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Abstract

Autotransplantation of teeth in Orthodontics is a biological method of replacing missing or lost teeth. However, a prerequisite for
using this method is a thorough knowledge of the prognosis. Thus, the stage of root development is very important as well as the sur-
gical technique preserving the periodontal ligament. Light-force orthodontic tooth movement or tooth rotation three to nine months
after surgery are the most crucial factors for the survival of transplants and their continued development. The periodontal ligament,
with bone induction potential, will induce new alveolar bone. Furthermore, the transplanted tooth will erupt in a similar manner
to a contralateral, non-transplanted tooth, if the transplanted tooth is not ankylosed to the alveolar bone (caused lost or damaged
periodontal ligament during surgery). Autotransplantation of teeth provides a unique orthodontic treatment approach for young
patients with a complex orthodontic problem. i.e. premolar aplasia and avulsed or malformed anterior teeth can be transferred to

another region in the dental arch where it can be treated more easily.
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Introduction

Autotransplantation of teeth is an old method of tooth replacement, but it is receiving renewed interest, as treatment today is founded
on evidence-based, long-term research. Autotransplantation of premolars has become a reliable treatment option for the treatment of
certain orthodontic problems [1-28]. Autotransplantation of incisors, canines and molars are not always as successful due to the more

complex severity of the surgical problems during transplantation [29-39].

In conventional orthodontics, tooth movements usually are limited to minor distances. However, tooth movement is no longer limited
to short distances in a quadrant of the dental arch if tooth transplantation is included as an orthodontic treatment choice. There is greater
freedom to place a tooth exactly where it is needed, may it be the contralateral side in the dental arch or the opposing jaw. The peri-
odontium is the key to bone induction and bone modelling in the recipient area. A transplanted tooth can erupt typically and in a similar
manner to a contralateral, non-transplanted tooth in its normal area [12,21]. However, transplantation of teeth is far more traumatic to
the pulp and periodontium than conventional orthodontics. Donor teeth with wide-open apices and with a single root canal are recom-
mended as grafts of choice for long-term survival [9,17,21]. The surgical procedure is thus an essential key to the successful outcome of
this treatment [16]. As imaginative as this technique appears to be, very careful case selection and graft choice is necessary to safeguard

the health of the soft tissues; i.e. the pulp, the periodontal ligament with 2-3 mm marginal gingiva, and Hertwig’s epithelial root sheath.

The technique of premolar transplantation has been described in a series of articles in which the predictors for optimal pulp and
periodontal healing, as well as root growth have been described [8,14,16-19]. The survival of transplanted premolars has been studied
postoperatively for more than 25 years. Orthodontists how-ever, generally would be the most competent professionals to identify avail-
able donor teeth [7,21]. Because overall occlusal status must be assessed, the orthodontist should be considered a key person in planning,
referring, and coordinating treatment that includes transplantation [40]. With autotransplantation, it has become possible to move prob-

lems in the dental arches to regions where they are easier to solve orthodontically.
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Treatment Planning

A comprehensive treatment plan needs to be developed prior to autotransplantation. This requires the expertise of the orthodontist,
surgeon, periodontist and the restorative dentist. The orthodontist particularly needs to be aware of the patient’s craniofacial morphology

and growth tendencies in order to better predict success.

A radiographic screening process has been a very useful method of diagnosing premolar agenesis around 9 to 11 years-of-age when
there are no erupted premolars [6,41]. Unfortunately, new restrictions on the use of radiographic screening exposures of a population
have stopped this procedure in Scandinavia. However, agenesis also may be diagnosed from radiographs taken during diagnostic proce-
dures for carries of deciduous molars or a late exfoliation of deciduous molars. Furthermore, a new long-term study of agenesis of per-
manent teeth has indicated a different aetiology and treatment of the deciduous molars. Auto-transplantation should be included in the
treatment planning for patients who have deciduous molars with agenesis of permanent successors showing surface root resorption or

replacement root resorption (ankylosis) over a period of time [21].

Non-extraction Cases: Agenesis in the Lower Jaw

In samples of Danish school children, Rglling found the rate of agencies of lower premolars to be 7.8% [6,41]. The most frequently
missing teeth were the lower second premolars, representing 67% of congenitally missing teeth. Combined with the most frequently

occurring mandibular growth pattern (the anterior rotational type [42]), this deviation may pose two distinct problems to the clinician.

First, where incisal support remains favourable, the mandibular incisors gradually become more proclined in relation to the mandibu-
lar base. This generally requires space closure through protraction of the posterior dentition, which is very challenging. Should incisal
support fail due to distal tipping of the mandibular incisors, a deep bite and increased overjet will result. Second, conventional orthodon-
tic treatment usually consists of a combination of mesial movement of the molars into the site of the agenesis and realignment of anterior
teeth. Such treatment often is difficult to per-form satisfactorily in patients with a weak and concave profile [24]. Autotransplantation of
second premolars from the maxilla to the affected or converted regions in the mandible shifts the burden of closing space to the maxillary

arch. Generally speaking, space closure in the maxilla is much easier to control and carry out.

Extraction Cases: Primary Crowding

Orthodontic treatment of these types of malocclusions can include a wider donor selection of premolars. Generally, all single-rooted
premolars with a wide-open apex may be candidates for transplantation. Premolars from the mandible fit very well in the recipient ante-
rior region of the maxilla (i.e. first mandibular premolars as maxillary laterals, and second mandibular premolars as maxillary centrals).
The dove-tailing of transplantation and orthodontic treatment, together with cryopreservation of extracted teeth for later purposes and
restoring avulsed areas in the dental arches, provides a novel approach to the management of tooth loss in the anterior region of the max-
illa. Autotransplantation of a premolar to the affected region diminishes the severity of the problem, allowing conventional orthodontic

treatment approaches to manage the extraction site created [43].

