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Abstract

The frequency of canine retention varies between 0.9% and 2.2%. When sur-
gical exposure and subsequent orthodontic realignment are difficult or im-
possible due to unfavorable impaction position of an impacted maxillary
canine or when the patient refuses prolonged orthodontic treatment, auto-
transplantation becomes a valuable alternative. The aim of this systematic re-
view was to determine the level of success of maxillary canine autotransplan-
tation, long-term stability, and factors involved in the outcome of this thera-
py. A literature search for all data published with 10 years limitation and no
restriction of language was conducted, using: PubMed, Scopus, Web of
Science, Medline Complete (EBSCO) and Cochrane. Specific journals in the
area were also consulted Inclusion and exclusion criteria were specified. A
total of 5 studies were included in the present analysis. Of the 5 studies, 3
were retrospective and 2 were prospective. For outcomes, the results with ref-
erence to teeth, alveolar bone, periodontal tissues, and esthetic satisfaction
were considered. The mean age of the participants ranged from 13 to 42.1
years old. Risk of bias was evaluated using the methodological index for non-
randomized studies-MINORS. The studies with a follow-up of more than 5
years presented a survival rate higher than 83% and the success rate was: 38%.
Studies with a follow-up of less than 5 years, survival rate was closer to 100%
for, with success rate higher than 68%. The overall success rate and survival
were high, despite the methodologic limitations of the included studies. There
is sufficient clinical experience to justify transalveolar transplantation of max-
illary canines, with closed apices, as a legitimate treatment alternative consi-
dering the proper indication. Further study is needed of the prognostic fac-
tors that influence the success of autotransplantation with closed apex.
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1. Introduction

Children and young adults may often exhibit congenitally missing teeth or early
loss of teeth due to trauma or caries [1]. The canine is the longest tooth in the
oral cavity, and it is important for both esthetics and function. Its location at the
curve of the dental arch is strategic for supporting the corner of the mouth,
maintaining the arc smile, and protecting the periodontium within the lateral
segments [2].

The incidence of canine impaction ranked second compared with molars.
Furthermore, this impaction is more prevalent in women than in men with a 2:1
ratio. The frequency of canine retention varies between 0.9% and 2.2% [3]. The
traditional treatment options for impacted canines are interceptive removal of
the deciduous canine, surgical exposure with or without orthodontic traction to
align the malpositioned tooth, no treatment, autotransplantation of the perma-
nent canine or removal of the permanent canine and prosthetic or restorative
treatment [2]. When surgical exposure and subsequent orthodontic realignment
are difficult or impossible due to unfavorable impaction position of an impacted
maxillary canine or when the patient refuses prolonged orthodontic treatment,
autotransplantation becomes a valuable alternative [2].

Tooth autotransplantation is defined as the transplantation of an unerupted or
erupted tooth in the same individual, from one site to another extraction site or
a new surgically prepared socket [3]. Autotransplanted teeth have a vital peri-
odontium and are compatible with alveolar growth [4] [5]. Immature teeth with
open apices usually have sufficient blood supply as well as stem cells to promote
pulp revascularization post-transplantation [6]. Pulp revascularization may al-
low continuous root development and maintenance of pulp vitality [7]. In addi-
tion, autotransplantation helps to maintain the natural shape of attached gingi-
va, which may result in a good aesthetic outcome [8]. Moreover, this technique
is contraindicated in patients with cardiac anomalies, poor oral hygiene, lack of
self-motivation and insufficient alveolar bone [3].

This procedure has become topical as it has been shown to provide functional
adaptation, alveolar bone induction, preservation of the alveolar bone ridge and
restauration of a normal alveolar process [2]. Nevertheless, dental transplantation
is often perceived as an unpredictable alternative by its supporters. Thus, to try to
verify the degree of accuracy of this assumption, the aim of this study was to per-
form a systematic review of the scientific literature regarding autotransplantation
of permanent maxillary canines with emphasis on the level of success of this tech-

nique, long term stability and factors involved in the outcome of this therapy.
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2. Materials and Methods

2.1. Focus Question

This systematic analysis was realized to answer the focus question: What are the
factors involved in the long term success and stability of the autotransplantation

of permanent maxillary canines?

