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The use of endosseous osseointegrated implants
to replace anterior missing single teeth is increas-
ing. The high success rate, and the refining of

surgical and prosthetic techniques, make it the first
treatment of choice in many cases.1, 2 In adults the suc-
cess of such implant-supported restorations depends
mainly on the remaining volume and location of the
bone. Moreover, placement of dental implants in the
upper anterior segment is a technique-sensitive proce-
dure, since an error in implant positioning can result
in an esthetic failure. In many cases where bone is not
available for ideal positioning of the implant, augmen-
tation techniques are used. In the adolescent, in
addition to these issues, developmental considerations
are also important and must be weighed.3–5

Several problems occurring as a consequence of de-
velopmental processes are addressed in clinical reports.
In early studies using ceramic implants the failure rate
was high and increased when used in children younger
than 11 years old. 6, 7 Esthetic problems and implant
fractures occurred frequently. However, since these
were early generation implants, it is not clear to what
extent the use of fragile ceramic materials and the
surgical techniques contributed to the high failure rate
reported, in addition to the clinical status of the young
patients. In a later study following refining of
osseointegration methods, Ledermann et al.8 in their
seven year follow-up, reported a 90% success rate.
However, the shortcoming associated with the use of
implants in children emerged. They described a short-
ening of implant-borne crowns, resulting from
continued eruption of the adjacent natural teeth to
their final positions, accompanied by cratering in the
alveolar bone adjacent to the implants following erup-
tion of the adjacent teeth. Shortening of the
implant-borne crown was reported also by Johansson,9
who placed an implant in a child aged 12 years and 3
months. As in the Ledermann study,8 Johansson also
noted, in a 4.5 year follow-up, substantial marginal
bone loss where the implant had been inserted close
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to the tooth. Another drawback was described by
Westwood10 in a boy aged 15 years and 4 months in
whom an implant was inserted to replace the congeni-
tally missing maxillary left second premolar
immediately after removal of the retained primary
molar. A radiograph taken 48 months following im-
plant placement revealed bone resorption due to
skeletal growth in the floor of the antrum. The resorp-
tion exposed the apical end of the implant in the sinus.

There is no comprehensive protocol for the use of
dental implants in young patients, although the devel-
opmental stage and implant location are considered the
two critical factors in planning this treatment. As for
the appropriate age, most of the reports8, 10, 11 recom-
mend to limit the treatment to children who are
nearing or have already achieved complete alveolar
bone growth. Bergendal et al.12 add that only in rare
cases of total aplasia, as in ectodermal dysplasia, should
treatment with implants be advocated in childhood.12

Johansson9 suggested that with careful and optimal
placement of the implant, taking into consideration
further development of the jaws, implants can be in-
serted in growing adolescents. As for the location of the
implant, Odman13 and Thilander et al.,14 on the basis
of animal studies cautioned that implants not be placed
posterior to the canines during active growth because
of possible rotational growth that might leave the im-
plant in a location other than the intended one.15, 16 In
the anterior segment there is risk of implant submer-
sion and lingual positioning after completion of
development, because of the increase in bone height
during pubertal growth. This holds true more for the
maxilla than for the mandible.

An additional factor in the implant treatment plan
is the availability of bone. Few authors refer to loss in
alveolar bone in congenitally missing teeth and follow-
ing trauma. Oster and Kokich17 studied changes in
ridge width over time in patients with congenitally
missing mandibular second premolars, and found that
ridge width decreased almost 30% during a period of
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six years. Loss of alveolar bone following tooth avul-
sion or extraction is also common. The urgency to
prevent bone resorption by immediate implant inser-
tion following tooth loss is complicated by the risk
involved in placing it in the growing alveolar bone.
New and predictable bone augmentation techniques
allow compensation for bone reduction while waiting
for completion of growth.

 Two approaches for obtaining bone augmentation
around implants by guided bone regeneration are com-
mon. In the first, bone is regenerated simultaneously
with implant placement. However, when initial stabil-
ity of the implant cannot be achieved because of
insufficient bone volume, a staged approach must be
considered. Here the bone is augmented and later the
implant is inserted. The first stage, the bone regenera-
tion phase, may last between 8–10 months. The
second, the implant integration period, may take an ad-
ditional 6–8 months.

As the clinical decision when to start implant treat-
ment is dependent not only on the timing of implant
insertion, but also on bone regeneration procedures,
all members of the team should be familiar with the
sequence and timing of treatment. The following re-
ports illustrate three clinical cases of missing teeth in
young patients. The sequence and timing of bone aug-
mentation and implant treatment are described.