Alternative Treatment

Other treatment modalities, including the use of implants, are available to this group of patients. The optimal treatment approach man-
dates a realistic evaluation of the long-term prognosis of the various treatment methods and cost [26]. In the following section, a summary

of the results of our long-term studies on autotransplantation is presented.
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Materials and Methods

We evaluated 370 autotransplanted premolars [16-19] from 16 to 26 years post transplantation. All transplantations were performed
at the Department of Oral Surgery and Oral Medicine, University Hospital, Copenhagen. All treatment planning, controlling, and follow-up
for healing and stability was performed at the Department of Orthodontics, Copenhagen Municipal Dental Health Service, Copenhagen,
Denmark. Transplantation was used for patients with agenesis of permanent teeth or tooth and alveolar bone loss due to trauma of maxil-

lary incisors.

All transplants were followed longitudinally using a standardized technique for both clinical and radiographic evaluation of pulpal and
periodontal healing, root development and root resorption for a time period ranging between 16 - 26 years post transplantation. Twenty-
four transplants were followed longitudinally with a standardized clinical and radiographic technique to examine tooth eruption at 1, 3,
4,6,8,12,16,20 and 24 weeks after surgery [12,44] and yearly thereafter for 6 to 18 years.

The study showed that the stage of root development at the time of transplantation was the most important single factor in determin-
ing a successful outcome. Transplantation of premolars with three-quarter root formation or full root formation with wide-open apical
foramina proved to have the best prognosis for long-term survival [26]. One hundred eighteen premolars in stages 3 and 4 (i.e. 3/4 to
4/4 root length with a wide open apical foramen according to [45] and colleagues, 1963) were selected to study the initial healing events
following autotransplantation. This stage of root development provided the greatest success for continued root growth as well as peri-

odontal ligament and pulpal healing [26].

Criteria for evaluating healing and complications
Pulp Necrosis
Pulp necrosis was considered to be present when there were radio-graphic signs of periapical radiolucency and/or inflammatory root

resorption, plus a negative response to the electrometric sensitivity test. Where an absence of pulp sensitivity was the only sign of pulp

necrosis, it was re-quired that the pulp canal show no sign of obliteration six months post transplantation.

Periodontal Healing

Periodontal healing was classified as being complete when the root periphery was surrounded entirely by a newly formed periodontal

ligament space of normal size.

Repair-Related Root Resorption

Repair-related root resorption was defined as the presence of small resorption cavities on the root surface adjacent to a normal or

slightly ex-tended periodontal ligament space and lamina dura, indicating that the root periphery was undergoing repair.

Inflammatory Root Resorption

Inflammatory root resorption was defined by the presence of bowl-shaped resorption cavities on the root surface associated with
similar re-sorption cavities on the adjacent alveolar bone.
Replacement Root Resorption

Replacement root resorption (ankylosis) presented as a disappearance of the periodontal ligament space with or without resorption

of the root. Clinically, the percussion test on a tooth demonstrated a high pitched metallic percussion sound.

Root Growth

Root growth (in mm) was evaluated from successive radiographs, and tooth length was measured to the nearest tenth of a millimetre

with a sliding calliper from the cusp tip to the apex.

Healing
Pulp Healing
This was evaluated clinically using an electrometric test (Siemens Sirotest II, Siemens, Munich, Germany), and employing a standard-

ized radiographic technique using XCP film holders (Rinn Corp., Elgin, Ill, USA) and a fixed film focus distance of 33 cm to evaluate signs

of pulp canal obliteration.
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Periodontal Healing and Root Growth

Subsequent to transplantation, this was monitored by radiographic examination. A digital sliding calliper reading to the nearest 0.1
mm was used to measure pulp canal obliteration and root length. Non-transplanted homologous premolars served as controls where
possible.

Effect on Tooth Eruption

From a group of 90 maxillary second premolars transplanted to the region of the mandibular second premolar, 24 premolars trans-
planted with the cusp at gingival level were selected for a specific study of eruption. Periodontal ligament healing and root growth subse-
quent to transplantation were monitored from radiographic examination and tooth eruption. Trabecular structures are relatively stable
in the jaw. Using these distinct structures in the spongious part of the basal part of the alveolar process as a reference, the prefunctional
eruption of transplants was analysed from radiographs. Tooth eruption was measured as the distance from the cusp tip to the reference
structure in the bone. Root growth, evaluated from successive radiographs, was measured as the difference in tooth length from the cusp
tip to the apex. A Jocal digital sliding calliper (C. E. Johansson, AB, Eskilstuna, Sweden) measuring to the nearest 0.1 mm was used to mea-
sure the distance between distinct structures in the anatomy of the medullar bone, tooth eruption, and tooth length. All measurements

were repeated, and a mean calculated. In no instance was there a difference of more than 0.2 mm between the individual measurements.

The direction and speed of eruption were examined by drawing superimposed sketches from radiographs using the distinct trabecular
structures as location references. The radiographs were mounted in 3-mm slide projectors with a standardized focus distance and set-up.
The speed of eruption of the transplant relative to the neighbouring reference teeth was analysed by either using the distance to a plane
between the buccal cusp of the first premolar and the distobuccal cusp on the first molar or, alternatively, using the cusp tip of the first

premolar as a reference [12].

Effect of Orthodontic Treatment Upon Healing

Eleven patients who received bilateral transplanted premolars (maxillary second premolars transplanted to the regions of second
pre-molars) were studied. Transplants were placed in a 45° distal rotation position at surgery, as the alveolar faciolingual dimension is
narrower in the mandible than in the maxilla. In these patients, one of the premolars was orthodontically rotated to a normal position
after periodontal healing and before pulp canal obliteration (i.e. 3 - 9 months after surgery). The contra-lateral transplanted premolar was

not treated orthodontically and, therefore, served as a control.

Rotation was accomplished using a fixed appliance with elastic chains (Unitek no 639 - 0011, Glendora, California, USA) inserted on
the lingual side from the first molar to the transplant and on the facial side from the first premolar to the transplant. The initial rotational
couple applied to the tooth was 200 gram-mm. The duration of rotation was 4 - 6 weeks. Postoperative clinical and radiographic examina-

tions were per-formed as described earlier [26].

