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Abstract: Dental autotransplantation is the process by which a tooth located in its natural socket is
extracted and relocated to another socket in which the tooth is missing or has been extracted due to
various reasons such as trauma, extensive caries or periapical pathology, among other reasons. This
proposed technique offers a more conservative alternative for patients in comparison with prosthetic
or implant techniques, especially in young patients where implants are contraindicated until their
maxillary bone system’s growth ends. Thus, the objective of this review was to present a qualitative
synthesis of the risk factors that influence the results of open apex dental autotransplantation in
humans. After confirming that there are various factors that influence dental autotransplantation, it
was concluded that the extra-alveolar time of the donor tooth and the periodontal damage of the root
of the donor tooth are the factors of greatest interest in the literature, both closely linked to the use of
3D replication of the transplanted tooth.

Keywords: tooth autotransplantation; open apex; influencing factors; immature apex; young patients

1. Introduction

When a tooth loss occurs, it is essential to replace it to prevent functional, aesthetic
and/or psychological problems. Currently, the most common treatments when a dental
absence is faced are removable prostheses, implants or orthodontics. However, there
is another less known option called dental autotransplantation, a promising alternative,
especially in young patients, where the treatments mentioned above may not be suitable
or cannot be performed [1–7]. This technique has various advantages compared with
conventional methods, such as the use of autologous tissue to preserve the periodon-
tal ligament, the preservation of the masticatory function and the favorable aesthetic
results [1–4].

Dental autotransplantation is defined as the transplantation of an impacted or erupted
tooth to another site, extraction socket or surgically prepared socket in the same individ-
ual [1,2,8]. This technique is used to replace a tooth that has to be extracted either because
it has been lost due to trauma, its restoration is impossible, endodontic treatment has
failed or it has been fractured [1,2,9]. A success rate of 89.68% (any signs of pathology
or need for additional procedures) and a survival rate of 98% (persistence of the trans-
planted tooth, with the need for additional procedures) have been calculated in open apex
autotransplantation [10] and 80% success and 95% survival in the mature apex [11].

The extracted tooth’s socket is used to hold the transplanted tooth, making the nec-
essary modifications to make it fit perfectly. If the tooth’s absence is maintained over an
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extended period of time, a new socket may need to be made using drilling techniques
similar to those used in implantology [1,2,9,12,13].

Dental autotransplantation presents a series of advantages. One of the most im-
portant is that it can be performed in growing patients, unlike current implantology
techniques [4,5,14,15]. In addition, it also allows one to maintain a vital periodontium,
allowing continuous growth, the preservation of the volume of the alveolar bone, bet-
ter conservation of the interdental papilla [5] and the possibility of dental movement
through orthodontic forces [2,5,16–18]. Likewise, it has been proven that the longevity and
prognosis of autotransplanted teeth are comparable with those of dental implants [9].

On the other hand, a series of complications can occur during or after performing
this technique, such as iatrogenesis or errors regarding case selection, which can cause
the patient to present ankylosis, root resorption, pulp necrosis or loss of the periodontal
ligament. These complications can eventually lead to tooth loss [1,19–21]. When root
formation is incomplete, it is more difficult for these complications to occur, since the pulp
tissue has greater regeneration potential. However, in teeth in which root formation is
complete, complications may be more likely to occur. For this reason, it has been suggested
that root canal treatment should be performed 2 weeks after the autotransplant has been
performed [1,19–21].

Considering the novelty of this technique in daily dental practice, its promising success
rates and its potential complications, it seemed convenient to carry out an updated review
on the factors influencing the results of open apex dental autotransplantation in humans.

2. Materials and Methods
2.1. Eligibility Criteria

• Full access to the text;
• Text published in English;
• Studies conducted in humans;
• Published in the last 5 years, from 2015 to 2020;
• Young patients with open apex autotransplanted teeth.

2.2. Search Strategy

The search, study selection and data extraction process was carried out by 2 different
researchers (E.P. and M.P.P.L.). In the event of any discrepancy between them, a third
investigator was consulted (J.G.G.).

