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Abstract
Objectives  To determine the survival of intentional autotransplantation of developing teeth.
Material and methods  An electronic search was carried out in the MEDLINE database, Web of Science, and Cochrane 
Library. The criteria used are the ones described in the PRISMA Declaration. The following MeSH terms were used: ("tooth" 
[MeSH Terms] OR "tooth" [All Fields]) AND ("transplantation, autologous" [MeSH Terms] OR ("transplantation" [All 
Fields] AND "autologous" [All Fields]) OR "autologous transplantation" [All Fields] OR "autotransplantation" [All Fields]) 
AND ("humans" [MeSH Terms]. Randomised clinical trials and prospective and retrospective clinical studies were included.
Results  The meta-analytic study of overall survival included a total of 14 studies, yielding an overall survival rate of 97.9%. 
In studies with 1-year follow-ups, survival was 98%. The resulting 2-year follow-up rate was 97%, while the 5- and 10-year 
survival rates were 95.9% and 96.9%, respectively.
Conclusions  The autotransplantation technique performed in a single-phase and on teeth that have not completed their 
development is a predictable technique, with a described survival rate at a 2-year follow-up of more than 97%.
Clinical Relevance  The technique of dental autotransplantation is considered an important resource for the resolution and 
rehabilitation of tooth loss in patients, especially in those who are still in a growth period. Moreover, this technique has a 
low complication rate and a 10-year survival rate of 96.9%. It should therefore be considered a safe and reliable procedure.

Keywords  Tooth autotransplantation · Meta-analysis · Root development · Incomplete root formation · Immature impacted 
tooth

Introduction

Autotransplantation or autogenous tooth transplantation is 
defined as the transfer of a tooth from its original location 
to another location within the same individual to replace 

a missing tooth. This absence may be due to various rea-
sons such as congenital absences, ectopically erupted teeth, 
extensive caries lesions, periodontal disease, trauma, or 
failed endodontic treatment. This treatment may include the 
transfer of teeth or tooth roots into post-extraction sockets 
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or surgically prepared sockets. The success of the treatment 
will depend on the indication of the case and patient selec-
tion [1].

Although today most adult tooth loss is replaced by the 
placement of dental implants, there are occasions where 
autotransplantation may be an alternative, such as in patients 
in a growth period, where implants may interfere with the 
development of the jaws. This would not occur with a trans-
planted tooth, as it would adapt and allow the alveolar pro-
cess to develop. On the other hand, in adult patients in whom 
growth has ceased, autotransplantation should be considered 
a viable option as third molars are in root development in 
many young adult patients, and revascularisation could even 
be achieved if they were used as donor teeth for transplanta-
tion. [2]

The key to the success of autotransplantation in patients 
in the growth period and development stages is the absence 
of ankylosis, which could serve as the first factor for good 
treatment predictability, as well as pulp revascularisation. 
Other criteria for success are the absence of root resorption, 
a healthy state of the soft and hard tissues around the trans-
planted tooth, and a crown-to-root ratio of less than one [3]. 
Ong et al. [4] established other criteria for success, such as 
treatment of medically stable patients, donor tooth with nor-
mal morphology and matching the recipient socket, atrau-
matic tooth extraction technique, minimal extraoral time of 
the donor tooth, tooth transplanted into an existing socket 
rather than a created socket, avoiding post-transplant trauma, 
and maintaining excellent oral hygiene.

Tooth autotransplantation is a technique that has contin-
ued to be developed to the present day, being valid and with 
results in clinical studies that support its use in daily practice 
[2]. Numerous reviews confirm the success of this technique 
in patients with completed tooth development; however, the 
number of reviews in the scientific literature that focus their 
research exclusively on teeth that have not completed their 
root development is not so high. Furthermore, it should be 
borne in mind that the technique used in this type of tooth 
is very favourable due to the possibility of revascularisation 
and therefore preserves pulp vitality.

The present study aims to determine the survival of 
autotransplanted teeth with a developing apex using the 

immediate surgical technique by means of a systematic 
review with meta-analysis.