Results

Pulp Healing

Pulp healing was seen in 101 of the transplants. The time for initial pulp healing (cumulative data) is shown in figure 1 and 2. Pulp
healing based on the first appearance of pulp canal obliteration appeared to provide an earlier sign for pulp healing than electrometric
pulp testing and demonstrated less variation. A representative example of pulp healing in a second maxillary premolar transplanted in
the maxillary anterior region.
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Months after transplantation  Range in
3 4 5 6 12 months

Initial pulp canal 16% 36% 60% 80% 100% 2 -12
obliteration:

Initial sensitivity 12% 25% 43% 54% 89% 1% -36
response:

Figure 1: Cumulative pulp healing in 101 immature autotransplanted premolars. Occurrences of the first sign of pulp

canal obliteration and the first sign of sensitivity (in months and in percent), and the range (in months).

B Initial pulp canal obliteration (first visible narrowing of the pulp canal)
3 Initial sensitivity response (first sensitivity response)

101 7 numbers = ==
75
50 -
25_ 18
1_3
1 2 3 6 months

Figure 2: Cumulative clinical and radiographic signs of pulp healing in orthodontic treatment.
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One tooth with reinnervation showed partial pulp canal obliteration and one tooth without reinnervation showed pulp canal oblitera-
tion. Sixteen teeth showed pulp necrosis. This condition was usually detected about 6 months after transplantation. One tooth had partial
pulp necrosis. Teeth with pulp necrosis and associated inflammatory root resorption were detected two months after transplantation
[26].

Periodontal Healing

Partial periodontal ligament healing was seen radiographically after 4 weeks. The majority of transplants showed complete periodon-
tal healing 8 weeks post-transplantation (Figure 3). Repair-related root resorption and inflammatory root resorption usually were found
in the cervical area of the root. Inflammatory root resorption was seen in four cases and was detected 1 to 2 months after transplantation,
whereas repair-related root resorption usually was diagnosed within the first year after transplantation. Replacement root resorption
occurred in 5 cases. This complication usually could be diagnosed within 6 months after transplantation [8,18].

Figure 3: Transplantation of a maxillary second premolar to the region of the mandibular second premolar. A clinical photograph and

a radiograph taken a few days after transplantation. Note that the transplant is placed in infraocclusion to avoid traumatic occlusion.

Root Development Disturbance

Root development either proceeded unimpeded (Figure) or at a de-creased rate, and in some cases was arrested (Figure). Arrested
root formation was found in 14% of patients studied. Unimpeded root formation was found in 21% of patients studied and a decreased
rate of root formation was found in the majority of patients, i.e., 65%. Interrupted root formation was followed by the development of the
missing root structure at the donor site. The newly formed root tip growth had attained almost the length of the missing part of the inter-

rupted root form, compared to the contralateral premolar [13,26,46].

Tooth Eruption

Tooth eruption took place from 3 to 24 weeks after transplantation (Figure 3-11). The speed of eruption accelerated from 3 to 8
weeks post trans-plantation, was fastest during the period of 6 - 12 post transplantation weeks and declined after the period of 12 - 24
weeks post transplantation when the transplant approached the occlusal plane and before any significant root growth had occurred. The
maximum rate was 0.24 mm/week (range 0.19 - 0.29 mm) 8 weeks post transplantation. Eruption distance from gingival emergence to
occlusal plan was 2.4 mm (range 1.2-5.0 mm) over 24 weeks post transplantation. When the occlusal plane had been reached, a very slow

but continuous eruption was recorded that was similar to the rate of eruption of the adjacent teeth (Figure 4-7). One tooth with a broken
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Hertwig’s epithelial root sheath showed similar eruption, but the rate of eruption was slower. The newly formed apex, after extraction,

could be seen growing in the donor region during the healing and closing period (Figure 8-10). One tooth with replacement root resorp-
tion (ankylosis) showed no sign of eruption and therefore was excluded from the calculation of the eruption rate of transplants (Figure

11). Additionally, the periodontal membrane of the autotransplanted premolars created new alveolar bone growth along with tooth erup-
tion [12,22].

Eruption of the transplant can be seen in radiographs exposed one, two, three and four months after transplantation.

A clinical photograph and radiograph taken 6 months after transplantation when orthodontic treatment was begun to correct rotation.
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A clinical photograph and radiograph taken 18 months after transplantation. Note that root growth

has continued in spite of the orthodontic rotation.

Orthodontic Rotation

Orthodontic rotation of 11 premolars induced slight repair-related root resorption and a significant shortening of root length (a mean
of 1.2 mm) compared with transplanted, nontreated control teeth. After orthodontic treatment, a new periodontal ligament space was
established, leaving an indentation in the root surface. In addition, the periodontal ligament of autotransplanted premolars created new
alveolar bone growth along with the healing- and the orthodontic rotation process. Late pulp necrosis occurred in 2 of the 11 treated cases

six years after surgery and five years after orthodontic rotation [21,26].

Discussion

Pulp Healing

Pulp healing can be monitored using pulpal sensitivity and/or radiographic signs of pulp canal obliteration [17]. In most of the teeth
transplanted in stages 3 - 4, both events were observed. Only a few teeth showed signs of only one or the other event. As transplantation
of teeth implies, severance of the vascular and nervous supply to the pulp can cause serious damage to the architecture and function of the
pulp. Subsequent healing processes usually restore the content of the pulp canal including the nervous supply. Pulpal sensitivity without
pulp canal obliteration may take place in rare cases; similarly, pulp canal obliteration without pulp sensitivity may occur where nerve re-
generation fails. Early reinnervation and partial pulp canal obliteration or no pulp canal obliteration appear to be signs of fast pulp canal

revascularization (i.e., end-to-end anatomises of ruptured vessels) [26].

