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Orthodontic Space Opening in Patients with
Congenitally Missing Lateral Incisors

Timing of Orthodontic Treatment and Implant Insertion

Anika Beyera; Eve Tauscheb; Klaus Boeningc; Winfried Harzerd

ABSTRACT
Objective: To determine the best time to begin orthodontic treatment for patients scheduled for
implants to replace congenitally missing upper lateral incisors. The aim of timing is to maximize
the amount of bone available for implant insertion and to improve incisors inclination.
Materials and Methods: Seventy-three plaster casts of 14 patients with 26 missing lateral incisors
were cross sectioned in the center of the planned insertion of the implant, and the implant profile
was projected into the area at three different times: T1—beginning of orthodontic treatment, T2—
end of orthodontic treatment, and T3—implant insertion. Deficiency of alveolar ridge volume need-
ed for implantation was determined by Leica Quin analySIS software.
Results: An increase of ridge-volume deficiency from 0.26 mm2 at T1 to 3.77 mm2 at T3 was
found. During orthodontic treatment the incisors protruded about 9.4� (differing from the O1-NA
standard of 7.5�). To ensure optimal esthetic and functional implantation results, time management
concerning orthodontic treatment has to be done carefully.
Conclusions: To avoid a high degree of alveolar bone atrophy and the risk of relapse and re-
treatment, orthodontic treatment involving tooth movement should not be initiated before the age
of 13 years. Furthermore, it is important to maintain anchorage of the upper incisors because high
incisor proclination causes extra-axial stress on the implant. An interdisciplinary approach is es-
sential to provide the best treatment outcome.

KEY WORDS: Congenitally missing lateral incisor; Single-tooth implant; Orthodontic space open-
ing

INTRODUCTION

There are different treatment alternatives for pa-
tients who are missing a lateral incisor because of con-
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genital reasons.1–3 Esthetic and functional problems
can arise when an orthodontic space closure is real-
ized and the canine is moved into the missing lateral
incisor’s space.4–6

If the morphological and functional conditions for or-
thodontic space closure are not present,3 space for the
lateral incisor that has to be substituted must first be
created orthodontically. The edentulous ridge can later
be restored with a bridge. The resin-bonded bridge
should be given particular consideration for that pur-
pose because of its low invasiveness for the adjacent
teeth. The complete survival ratio of resin-bonded
bridges with anterior location is about 53% for 10.5
years.7,8 In some cases resin-bonded bridges have to
be rebonded or be succeeded by a conventional
bridge, and healthy teeth have to be prepared.

With the introduction of osseointegrated implants,
new, long-lasting space management that is noninva-
sive for the adjacent teeth can be realized.9 Moreover,
the canine’s natural leadership function can be pre-
served. The patient’s skeletal age determines the ear-
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Figure 1. Cross section of the split cast. Transference of the occlu-
sal plane and axis of the incisors from the cephalogram to the split
cast. Adjustment of the implant axis to the axial inclination of the
incisors. Projection of the implant surface (6 mm � 12 mm) onto the
surface 1 mm below the gingival margin of the central incisor. Cal-
culation of missing surface by the Leica Quin analySIS software.

liest time for implantation.10–13 There also must be
enough bone on the alveolar ridge to ensure that the
implant is placed in an optimal position.14–16 Thus, the
timing of the orthodontic space opening must be care-
fully planned to ensure a maximum amount of avail-
able bone and adequate mesiodistal distance between
the crowns and roots of the neighboring teeth.17–19

The purpose of this study was to determine the best
time to start preprosthetic orthodontic treatment for the
single-tooth implant in order to optimize the amount of
bone available and the inclination incisor.

MATERIALS AND METHODS

Fourteen Caucasian patients (nine girls, five boys)
with 26 sites of missing lateral incisors (two patients
had only one missing lateral incisor) were included in
the investigation. All patients with congenitally missing
lateral incisors were treated at the University Hospital
of Dresden between the years 1991 and 2001. Pa-
tients were transferred from GPs (general practition-
ers).

