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1 | INTRODUCTION

In the early nineties two-retainer all-ceramic resin-bonded fixed den-
tal prostheses (RBFDPs) made from alumina ceramic were introduced
into restorative dentistry to overcome the esthetic problems of metal-
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Abstract

Obijectives: To present an update on the concept of cantilevered single-retainer all-
ceramic resin-bonded fixed dental prostheses (RBFDPs) first presented 25 years ago
in the Journal of Esthetic Dentistry.

Overview: The initially presented case of the concept was followed clinically over
26 years and is presented along with two additional clinical long-term cases using
varying methods to obtain an esthetic and hygienic ovate pontic design. Veneered
alumina and zirconia ceramic (3 mol% yttria—tetragonal zirconia polycrystalline
ceramic; 3Y-TZP) was used and bonded with a phosphate monomer containing luting
resin after 50 um alumina particle air-abrasion at 0.25 MPa pressure. The restora-
tions replacing incisors did not debond and soft tissues in the pontic area were main-
tained over 26 years.

Conclusions: Cantilevered single-retainer all-ceramic RBFDPs today made from
veneered 3Y-TZP zirconia ceramic can be considered a standard of care for the
replacement of single incisors and provide an excellent esthetic outcome with a long-
term preservation of soft tissues in the pontic area.

Clinical Significance: Bonding nonretentive oxides ceramics such as alumina and zir-
conia ceramic with phosphate monomer containing luting resins after alumina particle
air-abrasion is durable over decades. This proves that bonding to zirconia ceramic is
not of any problem when adequate methods are used. Single-retainer zirconia
ceramic RBFDPs maintain soft tissues in the edentulous area of single missing inci-

sors and often deem implants unessential for this indication.

KEYWORDS
durable zirconia ceramic bonding, long-term clinical outcome, ovate pontic design, single-
retainer RBFDPs, single tooth replacement, soft tissue preservation

ceramic RBFDPs,* which most significantly were the grayish shine-
through of the metal retainer wings and often partially visible parts of
the metal framework. However, one quarter of alumina RBFDPs frac-
tured within the first year of clinical service.? In most instances,
framework fracture occurred only at one connector between the
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FIGURE 1 Labial view of the mandibular teeth of a 55-year-old
male patient. The endodontically treated and discolored left lower
central incisor needed to be replaced because of an external root
resorption.

pontic and retainer wing of one abutment tooth leaving the pontic
attached as cantilever to the other abutment tooth, which continued
to function over the next 10 years.®

Based on this experience, in 1997 the authors first presented canti-
levered alumina ceramic RBFDPs with a single retainer as a minimally
invasive and highly esthetic treatment method in the Journal of Esthetic
Dentistry.* Advantages of the single-retainer design included improved
esthetics due to the avoidance of a second connector, preserved physio-
logic tooth mobility® due to the avoidance of splinting and the avoidance
of the risk of undetected retention loss a retainer in a multiple-retainer
design with the subsequent high risk of caries. In addition, flossing is eas-
ier with the single-retainer design, thus facilitating oral hygiene, as floss
can be passed through the proximal contact of the cantilevered pontic to
the adjacent tooth, in contrast to the splinted two-retainer design, where
floss must be inserted under one of the pontic connections.

Only a few years later, bonding to densely sintered zirconia
ceramic was shown to be equally effective as to alumina ceramic.®”
That provided the basis for today's standard of care when replacing
single missing incisors with single-retainer zirconia RBFDPs (3Y-TZP)
which showed long-term survival over 10 years which surpasses that
of implant-retained single crowns.?

Today, more than 25 years after the introduction of the concept of
single-retainer all-ceramic RBFDPs, the clinical outcome of the case pre-
sented initially is shown as an example of the excellent long-term clinical
outcome of cantilevered all-ceramic RBFDPs together with two other
long-term cases. All three patients agreed to their clinical documentation
of the treatment and to the publication of the long-term outcome.

