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teeth: A retrospective clinical study and evaluation of patient
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Abstract
Objectives. This retrospective clinical study aimed to determine the success rate of autotransplanted impacted or retained
teeth along with a patient satisfaction survey and to analyze the influence of relevant clinical and radiographic parameters.
Subjects and methods. Fifty-seven teeth (37 canines, 10 molars, seven premolars, three incisors) in 45 patients (median
15 years) were evaluated over a mean of 1.6 years. The success criteria were pocket probing depth £3.5 mm,mobility grade £ II,
Periotest £30 and complete alveolar bone healing. The influencing parameters were oral hygiene, smoking, periodontal
screening index, occlusal/proximal contacts, horizontal position, dental age, pulp obliteration and degree of displacement.
Furthermore, bone height was measured. Results. The overall success rate was 74%, along with a high patient satisfaction.
The survival rate was 96% after a mean follow-up of 1.6 years. The favorable factors were proper oral hygiene, non-smoking,
good general periodontal condition, proximal contacts and pulp obliteration. An increase in or maintenance of bone level was
found in 96%. Conclusions. Autotransplantation of impacted or retained teeth is an appropriate treatment, if orthodontic
alignment has failed, especially in growing patients.
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Introduction

The alignment of impacted or retained teeth is a
challenge. As the terminology regarding eruption
disturbances is inconsistent, the terms used in this
study are defined according to a previous review [1].
Impaction is the cessation of the eruption of a tooth
due to an abnormal position of the tooth or due to a
physical barrier in the eruption path. If a normally
placed and developed tooth does not erupt, although
there is no physical barrier in the eruption path, it is
considered a primarily retained tooth. Secondary
retention refers to a tooth, the eruption of which
ceases after emergence without a physical barrier or
abnormal position.
Maxillary canine impaction has been reported to

occur in ~ 2% of the population [2]. Arch length
discrepancy and crowding are considered to be the

primary etiologic factors for the labial impaction of
canines. For palatal impaction, variations of the lateral
incisor, which serves as guidance of eruption, and
genetic factors, including dental anomalies, have been
proposed. In cases in which surgical exposure and
orthodontic traction is not successful, autotransplan-
tation can be the treatment of choice [3]. This choice
could be due to unfavorable displacement, e.g. the
position of the crown tip mesial to the mid-line of the
lateral incisor or mesial angulation greater than 55�

[4], as well as failure of orthodontic alignment due to
immobility or because the patient refuses a conven-
tional orthodontic therapy. Recent studies of auto-
transplantation of canines have reported success rates
of 38–58% over more than 10 years [5,6].
In addition to canines, there are also retained or

impacted molars, premolars and incisors, the ortho-
dontic alignment of which has failed. The prevalence
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of impaction for permanent first and second molars
has been reported to be up to 2.3% [7] and 0.5% for
the lower second premolars [8]. Impaction of the
lower premolars has been reported to be due to local
factors, such as mesial drift arising from premature
loss of primary molars, ectopic positioning of the
developing tooth buds and pathology, such as cysts
or retained or ankylosed primary molars. Regarding
retention of incisors, supernumerary teeth, like mesio-
dentes, can inhibit physiologic eruption [9]. Similarly,
traumatic intrusion can result in retention [10].
Most authors consider endodontic treatment of

autotransplanted teeth with closed apices as manda-
tory analog of traumatically avulsed teeth with closed
apices [3]. In cases of immature teeth with open
apices, a wait-and-see strategy is accepted due to
the considerable potential of revascularization [6],
which occurs in up to 100% of these teeth [11]. In
comparison, replanted teeth with open apices after
avulsion display revascularization in 18–34% [10].
Here, endodontic treatment is performed only if signs
of pulp necrosis or root resorption are found [6].
However, there are also authors who suggest a
wait-and-see strategy even in cases of closed apices
[12,13]. In the study by Ahlberg et al. [13], 30% of
33 maxillary canines with complete root formation
required no endodontic treatment after an average of
6 years. In 23 teeth, endodontic treatment was per-
formed due to root resorption or clinical symptoms
(n = 10) or due towidening of the periodontal ligament
space or periapical lesions (n = 13).
As an ideal outcome, an autotransplanted tooth

