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INTRODUCTION

A
utotransplantation of teeth has been done for many
years but with varying degrees of success. If the pro-
cedure is done with a full understanding of the

applicable biological principles and if the proper clinical
techniques are used, it can be very successful. Autotrans-
plantation of teeth ensures maintenance of alveolar bone
volume by physiological stimulation of the periodontal liga-
ment (PDL). 

Recently, autotransplantation has begun to gain attention
again, most likely because research on PDL healing after
autotransplantation has provided helpful information that
can be applied to the procedure.1,2

Since the procedure causes bone and dental implant
material to be fused together, the implant does not erupt
along with adjacent teeth, so the placement of dental
implants is contraindicated in young adolescent patients.
Because of this, tooth autotransplantation, which maintains
the PDL, will continue to be a suitable and attractive option

in many cases for replacing missing units. 
We conducted a search of the literature using PubMed as

well as bibliographies from identified reviews relevant to
our study. We selected clinical and scientific studies, litera-
ture reviews and case reports containing information about
autotransplantation.

Indications for autotransplantation

Autotransplantation is defined as the transplantation of
embedded, impacted or erupted teeth from one site into
extraction sites or surgically prepared sockets in the same
person.3 Autotransplantation has been used to replace miss-
ing teeth and teeth of poor prognosis.4-10

The etiology of tooth agenesis is largely unknown. Vas-
tardis11 presented supporting evidence of a genetic etiology
for tooth agenesis. He also reported the most frequently
absent teeth are third molars followed by mandibular second
premolars.11 There are reports of associations of tooth agen-
esis and other congenital tooth anomalies to certain maloc-
clusions.12 The treatment plan for missing teeth cases should
be based on a comprehensive evaluation of the age, occlu-
sion, and space requirements of the patient as well as the size
and shape of the adjacent teeth.13 If extraction has been
planned in the maxilla for the correction of crowding or
reduction of a overjet, a maxillary premolar may be trans-
planted to the second premolar site in the mandible (Fig 1). 

In most cases, the tooth or teeth to be extracted due to
caries or periodontal disease are the first molars. In this case,
transplantation of third molars to the first molar site may be
considered.4,6,10

Maxillary incisors are the teeth most frequently involved
in trauma. Zachrisson14 reported autotransplantation of the
developing mandibular second premolar to the avulsed max-
illary incisors.

Autotransplantation may provide a simplified and faster
treatment option for patients with ectopically positioned
teeth. The optimal treatment for ectopically positioned
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canines is surgical exposure and orthodontic treatment.15

However, there are cases of severe ectopic position of max-
illary canines in which transplantation should be a consid-
ered treatment alternative.16 

In immature and developing teeth, root canal therapy is
usually not necessary because the apex is open and revascu-
larization of the pulp is expected. However, for the trans-
plantation of fully developed teeth, root canal therapy is usu-
ally performed 2 weeks after transplantation.17,18 A summary
of indications for transplantation of immature teeth is pre-
sented in Table I.17-38

Sequence and treatment procedures

The sequence of autotransplantation includes clinical and
radiographic examination, diagnosis, treatment planning, a
surgical procedure, possible endodontic treatment, restora-
tive treatment, and maintenance. 

Timing of the tooth extraction from the recipient site
should be carefully determined. If the tooth is extracted prior
to the date of transplantation, transplantation should be per-
formed as soon as possible.31 If the mesiodistal recipient
space is insufficient for the donor tooth, it will be necessary
to plan orthodontic space generation prior to transplantation.
When bone width is not sufficient buccolingually, an auto-
genous bone graft or green-stick fracture may be performed

at the recipient site.17,38

The donor tooth needs to be tried into the prepared recip-
ient site. Changing the direction of the donor tooth by rotat-
ing it 90° helps to find a better fit if the initial orientation is
not possible. After try-in of the donor tooth in the recipient
site, the fit of the gingival tissues around the donor teeth
should be checked. The success of transplantation depends
on the primary closure of the gingival around the donor
tooth. The transplant is placed slightly below the occlusal
plane and secured with a suture. Sutures are removed a week
posttransplantation. Occlusal adjustment of the implanted
tooth is usually done to eliminate the possibility of prema-
ture contacts.17,38 Next, composite adhesives and the flexible
stabilization wire can be used to connect the transplanted
tooth to the adjacent teeth. A physiological splint may be
used that will allow for some movement of the tooth whilst
immobilizing it enough to allow healing. Allowing for some
minor movement reduces the potential of ankylosis and
adverse effects on the periodontal and pulpal healing of the
tooth.39,40 Chlorhexidine rinse and antibiotics should be pre-
scribed for a week after the surgery but in order to have a
desirable antibiotic level in the blood during and immedi-
ately after surgery, antibiotics should be taken orally a few
hours prior to the procedure.17