The RBFDPs had been fabricated with a minimum retainer wing
thickness of 0.7 mm, a minimum connector height of 3 mm, and a mini-
mum connector width of 2 mm. The presented cases exemplarily show
that the concept of cantilevered RBFDPs does not only functions very
well long-term but also does not result in clinically relevant loss of hard
and soft tissues in the areas of the missing teeth as it is often
claimed.%!* It also does not bear the risk of frequent long-term compli-
cations seen with implant-retained crowns such as periimplantitis, crown

12,13

infraposition, and missing proximal contact points, which might com-

promise esthetics and restoration function for the patient considerably.

FIGURE 2 Preoperative occlusal view. The tiny composite resin
filling at the disto-lingual surface was fully included into the tooth
preparation.

FIGURE 3 View of the master cast demonstrating preparation
features including a minimal lingual veneer, a groove on the cingulum
and a shallow proximal box preparation. The left central incisor was
removed from the master cast with a laboratory bur since the tooth
would be extracted directly prior to the insertion of the restoration
(immediate pontic technique).

2 | CLINICAL FOLLOW-UP CASE 1 OVER
26 YEARS

In a 55 years old male, the esthetic replacement of a discolored left
lower central incisor was made using a single-retainer alumina
ceramic RBFDP in the immediate pontic technique in 1996
(Figures 1 and 2).* The preparation of the abutment tooth was mini-
mally invasive and limited to enamel, including a minimal lingual
veneer preparation, a cingulum groove, and a shallow proximal box
preparation at the connector to the pontic (Figure 3). The single
retainer alumina ceramic RBFDP was fabricated with a copy-milling
technique, that is, a resin analog of the framework was modeled
with light-cured resin and then milled from presintered alumina
blocks using the Celay copy-milling machine (Mikrona, Speitenbach,
Switzerland).* The pontic of the finished framework was veneered
with feldspathic ceramic. Following tooth extraction, the length of
the pontic was adjusted so that the pontic base supported the soft
tissues around the extraction socket (Figure 4). The restoration was
inserted with a phosphate monomer luting resin (Panavia 21 TC,

Kuraray, Japan) under rubberdam isolation (Figure 5).1 The esthetic
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FIGURE 4  After tooth extraction, the length of the pontic was
adjusted to the extraction socket so that the pontic base supported
the gingival margin circumferentially.

FIGURE 6 Frontal view of the single-retainer all-ceramic RBFDP.
Note the initial collapse of the papilla.

FIGURE 8 Occlusal view of the single-retainer all-ceramic
RBFDP.

result of the all-ceramic RBFDP is shown after 1 week (Figure 6)
and 9 months (Figures 7 and 8) of insertion. After 9 months both
papilla at the extraction side had nearly completely remodeled. The
radiographs show the extraction socket and the adjacent teeth after
1 week, after 6 years, and after 23 years (Figure 9). Initially the
patient flossed regularly under the ovate pontic. However, the
patient was then in recall at his home dentist over the following

years and stopped flossing under the pontic at some point. In

FIGURE 5 The all-ceramic RBFDP was held in place with finger
pressure until the luting composite resin had set.

FIGURE 7 Frontal view of the restoration at a 9 month recall
visit. Note the nearly complete recovery of the papilla.

FIGURE 9 (A) Initial radiological control after insertion of the
RBFDP. (left) (B) Radiological control 6 years after insertion of the
RBFDP. The extraction socket shows a good ossification. (right)
(C) Radiological control 23 years after insertion of the RBFDP.

September 2022 the now 81-year-old patient was visited at his
home in Freiburg (South Germany) and the restoration was
inspected. The patient is still fully satisfied with the esthetics and
function of the RBFDP 26 years after insertion (Figures 10-12).
Despite some deficits in the patient's oral hygiene, the lower ante-
rior teeth and the soft tissues around the pontic are healthy and
there has been no clinically relevant loss of soft tissue. The RBFDP
has never lost retention and no tooth migration or rotation of the

pontic has occurred after this time.
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FIGURE 10 Labial view of the now 81-years old patient.

FIGURE 12 Occlusal view of the RBFDP after 26 years.

FIGURE 14 The edentulous space showed slight soft tissue
excess in vertical direction but a moderate ridge defect in horizontal
direction.