Periodontal Healing

Root resorption occurred in some patients even though transplantation was performed during the initial stages of root development.
Inflammatory root resorption diagnosed within two months after transplantation was mostly related to later stages of root development.
Replacement root resorption (ankylosis) also was noted in situations where more than 25% of the periodontal ligament was damaged
[18,26].
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Figure 4: A transplant with normal root development. Radiographs show healing a few days, 4 weeks, 6 weeks,

8 weeks, 12 weeks and 16 weeks post-surgery. Refer to schematics in Figures 5, 6, and 7.
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Figure 5: Drawing of radiographs from the transplant. The speed of eruption, relative to neighbouring reference teeth, measured using

the distance to a plane be-tween the buccal cusp of the first premolar and the distobuccal cusp on the first molar as a reference.
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Figure 6: Drawing of radiographs from the transplant. The speed of eruption, relative to neighbouring reference

teeth, measured using the buccal cusp of the first pre-molar as a reference.
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Figure 7: Drawing of transplant radiographs. The speed of eruption is based on distinct structures in the

trabecular structures of the medulla bone. The selected measuring point is marked with an arrow

Figure 8: A transplant with arrested root development (i.e. a broken Hertwig's epi-thalian root sheath).

The specimen during surgery: Note the broken apex region.
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Figure 9: Radiographs show healing and eruption a few days, three weeks, four weeks, six weeks, three months, four months and nine
months after surgery and one month of orthodontic rotation of the transplant (first seven radiographs). Donor region nine months

after surgery; note the newly formed apex. Donor region 16 months after surgery; note that the apex has grown.
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Figure 10: Drawing of radiographs from the transplant. The speed of eruption is based on distinct
structures in the medullary bone. The selected measuring point is marked with an arrow.

Figure 11: A transplant with normal root development but replacement root re-sorption. Radiographs show healing at a few days,

12 weeks, 24 weeks, one year and two years after transplantation (left). Note that orthodontic force was applied to the ankylosed tooth
immediately after surgical luxation to accelerate eruption. Radiographs taken three years, four years, and five years after transplantation
(right: first three radiographs). Treatment was unsuccessful with pronounced in preposition of the transplant during puberty. A
radiograph taken seven years after transplantation shows a marked internal resorption of the crown (right: last radiograph). The relative
eruption of neighbouring teeth resulted in further in preposition of the transplant (as it became part of the bone)

like an implant inserted in the jaw of a growing person.
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Root Development Disturbances

Transplantation of premolars requires surgical removal while root growth is still not complete. Continued root growth is anticipated,
there-fore, after transplantation. Findings that some of the transplants attained nearly normal root lengths demonstrate that the Her-
twig’s epithelial root sheath can function adequately subsequent to transplantation. Arrest of root development in other transplants was
related to a severance of the Hertwig’s root sheath during transplant removal [12,14,19,26]. The initial arrest of root formation due to
transplant usually is followed by development of the missing root structure (a newly formed apex) at the donor site. The root tip can grow

almost to the anticipated tooth length including the length of the transplant [12].

Tooth Eruption after Transplantation

Tooth eruption after transplantation appears to depend on wound healing and nerve induction. The fibroblasts will produce and rep-
licate collagen with a high rate of turnover. Newly synthesized collagen fibrils will reorganize the periodontal ligament with an increase
in tensile strength during wound healing and probably will cause the tooth to erupt. By the third week post-transplantation, a new socket
has formed, and newly-developed periodontal fibers extending from the cementum to the alveolar surface might cause the tooth to erupt
together with an ingrowth of nerve fibers. Furthermore, the autotransplanted premolars create new alveolar bone growth along with the
eruption process; the periodontal membrane induces the bone formation. Transplantation of teeth thus can be used as a viable method
for restoring missing or lost alveolar bone in edentulous areas. In contrast, the autotransplanted premolar with ankylosis showed the
same reaction as implants with osseous-integration. Disturbance in jaw growth is found when implants are placed before termination of
alveolar growth [12]. Furthermore, teeth will not erupt without nerve supply [47]. Reestablishment of the nerve connection will probably

stimulate tooth eruption.

Orthodontic Treatment of Transplanted Premolars

The extent of apical root resorption found in this study is equivalent to that found in previous investigations of orthodontic treatment
of non-traumatized teeth. The occurrence of pulp necrosis subsequent to orthodontic rotation could be related to a strangulation of the
blood vessels entering the apical foramen. It is known that the apical foramen may deviate slightly from the anatomic apex. If the foramen

is located eccentrically, orthodontic rotation might damage the apical blood vessels, especially in late stages of pulp canal obliteration [26].

Restoration of Transplanted Teeth

Subsequent to transplantation, an intense production of secondary dentin occurs that contributes to the rapid maturation of the root
(i.e. pulp canal obliteration). The newly formed dentin contains vascular canals, and if a deep preparation of a transplant is performed,
these canals may be ex-posed and lead to pulp necrosis. For similar reasons, carious lesions may invade post-traumatic formed dentin rap-
idly. Tooth preparation for restorative purposes should involve only enamel preferably. If dentin has to be removed, it should be removed
only to the level of post-traumatic formed dentin [11,24]. The use of composite materials for young patients and porcelain veneers for

adult patients is advocated due to the difference in pulp maturity.

Osseous integrated Implants Versus Autotransplantation of Teeth

Single standing implants have been found to be a reliable substitute for missing teeth. However, because osseointegration occurs with
such implants, they behave like ankylosed teeth; i.e. they limit the growth of the alveolar process in their vicinity because they lack the
potential to erupt. However, no soft tissue is transferred with this procedure (i.e. no marginal gingiva and papillae). Autotransplanted
teeth continue erupting allowing for normal development of the alveolar processes [12]. Furthermore, soft tissue is transferred with this
procedure, including marginal gingiva with papillae. The optimal treatment approach mandates a realistic evaluation of the long-term

prognosis of the various treatment methods and cost. However, no commercial interests measure to make tooth transplantation more
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available, such as companies arranging training courses in the surgical procedure for implants. Treatment must be initiated by profession-

als, because there is no demand for treatment option with which the public is unfamiliar [40].