An electronic search was performed in the Medline database in February 2020 and
last updated on December 2020. The search strategy was designed considering previous
studies in the field and their most cited keywords. Accordingly, the following terms were
combined for each database: ‘“tooth autotransplantation”, “incomplete root”, “open apex”,
“young patients” and “children patients”. The Boolean operator “AND” was used to
combine the terms and design the search strategy, as shown in Table 1.

Table 1. Search strategy and database.

Database Search Strategy Findings

Medline (Tooth autotransplantation) AND (incomplete root) 28
(Tooth autotransplantation) AND (open apex) 12

(Tooth autotransplantation) and (children patients) 148
(Tooth autotransplantation) AND (young patients) 100

2.3. Study Selection

The studies identified using the search strategy were exported from each database
into Mendeley reference manager software (Elsevier, Amsterdam, Netherlands). An initial
screening of the recorded titles and abstracts was performed following the inclusion and
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exclusion criteria. Studies which met the criteria were further assessed for eligibility by
full-text screening.

2.4. Data Extraction

Data extracted from the selected studies were divided into variables for study charac-
teristics, methodology and results/outcomes. The variables recorded for study characteris-
tics were authors and year of publication. Methodological variables included the number
of teeth, apex formation, dental stabilization, and 3D replica. Result variables included the
duration of the study and the survival rate.

3. Results

Search Results and Study Selection
The search identified 288 preliminary results in Medline. Of these, 259 were removed

(196 were not from the last 5 years, 1 was not written in English, 11 were non-human studies,
15 were discarded by title, 5 were discarded by abstract and 9 were not available). The
resulting 29 articles were assessed by full-text screening and all of them were considered
suitable for qualitative synthesis (Figure 1).
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4. Review

Both studies assessing children and young adolescents were considered in this review,
since the age range for the presentation of teeth with a physiological open apex may
extend to 21 years of age. According to the literature consulted, numerous factors influence
the success of dental autotransplantation in incompletely developed teeth. They are
detailed below and categorized according to the donated tooth, the recipient socket or the
treatment technique.

When selecting the donated tooth to be transplanted into another socket, the following
should be considered:

• Stage of tooth root formation: It is most optimal when between two-thirds and three-
quarters of the root have formed [22]. Some authors did not find significant differences
if the tooth presented a minor root formation [23]. Some authors indicated that the
diameter of the root canal in a tooth with a wide open apex (1–2 mm) decreases the
risk of pulp necrosis, since the revascularization of the pulp is greater and implies a
new supply of blood and nervous fibers that achieve the vitality of the tooth [17,24]. If
the formation of the tooth root is not completed, it will do so in its new location [25].
In addition, the preservation of the alveolar bone and revascularization of the pulp
may be achieved [25], avoiding root canal treatment and its possible complications
due to its difficulty in this kind of tooth [26].

• Type of tooth [17]: According to the literature, the premolar is the tooth most used as a
donor in cases of open apex [27,28]. It has been described that this may be because pre-
molars are the teeth most commonly extracted in orthodontic treatments [22,27,29,30].
Others report that transplants of third molars, impacted canines and supernumerary
teeth are also common, and that there is no significant difference if the donor’s tooth
comes from the maxilla or the mandible [29,31–33]. In his study, Tang considered an
optimal root as one that is morphologically conical, smooth and simple, considering
teeth with multiple roots and a rough surface to be more complicated [29].

• Eruption state [17]: Teeth can be categorized as not erupted, partially erupted or fully
erupted [17]. Tang, in his study, included erupted or embedded teeth that were not
previously functional [29], with those that had erupted being easier to remove without
damaging the periodontal ligament.