can be present in the mouth for the patient’s entire
life. However, there are other reasons supporting
this treatment, even if life-long survival cannot be
achieved. Transplanted teeth have the capacity to pre-
serve the alveolar ridge, especially during the growth of
the jaws [10,14,15], during which dental implants are
contraindicated [16]. By analogy, avulsed teeth, even
those with poor prognoses, are recommended for
replantation in cases of dental trauma [10].
This retrospective clinical trial was performed, first,

to evaluate the success rate of autotransplantation of
impacted or retained teeth and, second, to analyze the
influence of the relevant clinical and radiographic para-
meters on the outcome. Furthermore, this study evalu-
ated descriptively howmany transplanted teeth needed
endodontictreatment,changesinboneheightduringthe
follow-up period and, finally, the patients’ satisfaction.

Subjects and methods

Participants and study setting

In this retrospective, clinical and radiographic follow-
up study, all healthy patients were included who had
undergone at least one autotransplantation of an
impacted or retained permanent tooth in a private

practice for oral and maxillofacial surgery in the
period from 2006–2009. The follow-up examinations
took place in 2010. Each patient was clinically and
radiologically examined once after an observation
period of at least 1 year. All of the examinations
were performed by one examiner experienced in
autotransplantation. Informed written consent was
obtained from all of the patients. The study was
granted approval by the Ethics Committee of the
University ofMunich (No. 327-09). All of the patients
who agreed to participate in this study were included.

Interventions

Autotransplantation was performed according to the
technique described by Andreasen et al. [8]. In our
study, it may be sub-divided into conventional auto-
transplantation and surgical uprighting. Conventional
transplantation was performed when the tooth had to
be removed from the oral cavity and to be reinserted
after preparation of a suitable tooth pocket. If a
partially or completely retained tooth could be aligned
without removing it out of the oral cavity and without
the necessity of remodeling the tooth pocket, a surgical
uprighting was performed. All autotransplantations
were performed by one experienced maxillofacial sur-
geonundergeneralanesthesiaandoftencombinedwith
removal of all four wisdom teeth. Further, in cases of
severely displaced teeth, in particular upper canines,
surgerywasperformedprincipally ingeneral anesthesia
to avoid unnecessary stress for the young patients. The
locationof the respective toothwasevaluatedbyclinical
and radiographic examinations. A marginal incision
and a mucoperiostal flap were made at the respective
site, followedby removal of the bone covering the tooth
using a surgical burr (S-11, W&H, Bürmoos, Austria)
under irrigation with sterile physiologic saline. The
graft was carefully extracted with a periosteal elevator
and, if necessary, stored extra-orally (4 mg dexameth-
asone, 100 mg doxycycline, 10 ml physiologic saline).
All of the teeth were positioned into a normal occlusal
contact position. Repositioned soft tissue was fixed
tightly to the transplanted tooth (Vicryl 4-0, Ethicon,
Somerville, NJ). Depending on the clinical situation,
suture splinting, semi-rigid splinting with a titanium-
trauma splint (Titanium-Trauma-Splint, Medartis,
Basel, Switzerland; Tetric Evo Flow, Syntac Classic,
IvoclarVivadent,Schaan,Liechtenstein)orfixationata
present orthodontic appliance was performed for tooth
stability in the pocket for 3 weeks. The first post-
operative treatment was performed 1 day after surgery.
After 7 days, the sutures were removed and, after
3weeks, the splintingwas removed.The furtherclinical
andradiographic follow-upswereperformedat3,6and
12 months and then annually.
Endodontic treatment of the transplanted teeth was

performed if any clinical or radiographic signs (peri-
apical periodontitis or root resorptions) were detected
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[6,12,13]. In cases of endodontic treatment need, the
patients were referred to their dentists.
The evaluation of pre-operative radiographs