Autotransplantation of teeth in orthodontics is a biological method of replacing missing or lost teeth. However, a prerequisite for using
this method is a thorough knowledge of the prognosis. Thus, the stage of root development of the transplant is very important. Perform-
ing transplantation when there is 3/4 to full root development of the transplant with wide open apices, employing a surgical technique
that preserves the periodontal ligament, and using a light-force orthodontic tooth movement or tooth rotation three to nine months after
surgery are the most crucial factors for the survival of transplants and their continued development. The periodontal ligament, with bone
induction potential, will induce new alveolar bone. Furthermore, the transplanted tooth will erupt in a similar manner to that of the con-
tralateral, non-transplanted tooth if the transplanted tooth is not ankylosed to the alveolar bone [12,21]. Autotransplantation provides
the potential to replace a missing tooth with a natural tooth with bone formation, rather than with a prosthesis or an endosseous implant
without bone formation. It provides a unique orthodontic treatment approach for young patients as a complex orthodontic problem
(i.e. premolar agencies and avulsed or malformed anterior teeth) can be transferred to another region in the dental arch where it can be
treated more easily. A prerequisite for the use of this treatment approach mandates a thorough knowledge of the risk factors associated

with poor prognosis. If used with care, transplantation may greatly enhance orthodontic treatment results in selected cases [24,26].

Conclusion

. The first evidence of pulp canal obliteration as seen radiographically appeared to provide an earlier sign of pulp healing than

electrometric pulp testing.

. Root growth of transplanted premolars usually continued.

. Arrest of root development usually was followed by development of the missing root structure at the donor site.

. Marginal gingiva with papillae normally was transferred with the soft tissue.

. Periodontal ligament of autotransplanted teeth created new alveolar bone surrounding the transplant. During orthodontic

tooth movement and/ or rotation, alveolar bone reformed alveolar bone to fit the contour of the root.

. Eruption of transplanted premolars occurred from 3 to 24 weeks after transplantation and apparently before root growth
continued, with a maximal eruption rate occurring from 6 to 12 weeks after transplantation.

. During the eruption process, new alveolar bone appeared and followed the eruption path of the transplant.

. Orthodontic rotation induced a slight surface resorption and a significant shorter tooth length (the mean was 1.2 mm), and
few cases showed late pulp necrosis.

. To prevent late pulp necrosis, orthodontic rotation is recommended after periodontal healing and before total pulp canal
obliteration (i.e., three to nine months after transplantation).

. There should be clinical and radiographic follow-up for many years to ensure long-term results.

Osseous integrated Implants Versus Autotransplantation of Teeth

Implants
. Implants can be a substitute for normal tooth material without soft tissue.
o No transmission of marginal gingiva with gingival papillae is possible.
. No periodontal ligament induction of alveolar bone modelling and growth occurs.
. Eruption of implants not possible along growth.
. Orthodontic tooth movement and/or rotation is not possible
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Autotransplanted Teeth

Patient’s normal tooth material with soft tissue is used.

Transmission of marginal gingiva with gingival papillae is possible.
Periodontal ligament induction of alveolar bone modelling and growth occurs.
Normal tooth eruption is possible along with growth.

Orthodontic movement and/or rotation are possible.

Bibliography

1. Slagsvold O and Bjercke B. “Autotransplantation av premolarer”. Géteborgs Tandldk. Scillsk. Arsbok 351 (1967): 45-85.

2. Slagsvold O and Bjercke B. “Autotransplantation of premolars in cases of missing anterior teeth”. Transactions. European Orthodontic
Society 46 (1970): 473-485.

3. Slagsvold O and Bjercke B. “Autotransplantation of premolars with partly formed roots. A radiographic study of root growth”. Ameri-
can Journal of Orthodontics 66.4 (1974): 355-366.

4. Slagsvold O and Bjercke B. “Applicability of autotransplantation in cases of missing upper anterior teeth”. American Journal of Ortho-
dontics 74.4 (1978a): 241-257.

5. Slagsvold O and Bjercke B. “Indications for autotransplantation in missing premolars”. American Journal of Orthodontics 74.3 (1978b):
241-257.

6. Ravn]J and Nielsen LA. “Supernumerary teeth and aplasia among Copenhagen school children”. Tandlzegebladet 77 (1973): 12-22.

7. Northway W and Konigsberg S. “Autogenic tooth transplantation. The State of the Art”. American Journal of Orthodontics 77.2 (1980):
146-162.

8. Andreasen ]JO. “Periodontal healing after replantation and autotransplanta-tion of incisors in monkeys”. International Journal of Oral
Surgery 10.1 (1981): 54-61.

9. Kristerson L. “Autotransplantation of human premolars. A clinical and radiographic study of 100 teeth”. International Journal of Oral
Surgery 14.2 (1985): 200-213.

10. Paulsen HU and Andreasen ]JO. “Autotransplantation in orthodontic treatment. Nederlandse vereniging voor orthodontische studie”.
International Study Week (1985): 248-264.

11. Paulsen HU,, et al. “Treatment of tooth loss in the front by autotransplantation of premolars”. T N T 5 (1990): 70-75.

12. Paulsen HU and Andreasen ]JO. “Tooth eruption subsequent to transplantation. A longitudinal study of autotransplanted premolars”.
European Journal of Orthodontics 20 (1998): 45-55.

13. Lagerstrom L and Kristerson L. “Influence of orthodontic treatment on root development of autotransplanted premolars”. American
Journal of Orthodontics 89.2 (1986): 146-149.

14. Andreasen ]JO, et al. “Damage to the Hertwig’s epithelial root sheath: Effect upon growth after autotransplantation of teeth in mon-

keys”. Endodontics and Dental Traumatology 4.4 (1988): 145-151.

