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Abstract: Objective: Evaluation of the success and/or survival rates of resin-bonded fixed partial
dentures (RBFPDs) reported in the scientific literature with a minimum average observation time
of five years. Materials and Methods: Search conducted in Pubmed, Web of Science, and Cochrane
databases in free-text format and MESH terms, until May 2021. The random-effects model was used
for the estimated survival rate, percentage per year of estimated failure, and existing complications
for the meta-analysis. Study heterogeneity was assessed by the inconsistency test (I2) and study
quality by the Downs and Black scale. Results: Eleven articles were included, with 687 participants
and 783 RBFPDs, with a mean observation time of 8.2 years, with success rates mentioned in three
articles and survival rates reported in nine articles. A total of 142 failures were reported for 783
prostheses, the most frequent being debonding. The estimated failure rate was between 0.53% and
5.10% per year. The studies were of sufficient quality. In the meta-analysis, the survival rates showed
a significant result (p < 0.001), with moderate heterogeneity (I2 = 58.76%). Conclusions: Within the
limitations of this research, mainly related to the heterogeneity of the studies and their quality, it
seems possible to conclude that RBFPDs are a viable clinical option for the rehabilitation of patients
with single edentulous spaces, mainly when using a single retainer and a zirconia-ceramic prosthesis.

Keywords: Maryland bridge; resin-bonded fixed partial denture; resin-bonded fixed dental prosthesis

1. Introduction

Resin-bonded fixed partial dentures (RBFPDs) are a fixed prosthetic rehabilitation
solution cemented to the dental pieces (mainly to the tooth enamel) with no possibility
of mobility [1]. These prostheses were introduced in the 1970s. Since then, they have
undergone significant modifications in terms of design and materials, as well as in terms of
dental preparation, to increase their clinical longevity [2].

In 1973, Rochette [3] was the first to describe the design of these prostheses with a
bridge and two lateral wings (retainers) with perforations inside its metal structure to
increase the retention of the cementation material. However, some limitations due to
these perforations were found, such as weakening of the metal retainer, exposure to resin
wear, and limited metal adhesion to the tooth structure [4]. Thus, these prostheses were
idealized as a temporary solution, which would not imply any dental preparation [3]. In
1982 and 1983, Livaditis et al. [5] and Thompson et al. [6,7] introduced the “Maryland
bridges”, and the design of the metal retainers did not include perforations. The RBFPD

Prosthesis 2023, 5, 282–294. https://doi.org/10.3390/prosthesis5010021 https://www.mdpi.com/journal/prosthesis

https://doi.org/10.3390/prosthesis5010021
https://doi.org/10.3390/prosthesis5010021
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/prosthesis
https://www.mdpi.com
https://orcid.org/0000-0003-3022-4390
https://doi.org/10.3390/prosthesis5010021
https://www.mdpi.com/journal/prosthesis
https://www.mdpi.com/article/10.3390/prosthesis5010021?type=check_update&version=3


Prosthesis 2023, 5 283

retainers are commonly placed in the lingual/palatal and proximal areas of the abutment
teeth, suggesting only minimal tooth reduction as the definitive procedure to facilitate the
insertion axis and make room for the cementation material [8].

With the evolution of technologies and materials in dental prostheses and to mimic
dental structures, other materials started to be used in retainers, such as ceramics, replacing
metallic alloys [9]. In this way, superior aesthetics can be achieved, especially in the anterior
area of the upper jaw [10]. Therefore, RBFPDs were developed to rehabilitate edentulous
areas minimally invasively, mainly in anterior areas and particularly in younger patients.
However, they can also be used in elderly patients [11], and this clinical application has
also been reported in the posterior region of the jaws, with several publications in the
literature [7,8,12,13].

The quality of the abutments and surrounding periodontal tissues plays an important
role in the success of the RBFPD. The general principle is that the rigid support provided
by abutments should overcome any stress levels applied on the pontics. This fact can be
explained as the prerequisite that enough healthy abutments should exist to compensate
for the missing tooth/teeth. Based on Robert’s Law and Ante’s Law, biting forces and the
periodontal membrane area must be considered when selecting the abutment tooth [14]. It
is recommended that RBFPDs have two rigid ends on the abutments; in some special cases,
when replacing only one tooth, a cantilever RBFPD can be used.

