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INTRODUCTION

Traumatic dental injuries (TDIs) are very frequent; children and adolescents suffer trauma 
from sports activity, unsafe playing, or accidents.[1,2] Andersson reported a prevalence of 20% 
in this population.[1,2] Glendor concluded that one-third of all children sustained a TDI in the 
primary dentition, one-fourth in the permanent dentition of all school children, and one-third 
of all adults.[3] TDI in primary dentition can damage and/or cause disturbances to the germs 
of permanent teeth;[4-6] On the other hand, permanent dentition can cause complications such 
as pulp necrosis and internal/or external root resorption and affect craniofacial growth.[6-8] 
Although traumatized teeth are managed endodontically, sometimes the decision to indicate 
the extraction of the traumatized tooth is required.[9] Consequently, dental implants or other 
restorative protocol are treatment options in an adult patient but not alternatives for a growing 
patient, because growing patients still have the potential for alveolar growth.[10,11]

Autotransplantation is the surgical movement of embedded or erupted teeth in the same 
patient from one site to another into extraction sites or surgical prepared sockets.[12-16] 
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Autotransplantation of immature premolars is a successful 
protocol for restoring edentulous areas; it functions as a 
natural tooth because it has a periodontal ligament (PDL) 
on the surface of the root, facilitating the physiological 
movement.[12,16] A successful autotransplanted tooth can 
maintain and permit continuation of alveolar growth as it 
erupts with growth and can be moved orthodontically.[17]

is case report presents the autotransplantation of maxillary 
second premolars to the anterior region and orthodontic 
treatment of a mixed dentition skeletal Class II growing patient.

CASE REPORT

Diagnosis and etiology

A 10-year-old young Hispanic male patient was referred to 
the Endodontics Department with the chief complaint of 
the color change of maxillary central incisors. e patient’s 
parents reported trauma one year ago and as a result root 
canal treatment of both. Endodontic diagnosis showed 
periapical lesions, internal resorption, and grade 1 mobility. 
Maxillary central incisors extractions were necessary due to 
the poor prognosis, so he was referred to the orthodontics 
department to evaluate if the patient could be a candidate 
for orthodontic treatment as he showed severe crowding 

[Figure  1]. He had no significant medical history; the 
pretreatment records showed a Class  II skeletal relation 
and vertical pattern [Table  1 and Figure  2]. e dental 
findings were mixed dentition, an Angle Class  II molar 
relationship, moderate upper and lower anterior crowding, 
4 mm of overbite,and 7 mm of overjet. Cone-beam computed 
tomography (CBCT) scan and panoramic radiograph 
confirmed the endodontist diagnosis report [Figure 3].

Treatment objectives

e treatment objectives for this case were as follows: (1) to 
achieve better facial balance, (2) to substitute the maxillary 
central incisors (autotransplantation of maxillary second 
premolars into the place of maxillary central incisors that 
needed to be extracted as stated by the endodontist and 
premolar extractions were needed to solve the orthodontic 
problems), (3) to achieve a canine Class I, (4) to establish a 
Class II molar functional relationship, (5) to correct excessive 
overbite and overjet, (6) to eliminate dental crowding, and 
(7) to maintain the root length of the teeth.

Treatment alternatives

Various treatment modalities were available for the effective 
solution of the clinical situation; the presented alternatives 

Figure 1: Pretreatment photographs.
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presented were as follows: A. Extraction of the poor prognosis 
maxillary central incisors, orthodontic reposition of maxillary 
lateral incisors into the extracted maxillary central incisors 
site, canines eruption guidance, and orthodontic reposition 
of canines into maxillary lateral incisors site, first bicuspids 
guidance and orthodontic repositioning into canines site 

(reshaping of palatal cuspid to avoid occlusal interferences), 
and guidance and orthodontic repositioning of the second 
premolars and molars to obtain a Class II functional occlusion. 
Prosthodontics department consultation to evaluate and 
restore anterior teeth as recommended. B. Extraction of the 
poor prognosis maxillary central incisors, extraction of the 

Figure 2: Pretreatment cephalogram, panoramic radiograph, and study models.

Figure  3: Sagittal clipping view (a and b) Left maxillary central 
incisor. (c and d) Right maxillary central incisor. (e) Periapical 
radiograph. e green lines indicates a reference ruler in milimeters.

c d

e

Table 1: Cephalometric measurements.