Material and methods

An electronic search was carried out in the MEDLINE 
database (through PubMed), Web of Science (WoS), 
and Cochrane Library using the following MeSH (Medi-
cal Subjects Headings) terminology: ("tooth"[MeSH 
Terms] OR "tooth"[All Fields]) AND ("transplantation, 
autologous"[MeSH Terms] OR ("transplantation"[All 
Fields] AND "autologous"[All Fields]) OR "autologous 
transplantation"[All Fields] OR "autotransplantation"[All 
Fields])) AND ("2010/04/03"[PDat]: "2021/03/30"[PDat] 
AND "humans"[MeSH Terms].

The criteria used are the ones described in the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-analysis) Declaration [5]. The main objective was to 
answer the following “PICO” (P = patient/problem/popula-
tion; I = intervention; C = comparison; O = outcome) ques-
tion (Table 1):

In patients with edentulism or patients with the need for 
exodontia of one or more teeth (P), does autotransplantation 
of a tooth that has not completed root development, with 
immediate surgical technique (I), has a survival and success 
rate at two or more years post-treatment (O)?

In addition, the need or not to perform root canal treat-
ment on the autotransplanted teeth was evaluated.

Meta‑analysis

A meta-analysis was carried out to determine the overall, 
1-year, 2-year, 5-year, and 10-year survival of autotrans-
planted teeth with an open apex. In this case, it is a preva-
lence study since there are not two techniques to compare 
with each other, but the survival of the autotransplanted 
teeth has been investigated. The software used for its cal-
culation was Stata® release 15 (College Station, TX: Stata-
Corp LLC). To obtain the meta-analysis of the survival data, 
the fixed effects method was used due to the homogeneity 
obtained between the studies, through Cochran’s Q statistic.

Table 1   Components of the PICO question

P (population) Patients with edentulism, or the need for exodontia of one or more teeth that have not completed their dental development
I (intervention) Tooth autotransplantation with immediate surgical technique
C (comparison) There is no comparison. Tooth survival is evaluated at 1 year, 2 years, 5 years, and 10 years
O (outcome) Survival of autotransplanted teeth and success of autotransplanted teeth at two or more years post-treatment
PICO question In patients with edentulism or the need for exodontia of one or more teeth that have not completed root development, 

does autotransplantation with immediate surgical technique show survival and success at two or more years post-
treatment?
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Inclusion criteria

(a) Randomised clinical trials (RCTs), (b) prospective and 
retrospective clinical studies, (c) human studies, (d) articles 
published in English and Spanish, (e) studies in patients who 
have not completed their tooth development, (f) studies in 
patients presenting edentulism of one or more teeth or need 
for exodontia of any tooth, (g) studies with a minimum sam-
ple of 10 cases of autotransplantation, (h) publications with 
a follow-up time greater than or equal to 2 years, and (i) 
grey literature.

Exclusion criteria

(a) Animal studies, (b) ex vivo studies, (c) in vitro studies, 
(d) studies on patients who have completed tooth develop-
ment, and (f) studies in which cryopreservation of the tooth 
has been performed.

Risk of bias

The risk of bias in the included studies was independently 
evaluated by two authors (JSP, NK). In both the extraction of 
the data and the evaluation of the risk of bias, the disagree-
ments between the two authors were resolved through the 
intervention of a third author (CMMP).

In addition, to make a common analysis of the risk of bias 
for all studies, the critical appraisal tool of the Joanna Briggs 
Institute [6] was used (Table 2). This assessment aims to 
determine whether the studies that met the planned inclusion 
criteria are of as high a methodological quality as possible. 
In addition, this assessment will interpret the possible risks 
of bias in the selected studies. To determine the methodo-
logical quality of each study, a score was assigned according 
to whether they met the criteria for high, medium, or low 
methodological quality. Thus, if they answered yes to more 
than 7 items, they were considered to be of high methodo-
logical quality, between 5 and 7 of medium methodological 
quality and less than 5 of low methodological quality.

Results

Search strategy and study selection:

The electronic databases were searched using the term 
“tooth autotransplantation.” A total of 337 results of human 
studies were obtained by establishing the time range between 
2010 and 2021, and after analysing the titles of these studies, 
14 were discarded as they were duplicated. Of the remaining 
323, 147 were excluded because they dealt with topics dif-
ferent from the purpose of the study. We then screened for 
studies that were not available in full text, having to discard 

30 of them to obtain a total of 146 articles to analyse. After 
reading the titles and abstracts of these 146 articles, 77 were 
discarded for having a sample of fewer than 10 cases, 7 for 
having carried out cryopreservation of the teeth, 6 for being 
in vitro or cadaver studies, 30 for carrying out the studies on 
teeth with complete root development, and 9 for not specify-
ing the degree of root development of the teeth included in 
the study. Finally, a total of 17 articles were included for the 
present review, 11 being observational, 5 clinical trials, and 
1 RCT (Fig. 1).