included the dental age of the respective tooth accord-
ing to Gat et al. [17] and, in the case of canines, the
crown tip’s distance from and the inclination to the
occlusal plane, as well as its position [18]. Root length
and bone level were assessed on radiographs taken
immediately after transplantation [13,19,20].
The clinical follow-up examinations included

assessment of the patient’s oral hygiene [21,22], car-
ies, smoking habits and the Periodontal Screening
Index (PSI), which is based on the Community Peri-
odontal Index for Treatment Needs (CPITN) [23], to
evaluate the periodontal condition. Regarding the
transplanted tooth, the pocket probing depth at six
sites, from the gingival margin to the bottom of the
pocket, and the mobility were measured clinically and
with the Periotest device (Periotest, Med Gulden,
Modautal, Germany) [24,25]. Static occlusion and
inter-proximal contacts, as well as deviations from its
ideal alignment, were recorded [26]. Sensitivity of the
transplanted tooth was evaluated with a cryogenic
spray and with electrometric pulp testing (EPT, Vital-
ity Scanner, Sybron Endo, Orange, CA) [24]. The
tenderness to percussion of the transplanted tooth was
recorded [27].
For the post-operative radiographic examination,

digital radiographs were obtained. The transplanted
tooth was examined for its periapical status and bone
healing [28] and for root resorption [10]. Further, the
presence of pulp obliteration was recorded [20].
Regarding possible resorption or root development
during follow-up, the root length was assessed again
[27], while the crown length served as the reference
[19]. The bone height was expressed as a percentage
of the root length and changes over the follow-up
period were calculated [13].
To evaluate the patient’s satisfaction, a question-

naire was administered, using numeric analog scales
(1 = excellent; 6 = unsatisfactory). The patients rated
their subjective perception of the treatment success,
the aesthetic outcome, post-operative pain, current
comfort and the fulfillment of their expectations.Addi-
tionally, thepatientswereaskedhowtheybecameaware
of this treatment option, how long they expected the
transplant to survive, whether they would undergo
another autotransplantation and whether they would
recommend autotransplantation to other patients.

Outcomes

The clinical success criteria were the periodontal
probing depth (£3.5 mm) and the grade of mobility
(grade £ II or Periotest value £30) [24,25]. The
radiographic success criterion was sound alveolar
bone represented as complete periodontal trabecula-
tion, with or without lamina dura, and a defined

periodontal ligament space [28]. The clinical failure
criteria were a periodontal probing depth >3.5 mm, a
tooth mobility of grade III [24] or a periotest value
>30 [25]. The radiographic failure criterion was
incomplete alveolar bone presenting a rarefied area
larger than the periodontal ligament space surround-
ing the transplanted tooth [28].
To analyze the influencing factors on the success

rate, two groups were defined for each parameter.
Patients with all three oral hygiene indices (gingiva,
plaque, calculus) <1 were classified as having accept-
able oral hygiene, and others were classified as
having poor oral hygiene. The patients were classified
as smokers or non-smokers. Patients with a PSI
£2 were classified as good-to-moderate periodontal
condition and those with a PSI >2 were classified as
having a poor general periodontal condition. The
teeth were divided according to the presence or
absence of occlusal and proximal contacts. Addition-
ally, the teeth’s positions were differentiated accord-
ing to their ideal or not ideal alignment with spaces or
rotations. The developmental stages of the tooth were
defined by open or closed apices, as all of the trans-
planted teeth showed almost complete root growth
and pulp obliteration was recorded. In cases of
canines, these teeth were grouped based on whether
they were closer or farther from the median of the
crown-tip distance, had an inclination less than or
greater than 45� and were in the mesial or distal
position in relation to the lateral incisor, as well as
on the presence or absence of root deviations.
Tenderness to percussion, loss of sensitivity and

caries resulted in the assumption of intervention need,
but did not constitute failure criteria per se. Finally, root
resorption, changes in root lengths andhorizontal bone
levels were assessed [13].
To increase the accuracy of the measurements, the

intra-examiner reliability of the radiographic exami-
nations was assessed. Regarding the assessment of
root length and bone height changes, the measuring
tolerance was calculated.

