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Objective: To present an improved, accurate, and efficient 
method for planning and preparing an artificial socket for 
autotransplantation, by using a three-dimensional (3D) surgi-
cal guide and a replica of the transplanted donor tooth. The 
guide and the tooth replica were fabricated using a computer-
ized 3D simulation. A case treated with this approach is pre-
sented. Method and Materials: Cone beam computed 
tomography (CBCT) and computerized 3D simulations 
(Simplant plus registration as stereolithography) were used for 
planning the optimal artificial socket position and dimensions, 
within the limitations of the alveolar bone borders and the 
adjacent teeth roots, and for producing a metal replica of the 
transplanted tooth. The replica was used to assure the correct 
socket preparation and orientation before extraction and 
replantation of the donor premolar. Results: The entire pro-
cedure time for autotransplantation of a permanent second 

premolar to the incisor site without the buccal plate was about 
45 minutes. At 15 months’ follow up, clinical examination of 
the transplanted tooth demonstrated both normal mobility 
and no sensitivity to cold stimulation. A radiographic examin-
ation revealed continuous root development and pulp obliter-
ation. The adjacent teeth maintained their vitality with no 
pathologic signs. Conclusion: We present an improved 
technique for autotransplantation based on computerized 3D 
simulations and guidance for accurate dimensioning and 
optimal locating of the artificial socket relative to the alveolar 
bone borders and the adjacent teeth roots. This technique may 
significantly simplify the autotransplantation procedure and 
will probably also increase its success rate and use in young 
patients, even in cases with absence of a buccal plate.  
(Quintessence Int 2018;49: 663–671; doi: 10.3290/j.qi.a40781)
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Tooth autotransplantation is a surgical transposition of 
a donor tooth from its original site to a recipient site 
within the same individual. The donor tooth is trans-
planted into an extraction site or into a surgically pre-
pared artificial socket at the recipient site.1

The pulp healing of the transplanted tooth is 
directly correlated with a younger age of root formation 
and with the diameter of its apical foramen.2-6 However, 
root growth following replantation is impaired or 
arrested in 55% to 65% and 14% to 19% of the cases, 
respectively.7,8 In addition, future orthodontic treatment 
may induce further shortening of root length.9-11 There-
fore, the optimal timing recommended for autotrans-
plantation is when the root reaches maximum length 
and width but the walls of the apical foramen of the 
transplanted tooth are inverted or at least parallel.3,7 
One of the key factors for a successful autotransplanta-
tion is the correct preparation of the recipient socket. To 
that end, the dimensions of the artificial socket should 
be only slightly wider and longer than those of the 
donor tooth, in order to prevent pressure and subse-
quent damage to the periodontal ligament cells (PDLc) 

and the Hertwig epithelial root sheath (HERS), and 
simultaneously to ensure a continuous blood supply to 
the PDLc and the pulp of the transplanted tooth. The 
second key factor for a successful replantation is to min-
imize the number of fitting attempts of the donor tooth 
during the procedure, as every fitting attempt further 
increases the risk of trauma to the PDL and prolongs 
the extra-alveolar time.12-14 The third key factor in addi-
tion to size and depth is angulation, ie, achieving an 
optimal location of the artificial socket, in relation to 
three planes: to the alveolar bone borders, in order to 
minimize the risk of perforating the buccal plate (espe-
cially in cases with atrophic alveolar process); to the 
adjacent roots in order to prevent their damage during 
the preparations; and to the occlusal plane.15-21

There have been several suggestions to measure/
model the artificial socket using a fabricated tooth 
replica as a guide, in order to minimize manipulation of 
the donor tooth during the procedure.22-25 Rounded 
surgical templates that resembled different sizes of pre-
molar roots have been produced.12 Others proposed 
fabricating several sizes of premolar metal templates 

a

b

Figs 1a and 1b Clinical preoperative 
view of anterior teeth. Note the maxillary 
right central incisor in a buccal inclination 
and in a severe infraocclusion, with almost 
a complete loss of the buccal plate. Space 
loss was caused by proximal movement 
and inclination of the adjacent incisors. 
The tooth was splinted temporarily until 
initiation of the orthodontic treatment.

