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REVIEW ARTICLE

Intentional replantation in Endodontics:

review of literature

ABSTRACT

Intentional replantation (IR) is a surgical approach consisting of a tooth’s controlled extrac-
tion. The latter is repositioned in its original alveolar socket after being endodontically
treated extra-orally.

The present work was conducted to assess the Intentional replantation by reviewing the
literature of articles presenting case reports treated with the IR technique.

The current literature search was conducted through PubMed, Scopus, EMBASE, and Goog-
le Scholar. Articles updated from 1996 to December 1st 2021, have been included. Each
reviewed article was evaluated using a ten-question data extraction form to identify the
type of study, the sex and age of the patients, the teeth treated, the extra-alveolar time of
the teeth, the techniques used and the time of follow up.

Modern technologies recently introduced in dentistry aided in achieving encouraging results;
in particular, it has been highlighted that surgical interventions are shorter and less invasive
and with a lower percentage of failures.

In conclusion, this work aimed to analyze and discuss the surgical procedures of IR described
in the literature by different authors through a review of the literature. Furthermore, a
clinical case using the intentional reimplantation technique was also reported.
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Introduction

ntentional replantation (IR) is a sur-
gical technique that consists of the
controlled extraction of a tooth and
repositioning the latter in its original
alveolus. This procedure is done in
order to allow, in an extraoral environ-
ment, the evaluation of root surfaces and
endodontic treatment when the orthograde
treatment or apical surgery cannot be made
(1). The intentional re-implant is indicated:
in cases of persistent symptomatic apical
periodontitis after orthograde endodontic
therapy for teeth in which the orthograde
path is either complex or blocked (2-4).
Also, IR can be applied in cases with im-
proper endodontic therapy with overfilling
material beyond the apex with the per-
sistence of the lesion even after periapical
surgery was done (3). Moreover, it can be
applied when a surgical endodontic flap
retraction is contraindicated due to ana-
tomical or accessibility limitations (5). In
addition, in conditions of inaccessible
external root resorption (6), or in special
cases of root perforations,(7) and in cases
of complex root or root-crown fractures
(7-9), the IR can be recommended. Further-
more, IR can be beneficial for treating teeth
presented with development anomalies
such as fused teeth or with canal config-
uration type C (10-12).
In summary, the IR can be the last resort
when all the possible orthograde and
periapical surgery approaches have failed
or are contraindicated.
The intentional re-implant can represent
a therapeutic choice even when the alve-
olar bone level is required to be preserved
for subsequent implant insertion (13-14).
The surgical phase in IR must be performed
with extreme precision to improve the
results and the percentage of success. The
extraction tactic must be the least traumat-
ic to avoid tooth fractures and damage to
the periodontal ligament (PDL), which can
comprehend a critical role in the treat-
ment’s healing and success (15). Some
authors consider the extraction part the
most technically sensitive phase of the
procedure (16). Once extraction is done,
the extracted tooth is then analyzed in

order to underline the presence or absence
of fractures or anatomical characteristics
that require attentiveness, for example, the
presence of additional or accessory canals
or multiple foramina (17). Subsequently,
based on the case, the decision to proceed
to extra-oral endodontic treatment can be
developed (18-21).

Of fundamental importance for the
treatment success is the management
and the conservation of the PDL and, in
particular, the extra-alveolar environ-
ment conditions (22, 23). It was estab-
lished that an extra-alveolar time great-
er than 15 minutes in a dry environment
compromises the vitality of the PDL by
increasing the possibility of replacement
and ankylotic reabsorption (24). There-
fore, the extra-alveolar time must be
minimized, and the conservation of the
tooth occurs in a humid environment to
render the surgical procedure more
predictable (25, 26).

Removing any cystic or granulomatous
tissue residues in the alveolar socket
(alveolar curettage) aiming to initiate
alveolar healing is very debated in the
literature as the main objective is to avoid
removing or damaging the PDL attached
to the alveolar walls (27). Some authors
have advocated a healing technique of
the apical portion implicating removing
the lesion without affecting the pocket
walls (28). Removing the cystic tissue in
the latter technique involves using the
laser to reduce inflammation and speed
up the healing (29).