Different designs for RBFPDs have been proposed for enhancing retention and resis-
tance [15–17]. The standard for preparations has wings and occlusal rests on the abutment
teeth, while other patterns have provided proximal slices, grooves, and extensive cov-
erage on occlusal surfaces. Otherwise, clinicians have no general agreement about the
best design for a long-lasting service of RBFPDs [15]. Therefore, conservative designs for
RBFPDs can result in an excellent stress concentration in the abutment and the maximum
stresses concentrated around the connector region [16]. Nevertheless, excessive stress on
the periodontal ligament leads to the resorption of supporting bone and weakening of the
abutment teeth, leading to the restoration’s failure [17].

From a laboratory’s point of view, its execution with current techniques and materials
is demanding given the conservative preparation of the teeth (or even no preparation at
all), which implies minimal thicknesses of the material present in the prosthesis retainers
and much attention to the occlusal scheme [8,13]. In the clinical context, these prostheses
demand both space evaluation and extremely conservative dental preparation and the
cementation procedure/adhesion to the dental structure [13]. From a mechanical point of
view, these prostheses present a design that is not retentive, and from an aesthetic point of
view, when the abutment teeth are very translucent or when there are ample edentulous
spaces, the aesthetics may be compromised, since when a metal structure is used, the metal
may be visible [2,18]. Therefore, dental practitioners often see RBFPDs as a temporary
solution rather than a long-term one [19].

Thus, the goal of this systematic review was to evaluate the success rate of the adhesive
partial fixed prosthesis after five years of loading to provide information for clinicians
about this system.

2. Materials and Methods
2.1. Search Strategy

This systematic review was based on the PRISMA standards [20] and defined the
research question using the PICOT format [21] (Table S1)— “In a partially edentulous pop-
ulation (P) the realization of adhesive partial fixed prosthesis (I), compared to conventional
partial fixed prosthesis (C), have superior clinical results (O) in a minimum follow-up
of 5 years (T)?” This protocol was registered in PROSPERO (International Prospective
Register of Systematic Reviews), organized by the Centre for Reviews and Dissemination
(the University of York, National Institute for Health Research, United Kingdom) with the
number CRD42021236749 and the title “Success rate of the adhesive partial fixed prosthesis
after five years: systematic review and meta-analysis.”
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The search was initiated on 12 November 2020, and conducted through 13 May 2021,
using the following bibliographic databases: Medline (PubMed), Cochrane Library, and
Web of Science. Two types of search strategies were used, with MESH terms (medical subject
headings) “Denture, Partial, Fixed, Resin-Bonded” and with free text: Maryland bridge
OR Resin-bonded fixed partial denture OR Resin-bonded fixed dental prosthesis, to which
“boolean operators” were applied. In addition to the literature database search, a manual
search was conducted. The filters applied in Medline were: language (English, Portuguese,
Spanish, French), article type (clinical study, clinical trial, clinical trial protocol, clinical trial
phase I, clinical trial phase II, clinical trial phase III, clinical trial phase IV, comparative
study, controlled clinical trial, evaluation study, multicenter study, observational study,
pragmatic clinical trial, randomized controlled trial, twin study, validation study), and
journal category (dental journals). No filters were applied to the remaining databases.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria involved human studies, controlled clinical trials, prospective
and retrospective cohort studies, minimum follow-up of 5 years, articles indicating survival
rate and/or success rate of prosthetic rehabilitation, studies indicating the characteristics of
the infrastructure (e.g., materials and design), studies showing the location of the RBFPD,
studies indicating the biological/mechanical complications, and studies with at least ten
patients/ten RBFPDs.

The exclusion criteria were studies that included extensive dental preparations (such
as inlays or partial/total crowns on at least one retainer), studies including acrylic or
metal-acrylic prostheses, in vitro studies, pre-clinical studies, and systematic reviews.

2.3. Study Selection and Data Extraction

To reduce bias, two independent reviewers (M.C.S. and L.A.) selected data from each
included article and recorded them in an Excel® sheet (version 15.17, Microsoft, Redmond,
Washington, DC, USA). Any potential disagreement and/or discrepancy was resolved by
consensus and in the presence of a third reviewer (A.C.).

The following variables were defined in this investigation: first author’s last name;
year of publication; sample size; follow-up time; the number of dropouts; number and loca-
tion of adhesive partial dentures (posterior/anterior and maxillary/mandibular); prosthetic
framework material; type of preparation; cement used; biological complications; mechan-
ical complications; and success/survival rates. Additional information was obtained by
contacting the investigators when necessary.

2.4. Quality Assessment/Risk of Bias

Quality assessment of the included studies was performed by two independent review-
ers (L.A. and M.C.S.) using the modified Downs and Black Quality Assessment scale [22,23],
with the methodology designed to contemplate both randomized and non-randomized
studies, having 27 scorable items. Divergences and doubts in the evaluations were resolved
through a third reviewer (G.V.O.F.).

