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Abstract

Purpose: The purpose of this systematic review and meta-analysis was to analyze the
clinical and radiographic outcomes of patients rehabilitated using a single implant sup-
porting a crown with a cantilever extension or two implants supporting two single
crowns.

Methods: Following the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) 2020 guidelines, a systematic review of relevant literature
published from 2000 was conducted in the Cochrane Library, Scopus, and MEDLINE
databases. Moreover, a manual search was performed. A meta-analysis of the resulting
data was carried out. Peri-implant marginal bone level, probing pocket depth, preva-
lence of technical and mechanical complications, implant survival rate, and prosthesis
survival rate were assessed.

Results: The meta-analysis showed a non-statistically significant change in the peri-
implant marginal bone level and probing pocket depth in the cantilever group and
revealed a non-significant prevalence of technical complications, showing a 27% rate
in the cantilever group. The analysis of the prosthesis survival rate in the cantilever
group showed a mean survival rate of 99% while the comparison of the implant survival
between the two groups revealed an odds ratio of 0.50.

Conclusions: The use of a single implant supporting a crown with a cantilever exten-
sion does not result in lower implant survival rate if compared with two implants
supporting two single crowns. Moreover, a high prosthesis survival rate was observed
in the cantilever group even if the high prevalence of complications should be carefully
considered by the clinician.
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The rehabilitation of two missing adjacent teeth is a con-
troversial topic in implant dentistry, especially in areas with
high demands on aesthetics.! This criticism has largely been
accredited to the difficulty in establishing the desired papil-
lae presence and stability adjacent to the implant restoration
sites.!™ Since the presence of the papilla between two

implant crowns is determined predominantly by the level
of bone crest, the scientific literature recommends maintain-
ing an inter-implant distance of at least 3 mm, in order
to preserve the residual bone and achieve the stability of
the soft tissues.'** Also unfavorable anatomical conditions
and the desire to avoid bone augmentation procedures may

J. Prosthodont. 2024;1-11.

wileyonlinelibrary.com/journal/jopr

© 2024 by the American College of Prosthodontists. 1


https://orcid.org/0000-0002-0310-0037
https://orcid.org/0000-0002-5200-9408
mailto:marghegliguori@gmail.com
https://wileyonlinelibrary.com/journal/jopr

AMERICAN COLLEGE OF

PROSTHODONTISTS

L ACP

DE ANGELIS ET AL.

Your smile. Our specialty’

represent an indication for the use of implant-supported can-
tilever prosthesis, as an alternative to traditional implant
rehabilitations.”’

There was concern about long-term stability of cantilever
rehabilitation, particularly with regard to implant survival
and peri-implant marginal bone loss, as well as the risk of
overloading implants and superstructures, which could subse-
quently result in biological and technical complications.® !>
On the other hand, implant-supported cantilever prosthesis
offers the advantage of simplifying the treatment, making
it an appealing option for patients who prefer a less inva-
sive and relatively more affordable treatment procedure.'?~ !
Although it seems that cantilevered prosthesis could repre-
sent a valid treatment option, the data currently available are
not enough to draw definitive conclusions about the compli-
cations of this treatment, both prosthetic and biological.'”-'®

The aim of this review is to analyze the clinical and radio-
graphic outcomes of a single implant supporting a single
crown with a cantilever extension used to rehabilitate two
adjacent missing teeth.

METHODS

The main objective of the review was to provide an
answer to the research question: “In patients undergoing
implant rehabilitation to restore two adjacent missing teeth,
what is the effect of a single implant supporting a sin-
gle crown with a cantilever extension on the implant and
prosthetic outcomes?” This systematic review and meta-
analysis were conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA)
guidelines as recommended by Moher et al.'” Follow-
ing this directive, a protocol was drafted and submitted
to the prospective register of systematic reviews database
(PROSPERO) (CRD42022374758). The Grading of Rec-
ommendations, Assessment, Development, and Evaluations
approach (GRADE) was used to rate the quality of the
evidence.”’