Once the alveolar socket is prepared, the
treated tooth is gently inserted in an
axial direction using digital pressure. In
case of resistance to the replanting pro-
cedure, some authors have suggested
utilizing the pressure of the patient’s bite
to insert the original socket (30, 31). The
splinting phase is controversial; in fact,
several methods and different types are
reported in the literature, including a
splint with orthodontic wire, with com-
posite resin or with sutures (27). The re-
moval times vary accordingly; some cases
may require removing the splint after
seven-ten days, others after three-four
weeks.
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Figure 1
Keywords with the number of
articles identified.

Keywords n°

Intentional Replantation 263

Intentional Replantation Procedure 179
Intentional Replantation Techniques 175
Intentional Replantation Case-Report 163

The aim of this work was to analyze and
discuss, through a review of the literature,
the surgical procedures of intentional
replacement described in the literature by
different authors, to report the success
rates of the technique and to describe what
are the main causes of treatment and, in
addition, provide an explanatory case
report.

Review

Areview of articles that have reported case
reports dealt with the intentional re-im-
plant technique was performed.

Eligibility criteria

Inclusion criteria

-Type of study: case report or case series
published between 1996 and 2021 about
Replantation Techniques, which explained
the cause of treatment and outcome.
-Type of population: studies performed in
human subjects using permanent teeth as
a study unit.

-Type of intervention: studies using Re-
plantation Techniques as a treatment
modality.

Studies have been excluded when the
cause of treatment and outcome was not
specified.

Search strategy

The research was conducted independent-
ly by three authors, G.S., A.I. and G.S. This
bibliographical search has been carried
out through four databases, PubMed,
Scopus, EMBASE and Google Scholar for
gray literature, using as “Intentional Re-
plantation” keywords, “Intentional Re-
plantation Techniques”, “Intentional Re-
plantation Case-Report”, “Intentional
Replantation Procedure” (Figure 1).
Articles updated from 1996 to December
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1st 2021, were included. Each reviewed
article was evaluated using a ten-question
data extraction form to identify the type
of study, the sex and age of the patients,
the teeth treated, the extra-alveolar time
of the elements, the techniques used and
the time of follow up. In case of disagree-
ment between the authors in evaluating
the included studies, the majority’s eval-
uation was considered (two authors out of
three). The overlaps were removed using
EndNote. The authors categorized all the
cases according to age, patient sex, age,
type of tooth re-implanted, cause of treat-
ment, extra-alveolar tooth-time, outcome
and healing time.

Statistical analysis

A descriptive analysis measured the rela-
tionship between studied factors, fol-
low-up period, and outcomes of the pro-
cedure. The outcomes of the Replantation
Technique ” successful ” or “ failure “ of
each factor were recorded as dichotomous
data. Were reported: the percentage of
subjects divided by sex, the mean age of
the population, the percentage of items
treated and the causes of treatment, the
success rate and the mean follow-up time

Results

Seven hundred eighty articles related to
the keywords entered were selected from
a first search. Of these, 128 were excluded
as duplicates or full-text not available. Of
the remaining 652 items, 130 were consid-
ered eligible, but 77 were excluded because
the full-text analysis did not show clinical
cases covered with the intentional re-im-
plant technique. At the end of the screen-
ing, 43 articles were definitively included
(Figure 2).

Forty-three articles were included as com-
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Figure 2

Flow chart depicting the
article selection process.
*Exclusion criteria: studies

have been excluded when the

cause of treatment and

outcome was not specified.
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patible with relevant inclusion criteria,
with a total of 82 clinical cases covered
with the technique of intentional replan-
tation. Successively, a statistical analysis
of the results was carried out.

The sample consisted of 82 subjects, of
which 35 males (42.7%) and 47 females
(57.3%) (Table 1). The age varied from sev-
en to 86 years, with an average age of 35.8
years.