Statistical methods

The data analysis was performed with SPSS software,
version 18.0 (SPSS Inc., Chicago, IL). The demo-
graphic characteristics of the participants were spec-
ified descriptively. The success and failure rates
overall and differentiated by tooth type are expressed
as percentages of all of the included autotransplanted
teeth. The success rate was calculated as follows:
number of transplanted teeth meeting all clinical
and radiographical success criteria at the time of
examination (n = 42) divided by the number of all
included transplanted teeth (n = 57). In contrast to the
success rate, the survival rate was calculated as fol-
lows: number of present teeth at the time of exami-
nation regardless of the clinical and radiographic
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findings (n = 55) divided by the number of all
included transplanted teeth (n = 57). The influence
of the defined parameters on the success rate was
calculated by the non-parametric two-sided Mann-
Whitney U-Test (a-level = 0.05). The intra-examiner
reliability of the radiographic examinations was
calculated by Cohen’s unweighted kappa (k) statistic.
The number of teeth with endodontic treatment
needs or pulp obliteration is given descriptively, as
are the changes in bone height during the follow-up
period and patient satisfaction.

Results

In 55 patients, 74 impacted or retained teeth were
autotransplanted from 2006–2009. Forty-five of these
patients (female, n = 26; male, n = 19), with a total of
57 teeth, agreed to participate in this study. Conven-
tional autotransplantation was performed in 32 cases
and surgical uprighting in 25 cases. The mean age of
the patients at the time of surgery was 17 years old
(range = 9–43, median = 15 years). The number of
tooth types that were autotransplanted, along with
their presenting anomalies, is provided in Table I.
The mean follow-up period was 1.6 years post-
operatively (range = 1–4 years). Autotransplantation
was performed if the referring orthodontist consid-
ered orthodontic alignment a priori to be impossible
(n = 28 teeth), if it was found intra-operatively that
exposure and bonding were not possible (n = 14), if
preliminary orthodontic alignment failed due to
immobility of the tooth (n = 11) or if the patient
refused orthodontic therapy and preferred surgical
alignment (n = 4). Therefore, orthodontic pre-
treatment was performed on 11 teeth (20%). Forty-
four teeth (77%) were adjusted orthodontically after
transplantation. The intra-examiner reliabilities for
the radiographic examination were good-to-excellent:
dental age, pulp obliteration, caries, k = 1.0; bone

healing, root length changes, k = 0.898; root resorp-
tions, k = 0.831; bone level, k = 0.731.
The overall success rate was 74% (42/57 teeth) and

the failure rate was 26% (15/57 teeth). The success
rate for canines was 73%, for molars it was 70%, for
pre-molars it was 71% and for incisors it was 100%.
For a detailed description and data, see Tables II
and III. The success rate for autotransplanted teeth
was 75% and for surgically uprighted teeth 72%. One
canine and one molar were lost before the 1-year
follow-up due to mobility and incomplete bone heal-
ing, respectively. The survival rate was, thus, 96%
after a mean follow-up of 1.6 years.
Oral hygiene showed a statistically significant influ-

ence on the success rate (p = 0.047), as did smoking
(p = 0.027), PSI (p = 0.002), the presence of proximal
contacts (p < 0.0001) and pulp obliteration
(p = 0.020). However, there was no significant influ-
ence on success of dental age (p = 0.770), the presence
of static occlusion (p = 0.289), horizontal position
(p = 0.097) or degree of displacement (inclination,
p = 0.933; mesiodistal position of the crown-tip,
p = 0.921; distance to occlusal plane, p = 0.800).
Twenty-eight of the 55 presently examined trans-

plants (51%) showed signs of root resorption.
Twenty-seven teeth (49%) showed no such signs.
Thirty teeth (55%) showed signs of endodontic treat-
ment need due to root resorptions or lack of sensitivity
associated with tenderness to percussion. Twenty-
five teeth (45%) showed no clinical and/or radio-
graphic signs indicating endodontic treatment.
Thirty-six teeth (63%) were transplanted with open
apices and 21 teeth (37%) with closed apices. The
success rate for immature teeth was 75% and for
mature teeth it was 71%. Overall, 30 teeth (55%)
developed pulp obliterations. The rate of pulp oblit-
eration in the success group (62%) was distinctly
higher than in the failure group (27%).
Along with the measurements for the reliability