2.2. Search Strategy

The methodology applied in this systematic analysis was based on the PRISMA
guidelines (Preferred Reporting Items for Systematic Review and Meta-Analysis).
A search protocol was specified in advance and registered at PROSPERO (In-
ternational Prospective Register of Systematic Reviews) ID: CRD42021251765
To identify the relevant articles with 10 years limitation and no restriction of
language, published up to December, 2021, a search was conducted in the fol-
lowing electronic databases: PubMed, Scopus, Web of Science, Medline Com-
plete (EBSCO) and Cochrane. Specific journals in the area were also consulted.
The MeSH descriptors/terms used are shown in Table 1.
As well as:
e Cross-references
o Grey literature:

Open Grey (http://www.opengrey.eu/): System for Information System for

Grey Literature in Europe.

New York Academy of Medicine Grey Literature Report
(http://www.greylit.org/ between 1999-2016).

Clinical Trials.gov (US clinical trials registry).

2.3. Eligibility Criteria of the Articles

The eligibility criteria were determined in accords with the scheme of the pa-
tient/intervention/comparison/outcome study (PICO) question, inclusion, and

exclusion criteria (Table 2).

2.4. Data Collection and Analysis

2.4.1. Selection of Studies
Titles and abstracts of relevant studies identified through the electronic searches

Table 1. Database and search method.

Database Search strategy

PubMed Scopus ((orthodontics [MeSH Terms] OR orthodontic OR orthodontic
Web of Science  patients OR orthodontic treatment OR tooth movement OR teeth

Medline movement) AND (transplantation [MeSH Terms] OR tooth
Complete autotransplantation OR teeth autotransplantation OR autogenous
(EBSCO) tooth transplantation OR autogenous teeth transplantation OR tooth
Cochrane transplantation OR teeth transplantation) AND ((survival rate [MeSH

Terms] OR success rate [MeSH Terms] OR efficacy OR side effects
[MeSH Terms] OR collateral effects))
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Table 2. PICO criteria for study selection.

Participants (P) Orthodontic patient of any gender or malocclusion in the permanent
dentition with full development of the maxillary canine root.

Intervention (I) Autotransplantation of permanent maxillary canines
Comparison (C) Non autotransplanted canine

Outcomes/Result (O) Evaluation of the success rate and stability

were screened by three authors (FB, LB, and KK). Full-text articles were ob-
tained from the studies that fulfilled the inclusion criteria. These full-text arti-
cles, together with full-text articles found through the manual search, were in-
dependently assessed by these authors to determine if they were in line with the
inclusion criteria. Disagreements were resolved through discussion. After selec-

tion, data extraction and a risk-of-bias assessment were performed.

2.4.2. Inclusion and Exclusion Criteria of Eligible Studies

1) Main inclusion criteria

e Studies investigating the indication, success/survival rate, and surgical pro-
cedure of autologous transplantation of maxillary impacted canines.

e Controlled trials or prospective/retrospective studies.

e Studies reporting at least one of the following: survival rate (short or long-
term), success rate, pulp condition, tooth mobility, presence of ankylosis, and
root resorption of autotransplanted teeth with complete root formation.

e Mean follow-up period should be at least 2 years.

e No restrictions on language were made.

2) Main exclusion criteria

e Studies including autologous transplantation other than maxillary canines.

e (Case reports, opinion articles, and review articles.

e Studies reporting autotransplantated teeth in patients with systemic diseases,
syndromes, or cleft lip and palate.

e Animal studies.

e Studies without specified transplantation protocol.

e Studies referring to transplantation of traumatized maxillary canines.

e Studies reporting autotransplantation of teeth with a history of cysts, tu-
mours, or trauma.

e Studies including sterilized teeth, cryopreserved teeth, or teeth maintained in
culture media.

o Studies with patients that have genetic or systematic diseases.

e Studies not including information about follow-up or the success rate.

2.4.3. Data Extraction and Management

Data from the selected articles were independently extracted by the three re-
viewers (FB, LB and KK); for this purpose, they used a personalized version of
the Cochrane data extraction model for reviews [9]. After data collection, the

information obtained from each study was organized in tables that examined the
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PICOS criteria. Methodological quality of eligible articles was assessed using the
MINORS (Methodological index for non-randomized studies) based on the fol-
lowing scores: 0—when unreported item, 1—when reported inappropriately,
and 2—when reported properly.

The articles were classified based on their methodological quality: low (>17),
medium (210<17), and high risk of bias (<10) (Table 3).

2.4.4. Risk of Bias in Included Studies
On the basis of the MINORS quality assessment, all studies had a medium risk of
bias (Table 3).