FF Norm Pretreatment Posttreatment

FMA 25º 32º 29º
FMIA 70º 64º 52º
IMPA 90º 85º 95º
1-SN 
Autotransplanted 
teeth-SN

102º+-2 112º 106º

SN/MP 32º 34º 32º
OP/MP 20º +- 5º 31º 29º
FACIAL AXIS 90º +- 3.5º 95º 93º
WITS 0 A -3 4.5º 4º
SNA 82º 86.º 88º
SNB 80º 80º 81º
ANB 3º 6º 7º
POST. FH 45mm 38.3mm 51.3mm
ANT. FH 65mm 53.3mm 64.7mm

FMA: Frankfort mandibular plane angle, FMIA: Frankfort 
mandibular incisor angle, IMPA: Mandibular incisor 
to mandibular plane angle, 1-SN: Angle between upper 
incisors and Sella-Nasion, SN/MP: Angle between sella-
nasion to the mandibular plane, OP/MP: Angle between 
occlusal plane to mandibular plane, SNA: Angle between 
the sella/nasion plane and the nasion/A plane, SNB: e 
angle between the sella/nasion plane and nasion/B plane, 
ANB: Angle formed by point A, Nasion and point B, ANT.
FH: Anterior Facial Height, POST.FH: Posterior Facial 
Height, WITS: e “WITS” appraisal for jaw disharmony.

a b
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upper first premolars (required to solve the orthodontic 
problems) to achieve canine Class  I and Class  II molar 
functional relationship, space maintenance of the maxillary 
central incisors extracted into adulthood, when growth is 
completed replacement with dental implants.

Treatment progress

Treatment plan was explained to the patient and parents, 
risks, limitations, and possible complications of orthodontic 
and surgical procedures were also detailed. e Maxillofacial 
and Oral Surgery Department extracted the upper maxillary 
central incisors, upper second primary molars and performed 
the autotransplantation of the maxillary second premolars 
into the maxillary central incisors site. A  rotated 90° of 
the autotransplant teeth during surgery was suggested to 
provide a suitable mesiodistal surface for prosthodontic 
treatment of the teeth and to resemble the central incisor 
root anatomy. Unfortunately, a complication occurred, 

the surgeon positioned the teeth in a labiolingual position 
(later with orthodontic appliances needed to be corrected). 
Fertilization was accomplished with a bonded 0.016” × 0.022” 
SS archwire, including the maxillary lateral incisors and the 
transplanted second premolars into the upper central incisors 
site [Figure 4]. e Endodontics Department kept monitoring 
vitality and had radiographic control every month for six 
months [Figure 5]. After “greenlight” from the endodontists, 
the 0.022” × 0.028” McLaughlin, Bennet and Trevisi 
(MBT) (3M Unitek, Monrovia, CA) appliance was bonded, 
nickel-titanium (Niti) 0.012” archwires were engaged, and 
appointments were scheduled every month [Figure  6]. e 
level and aligning phase was obtained with Niti archwires 
(0.014”, 0.016”, 0.016” × 0.022” and 0.017” × 0.025”), 0.017” 
× 0.025” SS archwires were engaged,and a Niti open coil 
was inserted between the autotransplanted teeth to generate 
a couple force system using the open coil between the teeth 
and an elastic chain attached to bonded palatal buttons. 
Additionally the Niti open coil facilitated the 90° rotation of 

Figure 4: Autotransplantation surgery.

Figure 5: Control cone-beam computed tomography. (a) Sagittal view left maxillary second premolar. 
(b) Sagittal view right maxillary second premolar. (c) Frontal view. (d) Ferulization.