of the examiner regarding the assessment of root
length changes, a mean measuring tolerance of
�0.24 mm ± 0.72 mm was calculated. Therefore,
only root length changes less than �0.96 mm and
greater than +0.48 mm were considered to be real
root length changes. These calculations refer to those
55 teeth that were in situ at the time of examination.
Accordingly, 16 teeth (29%) increased their root
length (range = 0.5–6 mm). Eleven teeth (20%)
showed root shortenings (range = �1.9 to �4 mm)
and 28 teeth (51%) were within the measuring

Table I. Number of autotransplanted teeth sorted by tooth types
and presenting anomalies.

Number of teeth (n)

Canines Molars Premolars Incisors Total

Retention 7 8 5 3 23

Impaction 30 2 2 — 34

Total 37 10 7 3 57

Table II. Success and failure rates, as well as absolute numbers of autotransplantations differentiated according to tooth types.

Canines Molars Premolars Incisors Total

Success rate, n (%) 27 (73%) 7 (70%) 5 (71%) 3 (100%) 42 (74%)

Failure rate, n (%) 10 (27%) 3 (30%) 2 (29%) 0 (0%) 15 (26%)

Total number of teeth, n 37 10 7 3 57
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tolerance (range = �0.8–0.4 mm). In relation to the
respective root length, bone height was assessed post-
operatively and at the time of follow-up. The accuracy
of the examiner’s bone height measurements was
assessed by duplicate measurements. The standard
deviations were ± 5.6% for the post-operative mea-
surements and ± 3.4% at the time of follow-up. The
mean bone level changed from 67% post-operatively
(range = 20–100%) to 86% (range = 19–100%) at the
time of follow-up, i.e., immediately after autotrans-
plantation, 67% of the root length was covered with
bone, which increased to 86% at the time of follow-
up. Thirty-seven teeth (67%) showed growth of bone
level, while two teeth (4%) showed loss of bone
height. Sixteen teeth (29%) fell within 1 SD. The
bone height changes with regard to success and failure
are given in Table IV.
Asking the patients about their subjective perceptions

of the success of the operations, an average assessment
(school grades: 1 = excellent to 6 = unsatisfactory) of
1.6 was given. The aesthetic outcome was scored 1.8,
post-operative pain was scored 2.3, current comfort was
scored 1.2 and the fulfillment of expectations was
scored 1.6. Forty patients (89%) reported that they
would undergo another autotransplantation if indi-
cated and 41 patients (91%) would recommend the
procedure. Thirty-one patients (69%) became aware
of the possibility of this treatment by their orthodon-
tist, eight (18%) by the surgeon himself, three (7%) by
their dentists and another three by their own research.
Nineteen patients (42%) expected the transplant to
survive for the rest of their lives, 10 patients (22%)
expected a survival time of 10–15 years and 16 patients
(36%) did not make a prediction.

Figures 1,2,3 show the autotransplantation of a
retained lower premolar, Figures 4,5,6 that of an
impacted lower molar. Figures 7,8,9 show the auto-
transplantation of a severely displaced upper canine.

Discussion

The success rate found in this study (74%) is higher
than that found in other studies. This difference might
be due mainly to patient age and the observation
period [6]. In a recent trial examining 73 canines
in 59 patients (mean age = 20.7 years old), a success
rate of 58% after a mean follow-up time of 11 years
was found [6]. Whereas we were able to follow-
up 81% of the patients with autotransplantations,
Gonnissen et al. [6] followed up 71%. In another
recent study, a success rate of 38% after an average of
14.5 years was found. However, out of 191 treated
patients, only 26% (49 patients) were followed up
(mean age = 21.8. years), which might have impaired
the validity of the results. The relatively young
patient age in our study (mean age = 17 years old,
median = 15 years old), as well as the relatively short
observation period (mean = 1.6 years), might have
contributed to the high success rate found. Nonethe-
less, our observation period is of relevance as it covers
a considerable length of time in growing patients. As

Table IV. Number of teeth with growth or loss of bone height in
relation to success and failure.