The primary lateral incisor was selectively extracted
to encourage the permanent canine to erupt adjacently
to the central incisor. This procedure avoids bone loss
in the germless region. The canine erupted either be-
tween the central incisor and the deciduous canine or
between the central incisor and the first premolar in
cases where the primary canine was removed by re-
sorption. After loss of the primary canine, the perma-
nent canine was bodily moved distally to open the
space for a single-tooth implant. When space is
opened between the crowns, the root tips tend to
move in closer. During finishing, the apices of these
roots have to be moved apart from each other to pro-
vide adequate space for the surgeon to position the
implant between the roots of these teeth.

The amount of bone represented by the volume of
the ridge (tissue and bone) missing for an implantation
was identified at the beginning of orthodontic treat-
ment (T1: mean age 13.02 � 1.49 years), at the end
of orthodontic treatment (T2: mean age 15.55 � 1.38
years), and at the time of implantation (T3: mean age
18.67 � 2.83 years).

Data were obtained from 73 stone casts because 5
of the 26 sites were available only at T1 and T2, and
three patients were lost in the follow-up study at T3.
The casts were cross sectioned perpendicularly in the
middle of the connecting line between the adjacent
teeth and 90� to the occlusal plane.

Lateral incisors usually are 5.5 to 6.7 mm wide at
their contact point, with an average size of 6 mm.15,20

Currently, the recommended diameter for a lateral in-
cisor implant has a shaft dimension of 3.75 mm and a
collar diameter of 4 mm.21 It is also possible to replace

lateral incisors with smaller implants (3.0–3.25 mm).15

It is recommended that the implant shoulder and the
adjacent root surface should be at least 1 mm apart.
The shoulder should be positioned in the comfort zone
to avoid the danger zone, which is located close to the
adjacent root surface and is about 1.0 to 1.5 mm
wide.21 For that reason, the needed surface calculated
for implantation and sufficient bony support was 6.0
mm in the buccolingual and mesiodistal dimensions
and 12.0 mm in the axial direction.

An average implant surface in the buccolingual di-
rection measuring 6 mm by 12 mm was calculated as
72 mm2.6,21,22 This surface was projected onto the
cross section of the casts (Figure 1). The implant’s
inclination was matched with the inclination of the in-
cisors in the lateral cephalogram (Figure 2). The angle
between the occlusal plane and the axial inclination of
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Figure 2. Analysis of the angle between occlusal plane and axis of
the incisors in the cephalogram.

Table 1. Bone deficiency, standard deviation (SD), and significance
during treatment at beginning of orthodontic treatment (T1); end of
orthodontic treatment (T2); and implant insertion (T3)

Time
Age, y

(mean � SD)

Bone deficiency,
mm2

(mean � SD)

Significance
to time T1
(P � .05)

T1
T2
T3

13.02 � 1.49
15.55 � 1.38
18.67 � 2.83

0.26 � 0.69
1.92 � 1.54
3.77 � 3.07

—
.044
.028

Figure 3. Ridge deficiency at beginning of orthodontic treatment
(T1), end of orthodontic treatment (T2), and implant insertion (T3)
(*P � .05).

the incisors was measured and transferred to the cast
(Figure 1).

The depth of the implant was determined in relation
to the free gingival margin of the central incisor after
orthodontic treatment. This is important, for the free
gingival margin is often not in the correct position be-
fore treatment, and there can be significant changes
in the nature and location of the free gingival margin
during treatment. Because the lateral incisor’s gingival
margin is located 1 mm farther incisally than that of
the central incisor, the implant had to be placed 1 mm
below the gingival margin of the central incisor to po-
sition the implant’s shoulder 2 mm below the prospec-
tive gingival margin as required18,22–25 (Figure 1).

The missing surface at T1, T2, and T3 was calcu-
lated by Leica Quin analySIS software (Soft Imaging
System GmbH, Münster, Germany) (Figure 1).

For evaluating the statistical significance, the t-test
(�-adjusted multiple testing) and Student-Newman-
Keuls-procedure (multiple-test procedure) were used.