Citation: HU Paulsen. “Autotransplantation of Teeth in Orthodontics: A Biological Method to Substitute Missing or Lost Teeth and
Alveolar Bone”. EC Dental Science 17.7 (2018): 991-1008.


https://www.ncbi.nlm.nih.gov/pubmed/5287512
https://www.ncbi.nlm.nih.gov/pubmed/5287512
https://www.ncbi.nlm.nih.gov/pubmed/4529559
https://www.ncbi.nlm.nih.gov/pubmed/4529559
https://www.ajodo.org/article/0002-9416(78)90063-5/pdf?code=ymod-site
https://www.ajodo.org/article/0002-9416(78)90063-5/pdf?code=ymod-site
https://www.ncbi.nlm.nih.gov/pubmed/281129
https://www.ncbi.nlm.nih.gov/pubmed/281129
https://www.ncbi.nlm.nih.gov/pubmed/6986782
https://www.ncbi.nlm.nih.gov/pubmed/6986782
https://www.ncbi.nlm.nih.gov/pubmed/6792095
https://www.ncbi.nlm.nih.gov/pubmed/6792095
https://www.ncbi.nlm.nih.gov/pubmed/3920164
https://www.ncbi.nlm.nih.gov/pubmed/3920164
https://www.ajodo.org/article/0002-9416(86)90091-6/abstract?code=ymod-site
https://www.ajodo.org/article/0002-9416(86)90091-6/abstract?code=ymod-site
file:///E:\Proof\_ECDE-18-RW-794\v
file:///E:\Proof\_ECDE-18-RW-794\v

Autotransplantation of Teeth in Orthodontics: A Biological Method to Substitute Missing or Lost Teeth and Alveolar Bone

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

1007

Andreasen JO., et al. “Autotransplantation of premolars in treatments of tooth loss in the upper front”. Danish Dental Journal 93
(1989): 435-440.

Andreasen ]JO,, et al. “A long-term study of 370 autotransplanted premolars. Part I. Surgical procedures and standardized techniques
for monitoring healing”. European Journal of Orthodontics 12.1 (1990a): 3-13.

Andreasen JO,, et al. “A long-term study of 370 autotransplanted premolars. Part II. Tooth survival and pulp healing subsequent to
transplantation”. European jJournal of Orthodontics 12 (1990b): 14-24.

Andreasen JO,, et al. “A long-term study of 370 autotransplanted premolars. Part I1I. Periodontal healing subsequent to transplanta-
tion”. European Journal of Orthodontics 12 (1990c): 25-37.

Andreasen ]O., et al. “A long-term study of 370 autotransplanted premolars. Part IV. Root development subsequent to transplanta-
tion”. European Journal of Orthodontics 12.1 (1990d): 38-50.

Paulsen HU. “Lautotransplantation de prémolaires lors des traitements orthodontiques. Une nouvelle possibilité thérapeutique”.
Revue D’Orthopedie Dento-Faciale 23 (1989): 209-223.

Paulsen HU. “Premolar autotransplantation in orthodontic treatment. A clinical and radiographic long-term study”. Thesis, Kgl Carol
Med Chir Inst, Stockholm, Sweden (1999).

Paulsen HU. “Autotransplantation of teeth in orthodontic treatment”. American Journal of Orthodontics and Dentofacial Orthopedics
119.4 (2001): 336-337.

Kristerson L and Kristerson L. “Autotransplantation of teeth in cases with agenesis or traumatic loss of maxillary incisors”. European
Journal of Orthodontics 13 (1991): 486-492.

Paulsen HU and Zachrisson BU. “Autotransplantation of teeth and orthodontic treatment planning. In: Atlas of Replantation and
Transplantation of Teeth”. Andreasen JO (edition), Medi Globe, Fibourg (1992): 258-274.

Kugelberg R, et al. “Autotransplantation of 45 teeth to the upper incisor region in adolescence”. Swedish Dental Journal 18.5 (1994):
165-172.

Paulsen HU,, et al. “Pulp survival, periodontal healing and root development of autotransplanted premolars in orthodontic treat-
ments”. American Journal of Orthodontics and Dentofacial Orthopedics 108.6 (1995): 630-640.

Josefsson E., et al. “Treatment of lower second premolar agenesis by autotransplantation: Four year eval-uation of eighty patients”.
Acta Odontologica Scandinavica 57.2 (1999): 111-115.

Czochrowska EM,, et al. “Autotransplanta-tion of premolars to replace maxillary incisors: A comparison with natural incisors”. Ameri-
can Journal of Orthodontics and Dentofacial Orthopedics 118.6 (2000a): 592-600.

Czochrowska EM,, et al. “The aesthetic outcome of autotransplanted premolars replacing maxillary incisors”. Dental Traumatology
18.5 (2002b): 237-245.

Nordenram A. “Autotransplantation of teeth. A clinical and experimental investigation”. Acta Odontologica Scandinavica 21.33 (1963):
7-76.

Moss J. “Autogeneous transplantation of maxillary canines”. International Journal of Oral Surgery 26.12 (1968): 775-783.

Moss JP. “The indication for the transplantation of maxillary canines in the light of 100 cases”. British Journal of Oral Surgery 12.3
(1975): 268-274.