2.5. Statistical Analysis

The meta-analysis involved the analysis of effect sizes estimated from studies of
different sizes, so the sampling variances for each effect size are not equal. Thus, each
effect size is weighted by the inverse variance in the analyses. However, the random-effects
model was used (5% being considered for significance level). The variability in effect sizes
comes from sampling error and true differences in effects between studies. Thus, each
effect was weighted by the inverse of the sum of the sampling variance and the between-
study variance in the random-effects model for the estimated survival rate, percent per
year of estimated failure, and existing complications. Heterogeneities across studies were
quantified by the inconsistency test (I2), in which values above 75% were considered an
indication of substantial heterogeneity.
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3. Results

Through the search strategy, 430 articles were identified: 280 from Medline/PubMed,
29 from the Cochrane Library, and 121 from Web of Science. In the total number of articles
(n = 430), 175 duplicate articles and one triplicate article were excluded. The remaining
articles (n = 254) were systematically analyzed by two researchers (M.C.S. and L.A.),
prioritizing only those that met the previously defined inclusion criteria. As such, 70 articles
were selected by title and, subsequently, 21 articles by abstract. Then, the articles were read
entirely, eleven articles were selected, and ten articles were excluded. The flowchart of
this article’s selection is presented in Figure 1. The Cohen’s kappa obtained was k = 0.91.
After the final 11 articles included in the study were read in full, they were quantitatively
summarized to evaluate the success/survival rate, the average follow-up time, and the
estimated failure rate (Table 1, Table 2 and Tables S2–S4).
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Table 1. Data extraction table and descriptive analysis of the included articles.

Author/Year
Adhesive Partial Fixed Prostheses

(n)
Bridges

(n)
Retainers

(n)
Preparation of

Abutment Teeth

Material of
the

Framework
Cement

Total Max Mand Ant Post

Aggstaller et al.,
2008 [24] 84 NR NR NR NR <3 <3 Yes Metal-

Ceramic

Resin cement
(Microfill pontic™

or Variolink™)

Behr et al., 1998
[12] 120 38 19 40 17 1 2

Preparation with
retention and

without retention

Metal-
Ceramic

Resin cement
(Microfill-pontic™
and Variolink™)

Botelho et al.,
2014 [25] 211 136 75 111 100 1 1 Yes Metal-

Ceramic

Resin cement
(Panavia EX™ or

Panavia 21™)

Garnett et al.,
2006 [26] 73 NR NR NR NR 1 <2 Yes/No Metal-

Ceramic

Resin cement
(Panavia EX™ or

Panavia 21™)

Kern, 2005 [27] 37 24 13 37 0 1 2 Yes Alumina-
Ceramic

Resin cement
(Panavia TC™
(Kuraray®))

Kern, 2017 [28] 22 16 6 22 0 1 1 Yes Zirconia-
Ceramic

Resin cement
(Panavia 21™)

Kern et al.,
2017 [29] 108 82 33 115 0 1 1 Yes Zirconia-

Ceramic

Resin cement
(Panavia 21™ and

Multilink
Automix™)

Sailer et al.,
2013 [30] 14 8 6 9 5 1 1 Yes Lithium

disilicate

Resin cement
(Tetric Flow™,
Tetric Ceram™,

Rely-X™, Panavia
F™, HFO™, and

Variolink™)

Sasse and Kern,
2013 [31] 30 19 11 30 0 1 1 Yes Zirconia-

Ceramic

Resin cement
(Panavia 21™ and

Multilink
Automix™)

Sasse and Kern,
2014 [32] 42 26 16 42 0 1 1 Yes Zirconia-

Ceramic
Resin cement
(Panavia™)

Younes et al.,
2013 [33] 42 29 13 24 18 1 2 Yes Metal-

Ceramic

Resin cement
(Panavia™ or
Panavia EX™)

Max.: maxilla; Mand.: Mandible; Ant.: anterior; Post.: Posterior; NR: not reported.

Table 2. Table of data extraction and descriptive analysis of the included articles.