The total number of teeth on which the
technique of the re-implant intention was
practised is 86. Most of the treated teeth
were the upper right central incisors
(11.7%) and the first mandibular right
molars (11.7%). Following the second
mandibular right molars (9.3%) and the
second mandibular left molars (9.3%).
Central maxillary left incisor (8.1%), first

mandibular left molars (8.1%), lateral
maxillary left incisors (4.6%), first maxil-
lary right premolars (4.6%), and first man-
dibular left premolars (4.6%) were pro-
cessed in these percentages (Figure 3).
The cause that led to the implementation,
in 67 cases, is represented by the presence
of periapical pathology (77.90%); 16 teeth
have been re-implanted to treat crown-root/
root fractures (18.6%); 18 due to an endo-
dontic failure (20.93%) of which four pre-
sented a perforation (22.2%) and five with
the presence of an intracanal fractured
instrument (27.7%). Ten elements present-
ed a condition of periodontitis (11.6%), five
teeth showed resorption (5.81%). The in-
tentional replantation technique also
treated a case of parenthesis and a devel-
opment anomaly with fused teeth.
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Figure 3
Distribution of the treated
dental elements.
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In 55 articles, the extra-alveolar time of
the treated teeth was reported, which is
an average of 13.44 minutes.

The treatment success was reported in 75
replanted teeth, with a successful percent-
age of 87.2% with an average follow-up
time of 26.8 months.

Treated teeth

First mandibular,
left premolars

Central maxillary
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The following review was limited by
the high number of articles in the liter-
ature that deal with reimplantation.
Furthermore, another challenge was
that the conservation method of the
teeth was not considered in the data
collection.

Table 1
Clinical case results included in the review
Authors Gender Age | Tooth Cause Extra-alv_eolar Outcome He_a ling
tooth-time time
Tang 1996 (32) Male 29 yr 3.6 latrogenic perforation of the furcation - success 17 months
Poi 1999 (33) Male 30 yr 4.5 Instrument separation/root perforation - success 8 years
Aqrabac\:/v;S?fQ (34) Female 46 yr 3.7 Endodontic failure/periapical disease 15 min success 5 years
Ag;zl;a;vl Female 38 yr 3.7 Endodontic failure/periapical disease 20 min success 5 years
Benenati 2003 (35) | Female | 45yr 4.7 Pain - success 16 years
Fariniuk 2003 (36) Male 11 yr 1.1 Crown-root fracture - success 3 years
Ward 2004 (37) Female 68 yr 3.4 Apical periodontitis 15 min success 18 months
Shintani 2004 (38) Male 7yr 3.1 Periapical disease with coronal fracture 10 min success 5 years
Peer 2004
Male 47 yr 3.5 Periapical lesion - success 30 months
Case 1 (5)
Peer 2004 Male 70 yr 3.2 Periapical disease/sinus tract - success 4 years
Case 3
PeCe;SiOZM Male 40 yr 3.7 Periapical disease/sinus tract - questionable 7 years
Cotter 2006 (39) Female 47 yr 3.1 Periapical lesion 5 min success 1 years
Herrera 2006 (40) Female 56 yr 4.6 Periapical disease/endodontic failure 30 min success 14 years
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Table 1
Clinical case results included in the review
Authors Gender | Age | Tooth Cause Extra-alv_eolar Outcome He'a ling
tooth-time time
Penarr(()ﬁ? 2007 Female 20 yr 2.6 Odontogenic maxillary sinusitis 5 min success 2 years
Sivolella 2008 (42) Male Qyr 1.2 Double tooth 20 min success 6 years
Wang 2008 (43) Female 8yr 1.1 Complicated crown-root fracture 15 min questionable 3 months
AlHezaimi 2009 (44) | Female | 15yr | 1.2 Pulp necrosis with suppurative apical - success 4 years
periodontitis
(1.1) 12 min
OzerC20101(45) Male 36 yr 1; Vertical root fracture success 2 years
ase : (1.2) 16 min
Ozer . .
Case 2 Female | 25yr 2.2 Vertical root fracture 18 min success 2 years
Ozer ) .
Male 32yr 1.3 Vertical root fracture 24 min success 2 years
Case 3
Hsiang Lu 2011 (46) Male 50 yr 4.6 Periapical disease 13 min success 3 months
Unver 2011 (47) Female 41 yr 1.4 Vertical fracture 25 min success 36 months
. 1.1 failure
Kim 2011 (48) Female 23 yr 2.1 Complicated crown-root fractures - success 90 months
Case 1
2.2 success
Klér;SQeO;l Female 27 yr 2.1 Complicated crown-root fracture - success 24 months
Moura 2012 (49) Female 11 yr 1.1 Complicated crown-root fracture - failure 2 years
Dogan 2013 (50) Female 9yr 21 Complicated crown-root fracture 28 min success 3 years
Shin 2013 (51) Male 39yr 4.6 Apical periodontitis 17 min success 9 months
Yuan 2013 (52) Female 11 yr 2.1 Complicated crown-root fracture - success 3.5 years+
NagangSZeOiS (53) Female 18 yr 1.1 Severe periodontitis - questionable 3 months
Nagappa Male 24 yr 2.1 Severe periodontitis - success 14 months
Case2
Moradi ('\élij)d 2014 Female 44 yr 3.5 Periapical disease/necrotic - success 1 year
Subay 2014 (55) Female 45 yr 4.3 Periapical disease/instrument separation 14 min success 24 months
Asgary 2014 (56) Male 25 yr 4.6 Periapical disease 14 min success 23 months
Case 1
Asgary Male 45 yr 3.4 Periapical disease 10 min success 30 months
Case 2
Asgary Male 41 yr 4.7 Periapical disease 8 min success 24 months
Case 3
Asgary Male 23 yr 4.6 Periapical disease 12 min success 15 months
Case 4
Asgary Female 46 yr 4.7 Periapical disease 8 min success 27 months
Case 5
Asgary Female 31yr 4.7 Periapical disease 9 min success 12 months
Case 6
Asgary Female 30 yr 1.4 Periapical disease 10 min failure 18 months
Case 7
é:i:ré Female 36 yr 3.6 Periapical disease 13 min success 14 months