Citation: HU Paulsen. “Autotransplantation of Teeth in Orthodontics: A Biological Method to Substitute Missing or Lost Teeth and
Alveolar Bone”. EC Dental Science 17.7 (2018): 991-1008.


https://www.ncbi.nlm.nih.gov/pubmed/2318261
https://www.ncbi.nlm.nih.gov/pubmed/2318261
https://watermark.silverchair.com/12-1-14.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAZ0wggGZBgkqhkiG9w0BBwagggGKMIIBhgIBADCCAX8GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMuBjOXO4KDnyJ4KKFAgEQgIIBUOgpv5GEgNCOm9klceKgDW93e4CPtdtpTxtNL_atiTpC6A86tkNPdt4Vknqt02WasWfwdugxm-VHCgeJ3FpsqAVebNwXMm7LLULH_J2Jo_m5z07SGz6fpectctCo35aw_h1VFOuKh8-iLySoiDR3BjVw_jrjn_y08z7JJXTGndgo7cCBhMgSlmxzdRvAIB6N6wPvK4Hk_nSZ9h4kBo4YKa9-1As8-JYnyQfva7VF0UNb-yIbOfkAyxN9toT_2c_Z1-LpG3PK6h11vGTQOJxYh2YQHvgo0XGKttuUHvUN3cnk-u-CqkzS4qCE3b7aZ2EI9Ypox8HcNcD7ERM5ayEERkGjRl2ao4R-onCtV8JB7JEr82TLn4jLX75PQenC370EuzkNV8a70hFNToVBM_IYvOXcmwdFmrRaCBSMKdmgddgpiYdUNKyjy7tMyway_w_FkA
https://watermark.silverchair.com/12-1-14.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAZ0wggGZBgkqhkiG9w0BBwagggGKMIIBhgIBADCCAX8GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMuBjOXO4KDnyJ4KKFAgEQgIIBUOgpv5GEgNCOm9klceKgDW93e4CPtdtpTxtNL_atiTpC6A86tkNPdt4Vknqt02WasWfwdugxm-VHCgeJ3FpsqAVebNwXMm7LLULH_J2Jo_m5z07SGz6fpectctCo35aw_h1VFOuKh8-iLySoiDR3BjVw_jrjn_y08z7JJXTGndgo7cCBhMgSlmxzdRvAIB6N6wPvK4Hk_nSZ9h4kBo4YKa9-1As8-JYnyQfva7VF0UNb-yIbOfkAyxN9toT_2c_Z1-LpG3PK6h11vGTQOJxYh2YQHvgo0XGKttuUHvUN3cnk-u-CqkzS4qCE3b7aZ2EI9Ypox8HcNcD7ERM5ayEERkGjRl2ao4R-onCtV8JB7JEr82TLn4jLX75PQenC370EuzkNV8a70hFNToVBM_IYvOXcmwdFmrRaCBSMKdmgddgpiYdUNKyjy7tMyway_w_FkA
https://www.ncbi.nlm.nih.gov/pubmed/2318260
https://www.ncbi.nlm.nih.gov/pubmed/2318260
https://www.ncbi.nlm.nih.gov/pubmed/2318262
https://www.ncbi.nlm.nih.gov/pubmed/2318262
https://odf.edpsciences.org/articles/odf/abs/1989/02/odf1989232p209/odf1989232p209.html
https://odf.edpsciences.org/articles/odf/abs/1989/02/odf1989232p209/odf1989232p209.html
https://www.ajodo.org/article/S0889-5406(00)70143-0/fulltext?code=ymod-site
https://www.ajodo.org/article/S0889-5406(00)70143-0/fulltext?code=ymod-site
https://www.sciencedirect.com/science/article/pii/S0889540601682775
https://www.sciencedirect.com/science/article/pii/S0889540601682775
https://watermark.silverchair.com/13-6-486.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaAwggGcBgkqhkiG9w0BBwagggGNMIIBiQIBADCCAYIGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM9y-2iXj424feGgC8AgEQgIIBU_Nk9gejTycip3nB_MVKUkOmpfMGMkYUQfkHQFrfvN05cWeRIXC-bz6Xn0oTBRBpqIfZ4vgw8EserlqgHHTm82NiGtavZeB7d0BmBVLocY4HhubUYfigxAdxBeztHoJrhkXMj6R77rwDqZLLMKrcjLG0RIs0BmL1rM2sXoEX7EAnqzvmxRAKafAX6WB7Wh40VxNxYrGoh5Yhrz2OPssVq00M-zfQoGLTgSoKyrKKtU2zbgjZzg-bFV5via9kcXLHs9bEW3uXRJ6ogjRh9o3EpnFSt3lwHu6vR9QEGhMHecqi08wzwL0Arg7Qr2zigr85YmbzjPMAVkrk6_rS4jWJbqiHvlMobZ-2eGouA7n1aWgd6GEeTkfmKVXS2fZEl4_SUQvTLb7fS1Xv3EpMgFYDdXWHcbwTUun_U-Vei6v9xb1s8Kv3XEhdcKw4zr2tQm9bDBlPMg
https://watermark.silverchair.com/13-6-486.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaAwggGcBgkqhkiG9w0BBwagggGNMIIBiQIBADCCAYIGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM9y-2iXj424feGgC8AgEQgIIBU_Nk9gejTycip3nB_MVKUkOmpfMGMkYUQfkHQFrfvN05cWeRIXC-bz6Xn0oTBRBpqIfZ4vgw8EserlqgHHTm82NiGtavZeB7d0BmBVLocY4HhubUYfigxAdxBeztHoJrhkXMj6R77rwDqZLLMKrcjLG0RIs0BmL1rM2sXoEX7EAnqzvmxRAKafAX6WB7Wh40VxNxYrGoh5Yhrz2OPssVq00M-zfQoGLTgSoKyrKKtU2zbgjZzg-bFV5via9kcXLHs9bEW3uXRJ6ogjRh9o3EpnFSt3lwHu6vR9QEGhMHecqi08wzwL0Arg7Qr2zigr85YmbzjPMAVkrk6_rS4jWJbqiHvlMobZ-2eGouA7n1aWgd6GEeTkfmKVXS2fZEl4_SUQvTLb7fS1Xv3EpMgFYDdXWHcbwTUun_U-Vei6v9xb1s8Kv3XEhdcKw4zr2tQm9bDBlPMg
https://www.ncbi.nlm.nih.gov/pubmed/7871476
https://www.ncbi.nlm.nih.gov/pubmed/7871476
https://www.ajodo.org/article/S0889-5406(95)70009-9/abstract?code=ymod-site
https://www.ajodo.org/article/S0889-5406(95)70009-9/abstract?code=ymod-site
https://www.ncbi.nlm.nih.gov/pubmed/10445365
https://www.ncbi.nlm.nih.gov/pubmed/10445365
https://www.ajodo.org/article/S0889-5406(00)48577-X/abstract?code=ymod-site
https://www.ajodo.org/article/S0889-5406(00)48577-X/abstract?code=ymod-site
https://www.ncbi.nlm.nih.gov/pubmed/12427198
https://www.ncbi.nlm.nih.gov/pubmed/12427198
https://www.ncbi.nlm.nih.gov/pubmed/4961229
https://www.ncbi.nlm.nih.gov/pubmed/4961229
https://www.ncbi.nlm.nih.gov/pubmed/5247087
https://www.ncbi.nlm.nih.gov/pubmed/1055003
https://www.ncbi.nlm.nih.gov/pubmed/1055003