Author/Year
Follow-Up

Median
(Years)

Biological/
Mechanical

Complications
(n)

Estimated Failure
Rate (%/Year)

Total Exposure
Time of RBFPDS

(Years)

Estimated
Success Rate
≥5 Years
(T MAX)

Estimated
Survival Rate

≥5 Years
(T MAX)

Aggstaller et al.,
2008 [24] 6.3 12 12/529.2 = 2.27 84 × 6.3 = 529.2 NR 77%

Behr et al.,
1998 [12] 11 7 7/1320 = 0.53 120 × 11 = 1320 NR 62%

Botelho et al.,
2014 [25] 9.4 46 46/1983.4 = 2.32 211 × 9.4 = 1983.4 84.4% 90%

Garnett et al.,
2006 [26] 11 31 31/803 = 3.86 73 × 11 = 803 NR 75%
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Table 2. Cont.

Author/Year
Follow-Up

Median
(Years)

Biological/
Mechanical

Complications
(n)

Estimated Failure
Rate (%/Year)

Total Exposure
Time of RBFPDS

(Years)

Estimated
Success Rate
≥5 Years
(T MAX)

Estimated
Survival Rate

≥5 Years
(T MAX)

Kern, 2005 [27] 5.3 10 10/196.1 = 5.10 37 × 5.3 = 196.1 NR 83.1%

Kern, 2017 [28] 15.7 4 4/345.4 = 1.16 22 × 15.7 = 345.4 NR 90.9%

Kern et al.,
2017 [29] 7.7 13 13/831.6 = 1.56 108 × 7.7 = 831.6 93.1% NR

Sailer et al.,
2013 [30] 6 2 2/84 = 2.38 14 × 6 = 84 NR 100%

Sasse and Kern,
2013 [31] 5.4 4 4/162 = 2.47 30 × 5.4 = 162 NR 93.3%

Sasse and Kern,
2014 [32] 5.2 3 3/218.4 = 1.37 42 × 5.2 = 218.4 93% NR

Younes et al.,
2013 [33] 7 10 10/294 = 3.4 42 × 7 = 294 NR 83%

NR: not reported.

3.1. Biological and Mechanical Complications

Biological and mechanical complications were analyzed in all studies to classify them
as relative and absolute failures. A total of 142 failures were reported in the 11 studies,
corresponding to 18.14%. In this context, regarding the relative failures, the most frequent
one was re-cementation (n = 31, 21.83%), followed by chipping of the ceramic (n = 10, 7.04%),
reversible trauma (n = 5, 3.52%), cementation error (n = 4, 2.82%), and finally, with only
one failure, removal due to lack of aesthetics (n = 1, 0.70%). Regarding absolute failures,
debonding (n = 53, 37.32%) is the most common, followed by fracture of the prosthesis
framework (n = 12, 8.45%), loss due to trauma (n = 10, 7.04%) and caries (n = 10, 7.04%),
periodontal problems (n = 4, 2.82%), and finally, fracture of the abutment tooth (n = 3,
2.11%).

Considering the total exposure time of the RBFPDs obtained by multiplying the total
number of prostheses by the average follow-up, the estimated failure rate (%/year) was
calculated by dividing the number of biological/mechanical complications by the total
exposure time. Therefore, this rate ranges from 0.53%/year [12] to 5.10%/year [27].

3.2. Success/Survival Rate and Risk of Bias/Quality Assessment

This systematic review defined the success/survival rate as the absence of relative
and absolute failures. Of the 11 studies evaluated, two showed a success rate [26,27], eight
survival rates [12,24,27–31,33], and only one study had both [25]. The highest success rate
was 93.1% in Kern et al.’s (2017) study [29]. In the Sasse and Kern (2014) study [32], the
rate was 93%, and in Botelho et al. (2014) [25], it was 84.4%. Regarding the survival rate,
the highest was 100% and was reported in the study of Sailer et al. [30], and the lowest
was 62% in the study of Behr et al. [12]. A total score of more than 15 was obtained in all
studies, and they were rated with sufficient quality (Table S2). The scores for each study
are summarized in Table S5.

3.3. Statistical Analysis

The survival rate compared between the studies showed a significant result (p < 0.001).
This significance was probably increased due to the results obtained in the study by Behr
et al. (1998) [12], with the lowest rate obtained. Furthermore, heterogeneity among studies
was moderate, with I2 = 58.76%. However, the data were analyzed using the funnel plot to
check for bias in the data found, which was not observed (Figure S1).
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For the estimated failure rate (% per year), a significant result can be observed for
both the data obtained and the moderating effect of time analyzed, respectively, with
p = 0.002 and p = 0.012. However, even with the statistical significance achieved, there was
no heterogeneity in the studies, with I2 = 0.1%, and furthermore, no bias was observed
after checking the result of the funnel plot (Figure S2), which presented a more similar
distribution for this parameter.