Fig 2 Preoperative panoramic radiograph 
taken upon acceptance of the patient. 
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and to use the one with the most suitable dimensions.22 
The use of computed tomography (CT) or cone beam 
computed tomography (CBCT) has been suggested for 
fabricating a plastic or metal replica of the donor tooth, 
and to assess its fit in the socket before transplanta-
tion.23-29 In a recent review, several printing techniques, 
including solid-based forced metal deposition (FMD), 
Polyjet modeling, stereolithographic (SLA), and Sim-
plant Pro 12.1, were found to produce models that 
were well within the clinically acceptable level of accu-
racy (0.25 mm in comparison with the original tooth).30

Recently, several reports have suggested utilizing 
CBCT to assist the surgeon in planning the ideal artifi-
cial socket location for autotransplantation.13,23,25,28,31,32 
In these reports several consecutive burs with increas-
ing diameters were used to drill the socket holes. How-
ever, the shape of the root of the transplanted tooth is 
never a perfect cylinder with parallel borders, thus a 
stage of trial and error is inevitable, which increases the 
risks of a prolonged surgery or a mismatch between the 
transplanted tooth and the socket. 

The aim of this report was to suggest an accurate 
and efficient method for planning and facilitating the 
surgical procedure, by preparing an artificial socket 
using computerized 3D simulations in combination with 
a surgical guide and a replica of the transplanted donor 
tooth. A case treated with this approach is presented.

CASE PRESENTATION
An 11-year-old girl was referred to the clinic for consul-
tation in December 2015. Eighteen months previously 

she had suffered a traumatic injury to her face, with a 
subsequent avulsion of her maxillary right central inci-
sor and underwent a delayed tooth re-implantation. 
Clinical and radiographic examinations revealed pro-
gressive root resorption of the re-implanted tooth with 
class II mobility. The tooth was in severe infra-occlusion, 
with an almost complete loss of the buccal plate, and 
space loss caused by proximal inclination and move-
ment of the adjacent incisors (Fig 1). The patient’s pan-
oramic radiograph revealed that her maxillary pre-
molars’ roots were at ¾ of their maximal length (Fig 2). 
The orthodontic treatment plan included performing 
an autotransplantation of the maxillary left second pre-
molar into the site of the lost incisor, followed by addi-
tional orthodontic treatment to close the donor site 
and achieve harmonious occlusion. After the parents 
signed informed consent, the patient was referred for 
dental treatment entailing extraction of the maxillary 
left first and second primary molars, in order to acceler-
ate the eruption of the maxillary premolars. Then 
orthodontic treatment was initiated to regain the lost 
space of the incisor. At this stage the avulsed tooth was 
maintained in position for esthetic reasons. 

Upon eruption of the permanent maxillary left sec-
ond premolar, the orthodontic splint was removed, the 
avulsed tooth was extracted, its socket was debrided, 
and the space was maintained by an acrylic removable 
appliance (Fig 3). This allowed performance of a CBCT 
scan (without brackets) and complete soft tissue heal-
ing before the transplantation. A plaster model of the 
patient’s maxilla was poured and scanned, and she was 
referred to a low-dose CBCT scan of the maxilla. Ten 

a b c

Figs 3a to 3c Clinical views of (a) the patient’s anterior teeth immediately after orthodontic space was regained, (b) extraction of the 
avulsed tooth, and (c) maintaining the space with an acrylic removable appliance.
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months later the autotransplantation of the permanent 
maxillary left second premolar into the place of the 
extracted maxillary right central incisor was performed.

Surgical guide system fabrication
The CBCT scan and the scanned plaster model were 
converted to DICOM files to obtain computerized 3D 
models. To start the stereolithography (STL) registra-
tion over the DICOM, three points were selected. Then 
the full synchronization (ie, registration) was checked 
for all the common points in the DICOM and the STL.28