Clinical studies

A total of 17 studies published between 2010 and 2021 met 
the inclusion criteria for the analysis of the clinical outcomes 
obtained. Of these, 11 were observational studies [7–18], 5 
non-randomised clinical trials [20–24], and one RCT [1]. 
Regarding the methodological quality of these studies, after 
analysis using the Joanna Briggs Institute’s critical appraisal 
tool, 7 articles were found to be of high methodological 
quality and the other 10 articles were of medium methodo-
logical quality.

In these studies, a total of 610 teeth with incomplete root 
development were transplanted; however, the total number 
of patients in whom these autotransplantations were per-
formed could only be obtained from 5 articles for a total of 
165 patients (Table 3).

The stage of root development was evaluated using the 
Moorrees et al. classification [8] with the following values:

Stage 1: initial to one quarter root formation
Stage 2: one half root formation
Stage 3: three-quarters of root formation
Stage 4: complete root formation with open apical fora-
men
Stage 5: complete root formation with half-open apical 
foramen
Stage 6: complete root formation with closed apical fora-
men

The donor teeth were canines, premolars, and molars, 
both maxillary and mandibular, and the recipient sites were 
fundamentally the anterior area, as well as the molar and 
premolar areas.

In total, 26 autotransplanted teeth required a root canal 
treatment.

RCT​

Only one RCT [1] was found with a sample of 13 autotrans-
planted teeth, of which, one received subsequent root canal 
treatment. The described success rate was 92%, and the sur-
vival rate 100%. The analysis of this study using the Joanna 
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Briggs Institute tool found it to be an RCT with medium 
methodological quality, as it answered yes to 7 of the 10 
items analysed.

Meta‑analysis

The possibility of meta-analysis of the variable “treatment 
success” had to be discarded due to the lack of common 
criteria for defining autotransplant success. Not having been 
studied in all publications, in the same way, statistical analy-
sis for this variable was not possible.

In the overall survival group, a total of 14 studies were 
included [1, 9–13, 15, 16, 18–23] with a survival rate of 
97.9% at a confidence interval of 96.2–99.6% (Fig. 2). In 
studies where recalls were done at 1 year, survival is 98%, 
with a 95% confidence interval of 96.1–99.9% (Fig. 3). The 
resulting percentage for studies that followed up at 2 years 
was 97% at a confidence interval of 94.4–95.5% (Fig. 4). 
In both the 5- and 10-year reevaluation publications, the 
survival rates were also high at 95.9% (Fig. 5) and 96.9% 
(Fig. 6), respectively.

Discussion

Survival and success criteria

In this systematic review on autotransplantation of teeth with 
immature apex, the success and survival of this technique 
have been studied by basing the review on studies published 
in the last 11 years, which have been subjected to strict 
inclusion and exclusion criteria. The survival rates reported 
by the present meta-analysis in the first, second, fifth, and 
tenth year are higher than 95%, so autotransplantation should 
be considered as a predictable long-term technique; how-
ever, a great heterogeneity has been observed among the 
criteria used to consider autotransplantation a “success.” In 
this regard, Gonnissen et al. [7] considered the treatment to 
be successful when the transplanted tooth remained asymp-
tomatic, even though it may have had root canal treatment. 
If the tooth showed progressive root resorption, pathological 
periodontal pockets, alveolar bone loss, or apical inflamma-
tion, the transplantation was defined as “unsuccessful,” even 
if the tooth remained asymptomatic.