The systematic review and meta-analysis undertook a
comprehensive, internet-based electronic search in digital
databases to answer the above-mentioned research query. For
this purpose, a search string composed of keywords and their
synonyms, where applicable, combined with Medical Subject
Headings (MeSH), truncations, field tags, and Boolean oper-
ators (AND/OR) was used to optimize the search process.
The search string is reported in Supplementary File 1. The
following electronic databases were used: Cochrane Library,
Scopus, and MEDLINE.

The authors manually searched the following journals:
Journal of Dental Research, Journal of Clinical Periodon-
tology, Journal of Periodontology, International Journal of
Periodontics & Restorative Dentistry, International Jour-
nal of Oral Implantology, Clinical Oral Implants Research,
Clinical Implant Dentistry and Related Research, European
Journal of Oral Implantology, International Journal of Oral
and Maxillofacial Implants, International Journal of Oral

and Maxillofacial Surgery, Journal of Oral and Maxillofa-
cial Surgery, Journal of Prosthetic Dentistry, and the Journal
of Prosthodontics.

Eligibility criteria

Following the guidelines of Stillwell et al. the systematic
review and meta-analysis used the Population, Intervention,
Comparison, Outcomes and Time criteria (PICOT) to select
and include the most eligible studies.”! Consequently, only
the studies meeting the parameters expressed below were
included.

Population (P): Studies investigating at least five system-
ically healthy patients with two adjacent missing teeth who
have received implant rehabilitations.

Intervention (I): Studies reporting data about patients
affected by two adjacent missing teeth treated with one
implant supporting a crown and a cantilever extension.

Comparison (C): Studies reporting data about patients with
two adjacent implants supporting two single crowns.

Outcome (O): Peri-implant marginal bone level, prob-
ing pocket depth, prevalence of mechanical and technical
complications, implant, and prosthesis survival rate.

Time (T): Studies with at least 1 year follow-up from the
prosthesis delivery and implant loading.

Only peer-reviewed studies published in English were
included in the systematic review and meta-analysis. Ran-
domized controlled trials, prospective clinical trials, and
retrospective studies were included in case they provided the
required information. An internet-based comprehensive lit-
erature search for data pertinent to the rehabilitation of two
adjacent missing teeth was conducted by two independent
authors (M.G.L., A.C.) up to February 28, 2023.

Screening of titles and abstracts was conducted to elim-
inate duplicates and non-relevant data. Subsequently, a
thorough full-text analysis was carried out for all the stud-
ies deemed suitable for inclusion by one or both reviewers
and they were presented to the principal author (P.D.A.).
Any resulting differences were directed to the principal
researcher and these disagreements were resolved through
discussions. The data collected were represented in an MS
Excel spreadsheet (Excel; Microsoft Corp).

The changes in peri-implant marginal bone level and
the probing pocket depth were described using the mean
(MRAW) and the 95% confidence interval (CI). The preva-
lence of mechanical and technical complications and the
implant and prosthesis survival rates were reported as propor-
tion and the 95% CI. Heterogeneity was measured using the
12 statistics (<49%: low, 50%—74%: mild, >75%: high). The
Egger’s test and the funnel plots were used to assess potential
publication bias.”> Whenever any risk of publication bias was
found, the funnel plot was examined.

The meta-analysis used a fixed or a random effects model,
based on the heterogeneity between the studies, focusing
on binary and continuous data to determine the intra-group
effect size resulting from the use of cantilever prosthesis.
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Only the implant survival rate outcome allowed an inter-
group comparison. The results of the meta-analysis are
presented in forest plots. The statistical analysis was done
with a software program (R v.4.2.1.; R Foundation for Sta-
tistical Computing) and inter-rater agreement was assessed
using Cohen’s kappa (Landis & Koch, 1977). Statistical
significance was set at p < 0.05.