A change between the STL registration over the 
DICOM was observed only in the erupted permanent 
maxillary left second premolar. Segmentation and 
masking of the DICOM model of the maxillary arch and 
the tooth to be transplanted were performed using 
Simplant plus registration as STL. Virtual autotransplan-
tation of the tooth (as STL) was then performed using 
the “optical module” in Simplant. The exact 3D position 
of the donor permanent maxillary left second premolar 
in the recipient site was determined in the mesial/distal 
direction, in relation to the locations of the incisive 
canal and the adjacent roots of the right lateral and left 
central teeth; and in the buccal/palatal direction, in 
relation to the alveolar ridge borders. Once the optimal 
position of the transplanted tooth was determined vir-
tually, a surgical guide (Simplant Guide Production 
Unit, Dentsply Implants) was designed and fabricated 

to facilitate the preparation of an artificial socket iden-
tical to the shape of the root of the transplanted tooth. 
Four guidance drillings of 2.00 mm diameter were 
planned in the most buccal, lingual, mesial, and distal 
locations (Fig 4). Each of the drillings were parallel to 
the planned root surface of the autotransplanted tooth, 
and angulated accordingly, thus achieving a correct 
spatial form. The outer borders of the drills were placed 
at a distance of 1 mm from the planned border of the 
donor tooth, in order to achieve an optimal size artifi-
cial socket, slightly larger than the donor tooth. The 
lengths of the tubes were about 1 mm longer than the 
tooth in an attempt to avoid as much damage as possi-
ble to the HERS. Additionally, a replica from chrome 
cobalt of the permanent maxillary left second premolar 
was fabricated according to the STL digital imaging by 
laser sintering, to confirm the proper depth, size, and 
angulation of the newly prepared socket, before 
extracting and transplanting the donor tooth. The 
accuracy of the replica was confirmed immediately 
after extraction of the maxillary premolar and was 
found to be identical.

Surgical technique
The surgical procedure was performed under sedation 
using Midazolam (10 mg orally diluted with 10 mL of 
ibuprofen syrup [100 mg/5 mL] in conjunction with 
nitrous oxide/oxygen inhalation [5 L/min, 50% N2O, and 

a

b

Figs 4a and 4b Simulation of the location of the guidance 
drillings at the most buccal, palatal, mesial, and distal borders of 
the transplantation premolar.
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50% O2]). Immediately before surgery, the teeth and 
the surgical area were scrubbed with chlorhexidine 
(0.2%) solution. The guiding template was placed and 
found to have an accurate fit according to the designed 
fenestration (Fig 5). A mucoperiosteal flap was elevated 
in the recipient site, and the socket was then prepared 
by using the surgical guide. The proper size, depth, and 
angulation of the newly prepared socket were verified 
by placing the metal replica in the newly formed socket 
(Fig 6). Only then, the permanent maxillary left second 
premolar was extracted and immediately re-implanted 
in the new location without further manipulation of the 
donor tooth or adjustment of the recipient socket, 
while restricting the extra-alveolar time to several sec-
onds (Fig 6). 

The donor tooth was stabilized with a resorbable 
suture and splinted by metal wire and composite ma-
terial (Fig 7). To prevent occlusal interference, compos-
ite material was placed on the mandibular second pri-
mary molars to increase the vertical dimension of 
occlusion. The crown of the implanted tooth was 
reshaped to an incisor form using a composite material 
with minimal manipulation. The duration of the entire 
procedure was approximately 45 minutes. 

Postoperative examination
Clinical and radiographic examinations were performed 
at 2 weeks, and 1, 4, 8, and 15 months postoperatively. 
At 15 months’ follow-up, clinical examination of the 
transplanted tooth demonstrated both normal mobility 
and no sensitivity to cold stimulation. The radiographic 

examination revealed continuous root development 
and pulp obliteration (Fig 8). The adjacent teeth main-
tained their vitality with no pathologic signs. A slight 
recession of the buccal plate of the transplanted tooth 
resulted, mainly from bone loss associated with infraoc-
clusion of the extracted traumatized tooth and from 
presence of an excessive buccal bulge in the trans-
planted tooth (Fig 9). 

DISCUSSION
The ideal treatment for missing maxillary permanent 
anterior teeth in a young pediatric patient is autotrans-
plantation of a premolar, when available.31-34 Such 
treatment provides both immediate and permanent 
esthetic rehabilitation and induces continuous local 
alveolar bone growth, as well as regeneration of bone 

a b

Fig 5 Clinical view of the surgical guide 
seated on the occlusal surfaces of the max-
illary teeth. The accuracy of the guide was 
verified by the fenestration.

