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Minimally invasive restorations
are the treatment of choice in
contemporary dentistry to treat
functional and esthetic dental
problems while preserving
sound tooth structure and im-
proving  long-term  dur-
ability." " The concept was
facilitated by developments in
the field of dental ceramics,
adhesive bonding, and com-
puter-aided design and com-
puter-aided = manufacturing
(CAD-CAM) dentistry.'“ 2!
Missing anterior teeth as-
sociated with Congenital fac-
tors,” trauma,”>”> dental caries,
periodontitis, orthodontic
treatment, or a combination®
represent an esthetic and
functional problem that re-
quires prompt and appropriate
treatment. Resin-bonded fixed

Christine Yazigi, MSc, Dr med dent®

ABSTRACT

Statement of problem. Scientific data on the long-term clinical performance of cantilever
zirconia resin-bonded fixed dental prostheses (RBFDPs) replacing missing incisors are lacking.

Purpose. The purpose of this clinical study was to evaluate the survival, retention, and success
rates of cantilever zirconia ceramic RBFDPs replacing missing maxillary and mandibular incisors.

Material and methods. A total of 258 patients had been provided with 328 cantilever zirconia
RBFDPs to replace missing incisors in the period 2001 to 2022. Tooth preparation was minimal,
limited to the enamel, and consisted of a veneer design. All restorations had been adhesively
bonded, and the patients were periodically followed up. The Kaplan-Meier test was applied to
assess survival, retention, and success rates. The Log-Rank test was used to compare the
aforementioned rates among 3 groups (Group C: maxillary central incisor RBFDPs; Group L:
maxillary lateral incisor RBFDPs; and Group M: mandibular central and lateral RBFDPs).

Results. Seventeen patients could not be evaluated because of loss of contact (dropout rate
6.6%). A total of 310 cantilever zirconia RBFDPs inserted in 241 patients were followed for a mean
period of 85 £55 months. A 15-year survival rate of 97.3% (confidence interval [Cl]: 95.7%—-98.9%)
was calculated using the Kaplan-Meier method. Over the observation time, 17 RBFDPs debonded,
resulting in a retention rate of 82.3% (Cl: 77.2%—87.4%), of which 16 were adhesively rebonded
with no further complications. Pontic location did not statistically affect the survival or retention
rates (P>.05) but did significantly affect the success rate (P=.021).

Conclusions. Zirconia ceramic cantilever RBFDPs provided a minimally invasive treatment option
for replacing missing maxillary and mandibular incisors with excellent clinical outcomes. (J
Prosthet Dent 2025;133:1017-1023)

dental prostheses (RBFDPs) provide a minimally invasive
restorative treatment option with excellent clinical out-
comesj’;21 Their first use dates back to the early
1970s,”” and electrolytically etched metal RBFDPs were
introduced in the 1980s.”” The relatively high rate of
unilateral debonding of 2-retainer RBFDPs has been at-
tributed to the different movements of the 2 abut-
ments.”>?” Ceramic RBFDPs, introduced in the 1990s,

were initially from glass-infiltrated alumina ceramic and
subsequently from densely sintered zirconia ceramic,
providing high flexural strength and good esthetics.”” ™
Improved performance and improved survival rates were
reported when the cantilever single-retainer design was
introduced instead of the 2-retainer design.” ™
Cantilever RBFDPs replacing missing incisors represent

a treatment option with many advantages, especially their
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Clinical Implications

Cantilever zirconia ceramic RBFDPs are a valid
minimally invasive treatment option for replacing
missing maxillary and mandibular incisors,
especially for young patients for whom
conventional fixed dental prostheses are too
invasive and implants are contraindicated.

minimal invasiveness. The preparation is conservative and
limited to the enamel in the form of a veneer on only 1
abutment tooth, preserving healthy tooth structure and
improving durability.”” ™ The procedure is reversible and
carries no risk of pulpal irritation,” "' and anesthesia is not
required. RBFDPs have been reported to be cost-effective
with a low risk of caries.”” Ceramic RBFDPs are especially
suitable for young patients with missing anterior teeth for
whom implants are contraindicated"’ and where conven-
tional fixed dental prostheses (FDPs) might compromise
the vitality of the abutment teeth.”*' Moreover, soft tissues
at the pontic sites of RBFDPs have been reported to remain
stable up to 10 years."

