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Treatment alternatives include reimplantation 
of the avulsed tooth, autotransplantation, waiting 
until early adulthood to place a bridge or an implant, 
or substituting the central incisor with the lateral 
incisor after orthodontic space closure.4,5 The ad-
vantage of orthodontic treatment is that a concom-
itant malocclusion can be treated simultaneously.

Interdisciplinary collaboration between 
orthodontists and other dentists, such as oral sur-
geons, prosthodontists, and general practitioners, 
appears to be of increasing importance in these 
cases.6 The following patient is an example.

Case Report
A 14-year-old male who had lost his upper 

right central incisor from trauma was referred for 
orthodontic assessment. Since reimplantation of 

Many factors complicate the 
diagnosis and treatment of 
growing children with miss-

ing maxillary central or lateral inci-
sors.1,2 The need to maintain alveo-
lar bone until growth has ceased 
presents a particular dilemma if 
implants are required. In addition, 
parents who are concerned about 
psychosocial pressures usually 
want early resolution of their chil-
dren’s esthetic problems.3
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Fig. 1 14-year-old male patient with missing upper right central incisor, con-
vex profile, edge-to-edge Class II molar relationships, and mild crowding in 
both arches before treatment (continued on next page).
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10.5mm and 5.4mm anterior to pogonion, respec-
tively. Soft-tissue assessment revealed competent 
lips at rest, a normal smile arc, and a slightly in-
creased nasolabial angle. The upper lip was slight-
ly behind the Ricketts E-line, and the lower lip was 
1mm in front of it.

The patient and parents’ main concern was 
the esthetics of the bridge. Two treatment options 
were discussed. The first aimed only to straighten 
the teeth and maintain the Maryland bridge, which 
would be replaced by an implant after growth had 
ceased. The second plan involved substitution of 
the upper right central with the upper right lateral 
incisor, followed by restorative modification. Un-
der this option, all posterior teeth on the right side 
would need to be moved mesially, with the upper 
right canine and first premolar undergoing appro-
priate esthetic restorations. The patient and parents 
selected the second option.

Treatment objectives were to move the upper 
right lateral incisor into the position of the missing 
central incisor and, subsequently, to mesialize all 
posterior teeth on the right side using temporary 
anchorage devices (TADs). Alveolar ridge devel-
opment would thus be promoted and future bone 

the avulsed tooth was not possible due to multiple 
root fractures, he had received a Maryland bridge 
to restore esthetics and maintain space.

The patient exhibited a well-balanced and 
symmetrical face with a convex facial profile and 
normal vertical proportions (Fig. 1). He had edge-
to-edge Class II molar and canine relationships, 
mild crowding in both arches, a 5mm overjet, and 
a 4mm overbite. Both arches were tapered and ev-
idenced mild crowding, and the dental and facial 
midlines were coincident.

No signs or symptoms of TMD were noted. 
A panoramic x-ray confirmed the presence of all 
permanent teeth except the avulsed right central 
incisor and the third molars. Root-canal fillings 
were evident in the upper left and lower right cen-
tral incisors.

Cephalometric analysis showed a skeletal 
Class I relationship (ANB = 2.5°) with retrusive 
jaws and an excessive mandibular plane angle to 
anterior cranial base (Table 1). The maxillary cen-
tral incisors were slightly proclined, and the lower 
incisors were within normal limits relative to their 
dental bases, with a reduced interincisal angle 
(121.8°). The upper and lower incisal edges were 

Fig. 1 (cont.) 14-year-old male pa-
tient with missing upper right central 
incisor, convex profile, edge-to-edge 
Class II molar relationships, and mild 
crowding in both arches before treat-
ment.
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loss in the maxillary right central incisor area 
would be prevented, while the dental midlines 
would be maintained during space closure. Addi-
tional objectives were to eliminate the lower 
crowding, maintain or improve the skeletal pattern, 
improve the overbite and overjet, and achieve a 
functionally stable occlusion. Finally, an inter-
disciplinary approach involving the general dentist 
and prosthodontist would be implemented.

After oral-hygiene instruction and improve-
ment, the upper and lower arches were bonded with 
MBT*-prescription .022" × .028" SPEED** brack-
ets for leveling and alignment (Fig. 2). The wire 
sequence in both arches progressed from .012" to 
.016" nickel titanium, followed by .018" nickel tita-
nium, .018" × .025" heat-activated nickel titanium, 
.019" × .025" stainless steel, and .019" × .025" 
TMA.*** All archwires had an ovoid form.

After six months, when final working wires 
were in place, two mini-implants† (1.8mm × 9mm) 
were inserted paramedian to the third palatal ru-
gae, anterior to the second premolars, as recom-
mended in the literature7-10 (Fig. 3). An auxiliary 
arm from the palatal appliance was affixed to the 
palatal surface of the upper left central incisor for 
indirect anchorage (Fig. 4). Impression caps were 
placed on the TADs prior to taking an impression. 