3 | CLINICAL FOLLOW-UP CASE 2 OVER
26 YEARS

A 15-year-old female patient presented with a congenitally missing
maxillary right lateral incisor (Figure 13). The edentulous space
showed slight soft tissue excess in vertical direction but a moder-
ate ridge defect in horizontal direction (Figure 14). After minimally
invasive preparation of the abutment tooth within the enamel and
impression taking (Figure 15), the single-retainer alumina ceramic

RBFDP was fabricated with a copy-milling technique and labially

FIGURE 11 Frontal view of the RBFDP 26 years after insertion.
Note the clinically not relevant loss of hard and soft tissue caused by
physiological aging.

FIGURE 13 Labial view of a 15-year-old female patient with
unilaterally congenitally missing maxillary right lateral incisor.

FIGURE 15 View of the master cast demonstrating preparation
features. The edentulous area of the cast was reshaped to achieve an
ovoid support of the pontic.

veneered with feldspathic ceramic. The edentulous area of the cast
was reshaped to achieve a concave rest area for an ovate pontic.
Due to the ovoid pontic, the soft tissue became ischemic when
the RBFDP was tried on clinically (Figure 16). To avoid hyperpres-
sure of the ovate pontic,’> the soft tissue was reshaped using an
electrotome sling as an electrical cutting instrument to fit the
ovate pontic leaving more than 2 mm of soft tissue between the
pontic and the supporting alveolar bone (Figure 17). A minimum

tissue thickness of 2 mm between the pontic and the alveolar bone
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FIGURE 16 Due to the ovoid pontic the soft tissue became
ischemic when the RBFDP was tried on.

FIGURE 18 Labial view at the day of insertion of the RBFDP

FIGURE 20 Smiling 15-year-old patient.

respects the biological width by leaving enough space for the perios-
teum, connective tissue, and epithelium.X® Then, the restoration was
inserted with a phosphate monomer luting resin (Panavia 21 TC, Kur-
aray, Japan) under rubberdam isolation. The soft tissue wound healed
against the ovate pontic (Figure 18). At the following recall visit the tis-
sues had healed and the patient was satisfied (Figures 19 and 20). In
October 2022 the now 41-year-old patient was met at a café in
Cologne (West Germany) and the restoration was inspected
(Figures 21 and 22). The soft tissues around the pontic looked healthy
and no clinically relevant loss of soft tissue was detected. The RBFDP
has never lost retention and no tooth migration or rotation of the pon-

tic has occurred. However, the patient's natural teeth had become

FIGURE 17  After local anesthesia, the soft tissue was reshaped
using an electrotome sling for adaptation to the ovate pontic.

FIGURE 19 Occlusal view at the first recall visit

FIGURE 21 Smiling 41-year-old patient 26 years later.

somewhat darker over the years due to natural aging, so that the pon-
tic now appeared considerably lighter than the natural dentition. The
patient was advised either to bleach the natural teeth or to replace

the veneer of the pontic with a veneer of a better matching color.”

4 | TODAY'S STANDARD TREATMENT
USING VENEERED ZIRCONIA—FOLLOW UP
OVER 18 YEARS

After the availability of densely sintered zirconia ceramics for the fab-

rication of dental restorations in the early 2000s and the
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FIGURE 22 Labial view of the RBFDP 26 years after insertion.
Note the considerable color difference between the pontic and the
natural dentition.

FIGURE 23 Extraoral view of a 20-year-old female patient with
congenitally missing maxillary lateral incisors.

FIGURE 24 The labial view reveals tissue excess in vertical
dimension.

FIGURE 26

Labial view of the try-in of the 3Y-TZP zirconia
ceramic framework to be veneered with feldspathic ceramic.

demonstration that bonding to zirconia works in the long term if ade-
quate methods with phosphate monomer containing luting resins
were chosen,” quickly zirconia ceramic replaced alumina ceramic as
framework material for RBFDPs with even better results.” The follow-
ing case illustrates the positive outcome using veneered zirconia
ceramic.