The fixation can be removed 1 to 2 months after the
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Figure 1. A. Panoramic radiograph of a 13-year-old girl with congenitally missing 3 mandibular premolars. The maxillary left first premolar was
transplanted to the mandibular left premolar region. B. 2 years and 6 months after transplantation, the transplanted tooth shows partial pulp
canal obliteration. The transplant responds normally to electric pulp testing (EPT). C. The donor tooth was transplanted when three fourths of
the root was completed. D. There has been not only orthodontic rotation but also orthodontic movement to close space and as a result,  apical
root resorption has occurred. Alveolar bone and lamina dura have successfully developed and the transplant showed normal tooth mobility. 
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 procedure. Root canal treatment (RTC) of a transplanted
tooth should be initiated before the splint is removed, but
whenever this is done, the transplanted tooth should already
be stable. RCT is necessary in a fully developed donor tooth
because healing of the pulp cannot be expected after apical
closure. Following are the recommended procedures after
completion of the transplant surgery: RCT, orthodontic treat-
ment, and definitive restoration. Periodontal healing, root
growth, and tooth eruption after transplantation should be
monitored by radiographic examination. Active orthodontic
treatment is initiated 3 to 9 months after periodontal healing
but before pulp canal obliteration.17,32-34

A criteria for success in autotransplantation is summa-
rized in Table II.39-46

Factors affecting success of autotransplantation 

An optimal sequence would be to perform the extraction
of the tooth from the recipient site on the same day that
donor tooth is removed for transplantation. If, however, the
tooth should be extracted from the recipient site earlier due
to toothache, infection, or other reasons, then the transplan-
tation should be scheduled as soon as possible within a 1
month time frame. As the time interval between extraction
from recipient site and transplantation increases, more
resorption of bone occurs at the recipient site and there will
be less support for the donor tooth.17,38

Success factors of the transplantation of teeth will be the
healing of the PDL, no progressive root resorption, healing
of gingival tissue and alveolar bone, and healing of the pulp
and continuation of root development.17,31-34

Donor teeth Recipient site Indications and prognosis

Maxillary Premolars Agenesis sites (the mandibular sec-
ond premolars)

If maxillary premolars are to be extracted for ortho-
dontic reason, they can be transplanted to the
mandibular second premolar site.
The high predictability of this procedure and its
dependence on the state of root formation has
been confirmed in several long-term studies.

Premolars
The first choices would be mandibular first
and second premolars because of their
root anatomy, and the second choice
would be the maxillary second premolar.
The maxillary first premolar is not recom-
mended due to its divergent root.

Maxillary anterior region Could be considered in children with accidental
tooth loss where implants are contraindicated
because of continued alveolar bone growth. 
The transplanted teeth can be restored with com-
posite or porcelain laminates. 
Long-term studies of transplants to the anterior
region demonstrated favorable long-term results. 

Third Molars The first or second molars

Agenesis sites (the second premolar
region)

Potential for severe dental caries, endodontic prob-
lems, or juvenile periodontitis.
The donor should be removed from the socket
atraumatically.

Making an accurate evaluation of the mesiodistal
distance of the recipient site is important.
The outcome of third molar transplantation seems
less favorable than premolar transplantations; how-
ever, 75% of transplants have been successful over
a long period of time.