Clinical Reports

Case 1-Implant placement where sufficient bone is diagnosed
A 16-year-old girl presented with a mobile maxil-

lary right lateral incisor crown that was attached only

by soft tissue. Five years earlier, the maxillary right lat-
eral incisor and maxillary right central incisor were
avulsed and subsequently replanted. A radiograph
taken on examination (Fig 1A) revealed that the
entire root surface of the lateral incisor was replaced
by bone, leaving only root canal material. No radiolu-
cent area was seen. A normal periodontal ligament
space was evident on the distal aspect of the central
incisor. On the mesial aspect, localized areas of
surface resorption along the roots were observed.
It was also evident that sufficient bone was available
for an implant. Manual examination under local an-
esthesia,18 revealed that the width of the alveolar bone
was adequate for a narrow-sized implant. Consider-
ing the 5 years that had elapsed since replantation, the
resorption on the central incisor was diagnosed as self-
limiting. Treatment involved the placement of
temporary crowns on the central incisor and lateral
incisor as cantilever, followed upon termination of
growth by an implant- supported single tooth restora-
tion on the lateral incisor, and a ceramometal
restoration on the central incisor. During surgical
preparation of the implant bed, the gutta-percha was
removed without perforation of the buccal bony plate,
and an implant  (Driskel Bioengineering, OH, USA)
was inserted. Six months after insertion, at second
surgery stage, the implant was exposed. A radiograph
(Fig 1B) and clinical examination showed that integra-
tion had taken place, and the abutment was connected.
Two separate crowns were then prepared (Fig 2).
It is evident from the follow-up radiograph, taken 7.5
years later, that the location of the implant in relation
to the adjacent teeth had not changed (Fig 1C).

Thus, there was no erup-
tion of alveolar bone or
teeth after implant inser-
tion. The coronal part of
the bone surrounding the
implant neck revealed a
bone loss of about 1 mm,
which is considered a nor-
mal rate of resorption
around implants.

In this case, the diagno-
sis was replacement re-
sorption without inflam-
mation. The available
bone volume was adequate
and as this kind of
root resorption does not
cause damage to the
alveolar bone, implant
treatment was begun up
on cessation of growth.

Fig 1A.  Radiograph taken on examination, 5yrs following avultion and replantion.  Fig 1B.  Radiograph
of the implant area 6 mos following insertion.   Fig 1C.  A 7.5 year follow-up radiograph.
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Case II—Implant placement where the amount of bone is in doubt
A 16.5-year-old girl presented with a mobile maxil-

lary right central incisor. Clinical examination showed
a fistula and inflammation of the soft tissue surround-
ing the tooth. Four years earlier, the central incisor was
avulsed due to traumatic injury, and replanted. Since
then attempts were made to resolve the inflammation
by a series of root canal treatments. A radiograph re-
vealed replacement resorption along the two sides of
the root, as well as internal and inflammatory resorp-
tion (Fig 3A). The tooth was extracted (Fig 4A) and
a removable partial denture was used as a temporary
restoration. From manual examination of the bone,
it was not clear if the bone width was sufficient to
prevent dehiscence and to permit correct position-
ing of the implant. Three months following
extraction, the future implant site was evaluated
using computerized tomography (CT). A cross-sec-
tional image (Fig 3B) demonstrated adequate width
and length. However, the quality of the tissue at the
extraction site was poor. After an additional three
months, an implant (Mark II, Biocare, Goteborg,
Sweden) was inserted. Ten months later, at second
stage surgery, the implant was exposed. A  radiograph
and clinical examination showed that integration had
occurred. The abutment was connected and a
ceramometal crown was constructed (Fig 4B). A fol-
low-up radiograph taken at the three years recall
revealed that the integration was maintained with-
out any changes in the relation between the implant
and the adjacent teeth.

In this case, the diagno-
sis was replacement re-
sorption with inflamma-
tion. It was not clear if the
inflammation had left a suf-
ficient volume of bone for
implant insertion. An addi-
tional diagnostic means,
CT, was used to clarify
whether a regenerative pro-
cedure was necessary.
Examination revealed lim-
ited but sufficient bone
volume and implant treat-
ment was initiated after
cessation of growth. If the
CT had demonstrated in-
sufficient bone volume, a
regenerative procedure
could have been started be-
fore cessation of growth,
thus decreasing the time in-
volved in the overall
treatment by 8–10 months.