Figs 6a and 6b Simulation of (a) the autotransplantation of the metal replica of the 
premolar and (b) autotransplantation of the premolar into the location of missing incisor 
immediately afterward. 

Fig 7 Clinical view of the patient’s anterior teeth immediately 
after autotransplantation and splinting.
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defects caused by the negative consequences of the 
preceding trauma.31,33,34 Nonetheless, it entails the risk 
of several complications, including root resorption, 
ankylosis, loss of the autotransplanted tooth, and frac-
ture during extraction.26

The key factor for a successful clinical outcome of 
an autotransplantation procedure is the preservation 
of PDL vitality of the transplanted tooth during the 
surgical procedure. This can be achieved mainly by 
avoiding the application of high pressure on the donor 
tooth and reducing the extra-alveolar time of the tooth 
during transplantation.15-21 A specified maximum dis-
tance between the adjacent teeth and the border of 
the newly prepared socket has not yet been confirmed 
in the published literature. Nonetheless, it seems rea-
sonable to prepare the recipient alveolar bone area 
with a cut 1 to 2 mm wider and deeper than the perim-
eter of the donor root, to both preserve the PDL and to 
enable an optimal blood supply to the PDLc, thus 
leading to further improved success rates of autotrans-
plantations.11,14

Importantly, damage to the roots of the adjacent 
teeth is considered one of the more severe risks of 
autotransplantation. This is especially true in cases 
when the autotransplantation is not performed imme-
diately after a traumatic avulsion, but rather several 
months later, following proximal movement of the 
adjacent teeth. 

The approach suggested herein for fabricating a 
computerized surgical guide by virtual preoperative 
planning, may increase the safety of the procedure by 
enabling accurate and optimal sizing and orientation 
of the artificial socket. The advantages of the current 
procedure over those previously suggested include 
creating the shape and size of the socket more accu-
rately by using four guiding holes instead of one.13,27,32 
Moreover, the location of the drilled holes, 1 mm wider 
and longer than the transplanted tooth, ensures the 
preservation during surgery of the PDL and the HERS 
of the young developing transplanted tooth. A recent 
report has shown that the status of the alveolar bone 
at the recipient site, at the time of surgery, is signifi-
cantly related to periodontal healing outcome of the 
transplanted tooth.3 The method described herein may 
enhance the prognosis of PDL healing, even after 
severe bone loss at the recipient site. In the current 
case presentation, periodontal healing, defined as 
newly formed periodontal space surrounding the root 
periphery, was confirmed on the successive periapical 
radiographs. Additionally, evidence of pulp vitality was 
clinically and radiographically confirmed by signs of 
pulp canal obliteration. 

Moreover, by marking the most mesial and distal 
borders of the preparation, this approach may decrease 
the risk of damaging the incisive canal nerve, the buc-
cal plate, and/or the PDL of the adjacent incisor roots.

a b c d

Figs 8a to 8d Serial periapical radiographs of the transplanted tooth taken at the following times. (a) Immediately postoperatively: 
the apex of the tooth is open. Note that the preparation is longer than the actual root length of the autotransplanted tooth. (b) 4 months 
postoperatively: the apex is closed, with no periapical radiolucency. (c) 8 months postoperatively: obliteration of the pulp is evident. 
(d) 15 months postoperatively: healthy lamina dura is evident around the root surface.
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This method also simplifies the chairside procedure, 
allowing the surgeon to operate with more accuracy 
and confidence, minimizing the guesswork involved 
and reducing the duration of the procedure. Addition-
ally, the prefabrication of the donor tooth’s metal 
replica may decrease the traumatic handling and the 
extraoral time of the donor tooth, reducing the risk of 
bacterial contamination, which is a critical factor for 
success in tooth autotransplantation.15-21

Computer-aided design has been widely applied to 
design and manufacturing of surgical templates for 
dental implant positioning. The accuracy of CAD/CAM 
(computer-aided design/computer-assisted manufac-
ture) guiding systems in implant dentistry has been 
confirmed by a recent systematic review.35,36