A long-term clinical study reported an 18-year sur-
vival rate of 81.8% for RBFDPs made from glass-in-
filtrated alumina ceramic replacing missing teeth in the
anterior region, with fracture of the alumina framework
being the most observed complication.”* A promising
10-year survival rate of 98.2% was recorded for zirconia
RBFDPs replacing missing incisors.”

Studies and meta-analyses have been published on the
long-term clinical performance of other available treatment
options, including fixed dental prostheses and implant-
supported single crowns,”” " but only short- or medium-
term data on relatively small patient cohorts have been
published regarding the clinical performance of zirconia
RBFDPs.” " ** A few clinical studies evaluated the long-
term performance of RBFDPs made of nickel chromium
alloy” and of glass-infiltrated alumina ceramic,”* but long-
term data on zirconia RBFDPs are lacking. Therefore, the
aim of this study was to evaluate the survival, retention,
and success rates of cantilever zirconia RBFDPs replacing
missing maxillary and mandibular incisors with a follow-
up of up to 19-years and to evaluate whether the survival,
retention, and success rates of maxillary lateral incisor,
maxillary central incisor, and mandibular incisor RBFDPs
differ. The null hypothesis was that no difference in the
survival, retention and success rates would be found be-
tween the different groups.

MATERIAL AND METHODS

This study was approved by the ethics committee of the
Christian-Albrechts University at Kiel. Participants

THE JOURNAL OF PROSTHETIC DENTISTRY

signed an informed consent before enrollment. In total,
258 patients had been provided with 328 cantilever
zirconia RBFDPs between 2001 and 2022 to replace
missing incisors. Patients were eligible for treatment on
the basis of the following inclusion criteria’*: good oral
hygiene; no active periodontitis; abutment teeth with no
caries or only a small direct restoration, allowing a
minimum of 30 mm? bonding surface to sound enamel;
appropriate occlusion allowing for a minimum retainer
wing thickness of 0.7 mm in the area of the bonding
surface; width of edentulous space corresponding to the
width of the missing tooth; adequate intermaxillary
space to allow for a proximal connector with a minimum
height of 3 mm; appropriate or correctable soft tissue
conditions to allow for an ovate pontic design; and sa-
tisfactory or correctable esthetics. Signs of parafunc-
tional habits were not a contra-indication, but care was
taken to avoid initial guidance on the pontic during
dynamic occlusion and to ensure that the abutment
tooth and the other teeth provided occlusal guidance for
the first 2 to 3 mm of dynamic excursion movement.

A waxing of the missing tooth and the planned re-
tainer was fabricated for most patients. The waxing was
transferred intraorally using a silicone index and interim
resin (Luxatemp; DMG) and was adjusted according to
any necessary modifications before minimal preparation
in the form of an oral veneer limited to the enamel. The
finish line in the proximal area stopped short of the
proximal contact, which was marked according to the
intraoral trial. A fine shoulder was prepared 2- to 3-mm
cervically to the incisal edge. A fine cervical chamfer, a
proximal box, and a pinhole on the cingulum were
prepared.”* All sharp edges were smoothed and
rounded.

No interim restoration was provided after prepara-
tion. However, patients were provided with an interim
occlusal device to replace the missing teeth and prevent
tooth migration or displacement. The teeth were
scanned (TRIOS 3 WIRED or TRIOS 4 Wireless; 3Shape
A/S), or a conventional impression was made using
polyether impression material (Permadyne Penta H
Permadyne Garant 2:1; 3M) with a double-mix tech-
nique and a custom tray and cast with die stone. Using
CAD-CAM technology, the restorations were milled
from presintered high-strength 3 mol% yttria-stabilized
tetragonal zirconia polycrystal (3Y-TZP) zirconia ceramic
blocks with a flexural strength of 1100 to 1200 MPa and
approximately 98% tetragonal phase’”° and densely
sintered using a conventional sintering procedure
reaching 1500 °C. The zirconia framework was labially
veneered with feldspathic ceramic (Fig. 1A). The di-
mensions for the proximal connector were at least 3 mm
(vertically) and 2 mm (horizontally), and the minimum
thickness of the retainer wing was 0.7 mm. An optimal
proximal contact was designed between the pontic and
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Figure 1. Labially veneered 3Y-TZP zirconia resin-bonded fixed dental prostheses. A, Prosthesis. B, Occlusal view. C, Frontal view.