Number of teeth (n)

Growth of
bone height

Loss of
bone height

Within
the SD Total

Success 31 — 11 42

Failure 6 2 5 13

Total 37 2 16 55

Table III. Reasons for transplant failure. One tooth can have
several reasons.

Number of teeth (n)

Canines Molars Premolars Incisors Total

Pocket probing
depth >3.5 mm

6 2 — — 8

Mobility grade III 2 — — — 2

Incomplete
bone healing

8 1 2 — 11

Figure 1. Initial radiologic finding of a retained lower left second
premolar.

Figure 2. Radiological finding immediately after autotransplanta-
tion of the retained lower left second premolar.
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in many studies, the survival rates of the transplants
are given instead of success rates, so a comparison of
previous studies with ours is difficult. In the present
study the survival rate was 96%. To state, the survival
rate only gives the number of autotransplanted teeth
present in the mouth at the time of examination,
regardless of the clinical or radiographic findings.
In contrast, the success rate describes the number of
teeth deemed as successful according to pre-defined
criteria. Intheliterature,survivalrates from75–83%are
given [5,6].
The failure criteria in this study were a pathologic

periodontal condition, high tooth mobility and
incomplete alveolar bone healing. These criteria
were similar to those used in other studies evaluating
the success rates of autotransplantation of teeth
[5,6,29]. Out of our 55 examined teeth, 28 (51%)
showed root resorptions, whereas 27 teeth (49%)
showed no signs of root resorption. To clarify, these
findings are limited by the analysis of panoramic
radiographs, in which root resorption and root shapes
are less precise for evaluation, compared to dental
films [30]. In comparison, a current study found signs
of root resorption in 38% of the examined teeth after a
mean observation period of 11 years [6]. Another
possible cause of root resorption of transplanted teeth
that should be taken into account is orthodontic treat-
ment [31]. In our cohort, 11 teeth (20%) underwent
orthodontic pre-treatment and 44 teeth (77%) under-
went adjustment after transplantation. However, no

significant influence on root resorption or on the suc-
cess rate was found.
We found a statistically significant influence of oral

hygiene and smoking on the success rate. This finding
is supported analogously by a study concerning dental
implants, in which it was found that smokers showed
greater bleeding indices, mean pocket probing depths,
degrees of mucosal inflammation and bone reduc-
tions [32]. The presence of proximal contacts had a
highly significant influence on the success rate. Inad-
equate contacts have been reported as causing food
impaction, periodontal disease and tooth movement
[33], which can impair the healing of transplanted
teeth. However, no statistically significant influenceof
static occlusion was found. As a consequence, the
recommendationofpositioningautotransplanted teeth
in infra-occlusion could be questioned [6,29,34], as
occlusal load is deemednecessary for development and
function of the periodontal ligament and the alveolar
bone remodeling. Further, the degree of initial dis-
placement had no statistically significant influence on
the success rate. Although not significant, teeth with
open apices showed a slightly better success rate (75%)
than teeth with closed apices (71%). Additionally,
although not significant, a recent study found a success
rate of 71% for immature canines and 61% for teeth
with closed apices [6]. An older study, evaluating a
larger sample (n = 278) with all types of teeth, found a

Figure 3. Radiological finding 3 years after successful autotrans-
plantation of the lower left second premolar. The pulp chamber is
partially obliterated.

Figure 4. Initial state of an impacted lower right second molar and
four impacted wisdom teeth.

Figure 5. X-ray control after extraction of four impacted wisdom
teeth and autotransplantation of the impacted lower right second
molar.