Quality appraisal

The identified studies were evaluated with the Newcastle-
Ottawa scale (NOS) in order to exclude the ones with a high
risk of bias.”? For the studies where only cantilever prosthe-
ses were investigated, the risk of bias evaluation was done
following Moga et al.>* Individual studies were scrutinized,
and their quality was assessed by two independent reviewers
as having a low, medium, or high risk of bias.

RESULTS
Literature search

The literature search on the previously mentioned digital
databases revealed 717 studies for inclusion in the systematic
review and meta-analysis. A total of 283 studies were derived
from the Scopus database, one study from the Cochrane
library, and 429 studies from the PubMed database. Four
studies were obtained by scouting the most relevant scientific
journals.

Initial screening led to the elimination of 55 studies,
as they were duplicates. The subsequent title and abstract
screening of 662 articles, carried out by two independent
authors, led to the expulsion of 596 studies from the system-
atic review and meta-analysis, due to the non-English nature
and irrelevance to the research topic.

Therefore, 66 studies were included in the full-text anal-
ysis following the previously mentioned eligibility criterion.
Fifty-seven studies did not meet the inclusion criterion and
were thus excluded from the review, therefore only nine stud-
ies were identified as fit for inclusion in the meta-analysis.
The literature search process is articulated in the PRISMA
flow chart (Figure 1).

The Cohen’s Kappa coefficient was measured and deemed
optimal (k = 0.83).

Study characteristics

The systematic review and meta-analysis included nine
studies fulfilling the inclusion criteria as described earlier.
Six studies were retrospective,”!!+1%:17:23.26 while two were
prospective trials,”’-*® and one was a randomized controlled
clinical trial.” Among them, Thoma et al. compared the
outcomes between one short implant (6 mm) with a can-

ACP

tilever extension and two short implants.”’” Only three studies
involved a control group.”>>%%°

The follow-up of the studies ranged from 1 to 19 years with
a significant heterogeneity among them. The cantilever pros-
thesis was made of metal ceramic and only two studies used
full ceramic restorations.”®>” Notably, the study by Kim et al.
had the largest number of participants (206),'” while Tymstra
et al. had the smallest sample (10 patients).”® The features of
the included studies are summarized in Table 1.

Five outcomes were adopted in this systematic review:
peri-implant marginal bone level changes, probing pocket
depth, prevalence of mechanical and technical complications,
prosthesis survival rate, and implant survival rate. The sur-
vival rates were defined as of critical importance to make a
decision (rated 9 on a scale from 1 to 9), while peri-implant
marginal bone level changes, probing pocket depth, and
mechanical and technical complications rate were defined
as important but not critical in the decision-making process
(rated 6 on a scale from 1 to 9).

Your smile. Our specialty’

Quality appraisal

The risk of bias was evaluated with the NOS.>* The risk of
bias of the studies without a non-cantilevered control group
was evaluated with four questions, following Moga et al.
(Figure 2).>*

Peri-implant marginal bone level changes

Eight studies reported the marginal bone level changes
of 227 cases treated with a single implant with a can-
tilever extension.>!!-12:17.25.26.28.29 The heterogeneity among
the eight studies in the meta-analysis (> = 72%) was
significantly high, therefore a random effect model was used.

The resulting meta-analysis on the peri-implant marginal
bone level changes (mm) showed a statistically significant
loss at the follow up from the baseline, p = 0.0027. The mean
change was —0.2806 mm (95% CI: —0.4643, —0.0970). Fun-
nel plot and Egger’s test (p = 0.3730) were used to assess the
publication bias (Figure 3).

Probing pocket depth

Four studies reported the probing of 64 implants treated with
a single implant with a cantilever extension.”!'>%?% The het-
erogeneity among the four studies in the meta-analysis (/> =
81%) was significantly high, therefore a random effect model
was used.