the adjacent natural teeth. Occlusal guidance on the
pontic during dynamic excursion was avoided.” During
the clinical evaluation appointment, all aspects were
examined and corrected when needed.

The restorations were bonded under dental dam
isolation. The zirconia bonding surfaces were airborne-
particle abraded with 50-pm alumina particles at
0.25 MPa until 2009 and at 0.1 MPa thereafter, followed
by 3 minutes of ultrasonic cleaning in 99% isopropanol.
The prepared enamel was etched with 37% phosphoric
acid (Total Etch; Ivoclar) for 30 seconds, rinsed with
water, and dried with water and oil-free spray. RBFDPs
were adhesively bonded using 1 of 3 luting resin sys-
tems: a phosphate-monomer-containing resin without
primer (Panavia 21 TC, Kuraray Noritake), a dual-
polymerizing luting resin (Panavia V5; Kuraray
Noritake) with a primer for zirconia intaglio surfaces
(Ceramic Primer Plus; Kuraray Noritake) and a primer
for tooth substrate (Tooth Primer; Kuraray Noritake), or
a dual-polymerizing luting resin (Multilink-Automix;
Ivoclar AG) with a phosphoric acid acrylate primer for
zirconia intaglio surfaces (Metal/Zirconia Primer; Ivoclar
AG) and a primer for enamel (AB Primer; Ivoclar AG).
Figure 1B, C shows a representative cantilever zirconia
RBFDP replacing a maxillary lateral incisor. Patients with
a history of orthodontic therapy were provided with a
maxillary occlusal device to prevent changes in position
because of abutment movement.

The participants were recalled yearly to examine the
restorations. The following criteria in particular were
checked: caries, plaque deposition, periodontitis, deminer-
alization, abutment mobility, abutment vitality, abutment
hypersensitivity, pain, parafunctional activities, and chipping
of the veneering ceramic. RBFDPs were categorized into 3
groups, maxillary RBFDPS were differentiated between re-
placed central and lateral incisors because of the significant
differences in size, and mandibular RBFDPs were grouped
together as the width of the pontics was similar: Group C:
RBFDPs replacing a maxillary central incisor, Group L: re-
placing a maxillary lateral incisor, and Group M: replacing
mandibular central and lateral incisors.

The data were revised, coded, tabulated, and eval-
uated with a statistical software program (IBM SPSS
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Statistics, v20.0 for Windows; IBM Corp). To ensure the
independence of observations, only 1 restoration was
randomly selected using a coin toss for statistical ana-
lysis for participants with more than 1 restoration. The
Kaplan-Meier test was then applied to assess the sur-
vival, retention, and success rates. Survival was defined
as restorations remaining functionally intact and in place
over the follow-up period with or without complica-
tions. Retention was defined as restorations remaining
functionally intact without becoming debonded over the
follow-up period. Success was defined as restorations
remaining functionally intact and without any compli-
cations requiring intervention over the follow-up period.
The Log-Rank test was used to compare the previously
mentioned rates among the 3 groups («=.05).