a
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the autotransplanted teeth, provided a suitable mesiodistal 
surface for prosthodontic treatment of the teeth and was 
used to resemble the central incisor root anatomy (condition 
not fulfilled by the surgical procedure). is mechanics 
continued for seven months, but unfortunately the treatment 
was suspended from March 2020 to October 2021 during 
COVID-19 pandemic. Patient’s assessment after global 
lockdown showed several missing brackets, no archwires,and 
relapse of the corrected rotation of the autotransplanted teeth 
[Figure  7]; erefore, a panoramic radiograph was taken to 
check root parallelism, bracket repositioning, and replacement 
of the missing ones. e following archwires were used in 
posterior appointments for one month: Niti 0.014” upper 
and lower, Niti 0.016”, Niti 0.017” × 0.025”, and coordinated 
upper and lower 0.017” × 0.025” SS. e autotransplanted 

teeth were rotated 90 degrees by a couple force system using 
an open coil between the teeth and an elastic chain attached 
to bonded palatal buttons as described before. Crimpable 
hooks were attached, and tiebacks activated in the upper arch 
to close posterior remaining spaces. e prosthodontist made 
a space assessment before debonding; as this milestone was 
achieved, the recommended space management, finishing, 
and detailing was accomplished, and brackets were debonded 
[Figure 8]. e autotransplanted teeth were restored with the 
anatomy of maxillary central incisors and the prosthodontist 
also included the restoration of the maxillary lateral incisors 
to achieve an optimal esthetic result. A  Direct Composite 
Resin Injection technique was the procedure of choice (Tetric 
Evoflow A2, Ivoclar Vivadent); as a young patient, a minimal 
invasive procedure was recommended. Notably, in adulthood 
a more aggressive indirect restoration can be selected if 
required. e retention protocol was a bonded fixed retainer 
to maxillary upper incisors and autotransplanted teeth, plus 
upper and lower circumferential retainers 24 h a day for six 
months and later it was only during the night hours.

Treatment results

e overall treatment time lasted for seven years., One year 
and seven months of treatment was interrupted during the 
COVID-19 pandemic. Facial balance was improved, and 
the final occlusal relationships were good [Figure  9]. e 
autotransplantation of the maxillary second premolars into the 
maxillary central incisors site was successfully accomplished. 
Autotransplanted teeth showed a positive response to pulp 
vitality tests, and normal root development continued. e 
prosthodontic treatment restored the esthetic and function 
of upper anterior teeth;. e autotransplanted teeth were 
restored to maxillary central incisor morphology, and lateral 
incisors were restored to enhance the esthetic and functional 

Figure 7: Extraoral and intraoral photographs after COVID-19 global lockdown.

Figure  6: Bonded orthodontic appliance MBT 0.022” × 0.028” 
(3M Unitek).
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outcome. Dental crowding was relieved, and good parallelism 
of roots was also achieved [Table 1 and Figure 10].

DISCUSSION

Several treatment options are available for growing patients 
with congenitally missing teeth, including orthodontic 
closure of the space, replacing the teeth with an implant after 
growth is completed, fixed prostheses, removable partial 
dentures, or autotransplantation.[12,18-20]

Autotransplantation protocol is a widely performed and 
validated treatment alternative. ere can be multiple and 
specific clinical situations where autotransplantation can be 
performed, but three indications are the most common, they 
are, multiple agenesis, mandibular second premolar agenesis 
in hyperdivergent patients and congenitally or traumatically 
missing maxillary central and lateral incisors as described by 
Zachrisson.[14,19] High survival success rates are reported when 
developing teeth, especially premolars are used as donors;[21-24] 
Another specific clinical situation where autotransplantation 
should be considered is when two incisors on the cleft side are 
missing in patients with alveolar clefts.[25]

e stage of the donor root development is one critical factor 
in determining success after autotransplantation.[14,26] Northway 
suggested that the preferred stage of root development is between 
the third and three fourths complete[14,27] and more precise 
Tsukiboshi suggested that the donor tooth should have at least 
three-quarters of its root formed and an apical opening more 
than 1 mm at the time of surgery.[14,28] Other authors recommend 
an ideal root of the premolar one- half to three-fourths of the final 

root length.[10,20,29,30] is way, pulp revascularization, and vitality 
can be preserved, and the tooth retains the potential to erupt and 
induce alveolar growth.[21,23,31] e donor upper premolars of the 
case illustrated had three-quarters of their root, ideal length for 
autotransplantation [Figure 11]. Complete development will not 
be achieved in all autotransplanted teeth. Total arrest indicates 
no development after autotransplantation, whereas partial arrest 
indicates some development,and non-arrest indicates complete 
development of roots.[14,32-35]

