intentional

replantation or tooth autotransplantation. These

related procedures have a similar approach involving

the atraumatic detachment of a tooth from its alveo-

lus. In surgical extrusion, the tooth is surgically

shifted within the socket to a more favourable posi-

tion so that the remaining tooth structure is more
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coronally placed (Yi�git €Ozer et al. 2011, Das & Muthu

2013). Intentional replantation (Grossman 1966)

involves the atraumatic removal of a tooth, inspection

of root surfaces, extra-alveolar endodontic manage-

ment/repair and repositioning in the same socket at

the original level. Extra-alveolar management may

also form part of the surgical extrusion procedure.

Tooth autotransplantation (Natiella et al. 1970)

involves the extraction of an unerupted or erupted

tooth and its placement in an extraction or surgically

prepared socket within the same person.

Clinical procedures

Pre-treatment considerations

Patient consent

The clinician must provide clear and complete infor-

mation on the risks and benefits of the treatment to

patients. This will allow patients to make an informed

decision with regard to the treatment options

proposed.

Preoperative imaging

Conventional radiographs usually provide sufficient

information to confirm the anatomy and/or diagno-

sis to execute the treatment. Small field of view pre-

operative cone-beam computed tomography (CBCT)

may be helpful in providing three-dimensional (3D)

information about the anatomy of the tooth and sur-

rounding structures when conventional radiographs

fail to provide this information (European Society of

Endodontology 2019). The practitioner should be

aware of the indications stated in the ESE Position

Statement on CBCT (European Society of Endodontol-

ogy 2019). In tooth autotransplantation, a preopera-

tive CBCT allows the clinician to create a 3D replica

of the donor tooth (Lee et al. 2001) and/or a 3D-

printed guiding template (Strbac et al. 2016, Anssari

Moin et al. 2017).

Prophylactic regimen

A systemic antibiotic prophylaxis should only be pre-

scribed when dictated by the medical condition of the

patient. Prophylactic antibiotics are recommended for

individuals with complex congenital heart defects, pros-

thetic cardiac valves or a history of infective endocardi-

tis, receiving intravenous bisphosphonate treatment

and after joint surgeries (first 3 months) (European

Society of Endodontology 2018a). Practitioners should

be aware of the indications and antibiotic choices set

out in the ESE Position Statement on antibiotics (Euro-

pean Society of Endodontology 2018a).

Preliminary oral hygiene

Local debridement of plaque and calculus must be

performed, and surgical sites must be disinfected to

maintain a clean field during the procedure (Becker

2018). Chlorhexidine (0.12% or 2%) is recommended

for disinfection of the surgical site (Becker 2018).

Local anaesthesia

Standard local anaesthetic solutions and techniques

are recommended to anaesthetize the target area for

these procedures (St George et al. 2018).

Treatment

Surgical extrusion and intentional replantation

• When incising the gingival fibrous attachment,

utmost care should be taken to avoid mechanical

damage of the root surface and the gingival fibres.

• Surgical extrusion may be performed with or with-

out removing the tooth from its alveolus; however,

if the tooth is removed, it is always advisable to

perform a visual inspection of the root surface

extra-orally under magnification (Kratchman

1997, Niemczyk 2001, Choi et al. 2014, Jang

et al. 2016a).

• During extra-alveolar manipulation, damage to

the PDL can be reduced by holding the crown of

the tooth with a wet sterile gauze or the forceps

used for extraction (Kratchman 1997).

• The root surface should be kept wet using appro-

priate storage media (e.g. special cell culture

media, Hanks balanced salt solution) during all

extra-alveolar procedures (Niemczyk 2001, Lee

et al. 2018).

• The total extra-alveolar time of manipulation

should be as short as possible and never exceed

15 min, as it is a critical factor for determining

the long-term prognosis of the treatment (Hupp

et al. 1998).

• During extra-alveolar procedures, protection of the

blood-filled socket with sterile gauze is useful to

prevent contamination of the site by saliva (Cho

et al. 2016).

• If necessary, root-end resection with root-end fill-

ing can be performed extra-orally without substan-

tially increasing the extra-alveolar time (Jang

et al. 2016a). Root-end resection (2–3 mm) and

cavity preparation (3 mm) should be performed to

Extrusion, replantation and autotransplantation Plotino et al.
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enhance the placement of the root-end filling

(Becker 2018), further simplifying the subsequent

orthograde root canal treatment if it is not possible

to carry it out at an earlier stage or simultane-

ously with the surgical procedures (Jang

et al. 2016a).

• If surgical extrusion or intentional replantation is

performed to treat teeth with cervical resorption

or a deep carious lesion, all granulation and cari-

ous tissue within the defect must be removed to

avoid recurrence. For restoration, glass ionomer

cements, resin-based composites or fast setting

hydraulic calcium-silicate materials may be

selected, depending on the morphology and the

extension of the resorptive cavity (European Soci-

ety of Endodontology 2018b).

• Socket curettage is only recommended when a

periapical granuloma and/or extruded filling mate-

rials need to be removed (Kratchman 1997,

Asgary et al. 2014, Cho et al. 2016).