Table I. Indications for transplantation

Categories Criteria for success

Radiographic examination - No evidence of progressive inflammatory root resorption
- Normal PDL space width around the transplanted tooth
- No disturbance in root development
- Lamina dura
- Healing of alveolar bone

Clinical examination - Normal tooth mobility and normal tooth function
- Gingival healing and no indication of marginal attachment loss, inflammation
- Healing of dental pulp
- No patient discomfort
- Normal percussion sound

Histological examination - The PDL fibers are aligned to perpendicular, not parallel, to the root and alveolar bone 
- However, without extraction, it is impossible to evaluate clinical cases histologically

Table II. Criteria for success in autotransplantation
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Clinically, it appears that satisfactory healing takes place
in transplanted teeth when there is no root resorption, a
maintenance of PDL space, and apparently normal tooth
mobility. In transplantation, usually the PDL fibers on the
walls of the surrounding prepared sockets are absent. It must
be recognized, however, that not only will the intact and
vital PDL be attached to the root surface but also PDL
attachment to the bony walls of recipient sockets plays an
important role in healing.17 It is desirable to extract a tooth
with as much PDL attached to it as possible, even though the
cementoblast layer by itself seems to be effective in pre-
venting root resorption.17,31-34,38

For optimal healing, it is also important to consider the
role of the PDL attached to the donor tooth in the formation
of gingival tissue and alveolar bone. Healing of dental pulp
and the continuation of root development are expected when
a donor tooth is in the developing stages. Hertwig’s epithe-
lial root sheath (HERS) is present on developing teeth, and
capillary vessels regenerate through this apical foramen
while periodontal tissue inside of the epithelial root sheath
proliferates into pulp canals.38,47 When the dental pulp does
not heal after transplantation of developing teeth, root canal
therapy is necessary. Infection of dental pulp tissue is the
primary reason of a transplant’s failure to heal. Pulp healing
can be monitored with either pulpal sensitivity or radi-
ographic signs of pulp canal obliteration.31,48 In most of the
teeth transplanted in Moorrees tooth developmental stages 3
to 4, both events were observed and only a few teeth showed
only one sign.34,49 Although the transplanted tooth sometimes
does not respond to electric pulp testing (EPT), endodontic
treatment is generally not necessary. However, when the
pulp obliteration is rapid (which in traumatology is defined
as almost complete obliteration of the entire pulp chamber
within a year), preventive endodontics might be safer than
expectation, to avoid the risk for perforations later if peri-
apical problems develop.26 

The positive relationship between orthodontic treatment
and surface resorption is to be expected when the known
relationship between resorption and orthodontic therapy is
considered.49-51 Inadequate buccolingual width of the alveo-
lar process can make it necessary to leave the transplant in a
rotated position. Paulsen and colleagues49 demonstrated
orthodontic rotation induced a slight surface resorption and
a significantly shorter tooth length, a mean of 1.2 mm. Fur-
thermore, in their study a few cases showed a late pulp
necrosis. The occurrence of pulp necrosis subsequent to
orthodontic rotation could be related to a strangulation of the
vascularization entering the apical foramen.

Attention must be paid during the plantation not to
mechanically damage the periodontal ligament of the donor
tooth by pushing it into the recipient site. Considering both
healing of the dental pulp and continued development of
roots, the ideal timing of transplantation of developing teeth
is when the donor tooth roots are three fourths to four fifths
completed.17 Teeth with short root trunks tend to develop
periodontal pockets in the furcation area after the transplan-
tation. Multirooted teeth enamel projection or peridodon-

tally involved teeth with attachment loss of more than one
third of the roots are contraindicated. 

A summary of factors contributing to successful auto-
transplantation is presented in Table III.17,31-34,52-55 

Treatment options for congenitally missing teeth

Treatment options for adolescent patients with congeni-
tally missing teeth are several, including the following:
extraction of primary teeth which allows adjacent teeth to
close the space spontaneously, retention of primary teeth if
they are not anklyosed, extraction of deciduous teeth and
closure of the space orthodontically, replacing the teeth with
implants when facial growth is completed, the placement of
fixed metal or ceramic prostheses, the placement of remov-
able partial dentures, or the use resin-bonded fixed
bridges.26,39,56

Retaining primary teeth is a possible option for aplasia.57

Bjerklin and Bennett57 report that the rate of resorption of
primary teeth diminishes with age, and clinically no further
root resorption is evident after age 20. As mentioned above,
another alternative for patients with congenitally missing
teeth is replacement with implants. In growing patients,
however, implants impede normal growth of the alveolar
process and are contraindicated.58-60 For this reason, if
implant replacement is the treatment option of choice, then
lengthy space maintenance will be necessary (Table IV).26,58-

65 A conventional fixed bridge could also be used. In adoles-
cents, preparation of the abutment teeth might need to be
delayed due to pulp size and the necessity for lengthy space
maintenance. Some disadvantages of removable partial den-
tures include their temporary nature and the need to replace
them periodically during growth. Although a resin-bonded
fixed bridge might be another option, it presents disadvan-
tages, including the irreversible tooth preparation that is
required and the uncertain longevity of this type of
 prosthesis. 