The complications found were also evaluated statistically to verify any discrepancy
between the included studies. However, even with a significant shift in the complications
found in Garnett et al. (2006) [26], there was no statistically significant difference between
the studies (p = 0.55), and the effect of time, as a moderating contrast, also had no significant
influence on the complications observed (p = 0.39). However, it can be stated that there was
high heterogeneity among the included studies, with a result of I2 = 93.36%, and there was
one study which had bias, Garnett et al. (2006) [26], as shown in the funnel plot (Figure S3).

4. Discussion

This systematic review was performed to analyze the available clinical data on the
long-term success and complications of FPDs to debate about the clinical/scientific evidence
within the existing literature. Therefore, prospective and retrospective cohort studies were
included to estimate the success and five-year survival rates of RBFPDs.

Based on the research carried out, the existing literature presents a limitation in the
number of clinical studies of this type of RBFPD, with a heterogeneity of the relevant
studies, which makes a comparative analysis between them difficult, both in terms of
design (number of bridges and retainers) of the adhesive fixed partial dentures, in terms
of surface preparation, and in terms of the success rate of the cement used. In addition,
only three studies [34,35] mentioned the success rate and nine the survival rate, one of the
most significant gaps found. The fact that there are no established and widely used success
and/or survival criteria in each clinical trial adds to the comparison difficulty.

Comparing the maxilla and mandible applicability, RBFPDs were used more in the
maxilla than in the mandible across all studies included in this systematic review [12,24–33].
The study of Botelho et al. [25] confirms the above, where 136 prostheses were placed in
the maxilla and only 75 in the mandible. In Galiatsatos et al. [36], even if the difference
is minimal, 30 prostheses were made in the maxilla and 24 in the mandible. In addition,
RBFPDs are widely used in the anterior areas, as confirmed in the study of Kern et al. [29],
where 115 prostheses were placed in the anterior area and zero in the posterior. This is also
the case in five studies in this review [27–29,31,32].

4.1. Success/Survival or Retention Rates

Its applicability increases with high success/survival or retention rates when placed in
the maxilla. In the study by Botelho et al. [25], the retention rate for maxillary molars was
85.7%, and for mandibular molars, 60%. In the same study, the highest retention, success,
and survival rates were for mandibular canines with 100%, then maxillary incisors with a
survival rate of 97.0%, and retention and success rates of 93.9% [25].

In Aggstaller et al.’s [24] study, the failure survival rate was calculated for the different
locations after ten years. The maxilla and posterior region show a higher rate (84% and
82%, respectively) than the mandible and anterior parts (70% and 57%, respectively) [24].
Pjetursson et al., using multivariable Poisson regression, concluding that the failure rate
of RBFPDs placed in the maxilla was lower than those placed in the mandible, at 1.07%
and 2.36%, respectively, but this difference did not reach statistical significance (p = 0.370).
Furthermore, the decay rate was lower for RBFPDs placed in anterior zones than those in
posterior zones [2]. A similar result was found by El Mesbahi et al. [37], who reported no
statistically significant difference for failures between maxilla and mandible (p > 0.05).

Comparing two studies 15 years apart, Behr et al. [12] and Sailer et al. [30], both with
prostheses in the maxilla, mandible, and anterior and posterior zones, showed different
survival rates. In Sailer et al.’s [30] study, that rate was 100%, whereas in Behr et al. [12], it
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was 62%. This fact may have a relationship with the follow-up periods of 6 and 11 years,
respectively. Otherwise, even though there were differences among the survival rate of
the studies, with a similar period of follow-up (around 6 years), a lower survival rate was
observed compared to Sailer et al.’s study. This fact might be subject to interference from
the professional abilities/qualities and experience of the clinicians. In the present review
and in Alraheam et al.’s study [18], a trend towards a higher success rate was observed
when using one retainer instead of two for a bridge replacement. However, according to
Rosentritt et al. [38], the fabrication of the RBFPD with two retainers has been more widely
used since, under the experimental conditions described in the study, it was concluded
that a significantly higher force was required to fracture them compared to using only
one retainer.

In this sense, Botelho et al. [39] compared two groups with the metal framework: the
first composed of RBFPDs with one retainer and the second group with two. The estimated
success rate was 100% for the first group, and for the second group, it was 75%, with an
80% debonding of the retainers in the second group [39]. Kern [28] also made the same
comparison, i.e., one retainer and two retainers in anterior RBFPDs made of infiltrated
alumina ceramic. In this way, he reported a success rate of 97.5% for only one retainer and
88.3% for two, the reason for the latter’s failure being the fracture of the structure [28].