Currently, the reliability of computer-guided systems 
is insufficient for performing “blind” implantations 
because deviations in horizontal and vertical planes and 
angulation are not clinically acceptable when a small 
deviation can be detrimental (eg, damage to anatomical 
structures). Thus, the diagnostic and surgical procedures 
require constant verification after each step. This is also 
the case in autotransplantation; the procedure should 
not be done flapless, and visual control of each step is 
critical for ensuring the reliability of the surgical tem-
plate. Furthermore, since all guides in this procedure are 
tooth-supported, better accuracy is expected.3,37 
Although, performing postoperative intraoral scans and 

matching them with preoperative plans could provide 
some information about the methods’ accuracy, it 
would further expose the patient to radiation.

Several factors should be taken into consideration 
when applying the approach described herein to the 
treatment of a young patient:
• The timing of the procedure in a young child. It was 

found that the positions of erupting teeth change 
quite rapidly in children at the age of mixed denti-
tion. Therefore, acquiring the plaster model and the 
CT scan on the same day, if possible, can be recom-
mended. 

• When an ankylotic tooth is diagnosed in a child 
undergoing a growth spurt, it is recommended to 
perform a decoronation procedure, as soon as pos-
sible, to preserve the alveolar bone width and 
height and to prevent proximal movement of the 
adjacent teeth,38-41 which would otherwise increase 
the cost and complexity of further treatment due to 
a preliminary orthodontic treatment to regain the 
lost space.

• It should be mentioned that orthodontic treatment 
prior to autotransplantation may nonetheless be 
required in cases of crowded anterior dentition to 
prevent damage to the PDLc of the adjacent teeth.

In the present case, the maxillary premolar was chosen 
for autotransplantation of the missing anterior tooth, as 
the future orthodontic treatment of this patient was 

a b

Figs 9a and 9b Clinical view of the patient’s anterior teeth (a) 3 months and (b) 15 months following autotransplantation. The yellow 
patch on the cervical surface of the crown results from the gradual grinding of the buccal bulge of the transplanted premolar to obtain 
a self-cleansing anatomy and to enable buccal migration of the gingiva.



VOLUME 49 • NUMBER 8 • SEPTEMBER 2018670

Q U I N T E S S E N C E  I N T E R N AT I O N A L

Ashkenazi et al

considered. The patient had mild Class II division 1 mal-
occlusion, and extraction of the maxillary premolar and 
space closure was considered to be a treatment alter-
native for the original malocclusion presented. The 
mandibular premolar would have been preferable for 
the autotransplantation, because of the shape of its 
root and crown; however, in the present patient 
extraction of the mandibular premolar would either 
have led to a prolonged and more complex future 
orthodontic treatment or have necessitated maintain-
ing until adulthood the mandibular premolar space for 
a future implant. 

In the current patient, the buccal recession of the 
transplanted tooth probably resulted from the preop-
erative infraoccluded position of the traumatized inci-
sor. As the child is still growing, improvement is 
expected in the buccal bone with time. Retrospectively, 
it might have been beneficial to graft the buccal plate. 
Moreover, at 12 years old, the patient has not yet 
started her definitive orthodontic treatment. Therefore 
the transplanted tooth is not yet in its correct vertical 
position. It is expected that during her future orthodon-
tic treatment the gingival margins will be matched, and 
the occlusion will be consolidated to Class I. This treat-
ment should be completed approximately 2 years from 
its initiation. 

It could be argued that this procedure has some 
limitations, such as increased exposure to radiation and 
a relatively higher cost due to the use of CBCT, 3D guid-
ing templates, and dental laboratory services. Notwith-
standing, in some children this procedure may actually 
decrease the amount of radiation exposure and the 
cost of treatment by reducing postoperative complica-
tions. Moreover, simplifying and shortening the proce-
dure’s duration reduces the need for general anesthe-
sia, thus further lowering the cost of treatment. 

CONCLUSIONS
An improved technique is presented for autotransplan-
tation based on computerized 3D simulations and 
guidance, and enables accurate dimensioning and opti-
mal localization of the artificial socket relative to the 

alveolar bone borders and the adjacent teeth roots. 
This technique may significantly simplify the autotrans-
plantation procedure and will likely increase its success 
rates and use in young patients. 
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