Autotransplantation, which provides the possibility of a
natural tooth rather than a prothesis or an osseointegrated
implant to replace a missing tooth, is a unique treatment pos-
sibility in orthodontics of young patients. By means of this
technique, a complicated treatment problem can be trans-
ferred to another site in the dental arch where it will be eas-
ier to solve orthodontically; however, there are some situa-
tions where autotransplantation is not immediately possible
as a one-step procedure. In such cases, cryopreservation cre-
ates new possibilities when an extraoral storage period of
months or years is needed to orthodontically prepare the
recipient region.38,66

CONCLUSIONS 
Autotransplantation of teeth offers a new treatment

option for some clinical situations. It permits tooth move-
ment to distant or opposite sides of the same dental arch, as
well as to the opposite jaw. Furthermore, transplantation
offers other potential benefits such as bone induction and the
reestablishment of a normal alveolar process in addition to
tooth replacement. Even if the transplant fails later, there is
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Categories Influencing factors for prognosis  

Patient 
related factors

- Better results in younger patients
- A patient free of major systemic and metabolic problems or specific habits (e.g., smoking)
- Good oral hygiene and a cooperative attitude

Donor tooth 
related factors

Periodontal ligament (PDL)
- The presence of intact and vital PDL attached to the root surface
- Preservation of vital PDL when the tooth is outside the mouth using physiologic salt
water or milk or preservation liquids and as short a surgery time as possible

- Enhanced healing of the gingival tissue by placing a 1 mm band of PDL 
fibers on the root above the crest of bone

- A major factor in the formation of alveolar bone
- A chance of inadequate PDL development as an effective attachment with an impacted 
tooth (nonfunctioning tooth) 

Healing of dental pulp
- The preservation of Hertwig’s epithelial root sheath (HERS)
- Healing of the dental pulp occurs until Moorrees tooth development stage 5
- When the diameter of the apical foramina is > 1 mm, there is more than an 87% chance 
the dental pulp will heal 

Continuation of root development
- Ideal timing of transplantation is when development of the donor tooth roots is 3/4 to 4/5 complete
Gingival adaptation
- Tight flap adaptation prevents bacterial invasion into the recipient socket
Root morphology
- Teeth with a single, cone-shaped root without concavity around the cervical area are most favorable

Recipient site related
factors

- Bone width and height should be adequate to receive the donor tooth
- Better healing can be expected if the PDL tissue is still attached
- Transplantation should be performed the day of transplantation or 
within 1 month after extraction

Clinical  factors - Surgery should be performed by a clinician with experience in such areas as
donor tooth extraction, preparation of the recipient site, and tissue management

Table III. Successful healing factors associated with autotransplantation of teeth

Dental implant Autotransplant

Patient age After alveolar bone growth is completed No patient age limit
However, patients older than 40 have a better success
rate when implant treatment has been used 

Function and
esthetics

Does not have a PDL

No bone induction capacity 
Eruption is not possible, a disadvantage in growing
patients 
Prosthetic treatment is required
Nonadjustable
The first choice for completely edentulous patients

Has a normal PDL, serving as a shock absorber and a
proprioceptor 
Can promote bone formation 
Normal eruption is possible 

In some cases, prosthetic treatment is not required
Adjustable position after surgery
Needs an ideal donor tooth

Gingiva A normal gingival contour is problematic, especially
when 2 implants are adjacent to each other

A normal gingival contour can be induced

Orthodontic 
movement

Cannot be moved orthodontically
However, can be used as an orthodontic anchorage
device

Can be moved orthodontically

Time and cost Needs an ossointegration stage before prosthodontic
treatment 
More expensive

Needs fixation stage

Less costly

Long-term results Long-term follow-up studies (more than 15 years) are
lacking

Transplanted teeth have been observed for up to 40 years
and have similar healing rates

Table IV. Factors in the choice of dental implant vs. autotransplantation
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an intact recipient area that could be used for an implant. A
prerequisite for this method, however, is a thorough knowl-
edge of the factors that influence the long-term success rate.
If done properly, this method may supplement and or be
used as a viable treatment option in present day clinical
practice.
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