In the study of Botelho et al. [25], retainers and bridges were used, presenting a
survival rate of 90.0%, unlike Behr et al. [12], which used two retainers and only showed
a 62% survival rate. Another similar example is the studies of Sasse and Kern [31], who
made prostheses with a bridge and a retainer and obtained a survival rate of 93.3%. With a
bridge and two retainers, Younes et al. [33] had a survival rate of 83%. Galiatsatos et al. [36]
evaluated anterior ceramic (In-Ceram) RBFPDs with two conventional retainers for eight
years. In this study, the success rate was 85.15%. The same was found in the systematic
study of Alraheam et al. [18], showing that for one retainer, the success rate was 95.01%,
and for two retainers, it was 88.96%, while the estimated five-year success rate for the metal
denture framework was 88.18% and 84.41% for the non-metal framework. For zirconia, it
was 92.07%, for In-Ceram™ alumina, it was 94.26%, and for FRC, it was 84.83%.

For zirconia-ceramic RBFPDs, based on the included studies, the survival rate in-
creased by 0.1% over three years; in the study of Sasse and Kern [32], the rate was 93%, and
in Kern et al. (2017) [29], it was 93.1%. In the study of Sasse and Kern [31] with a five-year
follow-up, single-retainer zirconia-ceramic RBFPDs showed an excellent clinical outcome
and survival of 93.3%. For RBFPDs made of fiber-reinforced composite, in an observation
period between four months and 8.9 years, the reported success rate was between 64.7%
and 100% [34]. On the other hand, Van Heumen et al. [40], at an average follow-up of
five years, reported a success rate of 45%, much lower than that of Miettinen et al. [34] for
FRC RBFPDs.

In the systematic review of Miettinen et al. [34], in a three-year follow-up, the success
rates for RBFPDs were 82.8% for metal, 88.5% for FRC, and 72.5% for all-ceramic. In the
systematic review of Thoma et al. (2017) [41], for a five-year follow-up, the survival rate
of RBFPDs was 91.4%. In Pjetursson et al. [42], the meta-analysis of the included studies
indicated an estimated five-year survival rate of conventional tooth-supported FPDs of
93.8%, and a five-year survival rate of exclusively implant-supported FPDs of 95.2%.

According to the systematic review of Miettinen et al. [34], the clinical performance of
RBFPDs is comparable to conventional FPDs and implant-supported FPDs, which have
a five-year survival rate of 94.4% and 93.8%, respectively [42]. Thus, compared with
conventional fixed partial dentures, it seems possible to conclude that according to several
studies included in this review [25,28–32], the clinical success rates of adhesive bridges are
very similar, making this prosthetic option clinically feasible.

4.2. Failure rate and RBFPD Design

Aggstaller et al. [24] studied the estimated survival rate (Kaplan–Meier) after 10
years in a sample collected from 1985 to 2002, focusing on all kinds of failures (catastrophic
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failures (loss of the prosthesis) and relative failures (e.g., possibility of repair/re-bonding the
RBFPD)). The estimated overall survival rate for all failures was 77%, and for catastrophic
failures it was 88%. The differences were not statistically significant in the number of
abutment teeth (two or three) and the number of bridges (one, two, or three).

Garnett et al. [26] presented a failure rate of 40.3% and a mean survival time of
59.3 months. Like Aggstaller et al. [24], this author did not find statistically significant
differences between one or two retainers, although the mean survival time of the two
retainers was 38.9 months, and for one retainer it ranged between 55.9 and 65.3 months.
Younes et al. [33], also using two retainers, had six cases of debonding (14.3%), and Kern
et al. [27] had no failures associated with debonding.

There were fewer failures in adhesive bridges, with only one retainer in most studies.
This can be explained by the fact that teeth have a periodontal ligament that allows them
some micromovement [43], i.e., since the bridges are bonded on only one retainer, any
micromovement of the abutment tooth will not cause debonding. Eventually, it could
change the contact point/surface with the natural tooth adjacent to the bridge. We did not
find anything in the literature about the latter situation. On the other hand, by having the
adhesive bridge bonded at both ends, i.e., a structure that acts as a ferrule between the
abutment teeth, micromovement, which can occur during the entire functional activity of
the stomatognathic system [43,44], can lead to high stresses/deformations/displacements
in one of the retainers/abutment teeth and cause stripping of one of the retainers.

Galiatsatos et al. [36] installed anterior RBFPDs on 49 patients, and 48 were satisfied
with the aesthetics. Only one patient reported a small aesthetic asymmetry problem since
the area was to be rehabilitated extensively. In the same study, six debondings, eight total
fractures, and nine partial fractures occurred in eight years [36]. In the study of Kern and
Sasse [45], no debonding was reported in two all-ceramic RBFPDs in a ten-year follow-up.