Orthodontic forces can be applied to autotransplanted teeth, 
however, the timing for such treatment is still controversial. 
Andreasen et al.,[33] Tsukiboshi[28] and Tankittiwat et al. suggest 
initiating active orthodontic treatment 3–9  months after 
periodontal healing.[20] Zachrisson et al. and Czochrowska 
et al. recommend delaying orthodontic treatment until six 
months after the surgical procedure.[19,20,23,36] Varying degrees 
of pulp obliteration after autotransplantation of developing 
teeth is regarded as a normal healing phenomenon and 
a sign of pulp revascularization and preservation of pulp 
vitality. Pulp obliteration does not result in an unfavorable 
prognosis of autotransplanted teeth with developing roots 
long-term.[23,37-39] Failures such as ankylosis or progressive 
root resorption of the donor’s tooth are strongly correlated 
with the damage to the root surface during surgery.[23,40,41]

It is recommended to start orthodontic mechanics of fully 
developed autotransplanted teeth within 4–8  weeks after 
surgery.[16,34] Kokai et al. based on a retrospective study 
suggested that early orthodontic movement may accelerate 
PDL healing of autotransplanted teeth that have complete 
root formation.[16,42] However, orthodontic forces are known 
to result in the root shortening of autotransplanted developing 
premolars.[16,43] erefore, delaying orthodontic tooth movement 
is suggested for autotransplanted teeth until root growth is 
complete or the apex closed.[16,44] In this case report, orthodontic 
treatment started six months after the autotransplantation when 
the endodontist gave the greenlight; root length continued 
growing to normal size [Figure 10]. e overall treatment time 
was seven years, including one year and seven months that 
treatment was interrupted during COVID-19 global lockdown, 
the patient returned with no archwires, missing brackets, and 
relapse; the orthodontic rotation to 90° of the autotransplanted 
premolars due to surgical complication (a rotated 90° of the 
autotransplanted teeth during surgery was suggested but 
oral surgeon positioned the teeth in a labiolingual position) 
lengthened treatment time. Patient’s compliance and motivation 
were key determinants of treatment success.

Comparing treatment alternatives, orthodontic space closure 
with movement of teeth toward the midline can be performed 
successfully with missing maxillary incisors;[45-48] e case 
reported had the ideal conditions for autotransplantation, so it 
was discussed as an option and the treatment plan was accepted 
by the parents. Autotransplantation and implant protocols are 

Figure 8: Debonding appointment.
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Figure 9: Posttreatment photographs.

effective treatment modalities in the long-term, but periodontal 
tissues around implants show progressive signs of recession, 
where the status of periodontal tissues around autotransplanted 
teeth do not differ from those of natural teeth. In the anterior 
maxilla natural tooth, substitutions are recommended 
whenever possible, as stated by Plakwicz et al.[49]

e success of autotransplanted teeth is associated with PDL 
healing, no root resorption, bone and gingiva healing, and 
pulp and root development.[19] In Scandinavian countries, 
autotransplantation of premolars to replace missing 
incisors is a common method that has been used for over 
40 years.[11,50] In recent times, orthodontists around the world 
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are implementing this technique as result of the spread of 
knowledge, as shown in the orthodontic literature with 
patient cases from North America, South America, and Asia.

e substitute tooth should have the potential for long-term, 
even lifelong survival. e replacement should adapt to growth 
and development changes in the oral region.[22] Multidisciplinary 
participation is necessary to allow for a functional and esthetic 
restoration as stated by Zachrisson.[19] Czochrowska et al. 
demonstrated in a study that autotransplantation of premolars 
to the maxillary region may be a realistic treatment alternative 
for replacement of missing maxillary incisors.[23] erefore, this 
case report confirms that statement.

CONCLUSION

e success of autotransplantation depends on case selection, 
well-planned and well-executed treatment, patient compliance 
and biological factors such as the age of the patient, stage of the 
root development of the donor tooth, surgical factors such as 
the amount of trauma perceived by the PDL of the donor tooth, 
surgical technique and meticulous management of soft and 
hard tissues, splinting method, monitoring healing process, and 
good timing and proper orthodontic tooth movement.

is case report demonstrates that autotransplantation of 
developing premolars in children has high survival and 
successful outcome. is treatment modality offers the 
patient great short-term as well as long-term esthetic and 
functional outcomes.
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