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Abstract: The replacement of the missing maxillary lateral incisor continues
to be a challenge for the interdisciplinary dental treatment team. Over
the past two decades the dental implant has become a primary method of
replacement for this tooth. However, while implants offer numerous benefits,
some significant potential problems are associated with implant treatment,
including the possible need for tissue grafting, the long-term stability of
bone and soft tissue overlying the facial surface of the implant, as well as
the continued growth of alveolar bone and eruption of teeth adjacent to the
implant. This article discusses various treatment options for the replacement
of the missing maxillary lateral incisor with an emphasis on the bonded
zirconia bridge.

T

Treatment Options

Canine Substitution

Canine substitution can be an excellent alternative for the replacement of the missing maxillary lateral incisor (Figure 1 and Figure
2). This treatment option can be particularly effective if the canine
has a flat facial surface, is not too wide mesiodistally, and has a color
similar to the contralateral lateral incisor. Patients with missing
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he maxillary lateral incisor is the second most common
congenitally missing tooth.1 Agenesis of this tooth is
estimated to occur in 1.5% to 1.8% of the population.2
Additionally, it is one of the most commonly lost teeth
due to trauma. As a result, the replacement of the missing maxillary lateral incisor remains a persistent challenge for
dental clinicians. In 2005, Kokich and Kinzer discussed the three
classic treatment options for replacement of the missing lateral
incisor: canine substitution, implant, and pontic.3-5 More recently,
two additional treatment possibilities have been described: autotransplantation and a long-term interim restoration on a temporary anchorage device (TAD).6 All of these treatment options have
intrinsic risks and benefits.
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lateral incisors who present with maxillary dentoalveolar protrusion and/or an Angle class II molar relationship and minimal
crowding in the mandibular arch are considered excellent candidates for canine substitution.7

Implants

Replacement of the missing lateral incisor with an implant has
become a primary treatment option in the past two decades.
Advantages of the implant include longevity and the ability to maintain arch length. However, there are significant financial costs and
risks associated with this treatment option. First, in the cases of agenesis and trauma, the soft tissue and underlying bone often may be
inadequate for implant placement, thus requiring soft- and/or hardtissue grafting. A second risk is the long-term stability of the bone and
soft tissue overlying the facial surface of the implant. If an implant
is placed in a young adult, it is reasonable to assume that the patient
may live for another 50 to 60 years or more. If the soft tissue and
bone thin out over that lengthy amount of time, both functional and
esthetic failures may arise. One study found blueish discoloring of the
gingiva in 50% of single-implant crowns at 4 years post-treatment
due to thinning of the facial alveolar bone and overlying gingiva.8
Volume 42, Number 9

A third risk of using an implant to replace a missing lateral incisor
is the continued vertical growth of the alveolar bone and eruption of
the teeth adjacent to the implant.9,10 Traditionally, it has been taught
that an implant can be safely placed when alveolar bone growth is
confirmed complete with serial radiographs. However, numerous
studies call that rule into question.11-16 Bernard et al evaluated vertical changes in teeth adjacent to implants in a young group of patients
(15.5 to 21 years) and in a mature group (40 to 55 years), over a mean
time of 4.2 years.17 In the young group, infraocclusion of the implant
crowns ranged from 0.1 mm to 1.65 mm, while in the mature group
the infraocclusion of the implant crowns ranged from 0.12 mm to
1.86 mm. An example of infraocclusion that occurred in a young
implant patient over time is depicted in Figure 3 and Figure 4. Based
on classic literature as cited here, it seems prudent to delay the placement of implants in high-risk areas, such as the maxillary lateral
incisor region, for as long as possible or perhaps avoid it altogether.

Autotransplantation

A less commonly used but highly effective method of replacing lost
anterior teeth is autotransplantation.18 A common indication for
autotransplantation is the replacement of a missing maxillary anterior tooth with a mandibular second premolar. (A case example is
shown in Figure 5 through Figure 10.) Timing of the surgery is critical. Orthodontic treatment must be timed so that the recipient site
is ready when the donor tooth has two-thirds to three-fourths root
development. Measurements must be made to ensure that the crown
width of the donor tooth is comparable to the contralateral incisor
of the tooth being replaced.
A socket is surgically created in the recipient site, and the donor
tooth is atraumatically extracted; the entire dental follicle must be
intact and undamaged. The donor tooth is placed in the newly created
socket. There must be no pressure on the periodontal ligament, and

the transplanted tooth must be out of occlusion. The tooth is stabilized for 6 weeks with a light orthodontic wire. As the tooth matures,
it may erupt normally; however, orthodontic treatment is frequently
required to move the tooth into the correct position for restoration.
The risks associated with autotransplantation are ankylosis, pulpal
necrosis, and inflammatory or replacement resorption. However,
Andreasen et al reported that
when performed properly
with attention paid to detail,
the success rate of autotransplantation is above 90%.18 A
Based on classic
recent systematic review
literature as cited
also found tooth transplanhere, it seems
tation with a follow-up of 6
prudent to delay the
years or more to be successplacement of implants ful.19 The authors of the
review reported survival
in high-risk areas,
rates ranging from 75.3% to
such as the maxillary
91%. The percentage of ankylateral incisor
losis ranged from 4.2% to
18.2%, and the percentage of
region, for as long as
root resorption ranged from
possible or perhaps
3% to 10%. Reasons for failavoid it altogether.
ure include maturation of the
donor tooth, surgical technique, initialization stabilization of the transplanted tooth, and orthodontic movement of the
transplanted tooth.