Giornale Italiano di Endodonzia (2021) 35




[

4

Sangiovanni G*, Scelza G, Giordano F et al

Table 1
Clinical case results included in the review
Authors Gender Age | Tooth Cause Extra-alv_eolar Outcome He_almg
tooth-time time

é:i:ré Male 48 yr 4.7 Periapical disease 14 min Success 16 months
Asgary Female 24 yr 4.6 Periapical disease 14 min Success 8 months
Case 10
Asgary Female 43 yr 2.6 Periapical disease 14 min Success 17 months
Case 11
Asgary Male 34 yr 3.4 Periapical disease 12 min Success 15 months
Case 12
Asgary Female 29 yr 3.6 Periapical disease 10 min Success 11 months
Case 13
Asgary Male 63 yr 3.6 Periapical disease 14 min Success 12 months
Case 14
Asgary Male 31yr 1.7 Periapical disease 13 min Success 10 months
Case 15
Asgary Female 46 yr 4.6 Periapical disease 14 min Success 8 months
Case 16
Asgary L . . .

Female 40 yr 4.6 Periapical disease 12 min questionable 8 months
Case 17
Asgary Female 27 yr 4.7 Periapical disease 13 min Success 20 months
Case 18
Asgary Female 41 yr 3.6 Periapical disease 10 min Success 12 months
Case 19
Asgary Male 37 yr 4.7 Periapical disease 10 min Success 9 months
Case 20
. 1.4 . ) )

Asgari 2014 (57) Female | 28 yr 15 Periapical disease 8 min success 2 years
Penarrocha Diego ) .

2014 (58) Male 51 yr 1.7 Follicular cyst 30 min success 12 months
Tsesis 2014 (59) Female 20 yr 4.7 Paraesthesia 8 min success 4 years
Keceli 2014 (60) Female 20 yr 3.2 Severe periodontitis 6 min success 15 months
Pruthi 2015 (61) Male 28 yr 1.1 External root resorption 15 min success 18 months

Forero-Lopez 2015 (62) Male 25 yr 1.2 Apical periodontitis 8 min success 3 months
Garrido 2016 (63) Female 50 yr 1.1 Endo-parodontal disease 4 min success 1 year
Oishi 2017 (64) Male 7yr 1.1 Trasverse root fracture/endo-perio disease - success 5 years