Case III—Implant placement requiring augmentation
 A 15.5-year-old boy presented with a mobile max-

illary left lateral incisor. Clinical examination showed
inflamed soft tissue surrounding the tooth. Six months
earlier the lateral incisor had been avulsed due to trau-
matic injury, and replanted. A periapical radiograph
revealed severe bone loss around the tooth (Fig 5A).

Fig 3A. Case 2:  Radiograph taken 4 yrs following replantation.
Fig 3B. Cross-sectional image, obtained by reformatted computerized
tomography, used to diagnose the available bone remaining after
imflammation and extraction.  The bone at the site of extraction site
(arrows) is not yet mature.

Fig 2. Case 1: Two separate ceramometal crowns supported by the maxillary right central incisor, and an
implant replacing the lateral incisor.
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Four weeks following extraction, oral examination
showed that the soft and hard buccal tissues were de-
pressed (Fig 6A); horizontal probing revealed that only
a thin palatalplate remained. Two separate procedures
were planned: a regenerative one, to be followed by im-
plant insertion. On flap reflection, during the
regenerative procedure, it was obvious that the buccal
plate was missing (Fig 7A). An expanding
polytetrafluoroethylene (e-PTFE) membrane (Gore-
Tex WL Gore, Flagstaff, AZ, USA) and de-
mineralized, freeze-dried bone (Pacific Coast Tissue
Bank, CA, USA) were used to augment the bone. Heal-
ing was uneventful. Two weeks following surgery, a
temporary partial denture was constructed. Ten
months later, when a flap was raised and the membrane
was removed, it was evident that hard tissue had filled

the previous gap. A screw-type implant was then in-
serted (Biocare, Gotenborg, Sweden) (Fig 7B).
Clinical and radiographic examinations revealed that
the implant was integrated (Fig 5B) and a
ceramometal crown was constructed (Fig 6B). A
follow-up radiograph taken 2 years and 10 months
following completion of the restoration revealed
that the integration was maintained without any
changes in the relation between the implant and
adjacent teeth.

In the third case, clinical examination unequivo-
cally demonstrated that the amount of bone loss
would necessitate a regenerative procedure prior to
implant insertion. This procedure was begun one
year before cessation of growth, thus saving substan-
tial time. This case demonstrates the importance of
early referral for surgical evaluation.

Discussion
The restoration of edentulous areas in adolescents

by means of implants may require bone augmentation
prior to or simultaneous with implant insertion.
The implant and augmentation sequence of treatment
must be planned in light of the growth-associated
process. Bergendal et al.11 presented a flow chart of
clinical considerations and decisions made from early
diagnosis of multiple aplasia at 8 years to end of
treatment at age.18–19 They suggested to evaluate alveo-
lar and facial growth as well as development and to
start orthodontic treatment between 12–14 years. At
the end of this period they recommended to evaluate
the bone mass and quality in the edentulous area,
followed at age 18–19 by further bone assessment by
means of tomography in order to decide on
prosthetic therapy and implant surgery. The ability to
augment bone deficiencies by regenerative techniques
requires additional considerations to be included in this
flow chart. In cases in which the staged approach is

Fig 4A. Case 2:  Radiograph taken 6 mos following implant insertion. The
implant has integrated and there is no sign of previous pathology.
Fig 4B. A follow-up radiograph taken at the 3 year recall reveals that the
integration is maintained without any changes in the relation between the
implant and the adjacent teeth.

Fig 5B. Implant-supported ceramometal restoration on maxillary right
central incisor.

Fig 5A. Case 2: Clinical view of the right upper central incisor.  The tooth was
extracted in a 16.5-year-old girl, four years after replantation because of
continuous inflammation.
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used, the overall treatment, consisting of bone augmen-
tation (8–10 months), osseointegration following
implant insertion (6–8 months), and the prosthetic
phase (2–3 months) may last close to two years. Thus,
when using this treatment modality, the time involved
may be prolonged by 8–10 months. If treatment is
begun at the end of growth, it will extend, including
the use of temporary restorations, through a period
when appearance is important to the patient. In many
societies, the patients change their place of
residence, which may complicate case management. It
is, therefore, suggested to evaluate the bone volume
about one year prior to the expected end of growth. In
cases in which augmentation is indicated, this proce-
dure may be performed a year before cessation of
growth. Thus, the timing and sequence of treatment
in augmentation cases
should be started as
Bergendal11 suggested, at the
age of 12–14 years, when a
tentative prosthetic treat-
ment plan is made, and
orthodontic treatment is be-
gun in accordance. About
one year before cessation of
growth, a clinical and tomo-
graphic evaluation is made.
If sufficient bone is diag-
nosed, implant insertion can
be carried out at a later
stage, when growth is almost
complete. In case of insuffi-
cient bone, two options are