Temporary Anchorage Device

A novel approach for the replacement of the maxillary lateral incisor is the use of a TAD to support a composite or porcelain crown.

Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 1 and Fig 2. Patient was missing teeth Nos. 7 and 10 (Fig 1). Canine substitution was the treatment used to replace these missing teeth (Fig 2).
Fig 3. Implants were placed in a 20-year-old female patient in the Nos. 7 and 11 sites with a pontic replacing No. 10. Fig 4. A 15-year postoperative
photograph of the patient in Fig 3 illustrates the significant infraocclusion of the implants compared to the natural teeth. Also, note the blue tissue
discoloration over implants Nos. 7 and 11.
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This technique can provide an esthetic result for the short term
or long term and is relatively inexpensive. However, the TAD
does integrate into the alveolar bone and theoretically has the
potential to impede the long-term vertical growth of the alveolus.
Cope and McFadden published a case report of two patients who
received TAD restorations and were followed-up at 99 months
and 27 months.6 No impediment of vertical growth was reported
in either case. (A case example is depicted in Figure 11 through
Figure 14.)
An alternative technique intended to avoid the potential
complication of impeding the long-term vertical growth of the
alveolus was reported on by Ciarlantini and Melson, in which
the TAD was placed in the palate, perpendicular to the alveolar
process, approximately corresponding to the coronal third of the
length of the roots of the adjacent teeth.20 A wire was then attached
to the TAD, which extended over the edentulous site. A composite crown was then constructed on the end of the wire directly in
the mouth. In a 5-year follow-up of six restorations, the authors
reported continued vertical development of the alveolar process
in the edentulous sites.

Pontic

Yet another option for the replacement of a missing maxillary lateral
incisor is the pontic. In 1973, Rochette first described a bonded
metal splint for mandibular anterior teeth.21 In 1977, Howe and
Denehy discussed the bonded metal framework to replace missing teeth.22 By 1982, when Livadtitis and Thompson described the
Maryland bridge,23 the use of a pontic had become a well-accepted
technique. When bonded to enamel, metal substrate bonded
bridges could be very successful.24
However, there were two primary problems. First, when
bonded to the lingual surfaces of the abutment teeth, the metal
substrate would lower the value of the abutment teeth, resulting
in unesthetic gray teeth coloring. Second, one of the two bonded
wings commonly would de-bond. The bridge would remain in
place with one bonded wing, but the abutment with the unbonded
wing would often develop caries. When this de-bonding occurred,
the strategy was to remove the unbonded wing and leave the
bonded bridge in place with only one wing. Briggs et al and
Kern and Glaser were early proponents of the single-wing technique.25,26 In time, it became apparent that bonded bridges with

Fig 5.

Fig 6.

Fig 7.

Fig 8.

Fig 9.

Fig 10.

Fig 5. Ankylosed tooth No. 9 due to trauma in a 13-year-old patient. Fig 6. Radiograph illustrating resorption of tooth No. 9 and 75% root maturation on tooth No. 20 (mandibular left second premolar) prior to autotransplantation. Fig 7. Six weeks postoperative, after autotransplantation of
tooth No. 20 into site No. 9. Fig 8. At 12 weeks postoperative, composite bonding on transplanted tooth No. 20. Fig 9. Final restoration of transplanted tooth No. 20 in site No. 9. Fig 10. Patient’s smile after completion of autotransplantation procedure.
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only one wing were more successful than those with two wings.
In 2017, Kern et al reported a 98.2% survival rate on 108 zirconia
bonded bridges at 10 years.27 Sailer and Hämmerle had similar
success with a mean follow-up time of 53 months.28 Research
has also shown that bonded bridges were more successful when
resistance form (ie, vertical grooves or boxes) was incorporated
into the technique.29
To overcome the graying of the abutment teeth, techniques using
composite and low-strength porcelain frameworks were introduced.
However, neither of these options provided the required strength
for predictable longevity. The problem of fracture resistance was
resolved with the advent of zirconium dioxide, or zirconia, used
as the substrate. When used in bonded bridges, zirconia provides
the esthetics of porcelain and the strength of a metal substrate.27
Initially, the challenge with zirconia was the development of a predicable bonding protocol; however, with current zirconia materials
this problem has been overcome.
Over the past two decades, zirconia has become a primary
material used in fixed prosthodontics. The first generation of
zirconia, 3Y-TZP (3 mol % yttria-stabilized tetragonal zirconia

polycrystalline), is the strongest with a flexural strength of 1300
MPa to 1500 MPa.30 However, it is also the most opaque zirconia.
Because of its strength and high opacity, it serves well as a framework for more esthetic veneering materials and for monolithic
restorations in areas of the mouth where high-level esthetics are not
required. A subsequent generation of zirconia, 5Y-TZP, is significantly more translucent but much weaker; therefore, it should not
be used as a framework material for bonded bridges.31
Debate among dental professionals regarding the validity of
bonding to a zirconia substrate persists.32 However, according to
a 2015 systematic review, the technology to successfully bond to
zirconia exists.33 Zirconium dioxide (Y-TZP) is a glass-free ceramic
that is formed by directly sintering crystals together. It cannot be
conventionally etched with hydrofluoric acid; therefore, other adhesion strategies must be utilized.34
Bonding to zirconia requires two essential steps. First the intaglio surface must be cleaned prior to bonding. This can be accomplished using a product specifically designed to remove proteins
from this surface. Alternatively, the intaglio surface may be
abraded with airborne particle abrasion using 50-µm aluminum