Miettinen et al. [34] reported that the most frequent failure in metal–ceramic prostheses
was decementation (92.6% of all failures). The other losses were fracture of the veneering
ceramic, fracture of the metal framework, and caries [34]. The lack of aesthetics was
mentioned in only one of the cases, as in Galiatsatos et al. [36] and Aggstaller et al. [24].
In RBFPDs made of fiber-reinforced composite, the failures were chipping of the coating
composite and fracture of the fiber-reinforced structure [34].

In the study of Kern and Sasse [45], ceramic RBFPDs had a 26.1% failure rate when
using two retainers in a ten-year follow-up and a 5.6% failure rate when using one retainer,
but this was not statistically significant. In the systematic review of Alraheam et al. [18],
frame debonding and retainer fracture were the most reported technical complications in
the included studies, accounting for 82% and 15%, respectively. Caries and periodontal
problems, as biological complications, presented rates of 1.7% and 0.6%, respectively [18].
Other failures reported were poor aesthetics, incorrect cementing procedure, and pulpal
pathology [18].

For Thoma et al. [41], biological complications included caries in the abutment teeth
and progression of periodontal disease, and technical complications included debonding
and chipping of the veneering ceramic. Therefore, at a 5-year follow-up, debonding (loss of
retention), as in the previous review, was also the most frequent complication, occurring in
15% of the included RBFPDs, followed by chipping of the veneering ceramic, at 4.1% [41].

4.3. Tooth/Teeth Preparation

Dental preparation generates controversy since some studies advocate the no-prep
concept [12,26] and others the opposite; the latter do not carry out even minimal dental
reductions [24,25,27–33,35]. Therefore, adequate enamel-preserving preparation can influ-
ence the retention of RBFPDs [46]. In the systematic review of Miettinen et al. [34], they
examined studies of various degrees of preparation, i.e., either minimal enamel preparation
of the abutment teeth, including guide planes, vertical grooves, and occlusal supports, or
no preparation.
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Galiatsatos et al. [36], for the fabrication of all-ceramic RBFPDs, reduced the prepa-
ration margins by approximately 0.5 mm on the lingual surface of the incisors, 1 mm
above the gingival margin, and between 1 and 1.5 mm from the incisal edge. Compared
to the study of Kern [27], where ceramic prostheses were also made, the connectors in the
buccal–lingual and cervical–incisal directions were 2 mm and 3 mm thick, respectively. On
the lingual surfaces where the wings are placed, a reduction between 0.5 mm and 0.7 mm
was performed [27].

For metal–ceramic prostheses, Aggstaller et al. [24] considered occlusal reductions
between 0.3 and 0.5 mm in the posterior teeth and anterior teeth, from 0.4 mm to 0.6 mm
mesially and distally for the grooves, and 1 mm palatally for the pin. Younes et al. [33]
reported that the occlusal thickness for metal varies between 0.5 and 0.6 mm.

In our opinion, there is one very relevant factor in this issue of tooth preparation that
the authors rarely discuss: the intermaxillary relationship and occlusion. Being perfectly
understandable that one wants to quantify the amount of reduction to fit the design and
thickness of the prosthetic structure, we understand that the available prosthetic inter-arch
space is a crucial factor in the “prep versus no-prep” decision. Another relevant factor is
the prosthesis insertion axis related to the anatomy of the retainers because the amount of
reduction will always depend on the space needed for prosthesis insertion vs. the minimum
thickness of the prosthetic material.

4.4. Retention and Retainers

The surfaces of the retainers should be prepared to create roughness, usually blasted
with 50 µm alumina oxide particles [25,27]. In Garnett et al.’s [26] study, the particles varied
in size, between 50 and 250 µm.

Subsequently, resin cement is applied for the cementation of the retainers. In the
present systematic review, Panavia™ resin cement was the most cited cement [25–28,32,33]
but other cement-like substances, such as Microfill-pontic™, Variolink™, Tetric Flow™,
Tetric Ceram™, Rely-X™, and HFO™, were also mentioned [12,24,29–31].