Figure 6. Follow-up 2 years after autotransplantation of the
impacted lower right second molar. Complete alveolar healing
pulp obliteration can be found.
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significant difference in favor of open apices, with a
success rate of 94% vs 84% for closed apices [34].
A recent systematic review investigating 6064 cases
over a mean period of 10 years reported a significantly
higher survival rate of 87% for immature teeth com-
pared with 80% for teeth with closed apices [35].
Interestingly, in all these studies the outcome between
mature and immature teeth differs only by ~ 10%,
suggesting that autotransplantation of mature teeth
with a closed apex is by far better as to be expected
from the current clinical view.
Endodontic treatment of transplanted teeth has

been performed according to clinical and radio-
graphic findings [6,12,13]. Out of our 55 examined
teeth, 45% exhibited no clinical or radiographic signs
of endodontic treatment need. Thirty teeth (55%)
developed endodontic treatment need. In an older
study that evaluated 33 mature canines over 6 years,
endodontic treatment was performed in 23 teeth

(70%) [13]. In a recent study, endodontic treatment
of autotransplanted canines was performed generally
on patients who were older than 20 years old [6].
Younger patients’ teeth or teeth with open apices were
root-filled only if clinical or radiographic indications
were found. According to this criterion, endodontic
treatment was needed in 40% of the sample. Another
recent study that examined 38 autotransplanted
mature teeth in 32 patients (observation period of
6 years) found that the survival and success rates were
also influenced by the quality of the root fillings and
the authors recommended autotransplantation before
the root development was completed [36].
Pulp obliteration was found in 54% of our exam-

ined teeth. Interestingly, teeth with obliteration
showed a statistically higher success rate than teeth
without obliteration. Therefore, the influence of pulp
obliteration on the success rate was statistically sig-
nificant. In accordance, Gonnissen et al. [6] found
pulp obliteration in 49% of their cases. As described
in an extensive review of pulp canal obliteration, the
pulp of asymptomatic teeth with pulp obliteration
showed no histological signs of inflammation [37].
Complete radiographic obliteration of the pulp space
does not necessarily imply an absence of pulp tissue.
To clarify, up to 75% of teeth with pulp canal oblit-
eration have been reported to be asymptomatic and
have not required endodontic treatment. From this
review, it has been suggested that endodontic treat-
ment should only be performed if the following symp-
toms arise: (1) pulp necrosis, indicated by periapical
pathology; and (2) clinical symptoms, accompanied
by a negative response to sensitivity testing. A negative
response to sensitivity testing alone is not considered

Figure 7. Initial radiographic state of a displaced upper right
canine.

Figure 8. Radiological control immediately after autotransplanta-
tion of the displaced upper right canine.

Figure 9. Radiological follow-up 3 years after autotransplantation
of the displaced upper right canine. No signs of resorption and a
complete alveolar bone healing can be recorded.
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to indicate pulp necrosis. Teeth with pulp obliteration
are often reported to be root-filled unnecessarily [37].
It has been recommended that teeth with pulp oblit-
eration be managed conservatively by periodic clinical
and radiographic examination. Pulp obliteration is a
vital sign of the transplant and, therefore, does not
demand root canal treatment.
The average bone height changed from 67% to 86%

of the root length. A loss of bone height was detected
only in two teeth and an increase was detected in
37 cases. In 16 of the investigated teeth, the change
in bone height was within the measuring tolerance.
This reported bone level change might have been
due mainly to the surgical procedure, as the possible
post-operative orthodontic treatment was only a fine
adjustment. Although there were more teeth with
bone growth in the success group (74%), growth of
bone could also be detected in 46% of the failure
group. Accordingly, an older study found no reduc-
tion in bone height over a period of 6 years [13]. The
bone level in that study varied between 70–78% of the
root length. In a recent study covering an observation
time of 14.5 years, normal bone levels were found in
94% of the cases [5]. Significant loss of bone was
found in only 6%, although the success rate in this
study was as low as 38%. Insofar, autogenous tooth
transplantation exerts a unique induction of bone
growth, which is highly appreciated, in particular in
growing patients.

Conclusion

Within the limitations of this retrospective clinical
trial, the results suggest that autotransplantation of
impacted or retained teeth is a useful and psychoso-
cially positivemethod, especially in adolescent patients
in whom alternative treatments, such as dental
implants, are not yet indicated. Due to its potential
to increase or at least to maintain the bone level, auto-
transplantation facilitates a later dental implant supply.
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