Autotransplantation of Teeth in Orthodontics: A Biological Method to Substitute Missing or Lost Teeth and Alveolar Bone

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

1008

Oksala E and Kallioniemi H. “A longitudinal clinical and radiographic study of autotransplantation of the maxillary canine”. Proceed-
ings of the Finnish Dental Society 73.3 (1977): 117-125.

Berglund L., et al. “Orthodontic pre-treatment prior to auto-transplantation of palatally impacted maxillary canines: Case reports on
a new approach”. European Journal of Orthodontics 18.5 (1996): 449-456.

Akiyama Y, et al. “A clinical and radiographic study of 25 autotransplanted third molars”. Journal of Oral Rehabilitation 25.8 (1998):
640-644.

Guthua SW,, et al. “Replacement therapy utilising auto-transplanted wisdom teeth”. East African Medical Journal 71.1 (1994): 35-38.

Bauss 0, et al. “Autotransplantation of immature third molars: Influence of different splint methods and fixation periods”. Dental
Traumatology 18.6 (2002): 322-328.

Gleiser D and Jaramillo C. “Autotransplantation of a permanent maxillary inci-sor”. Journal of Clinical Orthodontics 36.12 (2002):
671-675.

Ioannidou E and Makris GP. “Twelve-year follow-up of an autogenous mandi-bular canine transplant”. Oral Surgery, Oral Medicine,
Oral Pathology, Oral Radiology and Endodontology 96.5 (2003): 582-590.

Stenvik A. “US orthodontist’s reluctance to include autotransplantation”. American Journal of Orthodontics and Dentofacial Orthope-
dics 123.1 (2003): 18A.

Rolling S. “Hypodontia of permanent teeth in Danish school children”. Scandinavian Journal of Dental Research 88.5 (1980): 365-369.

Bjork A and Skieller V. “Facial development and tooth eruption, an implant study at age of puberty”. American Journal of Orthodontics
62.4 (1972): 339-383.

Paulsen HU and Andreasen ]O. “Pulp survival, periodontal healing and root development of autotransplanted premolars. From a
long-term study of 370 autotransplanted premolars. Nederlandse vereniging voor ortho-dontische studie”. International Study Week
(1990): 93-119.

Paulsen HU.,, et al. “Eruption pattern of autotransplanted premolars visualized by radiographic color-coding”. American Journal of
Orthodontics and Dentofacial Orthopedics 119.4 (2001): 338-345.

Moorrees CFA,, et al. “Age variation of formation stages for ten permanent teeth”. Journal of Dental Research 42 (1963): 1490-1502.

Kristerson L and Andreasen ]O. “Influence of root development on perio-dontal and pulpal healing after replantation of incisors in
monkeys”. International Journal of Oral Surgery 13.4 (1984): 313-323.

Bang E., et al. “Etiologic aspects and orthodontic treat-ment of unilateral localized arrested tooth-development combined with hear-
ing loss”. American Journal of Orthodontics and Dentofacial Orthopedics 108.2 (1995): 154-161.

Volume 17 Issue 7 July 2018
© All rights reserved by HU Paulsen.

Citation: HU Paulsen. “Autotransplantation of Teeth in Orthodontics: A Biological Method to Substitute Missing or Lost Teeth and
Alveolar Bone”. EC Dental Science 17.7 (2018): 991-1008.


https://www.ncbi.nlm.nih.gov/pubmed/896733
https://www.ncbi.nlm.nih.gov/pubmed/896733
https://www.ncbi.nlm.nih.gov/pubmed/8942093
https://www.ncbi.nlm.nih.gov/pubmed/8942093
https://www.ncbi.nlm.nih.gov/pubmed/9781869
https://www.ncbi.nlm.nih.gov/pubmed/9781869
https://www.ncbi.nlm.nih.gov/pubmed/8055762
https://www.ncbi.nlm.nih.gov/pubmed/12656866
https://www.ncbi.nlm.nih.gov/pubmed/12656866
https://www.ncbi.nlm.nih.gov/pubmed/12572250
https://www.ncbi.nlm.nih.gov/pubmed/12572250
https://www.ncbi.nlm.nih.gov/pubmed/14600694
https://www.ncbi.nlm.nih.gov/pubmed/14600694
https://www.ajodo.org/article/S0889-5406(03)70024-9/pdf
https://www.ajodo.org/article/S0889-5406(03)70024-9/pdf
https://www.ncbi.nlm.nih.gov/pubmed/6936762
https://www.ajodo.org/article/S0002-9416(72)90277-1/abstract?code=ymod-site
https://www.ajodo.org/article/S0002-9416(72)90277-1/abstract?code=ymod-site
https://www.ncbi.nlm.nih.gov/pubmed/11298307
https://www.ncbi.nlm.nih.gov/pubmed/11298307
https://www.ncbi.nlm.nih.gov/pubmed/14081973
file:///E:\Proof\_ECDE-18-RW-794\v
file:///E:\Proof\_ECDE-18-RW-794\v
https://www.ncbi.nlm.nih.gov/pubmed/7625389
https://www.ncbi.nlm.nih.gov/pubmed/7625389

	_GoBack