In the study of Galiatsatos et al. [36], the surfaces were blasted with alumina oxide
particles (Korax 250, Bego) and coated with silane (Monobond S, Ivoclar Vivadent®). The
rubber dam was placed, then a pumice stone was used to clean the tooth surface, and 37%
phosphoric acid (Ultra-Etch, Ultradent®) was placed for 60 s [36]. Finally, Syntac Classic™
dentin adhesive (Ivoclar Vivadent®) was applied. The ceramic crowns were cemented with
resin cement, Variolink II™ [34]. Similar to this study, Zitzmann et al. [47] also state that
before the cement, phosphoric acid (35% to 37% for 30 to 60 s) should be applied to the
tooth surface to achieve the desired mechanical retention.

Sasse and Kern [31] obtained excellent clinical results with resin cement modified
with phosphate monomers and resin cement modified with a zirconia-ceramic primer. The
results obtained in Rosentritt et al. [38] highlighted that the failure of RBFPDs depends
on the success of tooth and surface preparation and that the survival rate of RBFPDs may
increase with the development of a better bond between the cement, tooth, and zirconia.

In all the articles listed above, it was found that adhesive cementation (bonding) was
always carried out with resin cement. The cementation protocol indeed varied with the
evolution of the materials over the years, in terms of the treatment of the prosthesis’s
internal surface and the abutment tooth itself, related to the indications of the cement
manufacturers, both for the cement per se and for the abutment tooth.

In our opinion, it is essential to emphasize that this type of cementation is the only
viable one for the clinical success of these types of rehabilitation. The adhesive cementation
protocol is crucial and must be perfectly defined during the prosthesis placement appoint-
ment and always based on the latest scientific evidence on the internal surface treatment
of the prosthetic structure, the treatment of the abutment tooth, and the properties of
the cement.

In the prospective study of Sasse and Kern [31], single-retained zirconia RBFPDs
fabricated by CAD/CAM technology are presented as a treatment alternative, offering good



Prosthesis 2023, 5 292

aesthetics, minimally invasive preparation, high biocompatibility, and a five-year follow-up
rate of 93.3%. However, there is a lack of clinical studies comparing single-retained and
double-retained RBFPDs fabricated by CAD/CAM technology [31]. As exceptions, in the
study of Sailer [30], the frameworks were made of lithium disilicate (Empress E.max Press™,
Ivolar Vivadent®), and in the study of Kern [27], alumina (In-ceram™, Vita Zahnfabrik®

Germany) were used.
Again, the rehabilitation’s success depends on the prosthetic structure’s material

because it is directly related to the cementation material used. This review seems to make
it possible to conclude that ceramic frameworks have a higher clinical success rate than
metal–ceramics, which we believe is directly related to the evolution/optimization of
cementation materials and protocols, particularly in the last two decades.

However, it is again important to emphasize the utmost importance of the cementation
protocol, the location in the anterior zone, and the framework’s design with only one
retainer as crucial factors for clinical success. Overall, for the articles included in this
systematic review, the studies prior to 2013 had a lower clinical success/survival rate than
studies published after 2013, as observed also by Alraheam et al. [18]. This situation seems
to be explained by the evolution of materials and cementation protocols.

The results of this review were comparable to a review published in 2017 by Thoma
et al. [41] and in 2018 by Alraheam et al. [18]. Their findings, respectively, showed that the
estimated 5-year survival rates for RBFPDs were 91.4% and 94.4%. For the same period,
the overall survival rate found here was 83.81%.

4.5. Limitations and Future Perspectives

This review had as a first limitation the period of analysis for inclusion, which consid-
ered only RBFPDs assessed at least after 5 years; it excluded many articles that reported
results after a shorter period. Moreover, the professional experience and ability within the
different studies could not be compared. Another point is related to the cement and the
volume of cement applied, which can vary according to the author/clinician. Furthermore,
since there was a lack of available RCTs, a relatively lower level of evidence was used,
mainly from prospective and retrospective clinical studies. Additionally, the long-term
clinical studies on RBFDPs were still considered scarce. Therefore, when interpreting the
results of this systematic review, note that the evidence level is not relatively strong, with
moderate/high heterogeneity among the studies. Future studies must consider long-term
and well-designed RCTs.

5. Conclusions

Within the limitations of this study, it was possible to verify that a higher success rate
was observed when prostheses had only one retainer and for zirconia-ceramic prostheses,
considering the descriptive analysis performed. For the cementation protocol, the anterior
zone and the framework’s design with only one retainer were crucial factors for clinical
success. Moreover, ceramic frameworks had a higher success rate than metal–ceramics,
which we believe is directly related to the evolution/optimization of cementation materials
and protocols, which may be suggestively observed in studies published after 2013, with
higher success/survival rates. Within a 18,14% of failures, the most common absolute
failure was debonding and the most common relative failure was re-cementation.
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