Laboratory analogs were then placed over the im-
pression caps, and the auxiliary arm was welded 
to the appliance. The TADs were designed for use 
with the OrthoLox Snap-In† coupling mechanism, 
so that both abutments of the appliance could be 
snapped into the TADs (Fig. 5). The abutment 
screw, with a left-hand thread, was turned upward 
in the reverse direction to lock it securely in place.

A 200g nickel titanium coil spring was acti-
vated with a screwdriver every six weeks to close 
the upper right central incisor space. Concurrently, 
an elastomeric power chain was added to provide 
a labial force, thus enhancing the space closure. 
The width of the provisional Maryland bridge was 
gradually reduced to avoid the appearance of an 
unsightly gap in the anterior region (Fig. 4B). Class 
II elastics were worn on the left side during space 
closure to correct the Class II buccal relationship.

After 12 months of treatment, the upper right 
central incisor space was closed (Fig. 6). The pal-
atal appliance was then removed (Fig. 7). The up-

Fig. 2 Leveling and alignment using 
MBT*-prescription .022" × .028" 
SPEED** brackets and .018" nickel 
titanium archwires.

*Trademark of 3M, Monrovia, CA; www.3M.com.
**Trademark of Strite Industries Ltd., Cambridge, ON, Canada; 
www.speedsystem.com.
***Trademark of Ormco Corporation, Orange, CA; www.ormco.
com.
†Promedia Medizintechnik, Siegen, Germany; www.ortholox.de.
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prosthodontist, an .0155" multistranded, gold-plated 
stainless steel 3-3 retainer was bonded in the max-
illary arch.

Post-treatment panoramic photographs 
showed acceptable root parallelism and no evidence 
of root resorption. A good esthetic result and accept-
able smile were achieved, with coincident dental and 
facial midlines. Acceptable dental alignment was 
obtained, and the overbite and overjet were im-
proved. A full Class II molar relationship was 

per right lateral incisor was temporarily recon-
toured with composite resin to resemble a central 
incisor, and the upper right canine was reshaped 
to resemble a lateral incisor.

Active treatment was completed in 27 months 
(Fig. 8). A Hawley retainer was delivered for the 
maxillary arch, and an .0155" multistranded, 
gold-plated stainless steel 3-3 retainer was bonded 
in the mandibular arch. After a ceramic veneer was 
affixed to the upper right lateral incisor by the 

Fig. 3 After six months of treatment, 
insertion of temporary anchorage de-
vices paramedian to third palatal ru-
gae and anterior to second premolars.

Fig. 4 A. Direction of labial force from elastomeric power chain, added to enhance space closure (black arrow); 
mesial force applied on palatal side from nickel titanium coil spring (white arrow); auxiliary arm bonded to upper 
left central incisor for indirect anchorage. B. Width of provisional Maryland bridge gradually reduced to avoid 
unsightly gap in anterior region during space closure. C. Maxillary arch after closure of right central incisor space, 
with upper right lateral incisor built up to match size and shape of central incisor.

A B CA B C
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achieved on the right, and a quarter- Class II canine 
and molar relationship on the left. The patient and 
his parents were pleased with the results.

Cephalometric analysis showed no skeletal 
changes. The upper and lower central incisors were 
slightly retroclined, and the interincisal angle was 
increased (Table 1). The entire upper right quad-
rant was moved mesially without anchorage loss 

of the upper right incisors.
One year after treatment, no relapse was seen 

(Fig. 9).

Discussion
The esthetic improvement in this case was 

achieved in accordance with the protocol estab-

Fig. 5 OrthoLox-flyer† coupling system (courtesy of Promedia Medizintechnik).

TABLE 1
CEPHALOMETRIC ANALYSIS

 Norm Pretreatment Predebonding

SNB 80.0° ± 3.5° 73.2° 73.1°

ANB 2.0° ± 2.5° 2.5° 2.2°

Wits appraisal +1.1mm ± 3.0mm –1.2mm –2.6mm

ML-SN 32.0° ± 3.0º 41.1° 40.5°

U1-NL 112.0° ± 0.5° 115.0° 112.6°

U1-APog 3.5mm ± 3.0mm 10.5mm 10.1mm

L1-ML 94.0° ± 7.0° 94.5° 93.4°

L1-APog 1.0mm ± 3.0mm 5.4mm 5.9mm

Interincisal angle 130.0° ± 6.0° 121.8° 125.5°

Overjet 3.0° ± 2.5° 5.0° 3.5°

Overbite 2.0mm ± 2.5mm 4.0mm 3.0mm

Nasolabial angle 96.0° ± 2.5° 113.3° 108.2°

Lower lip to E-line  –2.0mm ± 2.0mm 0.9mm –0.6mm
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may then lose bone support, compromising their 
long-term prognosis.