A 20-year-old female patient with congenitally maxillary lateral

incisors presented herself in 2004 after completion of her orthodontic

FIGURE 25 Labial view after roll flap surgery to broaden the
ridge in horizontal direction and to create a concave depression in the
soft tissue for the ovate pontic.

therapy (Figure 23). The patient had soft tissue excess in the edentu-
lous area (Figure 24). Due to the inappropriate axes of the teeth adja-
cent to the gaps the originally intended implant therapy was not
possible. The desired ovate pontic design was achieved after horizon-
tal ridge augmentation with the roll-flap technique simultaneously
removing the tissue excess in vertical direction (Figure 25).2%1 Using
the rolling flap surgery, a connective tissue pedicle was formed from
the palatal side and the alveolar ridge through incisions and then
deflected into a labial pocket created between the mucosa and the
periosteum. Hereby, the ridge was broadened in horizontal direction
and a concave depression was created in the soft tissue for the ovate
pontic. The intraoral try-in of the 3Y-TZP zirconia ceramic framework
revealed that the minimum vertical connector height of 3 mm was
considerably exceeded (Figure 26).

The zirconia ceramic framework was fabricated with two splinted
retainer wings to provide long-term retention after orthodontic clo-
sure of a large diastema medial on request of the orthodontist and the
patient. Splinting the two retainer wings on the adjacent central inci-
sors has been shown not to create the problems seen with two-
retainer RBFDPs splinting a central incisor and a canine because the
splinted central incisors move in a similar direction during functional
loading while canines moved in a different direction especially during

laterotrusion.?® The canines had not been selected as abutment teeth
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FIGURE 27 The fit checking silicone at the final try-in of the
finished RBFDP indicated a broad ovate pontic contact area.

FIGURE 29 Labial view of the inserted RBFDP.

FIGURE 31 The patient and treating team directly at the day of
insertion of the RBFDP in May 2004. Author MK, patient, author RG,
assistant (from left to right).

in order to avoid inference of the retainer wings with the existing
canine guidance in a deep bite situation where the incisors allowed
insertion of the retainer wings due to the existing overjet. The frame-
work was veneered with feldspathic ceramic and the pontics were
designed to provide an ovate pontic with an extensive soft tissue con-
tact as revealed by a fit checking silicone (Figure 27). The finished
RBFDP was inserted under rubberdam isolation with a phosphate
monomer containing luting resin (Panavia 21 TC, Kuraray) after air-
abrasion of the bonding surfaces with 50 um alumina particles at

0.25 MPa pressure. The alumina particle abrasion cleaned, roughened

FIGURE 28 Occlusal of the inserted RBFDP.

FIGURE 30 Postoperative smile of the patient.

FIGURE 32

Labial view 1 year after insertion.

and activated the zirconia ceramic bonding surfaces.?! Then the labial
composite resin splinting of the incisors was removed (Figures 28 and
29). The patient and the treatment team were satisfied with the
esthetic outcome achieved in 2004 (Figures 30 and 31). At the recall
1 year later, the soft tissues had been maturated and the pontic
emerged naturally from the gingiva (Figures 32 and 33). The patient
was at regular recall at her home dentist in the city of Libeck in
Northern Germany in the following years and only showed up only in
2019 after chipping of the incisal edge of the left pontic after
15.5 years when multiple repair attempts of her home dentist were

unsuccessful. The intraoral repair was successfully made after
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FIGURE 33 Smile of the patient 1 year after insertion.

FIGURE 35

Labial view more than 18 years after insertion.

intraoral hydrofluoric acid etching and silanating the chipped veneer-
ing ceramic with composite resin.?? At a recall visit at the patient's
home in Libeck in September 2022, that is, more than 18 years after
insertion of the RBFDP (Figures 34-36), the esthetics and restoration
function were without problems and no clinically relevant loss of soft
and hard tissues was visible except loss of the incisal edges of the
central incisors due to protrusive parafunctions of the patient who
had not worn a splint as a night guard over many years.