RESULTS

Alveolar bone deficiency at T1 was on average 0.26
mm2 (�0.69), increasing to 1.92 mm2 (�1.54) at T2
and to 3.77 mm2 (�3.07) at T3. The increase of bone
deficiency at T2 and T3 was significant when com-
pared with T1, with a level of significance of P � .05
(t-test) (Table 1; Figure 3).

When categorizing the patients into early (�13.5
years) and late (�13.5 years) treatment groups ac-

cording to the time of orthodontic intervention, a great-
er ridge deficiency of 0.44 mm2 (� 0.97) was observed
at T1 in the early treatment group compared with the
late treatment group. Ridge deficiency was 2.05 mm2

(�1.72) in the early treatment group at T2, which high-
er than the deficiency of 1.78 mm2 (�1.64) in the late
treatment group. However, at the time of implantation
(T3) the late treatment group showed a greater defi-
ciency of 4.93 mm2 (�3.93) with wide variation in com-
parison with 2.61 mm2 (�1.57) in the early treatment
group (Table 2).

During treatment, an average increase of 9.4� in in-
cisor protrusion was observed. Inclination averaged
22.1� (�6.9) at the beginning of treatment and 31.5�
(� 7.2) at the end of treatment, differing from the stan-
dard by �0.5� (�7.2) and �7.5� (�6.2), respectively.
As a result, the inclination of the incisors increased
significantly from the beginning to the end of treatment
and to the time of implantation (t-test P � .05; Student-
Newman-Keuls procedure P � .05) (Table 3; Figure 4).
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Table 2. Bone deficiency and standard deviation (SD) during treat-
ment at beginning of orthodontic treatment (T1); end of orthodontic
treatment (T2); and implant insertion (T3)

Time
Treatment group
(no. of patients)a

Age, y
(mean � SD)

Bone deficiency, mm2

(mean � SD)

T1

T2

T3

early (13)
late (13)
early (13)
late (13)
early (12)
late (9)

11.67 � 0.93
14.91 � 0.53
14.57 � 1.19
16.48 � 0.69
19.23 � 4.19
18.64 � 1.15

0.44 � 0.97
0.09 � 0.21
2.05 � 1.72
1.78 � 1.54
2.61 � 1.57
4.93 � 3.93

a Patients were categorized into early and late treatment groups
according to time of orthodontic intervention.

Figure 4. Inclination of the incisors at beginning of orthodontic treat-
ment (T1), end of orthodontic treatment (T2), and implant insertion
(T3) (*P � .05).

Table 3. Inclination of the incisors, standard deviation (SD), and sig-
nificance during treatment at beginning of orthodontic treatment (T1);
end of orthodontic treatment (T2); and implant insertion (T3)

Time
O1-NA, �

(mean � SD)

O1-NA
difference to
standard, �

(mean � SD)

Significance
to time T1
(P � .05)

T1
T2
T3

22.11 � 6.9
31.56 � 7.2
31.42 � 5.5

�0.5 � 7.2
�7.5 � 6.2
�7.4 � 6.1

—
.005
.001

DISCUSSION

The calculated alveolar ridge deficiency can be as-
cribed to the vertical and most particularly buccal vol-
ume loss of the toothless alveolar ridge, which con-
sisted of bone and soft tissue loss. Ridge deficiency
increased 14-fold between T1 and T3, that is, from
0.4% at T1 to 2.7% at T2 to 5.2% at T3. When com-
pared with the early treatment group, the late treat-
ment group’s bone deficit was less at the end of the
orthodontic treatment (T2) but increased more at the
time of implantation (T3). However, there were no sig-
nificant differences between an early or late start of
treatment at all three points in time of treatment. Prob-
able reasons for the high variability are genetic growth
factors and dentition with dominance after the end of
the orthodontic treatment. The interindividual differ-
ence was greatest at T3. This strong congenital com-
ponent of alveolar ridge atrophy must be kept in mind
when planning implant insertion.