• The state of the periodontal ligament [17]: Kafourou et al. [17] described how the
state of the periodontal ligament is key to the success of dental transplantation and
that excessive trauma has a negative influence on the treatment’s prognosis [17]. It
of vital importance that the soft tissue surrounding the periodontal ligament—that
is, the cells that make up Hertwig’s root sheath—is not injured during the extraction
of the donor’s tooth [26], as well as the apical papilla stem cells (SCAPs), which are
fundamental for the root development of immature teeth [34]. The extraction must
be atraumatic and prevent damage to the tissues surrounding the tooth [25,27,29], in
order to increase the success and survival rate of the autotransplant [23]. Additionally,
Gilijamse et al. [35] assured us that an intact periodontal ligament around the tooth
facilitates its growth and adaptation to the alveolar bone, and also explained that
to avoid damage to this tissue, the size of the new alveolus must be greater than
that of the donor tooth. This guarantees the preservation of the tissue and thus
reduces the risk of ankylosis and external root resorption [35]. However, he also
described how teeth transplanted into the socket without any modification have a
higher survival rate [35]. Tsukiboshi qualified this factor as the most important for
successful transplantation [36]. Altogether, it is essential that the periodontal ligament
covering the tooth is not damaged to avoid ankylosis and root resorption, and induce
the formation of bone for the healing of the area [36], as well as the Hertwig sheath, in
order to continue the development of the root of the transplanted tooth [36].

The factors that need to be considered in order to categorize the receptor alveolus as
optimal are the following:
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• Location: Regarding the maxillary or mandibular location of the receptor alveolus,
better results are described in the maxilla [28], although little significant differences are
mentioned [25]. Nevertheless, authors describe how autotransplants in the anterior
maxilla require greater aesthetic results [28].

• Volume of alveolar bone and quality: It is stated that if the bone is deficient both in
quantity or quality, it has a negative influence on the success of the transplant, since
the surgery is hindered and the aesthetic result may be compromised. For this reason,
an adequate thickness of the buccal and lingual cortical bone of the area where the
tooth will be transplanted is required [17]. In fact, Gilijamse et al. [35] reported that
one of the primary factors for the transplant’s success is that the walls of the recipient
socket must have acceptable dimensions to guarantee the stability of the donor tooth.
Additionally, if the extracted tooth presents ankylosis or infection in the recipient
socket, it could influence the new tooth’s adaptation to the socket. [17]. Early tooth
loss during the patient’s growth period and the absence of replacement by dental
autotransplantation has a negative influence on the quality of the residual bone, which
will be needed for the placement of an implant after the growth period has ended [17].
This results in the need for previous bone graft procedures [17,26].

• Tissue damage during the procedure: Some authors stated that the affected tooth
must be extracted carefully, trying to contact the ligament as little as possible to avoid
ankylosis and other complications [5,27,35]. Verweij et al. [27] also highlighted the
importance of minimizing the iatrogenic damage caused by the excessive attempts to
fit the replica in the alveolus.

The following factors influence the technique:

• Use of a 3D replica [30]: that has been manufactured from a previous CBCT [27]
and that facilitates the dental autotransplantation process [16,27,28,37,38], reducing
the manipulation and extra-alveolar time of the transplanted tooth [26,39]. By using
the replica of the donor’s tooth, the extra-alveolar time is minimized to less than 1
minute [27], even seconds [40]. At the same time, as an alternative to this individu-
alized replica of the patient’s tooth, a pre-designed surgical template or guide of the
type of donor tooth in question could be used, which can be sterilized and reused,
but this entails a size discrepancy between the template and the donor tooth [27,38].
EzEldden et al. [30] made use of this surgical guide to favor the position of the donor
tooth and confirmed that as a result of the use of the replica, the time of the surgery
itself was reduced, going from 40 to 90 min in surgeries without replication and up
to 30 to 45 min in surgeries where this replica was used. Furthermore, EzEldden
pointed out that everything manipulated using this replica is not performed on the
donor’s tooth, so it helps to keep its periodontal ligament intact, avoiding future root
resorption, pulp necrosis or other possible complications [30].