RESULTS

Seventeen patients could not be evaluated due to loss of
contact. A total of 310 cantilever single-retainer ceramic
RBFDPs inserted in 241 patients were observed for a
mean +standard deviation period of 85 +55 months
(range 12 to 228 months). Twenty-six of the inserted
restorations were splinted at the midline by connecting
the retainer wings to maintain the closure of a midline
diastema, of which 19 were replacing both lateral in-
cisors and 7 were replacing 1 lateral incisor. The dis-
tribution of replaced teeth is shown in Table 1. The age
of the patients when the restorations were inserted
ranged from 7 to 82 years old, with a mean age of 27 +18
years. Female patients accounted for 60.6% of the pa-
tients, and 39.4% were male patients. The distribution of

Table 1.Frequency of distribution of replaced teeth

Pontic Location Maxilla Percentage (%)
Maxillary central incisors 44 14.2

Maxillary lateral incisors 183 59

Both maxillary lateral incisors with 19 6.2

one splinted restoration

Mandibular central incisors 44 14.2
Mandibular lateral incisors 18 5.8

Maxillary diastema closure 1 0.3

Mandibular diastema closure 1 0.3

Total 310 100
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Figure 2. Percentage survival rate with confidence intervals (lower
bound: CI 1, upper bound CI 2).
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Figure 3. Percentage retention rate with confidence intervals (lower
bound: CI 1, upper bound Cl 2).

the cause of missing teeth was as follows: 61.8% con-
genital, 15.4% trauma, and 22.8% other reasons.
Within the observation time only 4 restorations were
lost, corresponding to a survival rate of 97.3% (con-
fidence interval [CI]: 95.7% —to 98.9%) after 15 years
according to the Kaplan-Meier analysis (Fig. 2). The
survival rates for groups C, L, and M were 90.9%, 97.7%,
and 100%, respectively, with no statistical difference
(P=.060). The Kaplan-Meier analysis revealed a 5-, 10-,
and 15-year cumulative probability of survival of 99.4%,
97.3% und 97.3% respectively. With 17 debonded
RBFDPS, the retention rate after 15 years was 82.3% (CL:
77.2%-87.4%) (Fig. 3). The retention rate among the

Table 2.Frequency of detected complications

Success Rate
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Figure 4. Percentage success rate with confidence intervals (lower
bound: CI 1, upper bound CI 2).

groups was 78.9%, 84.1%, and 89.9% for groups C, L,
and M, respectively with no significant difference
(P=.128). For group L, the retention rates for splinted
restorations; RBFDPs replacing 1 or 2 lateral incisors
with 1 splinted restoration, and nonsplinted restora-
tions; single-retainer cantilever restorations replacing 1
lateral incisor, were 62.5% and 91.3% respectively.
Splinting as a factor had a statistically negative effect on
the retention rate (P=.011). When complications that
necessitated intervention were considered as a criterion,
the estimated success rate over 15 years was 66.2% (CI:
59.9-72.5%) (Fig. 4). The success rates for groups C, L,
and M were 37%, 70.5%, and 79.5% after 15 years, re-
spectively. A statistical difference was detected (P=.021),
with group C showing significantly lower success rates
compared with groups L and M. The splinting factor had
no statistical significance on the success rate (P=.190).
The distribution of recorded complications categorized
as necessitating intervention and not requiring inter-
vention is shown in Table 2. The cause of missing teeth
did not statistically influence the survival rate, retention
rate, or the success rate (P>.05).

DISCUSSION

The use of a RBFDP in the anterior region necessitates a
partial preparation for a ceramic veneer that requires the
removal of approximately 5% of sound tooth structure
compared with the removal of approximately 70% of

Complications Necessitating Number of Percent (%) Complications not Number of Percentage (%)