The resulting meta-analysis on the probing pocket depth
changes (mm) showed a non-statistically significant increase
of the PPD at the follow-up from the baseline, p = 0.3158.
The mean change was —0.15 mm (95% CI: —0.4410, 0.1424).
Funnel plot and Egger’s test (p = 0.4107) were used to assess
the publication bias (Figure 4).
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FIGURE 1 A Preferred Reporting Items for
] Systematic Reviews and Meta-analyses (PRISMA)

flow diagram articulating the literature selection
process.
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Prevalence of mechanical and technical
complications

Four studies reported the prevalence of complications in the
cantilever group with screw loosening representing the most
documented technical complication.>>~27 A total of 100
cases rehabilitated with a single implant and a cantilever
extension were evaluated, with a mean complication rate of
27% ranging from 0% to 68%. The heterogeneity among the
studies in the meta-analysis (I> = 94.6%) was significantly
high, therefore a random effect model was used.

The resulting meta-analysis on the prevalence of compli-
cations (%) revealed a non-significant risk of occurrence p
= 0.0651 (95% CI: 0.00, 0.55). Given the high complica-
tion rate, the non-significant p-value may be an effect of the
reduced sample size involved in this specific analysis. Fun-
nel plot and Egger’s test (p = 0.1338) were used to assess the
publication bias (Figure 5).

Prosthesis survival
Five studies reported the prosthesis survival rate of 117 total

prostheses.”>’ " The heterogeneity among the studies in the
meta-analysis (I> = 48%) was low, therefore a fixed effect

model was used. The mean prosthesis survival rate was 99%,
ranging from 82% to 100%. The resulting meta-analysis on
the prosthesis survival rate (%) revealed a significant sur-
vival rate p < 0.0001 (95% CI: 0.96, 1.00). Funnel plot and
Egger’s test (p = 0.0247) were used to assess the publication
bias and revealed a significant risk. The analysis was there-
fore repeated removing Palmer 2010, but quite similar results
were obtained (survival rate = 0.99%, p < 0.0001). The
Egger’s test and Funnel plot showed no risk of publication
bias (Figure 6).

Implant survival

Three studies reported the implant survival rate of patients
treated with a single implant and a cantilever extension or
with two implants, counting 73 total implants.”>>%%" The het-
erogeneity among the studies in the meta-analysis (I> = 0%)
was low, therefore a fixed effect model was used. Funnel plot
was used to assess the publication bias (Figure 7).

DISCUSSION

The null hypothesis stating that a single implant sup-
porting a single crown with a cantilever extension is
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FIGURE 2

a valid option to rehabilitate two adjacent missing
teeth was accepted because the results of the present
systematic review reveal that implant-supported single-
unit crowns with a cantilever extension have favorable

outcomes.

Risk of bias, as evaluated with the Newcastle-Ottawa scale (a) and risk of bias of the studies without a non-cantilevered control group (b).

The implant survival rates were relatively similar, high-
lighting non-significant differences between the two groups.
A total of 227 implants were evaluated performing an intra-
group analysis in the cantilever group. The aim was to assess
the changes in the radiographic marginal bone level from
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Study Total Mean ~ SD Mean MRAW 95%-Cl Weight FIGURE 3 Forest plot (a) and funnel plot (b) for
Halg et al., 2008 8 -0.12 0.5800 —t—— 012 [052; 0.28] 10.4% peri-implant marginal bone level changes.