Fig. 1   PRISMA® flow diagram 
of the search processes and 
results

3799Clinical Oral Investigations (2022) 26:3795–3805
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Most authors consider the presence of external or internal 
root resorption as a sign of autotransplantation failure. How-
ever, other authors such as Yan et al. [19] did not take this 
criterion as a criterion for success, measuring other variables 

such as the stability of the tooth in the alveolar bed, without 
the presence of symptomatology, correct masticatory effi-
ciency, and that radiographically no periapical radiolucent 
images were observed and the appearance of the lamina dura 

Table 3   Included studies (RTC, randomised clinical trial; max, maxillary; mand, mandibular; I, incisor; C, canine; M, molar; PM, premolar)

Authors 
(year)

Study type Sample size Autotrans-
planted 
teeth

Root devel-
opment 
stage

Root canal 
treatment

Donor tooth Receptor bed Success rate 
(%)

Survival rate 
(%)

Gonnissen 
et al.[7] 
(2010)

Retrospective 
observa-
tional

- 17 2, 3, 4 - C (max, 
mand)

M (mand)

C (max) 70.6 -

Yan et al.[19] 
(2010)

Clinical trial - 16 5 2 3 M M 87.5 100.0

Isa-Kara et al.
[9]. (2011)

Retrospective 
observa-
tional

- 11 2–5 0 3 M M 100.0 100.0

Marques–Fer-
reira et al.
[1] (2011)

RCT​

Vilhjálmsson 
et al.[11] 
(2011)

Retrospective 
observa-
tional

- 26 0–5 0 - I, C 84.6 100.0

Plakwicz 
et al.[20]. 
(2013)

Prospective
Clinical trial

19 23 2–5 0 PM (max, 
mand)

I, PM 91.3 100.0

Schütz et al.
[12]. (2013)

Retrospective 
observa-
tional

46 57 2–4 1 3 M (max, 
mand)

M, PM 94.7 94.7

Nagori et al.
[21]. (2014)

Prospective
Clinical trial

- 45 2–5 - 3 M (max, 
mand)

M (max, 
mand)

86.7 -

Gilijamse 
et al.[13] 
(2016)

Retrospective 
observa-
tional

- 57 3–4 - - - - 100.0

Mertens et al.
[15]. (2016)

Retrospective 
observa-
tional

30 25 3 0 3 M (mand)
2PM (mand)

2PM, 1 M, 
2 M

61.1 96.0

Stange et al.
[16]. (2016)

Retrospective 
observa-
tional

19 20 - 0 PM I (max) 93.3 100.0

Kafourou 
et al.[17]. 
(2017)

Retrospective 
observa-
tional

- 45 - 11 - - - -

Michl et al.
[22]. (2017)

Prospective
Clinical trial

- 26 3–5 - PM - - -

Strbac et al.
[18]. (2017)

Retrospec-
tive cohort 
study

- 66 2, 3 4 M PM, M - 89.4

Jakobsen 
et al.[23]. 
(2018)

Non-ran-
domised 
clinical 
trial

- 89 2, 3 0 PM - - -

Van West-
erveld et al.
[10] (2019)

Retrospective 
observa-
tional

51 74 - 7 PM, M - - 95.4

Yang et al.
[14]. (2019)

Retrospective 
observa-
tional

- 13 5 - - - - -

3800 Clinical Oral Investigations (2022) 26:3795–3805
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Fig. 2   Meta-analysis of overall 
survival data

Fig. 3   Meta-analysis of 1-year survival data

3801Clinical Oral Investigations (2022) 26:3795–3805



1 3

radiographically appeared adequate. Other authors such as 
Yang et al. [14], Plackwicz et al. [20], and Schütz et al. [12] 
stated correct healing of the periodontal soft tissues and a 
healthy appearance during the various check-ups as crite-
ria for success. Kafourou et al. [17], Mertens et al. [15], 
and Van Westerveld et al. [10] reported the continuation of 
root development in teeth with immature apex, while Vil-
hjálmsson et al. [11], Gilijamse et al. [13], and Michl et al. 
[22] evaluated the absence of radiographic apical pathology. 
Other factors considered relevant for treatment success have 
also been described in the scientific literature, such as the 
absence of non-physiological mobility, absence of discom-
fort for the patient, acceptable aesthetics, and the presence of 
periodontal pockets no deeper than 3 mm [7, 9, 16].