Grzamg;j:i? (65) Female 64 yr 3.1 Apical periodontitis/separated instrument - success 28 months
(g;aszlczh Male 35 yr 1.4 Periapical disease/endodontic failure - success 2 years
(g;zzgh Female 86 yr 1.8 Apical periodontitis/vertical root fracture - success 2 years

Asgari 2018 (66) Female | 22yr 4.6 Apical periodontitis 7 min success 2 months

Krug 2019 (67) Male 37 yr 1.1 External cervical resorption 12 min success 2.5 years

Cunllfgeaigio (68) Male 33yr 4.1 Instrument separation/root perforation 15 min success 6 months

Cunliffe . . . . . .
Case 2 Female 45 yr 3.4 Periapical disease with missed anatomy 15 min questionable 3 months
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Table 1
Clinical case results included in the review
Authors Gender | Age | Tooth Cause Extra-alv_eolar Outcome He'a ling
tooth-time time
Cunliffe L . . ) . .
Case 3 Female 52 yr 4.6 Periapical disease with overfilled 15 min failure 3 months
Cunliffe . . . .
Female 57 yr 4.4 Periapical disease/pain 4 min success 1 year
Case 4
Cunliffe Female 42 yr 3.6 Periapical disease - success 3 months
Case 5
Cunliffe ) .
Case 6 Male 64 yr 2.1 External root resorption 15 min success 4 months
Cunliffe — ) . ) 1 year
Case 7 Female 76 yr 3.7 Periapical disease with sclerosed canals - failure
Cuniiffe Male 53 yr 3.7 Pulpar floor perforation - success 3 months
Case 8
Cunliffe .
Male 50 yr 2.1 Internal root resorption - success 15 months
Case 9
Cunliffe . .
Female 64 yr 3.7 Instrument separation 15 min success 6 months
Case 10
Cunliffe L ) . )
Female 45 yr 3.7 Periapical disease with overfilled - success 28 months
Case 11
Cunliffe - .
Case 12 Male 45 yr 4.5 Periapical lesion - success 9 months
Cunliffe L ) . .
Female 39 yr 3.6 Periapical lesion with procedural errors - failure 3 months
Case 13
Asgary 2019 (69) Female 28 yr 3.7 Periapical lesion/endodontic failure 10 min success 1 year
Fujii 2020 (70) Female 30 yr 1.6 Instrument separation 15 min success 1 year
Ganapathy 2020 (71) Male 10 yr 2.1 Complicated crown-root fracture - success 2 years
Yang 2021 (72) Male 20 yr 1.5 Chronic aplcall abscess with internal root 15 min success 2 years
resorption and root fracture

Clinical case

A 52 years old male patient was presented
to our clinic with pain associated with the
anterior mandibular area. No abnormality
was observed upon traditional radiograph-
ic examination (Figure 4). On the contrary,
the lingual side of central incisors was
associated with swelling at clinical exam-
ination. A 3D cone beam computed tomog-
raphy (CBCT) radiographic examination
was performed, and a root fracture in the
apical third of tooth 3.1 was observed
(Figure 5). Tooth 3.1 did not respond to the
vitality test. The diagnosis of the tooth was
necrosis caused by the apical fracture.
The treatment of choice was non-surgical
root canal treatment performing mechan-
ical shaping, 3D cleaning and 3D obtura-

tion (Figure 6). Nevertheless, the swelling
was persistent one week after the treat-
ment, so the new treatment plan was de-
cided in the form of intentional replanta-
tion.

The IR was chosen as the substitute treat-
ment plan because an endodontic surgery
could not be done due to an unfavourable
crown-root ratio.

After tooth extraction, the fractured root
fragment was removed, and the retro
preparation was completed without remov-
ing any other mm of the root. This phase
was done rapidly with the aid of magnifi-
cation, light, and an ultrasonic tip. After
retro preparation, the retro cavity was
cleaned with Ethylenediaminetetraacetic
acid (EDTA) and Sodium hypochlorite
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Figure 4

Figure 4,5
Pre-operative CBCT radio-
graphic evaluation.