Schmid et al., 2020 25 0.05 1.2600 ———— 005 [-044; 054] 83%

Kim etal., 2014 108 -0.58 1.0800 = 058 [0.78;-0.38] 16.4%

Aglietta et al., 2012 19 -0.10 0.3000 = 010 [-0.23; 0.03] 185%

Roccuzzo et al., 2020 19 -0.10 0.4000 —— 010 [-0.28; 0.08] 17.2%

Tymstra et al., 2011 5 -0.90 0.7400 ————— 090 [1.55-025] 58%

Thoma et al., 2021 15 -0.25 0.6700 a— 025 [059; 0.09] 12.1%

Jensen-Louwerse etal., 2021 28 -0.52 0.9800 —E -0.52 [-0.88;-0.16] 11.4%

Random effects model 227 - -0.28 [-0.46; -0.10] 100.0%
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FIGURE 5 Forest plot for mechanical and Study Events Total Proportion 95%-Cl Weight
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FIGURE 6

the baseline. The marginal bone level was analyzed through
linear measurements of intraoral radiographs taken at base-
line and at the end of the follow-up, showing significant
differences from the baseline (p = 0.0027) with a mean
loss of 0.28 mm. These data resulting from the analysis
are in line with the observations reported by the majority
of the studies included in the rneta—analysis,l 1,12,17,25,26,28,29
except Schmid’s study, which showed an improvement of the
marginal bone levels.”

Regarding the probing pocket depth, the intragroup
analysis performed in the cantilever group revealed no
statistical differences from the baseline, outlining the cleans-
ability and the easy hygienic maintenance of this type of
prosthetic rehabilitation, when they are well designed and
made.

The prosthesis survival rate in the cantilever group was
99%, which is a very high survival rate comparable to the
prosthesis survival rate of implant-supported single crowns
and FDPs. Four studies reported a prevalence of techni-
cal complications.”?>~?” Thirty technical complications were
reported in the cantilever group. The resulting meta-analysis
revealed a non-significant prevalence (p = 0.0651) of tech-
nical complications in the cantilever group, showing a 27%
rate. One study was excluded from the meta-analysis because
of the occurrence of unclear repeated complications.”” The
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Forest plot and funnel plot for prosthesis survival without (a,b) and with Palmer et al., 2020. (c,d).

clinician should pay attention to this aspect, which may be
relevant from a clinical point of view and should be explained
to the patient and carefully considered before choosing this
therapeutic option.

Screw loosening, minor porcelain chipping, fracture of
luting cement, and screw fracturing were among the most
documented technical complications resulting from the treat-
ment with cantilevers.>2>2° In the included studies, most of
these complications were managed by the clinician and the
restoration was not replaced, nor was the implant removed
(which would have otherwise configured a failure of the pros-
thesis/implant). The difference in failure/complication rate
between the two prosthetic treatments therefore could be
attributed to single-implant cantilevered restorations being
affected mostly by less serious complications, even if more
frequently. Our findings are in line with a systematic review
conducted by Berglundh et al. and Bragger et al. after a 5-year
follow-up in both studies, which showed a significant tech-
nical complication in implant-supported FDPs.’’-*! Based
on observations derived from these two studies, the review
observes that technical complications do not necessarily lead
to the failure nor influence the longevity of implant-supported
prostheses with cantilevers, but they require maintenance and
care during the implant use and function, as highlighted in
findings reported by Becker.'?
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Also, it should be underlined the clinical heterogene-
ity regarding the jaw (upper/lower), the region rehabilitated
(anterior/posterior), implant placement sites (mesial or dis-
tal), the types of implant (length, diameter, type of connec-
tion), and prosthetic rehabilitations, the type of occlusion of
the cantilever prosthesis and there is also a lack of any aes-
thetic assessment (PES, papilla presence). More long-term
randomized comparative trials are needed to clarify the pre-
dictability of this type of rehabilitation, investigating also
other parameters, such as the impact of implant placement
mesialndistal or posteriorsanterior sites, and the impact of the
implant and of the prosthetic solution.

CONCLUSIONS

The analysis of the included literature shows that a sin-
gle implant supporting a crown with a cantilever extension
does not result in lower implant survival rate, if com-

pared with two implants supporting two single crowns.
Moreover, a high prosthesis survival rate was observed
in the cantilever group, even if the high prevalence
of complications should be carefully considered by the
clinicians.
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