An important issue to focus on is the guided eruption
of the canine. After the primary lateral incisor is re-
moved, the canine erupts into the vacuum. The pri-
mary canine guides the permanent canine and should
be extracted just before moving the permanent canine
distally to avoid any buccolingual resorption of the
ridge. As the canine is moved distally to open the
space for the lateral incisor’s implant, its root creates
an adequate alveolar ridge through stretching of the
periodontal ligament.15,16

In a study of 20 patients with congenitally missing

lateral incisors, Kokich26 observed the amount of
change that occurred across the edentulous ridge by
evaluating dental casts and tomograms. The amount
of bone loss was less than 1% from the end of treat-
ment up to 4 years after treatment. These minor re-
sorptive changes of the ridge were ascribed to this
procedure of ‘‘implant site development’’ by the ortho-
dontic separation of two teeth. This result differs from
that of the present investigation, but it has to be con-
sidered that in our study the part of the ridge for the
prospective implant area was calculated with an as-
sumed surface of 6 to 12 mm. There are no data in
the study about the detailed measurement procedure
and the recommended bone volume. Previous studies
show that the alveolar ridge narrows by 34% if maxil-
lary anterior teeth are extracted.27

Another study of congenitally missing mandibular
second premolars demonstrated that the alveolar ridge
width decreased approximately 25% over a 3-year pe-
riod after extraction of the primary molar. Ridge re-
sorption is reduced over the next 4 years, so that there
is an additional 4% loss of ridge width. These findings
permit extraction of the primary molar with little con-
cern about the patient’s age or the timing of implant
placement.28 It is difficult to compare these findings
with those of the present study because we measured
a surface and not a distance in the buccolingual direc-
tion. In the present study, only the upper and not the
lower jaw or the premolar region was investigated. It
is difficult to compare different jaw regions and con-
ditions of bone and blood supply.
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From the present point of view, it seems favorable
to start active orthodontic treatment and the distal
movement of the canine late. Patients starting treat-
ment late, 16.5 years of age at the end of orthodontic
treatment, are 2 years older than those who get an
early start. As a result, they are closer to the potential
time of implantation, and the period in which continued
bone atrophy and space relapse can occur is shorter.
It can be assumed that the decrease of the alveolar
ridge dimension at the implant site would have been
worse without using the procedure of implant site de-
velopment. How to improve the development of im-
plant site in order to create more stable bone is a
question that has to be investigated. Perhaps there
could have been even more bone created if the canine
was first bodily moved next to the central incisor and
then the root of the canine was paralleled next to the
root of the central one. Only then the canine should
be moved bodily backwards to open the lateral inci-
sors space and create bone at the whole edentulous
ridge.

The protrusion of the incisors (averaging 9.4�) dur-
ing treatment—differing from the standard of 7.5�—can
be explained by the reciprocal space opening. Alveolar
protrusion leads to unwanted extra-axial stress on the
implant, resulting in a thin cervical bone lamella, which
in turn raises the risk of gingival recession and the
crown’s margin becoming visible. There is also the
added risk of implant loss as a result of the extra-axial
stress. Besides the adequate bone quality with an ad-
equate mesiodistal and buccolingual space and the in-
clination of the incisors, the space between the roots
of the adjacent teeth also has to be taken into account.
After tooth movement relating to the crowns is com-
pleted, roots often have to be moved apart from the
prospective implantation site by archwire bending or
bracket relocating.

Because an implant reacts like an ankylosed tooth,
it should not be placed before the completion of facial
growth. This time can be evaluated by superimposing
cephalometric radiographs. A cephalometric radio-
graph is taken when a patient has completed growth
in height, and another one is taken 6 months later.
Facial growth can be considered as completed if there
are no more changes in facial height represented by
nasion to menton.10–13,15

CONCLUSIONS

a. Orthodontic therapy for space opening should not
be started before the age of 13 years so as to pre-
vent the relapse and progression of bone atrophy.

b. The time of implantation should be close to the end
of orthodontic treatment. As opposed to starting or-

thodontic space closure early, orthodontic space
opening before implantation should be started late.
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