Table 3. Score of each article selected with the inclusion criteria according to the items of MINORS.

MINORS score

Patel et al. Grisar etal. A.B Hewitt et al. Grisar et al. Huth et al.

(2011) (2018) (2011) (2020) (2013)

A clearly stated aim 2 2 2 2 2
Inclusion of consecutive patients 2 2 2 2 2
Prospective data collection 0 0 0 2 0
End points appropriate to the aim of the study 1 1 1 2 1
Unbiased assessment of the study end point 1 1 1 1 1
Follow-up period appropriate to the aim of the study 2 2 2 1 1
Loss of follow-up lower than 5% 1 1 1 2 2
Prospective calculation of the study size 1 1 2 1 1
Adequate control group 2 2 2 2 2
Contemporary groups 0 0 0 0 0
Baseline equivalence of groups 0 0 0 0 0
Adequate statistical analyses 2 2 2 2 2
Total score 14 14 15 17 14
Risk of bias Medium Medium Medium Medium Medium

One item received score: 0—when not reported, 1—when inadequately reported, and 2—when adequately reported. The articles

were classified in accordance with their methodological quality into low (>17), medium (=10 <17), and high risk of bias (<10).

3. Results

After screening titles and abstracts of 483 unique papers, 33 potentially eligible
articles were selected (Figure 1: Flow diagram). Each title and abstract were in-
dependently reviewed by three researchers (FB, LB and KK), and the obtained
information was compared. Inter-examiner disagreements were resolved in a
consensus meeting. Of the 33 potentially eligible articles, 28 were excluded.
These articles were excluded for the following reasons: study with histological
analysis; studies concerning auto-transplantation without specific results or con-
clusions about maxillary canines in a specific way; short paper about general

reasons, requirements, treatment plans, and techniques of autotransplantation of
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483 articles

Records identified through database searching Records identified through manual search

11 articles

Figure 1. Flow diagram.

[l 1

I Records after duplicates removed 240 + 11 I

Records screened 251 | ‘ | Records excluded 197

Full text articles assessed for eligibility 54 articlesl

Il

Full text articles excluded 49 articles
Based on the following reasons:
 Studies including autologous transplantation other than maxillary canines
« Case reports, opinion articles,and review articles
« Studies reporting autotransplanted teeth in patients with systemic diseases,
syndromes, or cleft lip and palate
* Animal studies
« Studies without specified transplantation protocol
« Studies referring to transplantation of traumatized maxillary canines
« Studies reporting autotransplantation of teeth with a history of cysts,
tumours, or trauma
« Studies including sterilized teeth, cryopreserved teeth, or teeth maintained
in culture media
 Studies with patients that have genetic or systematic diseases
« Studies not including information about follow-up or the success rate

U

Articles included for systematic review and meta-analysis : 5 articles

maxillary canines without clinical outcomes; studies focusing on root anomalies
of impacted maxillary canines; literature reviews; studies without information

about survival and/or success rates.

3.1. Included Studies

A total of 5 articles were identified for inclusion in this review [10] [11] [12] [13]
[14]. This systematic review was based on prospective and retrospective cross-
sectional studies due to the absence of controlled trials. The reported final out-

comes, the survival and success rates from individual studies are summarized in
Table 4.

3.2. The Study Settings and Investigators

Of the 5 included studies, two were performed in the UK [10] [12], two in Bel-
gium [11] [13] and one was performed in Germany [14]. The studies were re-

trospective and prospective.
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3.3. Participant Characteristics

The mean age of the participants ranged from 13 to 42.1 years old (minimum
age 9 and maximum age 51). One study did not report mean age [11]. The dis-
tribution of men and women was presented in 2 of the 5 studies. Between 17 and
235 patients were selected for each study. All the studies mentioned the number
of teeth as well as the number of patients. Seventeen to 254 maxillary canines
were selected for each study. Three studies solely reported on the transplantation

of maxillary canines [10] [11] [13].

3.4. Intervention Details

3.4.1. Pre-Operative Assessment

Most of the studies did not report any details about clinical and radiographical
pre-operative assessment. Root development stage was mentioned in all studies
and found to be complete. Canine angulation and root anomalies were not men-
tioned in any studies. These studies mentioned severe impaction and difficult
malpositioning, as such that orthodontic treatment was either impossible or

would have been complicated and time-consuming.