5 | DISCUSSION

The concept of single-retainer all-ceramic RBFDPs evolved from the
good clinical survival rates unexpectedly achieved with unilaterally
fractured all-ceramic RBFDPs.? All-ceramic RBFDPs offer significant
esthetic advantages over metal-based restorations in the esthetic
zone.»?° Using only one retainer wing with a minimal preparation of
the enamel is minimally invasive and provides long-term survival and
success rates which exceeded those obtained with implant-retained
crowns.®?2324 |n these studies the clinical results with maxillary and
mandibular RBFDPs did not differ significantly. A systematic review of
the survival and complication rates of RBFDPs after a mean observa-
tion period of at least 5 years, confirmed the superior survival of can-
tilevered single-retainer all-ceramic RBFDPs.?> In addition,

cantilevered metal-ceramic RBFDPs with a metal framework showed

FIGURE 34 Smile of the patient more than 18 years after
insertion.

FIGURE 36 The patient and author MK more than 18 years after
insertion of the RBFDP in October 2022.

a better clinical outcome compared with conventional two-retainer
RBFDPs.2%?7 |t was suggested that shear peel forces, resulting from
differential movements of the two abutment teeth in the conventional
two-retainer RBFDP design, are reduced in the cantilevered single-
retainer design.?®

It is assumed that the cantilevered single-retainer design in all-
ceramic RBFDPs also reduces tensile stresses developing in the bond-
ing interphase when using a two-retainer design due to the differential
tooth mobility of splinted abutments during functional loading. This
might be especially important when lateral incisors are to be replaced
because of the differential movements of the central incisor and the
canine during protrusion and laterotrusion. In addition, the cantilevered
pontic might act as leverage for functional loads resulting in an
increased tactile sensitivity of the abutment tooth compared with the
abutments in the two-retainer design.?® It can be hypothesized that the
higher tactile sensitivity leads to patients perceiving possible unfavor-
able stresses at an early stage and then unconsciously avoiding them,
which might be one reason for their better survival and success rates.

Risks and complications associated with implant-retained crowns
such as periimplantitis,*?> crown infraposition and missing proximal
contact points,*>*2 do not exist when replacing missing teeth with
RBFDPs. The already cited systematic review of the complication

rates of RBFDPs after a mean observation period of at least 5 years,
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reported no such complications.?® Instead, the most common compli-
cations were debonding (loss of retention) and chipping of the veneer-
ing material, both of which are easy and predictable to eliminate. In
addition, when a RBFDP fails due to trauma or other reasons neither
the hard and soft tissues are harmed as usually the RBFDP just
debonds or fractures.>®? By contrast, when an implant fails, often
considerable soft and hard tissue defects might occur after implant
removal.2?%°

Three different methods were used in the presented cases to
achieve an ovoid pontic rest, that were the intermediate pontic
technique,* shaping the concave gingiva contact area with an electro-
tome sling, and the roll-flap technique.’® Regardless of the technique
used, the hard and soft tissue conditions around the pontics were sta-
ble 18 to 26 years after the RBFDPs were incorporated. This is in con-
cert with clinical studies evaluating the ridge stability in the
edentulous pontic area with and without ridge augmentation proce-
dures, revealing only clinically not relevant minimal soft tissue changes
over 10 years.>¥®2 Therefore, the often made claims that hard and
soft tissues in edentulous areas will be lost when using tooth sup-
ported fixed dental prostheses and that implants are required for pre-

10,11

vention of tissue loss are neither supported by the presented

clinical long-term cases nor by actual scientific data.3*2

Recently published clinical data for single-retainer 3Y-TZP zirco-
nia ceramic RBFDPs replacing canines, premolars and even molars
suggest, that the presented single-retainer concept might not only
work for missing incisors but also for all other areas of single missing
teeth.333% For posterior abutment teeth, the retainer design includes
an occlusal rest or partial coverage of the occlusal surface. It must be
also emphasized that all published clinical studies used a strong 3Y-
TZP zirconia ceramic and that no clinical evidence has yet been pub-
lished on long-term results with RBFDPs made from more translucent,
but weaker 4Y- and 5Y-TZP zirconia.

6 | CONCLUSIONS

Cantilevered single-retainer all-ceramic RBFDPs today made from
veneered zirconia ceramic can be considered a standard treatment for
the replacement of incisors and provide an excellent esthetic outcome

with a long-term preservation of soft tissues in the pontic area.
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