• The tooth should be reinserted in the socket with

digital pressure and the occlusion checked (Becker

2018).

• When extrusion of the root is needed to allow a

ferrule to be prepared, rotation of the root by 180

degrees before replantation may be an option to

expose the defect margin on both aspects (Krastl

et al. 2011).

Tooth autotransplantation

• During extraction of the tooth to be replaced,

the clinician must avoid damaging the cortical

plates.

• In congenitally missing teeth or after early tooth

loss, the recipient site needs to be prepared surgi-

cally (Yu et al. 2017). The recipient site should be

larger than the dimensions of the donor tooth, so

that the donor tooth is not inserted into the socket

with undue pressure. Implant drills with internal

and external water cooling or piezoelectric inserts

are recommended for this procedure.

• The donor tooth requires an orthograde root canal

treatment that should be performed before the sur-

gery (if accessible) or after the surgery to minimize

the time required for extra-oral procedures that

may have a negative impact on the prognosis of

the tooth.

• The donor tooth should be extracted as atraumati-

cally as possible in order to minimize injury to the

gingival fibres around the neck of the tooth. Con-

sideration should be given to placement of gauze

over the crown before application of the extraction

forceps to prevent crazing of surface enamel or

slippage onto the root surface.

• Extra-alveolar manipulation of the donor tooth

should be limited to the root-end resection and fill-

ing in mature teeth and not exceeding 15 min. It

is important to keep the tooth in appropriate stor-

age conditions.

• As soon as possible, the donor tooth should be

placed in the recipient site, leaving it free from

occlusal and articulation forces (Andreasen & Kris-

terson 1981, Jang et al. 2016b).

• If the donor tooth is an immature tooth with an

open apex, it usually has sufficient access to blood

supply as well as stem cells to promote pulp revas-

cularization post-transplantation and it does not

require orthograde or retrograde endodontic treat-

ment. It can be placed in its original level of erup-

tion within the recipient site to allow it to erupt,

as root formation should continue after revascular-

ization and closure of the apex. If signs or symp-

toms of pulp disease occur, root canal treatment

can be initiated.

• Computer-aided rapid prototyping (CARP) models

(tooth replicas) and 3D-printed guiding templates

fabricated from CBCT imaging show the required

dimensions of the recipient site during surgery

related to the actual dimensions of the donor

tooth and will enable its ideal 3D repositioning

(Ashkenazi et al. 2018). This will reduce the

extra-oral time and the number of fitting

attempts (Lee & Kim 2012), thus minimizing

iatrogenic mechanical damage to the PDL

(Anssari Moin et al. 2017) and complications

such as root resorption and attachment loss

(Chung et al. 2014).

Post-treatment considerations

Splinting teeth

To support periodontal healing, the splint should be

passive, flexible and allow good oral hygiene (Fouad

et al. 2020). To meet these requirements, usually thin

wires no greater than 0.3–0.4 mm are bonded to the

labial tooth surface (Kahler et al. 2016). The duration

of splinting depends on the stability of the tooth after

replantation and can vary from 2 weeks for most

cases of intentional replantation to up to 6 weeks for

cases of high mobility after surgical extrusion. In

specific cases, postoperative fixation can be performed

with a crossed suture suspended above the occlusal

Plotino et al. Extrusion, replantation and autotransplantation
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surface with or without the use of resin-based com-

posite to fix the suture to the tooth surface.

Occlusal check

After these procedures, the occlusion has to be

adjusted to relieve occlusal contacts (Asgary

et al. 2014, Choi et al. 2014, Jang et al. 2016b,

Becker 2018). It is recommended that any developing

occlusal interference should be adjusted.

Pharmacological therapy

Standard medication strategies should be applied to

reduce postoperative pain (Zanjir et al. 2020). Sys-

temic antibiotics have the ability to reduce infection

(Hammarstrom et al. 1986, Andreasen et al. 1990)

and can improve the outcome of autotransplantation,

as the failure rate has been reported to be 2.5 higher

in studies not using systemic antibiotics compared

with those using antibiotics (Chung et al. 2014). Sim-

ilarly, the resorption rate has been reported to be 1.4

times higher in studies not using systemic antibiotics

than those using antibiotics (Chung et al. 2014).

However, the clinician should be aware of the ESE

Position Statement on antibiotics (European Society of

Endodontology 2018a).

Root canal treatment

Root canal treatment should be performed within

2 weeks after the surgical procedures to prevent

inflammatory root resorption (Andersson et al. 2012).

Restorative and orthodontic treatments

According to the aesthetics and function of the tooth,

restorative treatment is usually initiated six to eight

weeks after the surgical intervention. In general,

transplanted and replanted or extruded teeth should

not be moved orthodontically for at least six months

after the procedure (Kindelan et al. 2008, Day

et al. 2008).

Patient information

The risks and the possible outcomes of these proce-

dures should be always explained clearly to the

patients and/or their carers.

Conclusion

Surgical extrusion, intentional replantation and tooth

autotransplantation are important treatments that

can be provided within the scope of Endodontic prac-

tice. The clinician’s knowledge about these

procedures, their management and possible complica-

tions are important to achieve optimal success.
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