• Stabilization of the donor tooth and its duration [17]: It is important to stabilize
the donor tooth to prevent mobility, since a lack of retention increases trauma and
instability while healing occurs [41]. There is controversy about the material to be
used and the time to splint the donor tooth. Sutures cause less risk of ankylosis
compared with wire, while the probability of failure will be higher [27,29]. Verweij
et al., Gilijamse et al. and Strbac et al. [23,25,27,35] used sutures to stabilize the tooth
in an interocclusal position, as did Jakobsen et al. [22], who also used sutures and kept
them for a week. Gonzalez-Ocasio et al. used orthodontic wires with a composite to
splint the transplanted teeth to the adjacent teeth for a month [42], and other authors
such as Mejía Cardona et al. [26] used a combination of sutures and splints and kept
the tooth in infraocclusion for 6 weeks or 3 weeks [33]. Meanwhile, Tang et al. [27]
indicated that in a series of treated cases, no significant differences were found in
terms of the stabilization method.

• Extra-alveolar time of the donor tooth and its storage [23]: Some authors state that
it is vital to minimize the extra-alveolar time of the donor tooth as much as possible to
preserve the periodontal ligament and maintain Hertwig’s epithelial sheath [43], and
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to reduce complications [5,23,27]. Strbac et al. [25] suggested that during this time,
the tooth must be preserved in a saline solution in order to not to interfere with the
possibility of pulp revascularization [23]. EzEldeen et al. [30] highlighted that with
the use of a replica, the donor tooth’s extra-alveolar time is reduced to less than 1
minute, whereas the extra-alveolar time of the donor tooth can be around 10 min in
other circumstances.

• Operator/surgeon’s experience: Jakobsen et al. [22], in their study, concluded that
there are no significant differences in terms of the operator’s experience, nor in the
occurrence of adverse effects. Similarly, Stange et al. [28], in their study, could not
validate this factor, since the same operator performed all operations, but they noted
that, as in all dental procedures, experience is a must. Meanwhile, Juslin et al. [39]
confirmed that surgeon experience increased the survival rate of the dental autotrans-
plantation in 17% of cases.

• Need for endodontic treatment [23]: In the case of an open apex, an immediate root
canal treatment should not be performed, so that a follow-up can be carried out and the
root may finish forming without showing signs or symptoms of infection [2,31]. Root
canal treatment is needed only when there are radiological signs of resorption or peri-
apical pathology [31]. If there is positive pulp sensitivity, it will be classified as success,
while if there is negative pulp sensitivity, it will be classified as survival [10]. Moreover,
96% pulp healing success without the need for endodontics has been observed in
autotransplants with open apex, compared with 15% in mature teeth [44]. Verweij et al.
reflected that if root canal treatment is necessary, it should be performed prior to
transplantation or 15 days after it [23]. Kafourou et al. and Tsukiboshi et al. [17,36]
considered performing a root canal treatment when necessary, 15 days after transplan-
tation. Furthermore, Kafourou et al. [17] added that teeth treated endodontically after
dental autotransplantation have a favorable prognosis.

• Treatment follow-up: Tsukiboshi et al. [36] suggested a follow-up consisting of a
monthly X-ray for the first 3 months to verify that there is no root resorption or
pulp necrosis. If there is no evidence of this, further follow-up visits are scheduled
after 6 months, 2 years and 3 years [36]. The follow-up schedule that Tang et al. [29]
described is as follows: 1 week, 2 weeks, 4 weeks, 2 months, 4 months, 6 months,
1 year, and 2 years. In addition, in open apex autotransplantation, it is important to
have a radiological sequence taken in the follow-up sessions, where the continuous
development of the root of a transplanted tooth with open apex can be ensured [30].

5. Conclusions

Dental transplantation is described as an attractive technique for the operator, which
must be consensual through a multidisciplinary approach.

It has been found that the use of a replica of the tooth for dental transplantation is
essential, since it obtained higher success and survival rates when compared with those
that did not use a replica.

It was stated that the most critical risk factors in dental transplantation are the reduc-
tion of the extra-alveolar time of the donor tooth and the preservation of the periodontal
ligament that surrounds the donor tooth. Both have the essential objective of not damaging
the cells of the periodontal ligament that make up the development of the tooth root, as
well as the revascularization of its pulp, these being factors closely related to the use of
the replica.
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