Intervention Incidents Necessitating Intervention Incidents

Debonding 17 47 Minimal tooth mobility 9 38

Caries 3 8 Recession 1 4

Chipping 7 20 Minimal change in position 10 42

Periodontitis 9 25 Microcrack 1 4

Total 36 100 Demineralization 1 4
Hypersensitivity 2 8
Total 24 100
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tooth structure and a minimum of 2 abutments, that is
required for their conventional complete coverage
counterparts in the anterior region.” The amount and
nature of the remaining tooth structure is essential for
the survival of the tooth and the restoration.”” A corre-
lation between the decrease in the mechanical resistance
of the abutment tooth and its restoration and the ag-
gressive nature of the conducted preparation has been
reported.” '’ Catastrophic tooth and restoration failures
occur with extensively prepared teeth, whereas such
failures are almost not existent with minimally invasive
preparations.’’ '” Maximum preservation of the enamel
is also essential for the success of ceramic restorations
and the adhesive bonding technique.'*'"” The negative
influence of adhesive bonding to dentin has been well
documented in the literature.'”"”"*?" At given loads,
higher stresses arise for the adhesively bonded ceramics
as the elasticity modulus of the underlying tooth struc-
ture decreases; this is the case for dentin (16 GPa)
compared with enamel (94 GPa) as the underlying
structure.””” Another advantage of minimally invasive
preparations and restorations is that the risk of devita-
lization is significantly reduced.'"”” " All these factors
provide evidence of the benefits of minimally invasive
RBFDPs in the anterior region. However, long-term
clinical data on a large patient cohort have been lacking.
Therefore, the current study was undertaken.

The null hypothesis that no difference would be
found in the survival, retention, and success rates among
the different groups was partially rejected, as no differ-
ence was found in the survival and retention rates
among the groups. However, the success rate was af-
fected by the pontic location. Zirconia cantilever single-
retainer RBFDPs in the anterior region showed a highly
successful clinical outcome with a survival rate of 97.3%
after 15 years of clinical service. The survival rates for the
3 groups were statistically similar, which might be ex-
plained by the low number of removed restorations. Of
the 4 lost restorations, 2 were lost due to traumatic in-
cidents, 48 and 110 months after insertion, both in the
same patient. The other 2 were removed because the
patients requested complete oral rehabilitation, with 1
replaced by an implant and a single crown and the other
by a conventional FDP. The removals took place 43 and
89 months after insertion, respectively.

A long-term clinical evaluation of 211 cantilever
RBFDPs reported a survival rate of 90% over a mean
service life of 9.4 years,3 % which is lower than that found
in the current study and might be explained by different
inclusion criteria, different preparation design, different
materials  (nickel-chromium alloy versus zirconia
ceramic), and the inclusion of both anterior and pos-
terior RBFDPs in the study. Another reason might be
that of 28 debonded restorations in the study, only 18
were adhesively rebonded unlike in the present study,
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where 16 of the 17 debonded restorations were suc-
cessfully adhesively rebonded, resulting in a higher
overall survival rate. A medium-term retrospective
clinical study on zirconia RBFDPs replacing missing
anterior teeth in 10 patients reported a survival rate of
100% over 10 years of clinical service,”" which is con-
sistent with the results of the present study despite the
difference in the follow-up time and number of patients.
Another study investigating 24 zirconia-based RBFDPs
replacing missing anterior teeth concluded a survival
rate of 100% after 36 months.** This result is also con-
sistent with the results of the current study. A short-
term study on RBFDPs reported a survival rate of 82.7%
after 3 years of service, although the authors did not
differentiate between the removed and the debonded
restorations.”” The high debonding rate may have been
associated with the fact that the bonding surfaces of the
retainers were not airborne-particle abraded with alu-
mina particles but primed with Monobond-S, a silane-
containing primer not suitable for use on zirconia sur-
faces that require pretreatment with a phosphate
monomer primer or bonding with a phosphate
monomer-containing adhesive system.

A meta-analysis reported an estimated 15-year sur-
vival rate of 75% for the standard crown-retained FDPs
when failure was defined as the removal of the FDP."
Another meta-analysis calculated a 15-years overall sur-
vival rate of 74 +2% for conventional FDPs.” These
survival rates are considerably lower than those in the
current study, which can be explained by the much more
invasive preparation with weakening of the abutment
teeth and associated risks for the pulp. The estimated 15-
year cumulative survival rate for implant-supported single
crowns replacing missing anterior teeth is 93 +6%." The
survival rate of RBFDPs in the current study surpasses the
estimated 15-year survival rate of conventional FDPs and
that of implant-supported single crowns.