3.4.2. Operative Protocol

The surgical procedures of maxillary canine transplantation were identical or
similar to the protocol outlined by Andreasen et al [15]. First, the surgical sites
are disinfected and a local anaesthetic is injected. The remaining primary canine,
if still present, is extracted, and a trapezoidal flap incision is made ensuring in-
tact mesial, distal, and palatal gingiva at the graft site. To prepare the recipient
socket, an osteotomy is performed using a surgical bur with water cooling. The
socket for the graft should be slightly larger than the graft. Next, the crown of
the impacted canine is exposed and the tooth removed with a periosteal elevator.
The donor tooth is extracted slow and as atraumatically as possible. Next, the
donor tooth is placed into the recipient socket without any pressure. The trape-
zoidal flap is repositioned and sutured.

Two studies mentioned the extra-oral time as an important stability factor
[12] [13]. The fixation method was discussed in 2 studies [10] [12]. Occlusal po-
sitioning of the transplanted maxillary canine was discussed in 4 studies [10]
[12] [13] [14] and found to be infra-occlusal.

3.4.3. Post-Operative Assessment

Most of the studies did not report any details about a clear healing protocol or
the post-operative assessment other than including clinical and radiographic
examinations. The duration and recurrence of clinical and radiological follow-up
were mentioned in one study [12]. Two studies [11] [13] mentioned the (MCAL:
Maxillary Canine Aesthetic Index) as an aesthetic evaluation index involved in
the evaluation of the success rate. The AMCRI (Autotransplanted Maxillary Ca-
nine Radiological Index) was mentioned equally in these two studies.

Endodontic treatment and indications were discussed in all studies. In one
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study, [10] endodontic treatment was only indicated in case of signs of periapical

infection or inflammatory root resorption.

3.5. Outcome Measures

As such, authors of this review preferred to to shed light on nuance existing be-
tween the survival rate and the success rate. The survival rate which was defined
as the percentage of the autotransplanted maxillary canine present during the
observation period. While the successful outcome was defined as the percentage
of transplanted teeth still present and functioning well at the time of recall.
Bone-related outcomes were reported in all studies. Soft tissue outcomes were
frequently tested by all studies in the clinical follow-up. Only one study [11]
mentioned the deviation of the buccolingual inclination compared to the con-
tralateral canine as an outcome to determine during the evaluation. Aesthetic
outcome was reported in two studies [11] [13] by the MCALI index as an objec-
tive criterion to score the aesthetic outcome. Only one study [14] uses a ques-
tionnaire with numeric analog scales (1 = excellent; 6 = unsatisfactory) to score

patient satisfaction.

3.6. Mean Duration of Follow-Up

The mean duration of follow-up was found in all studies. In two studies, [13]
[14] only a minimal follow-up time was mentioned. The mean time varied be-

tween 28 months and 26.5 years.

3.7. Impact of Intervention

Five studies presented outcome data for 455 autotransplanted maxillary canines
(Table 4).

4. Discussion

The purpose of this study was to review transalveolar autotransplantation of
maxillary canines and its long-term results. The investigated outcome parameters
included survival rate, success rate and stability factor of dental auto transplanta-
tion. Prospective and retrospective studies identified accordance to strict inclusion

criteria were included. Available information on indication and follow-up was

Table 4. Data extraction table for selected articles.

Mean FU Study Survival rate Success rate Study design Npt Nteeth M F Mean age
Patel et al. [10] 83% 38% Retrospective study 49 63 - - 2l.8years
>5 years Grisar et al. [16] 67% - Retrospective study 71 84 - - -
A.B Hewitt efal [12]  97% after 10 years - Retrospective study 235 254 - - 15.4
5 Grisar et al. [13] 100% 68% Prospective study 17 17 10 7 28 months
<5 years
Y Huth et al. [14] 96% 74% Prospective study 45 37 26 19 1.6years

M: Male. F: Female. N teeth: Number of teeth. N pt: Number of point.
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illustrated. 5 studies were included in this review with a moderate level of bias,
most of these studies were retrospective (4 of 5). Also, it was evident that the lit-
erature lacks sufficiently well-organized studies concerning the topic of maxil-
lary canines autotransplantation. There was a striking absence of clear-reported
diagnostic pathways, pre-operative planning, and post-operative follow-up.

All studies included reported survival rates that were higher than 83% for
studies with a follow-up of more than 5 years [10-12] and closer to 100% for
studies with a follow-up of less than 5 years [13] [14]. None of the included
studies discussed orthodontic movement after surgery. Concerning the surgical
technique, there was more uniformity between the different studies. None of the
studies explicitly reported careful handling of the follicle nor 3D planning.