Zachrisson18 and several others have exten-
sively investigated various treatment options. Con-
tinuing vertical changes in tooth positions, even 
after cessation of growth, can negatively affect 
long-term results following implant placement, 
since the implant is ankylosed and cannot change 
position as the neighboring teeth erupt. Even small 
tooth movements after implant placement can cre-
ate esthetic problems.19-21 Making an implant- 
supported crown with a shade and translucency 
that blend well with the surrounding teeth can be 
difficult; moreover, the color difference can wors-
en as the patient ages.18 The color of a canine usu-
ally approximates that of the adjacent teeth rather 
than that of a porcelain crown.22 In this case, only 
a ceramic veneer was needed to make the upper 
lateral incisor resemble a central incisor.

lished by Rosa and Zachrisson.11-15 The canine and 
molar relationships were not fully Class I on the 
left side, which may have been due to the mild 
Bolton discrepancy. Interproximal enamel reduc-
tion could have been performed in the mandibular 
arch to achieve a full Class I relationship on the 
left side.

Although some authors have suggested that 
osseointegrated implants are the optimal choice 
for replacement of missing lateral incisors, we 
opted for the space-closure approach in this 
case.16 Other authors have noted that space clo-
sure for a missing maxillary central incisor can 
have a functional disadvantage: when a canine is 
relocated to the position of the lateral incisor, the 
small first premolars carry the functional load 
during lateral jaw excursions.17 The premolars 

Fig. 6 A. After 12 months of space 
closure. B. Superimposition of pre-
treatment (black) and predebonding 
(red) cephalometric tracings.

†Promedia Medizintechnik, Siegen, Germany; www.ortholox.de.
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Our decision was corroborated by a nine-
year follow-up study supporting natural tooth 
substitution in cases of dental agenesis in the max-
illary anterior region.23 Some 11% of patients ex-
perience relapse significant enough to prevent 
implant placement after orthodontic treatment.24 
In addition, a 10-year follow-up study reported 
that some patients showed progressive loss of bone 
support at the buccal aspects of implant- supported 
crowns that were replacing upper incisors.19 That 
finding was confirmed by a recent study in which 
bone augmentation was needed in most of the cas-

es.25 Similar results were found in a dental-cast 
analysis that showed a significant decrease in al-
veolar ridge width and height immediately after 
orthodontic space opening for congenitally miss-
ing upper lateral incisors. The presence of a labi-
al concavity between the central incisor and ca-
nine is evidence of such alveolar ridge loss. 
Although distal movement of the canine may 
develop the alveolar ridge in a patient with a con-
genitally missing lateral incisor, the bone width 
may not be sufficient for ideal placement of an 
implant without grafting.26

Fig. 7 After removal of palatal appliance.
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Nordquist and McNeill, there are no significant 
differences in occlusion and periodontal health 
between canine guidance and group function.34

TADs can provide adequate support in asym-
metrical situations, such as our patient’s, and when 
maximum anchorage is required.35,36 We preferred 
to use mini-implants because they are simple to 
insert and no healing time is required, unlike with 
osseointegrated anchorage devices.37,38 Mini- 
 implants have a mean failure rate of only 13.5%, 
indicating their usefulness in clinical practice.39 
Palatal implants and miniscrews exhibit even lower 

Some patients have experienced progressive 
reduction of the marginal bone levels at the teeth 
adjacent to implants.13,19,27-29 Finally, implant 
crowns are more likely than natural teeth to expe-
rience gingivitis, increased probing depths, and 
bleeding on probing.21,30

Collaboration among the orthodontist, gen-
eral dentist, and prosthodontist is of paramount 
importance in cases such as this.31-33 In our patient, 
as in similar reports of canine substitution,32 the 
functional guidance achieved during lateral excur-
sions was bilateral group function. According to 

Fig. 8 Patient after 27 months of treatment (continued on next page).
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failure rates, according to a systematic review by 
Kakali and colleagues: 6% for palatal implants 
(range 0-26.1%) and 6.1% for palatal miniscrews 
(range 0-33.3%).40 Therefore, in most orthodontic 
cases, the choice of anchorage devices may be de-
termined by other factors, including cost, patient 
comfort, personal preference, familiarity with the 
device, and insertion procedures.40

The main advantage of the appliance we used 
over other palatal devices41 is the indirect anchor-
age provided by the auxiliary arm affixed to the 
palatal surface of the upper central incisor. The 
appliance can easily be bent without welding the 
auxiliary arm. This system prevents further an-
chorage loss, especially with asymmetrical tooth 
movement. Additionally, our method applies not 
only a palatal force, but also a concurrent labial 
force from elastomeric power chain, thus enhanc-
ing the space closure.
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