Figure 6, 7
Post-operative CBCT
radiographic evaluation.

Figure 5

(NaOCl). Afterwards, the retro cavity was
dried and filled with white mineral triox-
ide aggregate (MTA), and the tooth was
replanted and fixed to the other teeth with
composite resin. After ten days, the com-
posite was removed, and a one-year follow
up showed the tooth was without swelling,
pain or mobility (Figure 7).

Discussion

Despite the many indications reported in
the literature, intentional replanting is
considered a last resort to maintain natu-
ral teeth (1). The numerous operating steps
provide various opportunities for mishaps,
which therefore make this procedure
highly dependent on the operator. These
factors justify the diversity of success rates
in the literature ranging from 80 to 100%
(73). A recent systematic review of the
literature found an 88% success rate for
intentionally replanted teeth (74). The
success rate concluded from our study is
87.2%. Therefore it is in accordance with
that reported in the literature. This data is
closely related to the extra-alveolar time
of the re-implanted element, which has
been seen to be a determining factor as it
is directly involved in the conservation of
PDL cells (22, 23). The extra alveolar time
varies considerably in the different studies:
from a maximum of 30 minutes (Penarro-
cha Diego et al., Herrera et al.) (40, 58) to a
minimum of 4 minutes (Cunliffe et al.,
Garrido et al.) (63, 68). Jang et al. (75) re-
ported higher success rates for those ele-
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Figure 6

Figure 7

ments replanted with an extra-alveolar
time of fewer than 15 minutes compared
to those replanted with extra-alveolar time
greater than 15 minutes. High success rates
have also been reported in cases where the
extra-alveolar time was greater than 15
minutes. This data should be associated
with the approaches of extra-alveolar
preservation of the teeth. As reported by
a study by Andreasen in 1981, it is more
promising in a humid environment (such
as water, physiological solution, saliva)
than in a humid environment (such as
water, physiological solution a dry envi-
ronment. (76) In all the reports we re-
viewed, which showed an extra-alveolar
time greater than 15 minutes, the teeth
were stored in a moist rather than dry
environment to preserve the viability of
the PDL cells.

Intentional re-implantation has a large
number of clinical indications such as
apical periodontitis, (2-4) in cases of im-
proper endodontic therapy, (3) inaccessible
external root resorption, (6) root perfora-
tions, (7) root/coronal-root fractures com-
plex, (7-9) teeth with developmental
anomalies such as fused teeth. (11) In the
current review, a periapical lesion was
associated with a fracture of the apical
segment of the root that could not be treat-
ed with a surgical endodontic approach.
The cone beam radiographic investigation
played a fundamental role in the diagnosis
as based on a conventional 2D examina-
tion, no fracture lines or discontinuities
between the root tissues were observable.
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CBCT has only recently been introduced to
assist in surgical planning, and there are
only case reports in the literature that report
the implementation of the planning phase
with the use of 3D reconstructions (77).
Modern technologies such as microscopy,
ultrasound, CBCT (78) and the latest gen-
eration biomaterials (79-81) can improve
treatment and minimize extra alveolar
time. Therefore, encouraging results have
been reported, and in particular, it has
been highlighted that surgical re-implan-
tation can be shorter and less invasive and
with a lower percentage of failures (82).

Conclusions

The choice of the line of treatment to be
adopted must be built on the basis of the
characteristics of each clinical case. Based
on this review, a success rate of 87.2% of
teeth treated with the replantation tech-
nique was found, confirming the high
reproducibility of the treatment. Further-
more, this success can be guaranteed by
the reduced extra-alveolar storage time of
the replanted tooth, which, in the prior
revision, is on average 13.44 minutes.

In conclusion, if performed correctly, the
replantation with standardized procedures
that consider the basic biological principles
represents a therapeutic choice with a high
percentage of success and is highly pre-
dictable.

Clinical Relevance

Intentional re-implantation represents a
valid therapeutic alternative in cases
where definitive endodontic treatment is
ineffective. With this review, we intend to
analyze and evaluate the predictability of
this method in the cases reported in the
literature so as to provide the clinician
with a complete view of the technique and
the outcome associated with it.
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