The authors of this studies, agree that the criteria for success of an autotrans-
planted tooth consists of the absence of clinical and radiological pathology: ab-
sence of dental mobility or mobility lower than grade II, absence of pocket
greater than 3 or 3.5 mm, absence of inflammation, presence of pulpal vitality,
good bone regeneration and absence of root resorption. Some authors [10] [11]
[13] added the aesthetic factors as an important element of success (normal col-
our, no tooth recession or major deviation of the buccolingual inclination com-
pared to the contralateral canine, good-to-excellent outcome compared to the
contralateral biological erupted canine (MCAI/AMCRI)). Grisar ef al [11] [13]
have used, in addition to aesthetic outcome MCAI, radiological index AMCRI,
one of these studies [14] reports that patient satisfaction is also an important
element and an effective way to evaluate the success of an autotransplantation.
As there is lack of consensus regarding a set of universally accepted outcome
criteria, studies of transalveolar transplanted canines should make an effort to
describe parameters of clinical outcome. The criteria used for the assessment of
final outcome in autotransplantation were quite variable ranging from the tooth
simply being present intra-orally to present and completely free from resorption,
discolouration, and pocketing, while maintaining vitality

Regarding the stability factor, the majority of studies (4/5) [10] [12] [13] [14]
reported that postoperative occlusion was a very important stability factor. The
atraumatic surgical technique was cited by two studies [10] [11], one of which
was surgeon dependent. Two of the studies sought to minimize the extraoral
time of the autograft. The authors [13] [14] mainly emphasized hygiene as a
factor of stability, one study [10] prescribed antibiotics postoperatively and con-
sidered endodontic treatment and root maturation as a factor of stability, an-
other study [14] considered patient’s age and cigarette smoking.

All included studies report the use of clinical and radiological investigation as
a mean of measurement, two of these studies [11] [13] added the aesthetic factor
in the assessment. The studies reported the use of 2D radiographs for the as-
sessment of root status, apex and canine position. However, no study mentioned
the state of root angulation and any root anomalies. The use of 3D radiographic

analysis on CBCT has not been reported in any study. Nowadays, there is a trend
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towards the use of 3D planning for autotransplantation, which allows precise
positional planning with the possible use of computer assisted surgical guidance,
greater ease of surgery and a reduction in extra-oral time. However, the quality of
the existing evidence is low [16]. Previous studies have proven that regular fol-
low-up with clinical check up and intraoral radiographs were sufficient in clinical
practice [17]. However, in a research setting it might be interesting to use 3D
imaging to evaluate tooth-related and bone-related outcomes in the short and
long term.

Most of the studies [11] [12] [13] [14] only mentioned the duration and recur-
rence of clinical follow-up and the usage of 2D radiographs [10] [11] [12] [13]
[14]. Most authors consider endodontic treatment of autotransplanted canines
with closed apices as mandatory analogue of traumatically avulsed teeth with
closed apices. However, other authors [18] [19] [20] also suggest a wait-and-see
strategy even in cases of closed apices.

Better survival and success rated have been reported with autotransplanted
teeth with open apex versus closed apex [21]. However, Chung ef al [18], in
their systematic review of transplanted teeth with a closed apex, found high sur-
vival rates of 98 per cent at the 1-year follow-up point and 90.5 per cent at the

5-year follow-up point.

5. Conclusions
5.1. Implications for Practice

Based on the findings of the current study, it became clear that the literature is
deficient in high-quality clinical studies. There is sufficient clinical experience to
justify transalveolar transplantation of maxillary canines, with closed apices, as a
legitimate treatment alternative considering the proper indication.

More standardization is needed for clinical assessment parameters, clinical
benefits, and risks of orthodontic movement of auto-transplanted teeth, and an
approach to aesthetic satisfaction as well as quality of life of patients undergoing
this treatment.

5.2. Implications for Research

Randomized Controlled Trials (RCTs) with sample size calculations are recom-
mendable to support more plausible conclusions. However, due to the specifies
of autotransplantation, in addition to factors such as age, patient expectations,
prosthetic rehabilitation options and orthodontic treatment planning, it may be
difficult to conduct RCTs. Therefore, future high-quality longitudinal observa-

tional studies may provide meaningful results.
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