Fig 12.

Fig 11.

Fig 13.
Fig 11. TAD placed in site No. 7.
Fig 12. Composite restoration
on TAD in site No. 7. Fig 13.
Radiograph of TAD in site No.
7. Fig 14. Porcelain crown on
TAD in site No. 7 at 99-month
postoperative follow-up. No
impediment of vertical growth
was evident.

Fig 14.
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edentulous space is too large as compared to the contralateral tooth
being replaced, when the proposed abutment has a short clinical
crown, when there is inadequate space for the lingual wing, when
there is inadequate enamel on the lingual aspect of the abutment
tooth, in a high-function patient, when there is a deep overbite and/
or unfavorable occlusion, and, finally, in a long span.38

Clinical Technique for Bonded Bridge

Fig 15.

Fig 16.

Fig 17.
Fig 15. Four-year postoperative photograph of zirconia bonded bridge
replacing tooth No. 7. Fig 16. Occlusal view of the zirconia bonded
bridge in Fig 15 at 4-year postoperative showing one wing on the
canine abutment and a small anti-rotation extension from the pontic
onto the distolingual surface of tooth No. 8. Fig 17. Ideal preparation
with boxform retention on mesial of canine.

oxide. This cleans the contaminated intaglio surface and increases
surface roughness, surface energy, and wettability.35 The second
essential step to bonding to zirconia is using a resin cement that
incorporates the MDP monomer (10-methacryloyloxydecyl dihydrogen phosphate). This monomer has two functional groups: a
divalent phosphoryl group that may adsorb onto zirconia, and a
methecryloyl group that can copolymerize with other monomers
in the adhesive. This treatment combination has proven to be
highly effective.36 Described by Blatz et al, the zirconia bonding
protocol has been summarized as the APC concept (A, air-particle
abrasion; P, zirconia primer; C, adhesive composite resin).37
Contraindications for single-wing bonded bridges include
the following: when the adjacent teeth have diastemas, when the
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There are a number of requirements to achieve a successful bonded
bridge. First, the edentulous site must be approximately the same
width as the contralateral tooth. There also must be adequate soft
tissue to provide esthetic emergence contours for the ovate pontic.
Some clinicians may be concerned that the ovate pontic will not
adequately maintain the soft tissue and, over time, the tissue will
shrink away from the pontic. However, the soft tissue under an
ovate pontic has been shown to be quite stable long-term.39 An
example of this is shown in Figure 15.
Additionally, to accomplish a bonded bridge, the abutment tooth
must be large enough to provide 30 mm2 of enamel surface and a
3 mm connector height.40 The zirconia wing must be at least 0.7
mm thick to provide the required strength.40 Ideally, this space is
created orthodontically to ensure there will be minimal reduction
of the lingual enamel. For long-term success, the abutment must
be bonded to an enamel substrate.
Next, the pontic must have resistance to facial displacement. This
is accomplished by adding a slight extension on the pontic adjacent
to an unbonded tooth; this will prevent the pontic from moving
facially when loaded from the lingual (Figure 16). There should be
no preparation on the unbonded tooth, nor should the extension
be bonded so flossing may be easily accomplished. There must also
be resistance form on the abutment, which can be best achieved
with a vertical groove or box on the lateral surface of the abutment,
adjacent to the edentulous site (Figure 17).29 There should be no
excursive contacts on the pontic. Lastly, an evidence-based bonding protocol is essential for long-term success.
The primary reason for failure of a bonded zirconia bridge is
de-bonding. Porcelain chipping is also possible if layered zirconia
is used on the pontic. There is minimal risk of substrate fracture,
however, when the aforementioned guidelines are followed.29 If the
bridge de-bonds, it can re-prepared for bonding and will not require
another time-consuming laboratory procedure. The informed
consent should be clear that the bridge will likely de-bond sometime
in the future. The patient should be instructed to save the bridge so
that it may be re-bonded. The patient should also be given an Essix
retainer so that if and when the bridge de-bonds, the retainer will
be available to hold the bridge in place for esthetic purposes until
it can be re-bonded.

Conclusion

This article has presented treatment options for the replacement of
a missing maxillary lateral incisor. A case can be made for the use of
any of these treatment options, depending on the clinical situation.
However, because of its reasonable cost, good esthetics, and durability, the single-wing bonded zirconia bridge may be considered a
primary treatment option.
Volume 42, Number 9
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