Pulp considerations

Pulp vitality is considered to be one of the main criteria 
for successful autotransplantation. In the study conducted 
by Northway et al. [24], a positive response to pulp vital-
ity testing was obtained at 2- and 4-month follow-up. This 

response is usually followed by a sign of pulp obliteration, 
which is corroborated in all teeth with immature apex treated 
in the study by Czochrowska et al. [25]. Furthermore, in the 
investigation by Vilhjálmsson et al. [11], the presence of 
radiographic pulp obliteration was considered a criterion for 
success. Nagori et al. [21] also demonstrated that all trans-
planted open apex teeth showed a positive response after 
electrical pulp vitality testing. Other authors such as Gonnis-
sen et al. [7] or Vilhjálmsson et al. [11] considered the tech-
nique to be successful even if the tooth had to undergo root 
canal treatment, provided that this had been carried out cor-
rectly and without subsequent complications.

Post‑extraction sockets vs artificially created 
sockets

Mertens et al. [15] stated that the prognosis for survival and 
success of teeth transplanted into post-extraction sockets 
was higher than in those transplanted into artificially cre-
ated sockets, probably due to the presence of periodontal 
ligament cells, which was corroborated by Gilijamse et al. 

Fig. 4   Meta-analysis of 2-year survival data

3802 Clinical Oral Investigations (2022) 26:3795–3805
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[13]. On the other hand, Plakwicz et al. [20] observed that 
only one of the teeth transplanted into an artificially created 
socket did not form a conventional hard plate.

Donor teeth and recipient sites

Molars, mainly the third molar, have been the most com-
monly used teeth, followed by premolars, usually extracted 
for orthodontic indication so that in many cases these 
autotransplanted teeth are subjected to further orthodon-
tic treatment. In most cases, these teeth were transferred to 
the molar and premolar areas, although there are also cases 
of transplantation to the incisal area. On the other hand, 
the main recipient sites chosen are the molar area, due to 
a higher incidence of caries, and the incisal area, as this is 
where trauma occurs most frequently and can lead to the loss 
of the upper central incisors.

Degree of root development

The degree of root development is one of the most impor-
tant considerations when deciding on the indication for 
autotransplantation and thus determining the prognosis of 
the tooth. In this regard, the most successful teeth reported 

were found with 75% or more of the root formed, but with-
out complete apex closure [14, 22]. Another important fac-
tor is the condition of the periodontal ligament at the time 
of autotransplantation [7]. Jakobsen et al. [23] assessed the 
damage to the periodontal ligament during the procedure 
and found that three of the treated teeth had suffered some 
type of lesion. Of these, only one achieved adequate root 
development, so it is considered that the damage to the liga-
ment will make it difficult for the tooth to continue root for-
mation in teeth with immature apexes.

Method of fixation

There is also no consensus on the most effective method of 
fixation of the transplanted tooth. For some authors, rigid 
fixation for a long period, longer than 4–6 weeks [9], might 
be counterproductive because it may promote ankylosis. In 
addition, rigid suturing may limit root growth, as well as hin-
der pulp revascularisation [26, 27]. Another factor supporting 
the use of non-rigid fixation is the occlusal stimulation of 
the transplanted tooth, which will promote regeneration and 
healing of the bone and periodontal ligament [13]. The only 
situation in which rigid fixation would be justified is in teeth 
that do not have good primary stability once placed in the 

Fig. 5   Meta-analysis of 5-year survival data
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socket, and even then, it should not be performed for long 
periods. Isa-Kara et al. [9] performed fixation of transplanted 
teeth using a thermoplastic retainer, which is now considered 
to be a durable, easy to sanitise, economical, and simple to 
produce fixation method. Moreover, more than 80% of their 
patients were satisfied with this type of retention.

Limitations

Due to the lack of uniformity of the success criteria 
described, there is no equivalence between the different stud-
ies, which makes it difficult to compare them. It is, therefore, 
necessary to establish common success criteria. Future lines 
of research should be directed towards RCTs on teeth with 
incomplete root development with larger sample sizes.

Conclusions

With the limitations of this study, it can be affirmed that the 
technique of autotransplantation performed in a single phase 
and with teeth that have not completed their development 
is a predictable technique, with a survival rate described at 
two years of follow-up of over 97%. This technique is espe-
cially recommendable in patients in the growth period and 

development stages; however, it is necessary to establish a 
clear surgical protocol in these cases, as well as a unification 
of the success criteria to be able to evaluate the effectiveness 
of the technique, as well as the necessary follow-up time.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00784-​022-​04435-8.
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