When debonding was considered a failure, the re-
tention rate was 82.3% due to 17 recorded debonding
incidents, of which 7 were a result of traumatic in-
cidents, 6 with an unidentified reason, and 4 as a result
of the debonding of a splinted restoration, of which 2
were unilateral debondings. Sixteen of these restorations
were adhesively rebonded with no further complica-
tions. The 4 debonded splinted restorations were sepa-
rated into 2 single-retainer RBFDPs and adhesively
rebonded without showing further problems.

The fact that 41.2% of the debondings were due to
traumatic accidents could be explained by the frequency
of traumatic injuries in the anterior region, the pre-
valence of which ranges from 6% to 59%,” with
maxillary central incisors being the most affected teeth.
Other reasons for debonding include contamination
during the adhesive bonding,4 failure due to adhesive
failure between the luting resin and the tooth or
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between the luting resin and the restorative material, or
cohesive failure within the luting resin.”’ For group L,
splinting as a factor influenced the retention rate, with
splinted restorations showing a significantly lower re-
tention rate when compared with the nonsplinted re-
storations. This finding might be explained by the
differential movements of the abutment teeth leading to
shear force on the retainer’s wing and subsequently to
debonding.™

Klink et al'” reported a retention rate of 95.5% after
36 months of service, which was lower than the 100%
retention rate in the current study at 36 months of
clinical use (Fig. 3). In another study, 28 of 211 re-
storations debonded, resulting in a retention rate of
86.7% over a mean service life of 9.4 years,”” which was
lower than the 10-year retention rate of 98.8% estimated
for the current study. Different inclusion criteria, pre-
paration design and materials, and the inclusion of
anterior and posterior RBFDPs in the study might ex-
plain the differences between the studies.

The success rate in this study was 66.2% over 180
months of clinical service. The most common compli-
cation requiring intervention was debonding. The most
common complication not needing an intervention was
a minimal change in tooth position, with all affected
patients admitting to not wearing the occlusal device
provided to prevent abutment migration, especially in
patients who had previously undergone orthodontic
treatment. Group C showed a significantly lower success
rate in comparison with groups C and M. Traumatic
incidents, which more frequently affect maxillary central
incisors and with a prevalence that ranges from 6%~ to
59%,” can lead to debonding, chipping and other
complications and might explain the lower success rate
in group C.

Klink et al'” reported a 76% to 82.4% success rate
after 36 months of clinical use. For the same follow-up
time, the estimated success rate in the current study was
98.7% (Fig. 4), much higher than that reported pre-
viously. Another study with a 10-year follow-up re-
ported no biological failures or technical complications,
but the debonding of 2 of 10 restorations resulted in a
success rate of 80%, lower than the 96.3% success rate
estimated for the current study at 10 years.”' The lower
success rate in the study might be explained by the fact
that the bonding surfaces of the retainers were primed
with a silane (Clearfil Porcelain Bond) before bonding
with a phosphate monomer-containing luting resin
system (Panavia 21). The silane might have affected the
direct bonding of the phosphate monomer to the zir-
conia. The success rate of 211 cantilever RBFDPs made
of nickel-chromium alloy over a mean service life of 9.4
years was 84.4% °° which is lower than the 10-year
success rate estimated in the current study. The same
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explanation of the differing retention rates between the
studies applies here.

Limitations of the present study included the varia-
bility in practitioner skills, applied technique, and ma-
terials used, as the lack of standardization might have
influenced the resulting survival, retention, and success
rates. The variability of patient-related factors such as
age, oral hygiene, diet, habits, compliance, and their
possible influence is another limitation of this study.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. Cantilever RBFDPs made of zirconia ceramic pre-
sent an excellent treatment option for replacing
single incisors, regardless of the reasons for missing
teeth.

2. The long-term survival rates presented in this study
surpass those of conventional crown-retained
FDPs, implant-supported single crowns, and
RBFDPs made of other materials.

3. RBFDPs have many advantages over conventional
FDPs and implant-supported single crowns, the
most important being that they are minimally in-
vasive and reversible. They are also suitable for
young patients with congenitally missing teeth for
whom other treatment options may jeopardize
longevity.
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