available: 1) if the amount
of missing bone does not al-
low initial fixation, a staged
approach is started and 2)
if initial fixation of the
implant can be obtained
and augmentation is aimed
to complete only small
bone deficiencies, implant
insertion and augmentation
are postponed to the end
of growth.

The effect of growth on
the augmented bone is not
quite clear and there is only
a paucity of information
concerning the use of bone
regeneration procedures in
growing patients.19 This
technique involves biologi-
cal considerations other
than implant treatment. An

osseointegrated implant is expected to behave much
like an ankylosed primary tooth, with the same lack of
alveolar growth and dental eruption (i.e., to submerge
into the alveolus). A regenerated or grafted site
will probably demonstrate the same developmental
pattern as the adjacent tissues. The third case confirms
the value of the regeneration technique in the grow-
ing patient. In this case, a 15 year and 7 month old
boy was treated using this technique for horizontal aug-
mentation. Healing was not affected by the young age
of the patient.

The issue of horizontal bone and vertical augmen-
tation is also relevant when considering treatment.
While several techniques20–22 have been described for
horizontal augmentation, with predictable results, su-
pra-alveolar or vertical augmentation is difficult. The

Fig 7A. Case 3: Close view of the missing lateral incisor area.  The soft and hard buccal tissues are
depressed, indicating extent of bone loss.  Fig 7B. Implant-supported ceramometal restoration on
maxillary left lateral incisor.

Fig 6A. Case 3:  Periapical radiograph taken six months following replantation. Severe bone loss around the
mazillary left lateral incisor is evident.  Fig 6B. Radiograph taken six months following implant insertion. The
implant has integrated. There is no sign of the previous pathology.   Fig 6C. A follow-up radiograph taken 2
years and 10 months following completion of the restoration reveals that the integration is maintained without
any changes in the relation between the implant and the adjacent teeth.
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few studies23–25 that examined the potential of vertical
bone regeneration suggested a limited natural poten-
tial for bone regeneration in supra-alveolar defects. The
maximum new height achieved in a dog model was 2.2
mm. Use of demineralized bone materials in conduc-
tion of guided regeneration techniques is also of limited
potential in inducing bone formation in vertical aug-
mentations.26 An additional method for vertical
augmentation is autogenous bone grafting (from the
iliac crest or from intraoral sites). This procedure is used
mainly in severe atrophic jaws in adults,27, 28 and there
are no reports of its application in young patients. Ex-
trapolations from successful treatment of cleft palate
with early alveolar bone29, 30 should be judicious. This
is because the surgical technique and the healing aspects
are different from those of vertical augmentation.
In growing patients it is worthwhile to postpone aug-
mentation to a time when most of the vertical growth
of the treatment site and the adjacent teeth has already
occurred (i.e., 8–10 months before the expected ces-
sation of growth). This will provide good support
for the membrane as well as a close source of osteo-
genic cells. This consideration is not valid in cases of
congenitally missing teeth with wide edentulous
areas, where the alveolar bone will probably not
develop vertically.

It should be mentioned that implant insertion and
the bone regeneration procedure can be carried out si-
multaneously, after cessation of growth. The advantage
of this approach is the relatively short time involved.
However, if primary stability of the implant cannot be
achieved because of minimal bone volume, this tech-
nique is not feasible and augmentation should
be performed separately. Moreover, if augmentation
of the defect fails, the implant too is lost. Thus, in the
growing patient, the staged approach permits better
utilization of time, while waiting for cessation of
growth for the implant insertion, thereby providing
an overall better prognosis. In developing a compre-
hensive protocol for implant treatment in adolescents,
the implications of the regenerative procedures
should be considered.

Conclusions
When considering implant treatment in young pa-

tients, bone volume should be evaluated about one year
prior to the estimated cessation of growth. If there is
insufficient bone for initial stability of the implant,
treatment should start with bone regeneration and con-
tinue with insertion of the implant near or at cessation
of growth. This approach enables termination of treat-
ment at an earlier age and improves implant prognosis.
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