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Abstract

Purpose This systematic review (SR) aimed to investigate whether the presence of a cantilever affects the results
of implant treatment for partial edentulism, including an analysis of the anterior and posterior regions of the dental
arches.

Methods An electronic search was performed, and original articles published between 1995 and November 2023
were included. The outcomes were the implant survival rate, patient satisfaction, occurrence of mechanical com-
plications, and marginal bone loss around the implants. Two SR members independently examined the validity

of the studies, extracted evidence from the included studies, and performed risk of bias assessment, comprehensive
evidence evaluation, and meta-analysis.

Results Nine studies met our inclusion criteria. Implant survival rate tended to be lower in the cantilever group,

and marginal bone loss tended to be higher in the cantilever group; however, there was no significant difference.
There was no significant difference in patient satisfaction based on the presence or absence of a cantilever. Moreover,
the incidence of mechanical complications was significantly higher in the cantilever group. According to the analy-

sis of anterior and posterior regions, implant survival rate tended to be lower in the cantilever group of the posterior
region, and marginal bone loss around the implants tended to be higher in the cantilever group of the anterior region.

Conclusion Implant-supported fixed prostheses with cantilevers did not negatively affect implant survival rate, mar-
ginal bone loss, or patient satisfaction. However, the incidence of mechanical complications significantly increased
in the cantilever group.
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Background

Although restoring occlusal function with fixed prosthe-
ses for multiple missing teeth, supporting both ends of
the edentulous area with implants is effective in achiev-
ing mechanical stability. When implant placement in the
ideal position is difficult owing to insufficient bone vol-
ume or anatomical constraints, bone augmentation is
performed. However, bone augmentation is sometimes
associated with surgical stress and a prolonged treatment
duration [1]. These problems can be avoided using a
prosthesis with a cantilever. By applying prostheses with
a cantilever, risks such as damage to the nerves and adja-
cent teeth can be avoided and the treatment period can
be shortened [2]. As the cantilever structure has a large
distance between the fulcrum and point of action, which
increases the moment of occlusal force applied to the
implants, it cannot be considered mechanically ideal [3,
4], consequently, it can be difficult to decide whether or
not to use cantilevers in clinical practice.

To date, two systematic reviews (SRs) regarding the
prognosis of implant treatment with cantilevers, includ-
ing several outcomes such as implant survival rate, mar-
ginal bone loss around implants, and the occurrence of
mechanical complications, have been published. These
SRs suggest that the presence of a cantilever may not
have a negative effect on implant treatment, except for
mechanical complications [5, 6]. However, the number
of studies included in previous SRs was relatively small.
Over seven years have passed since the last published
literature search for existing SRs, and there is a high
likelihood that more studies have been published; there-
fore, this information needs to be updated. Furthermore,
although conditions, such as the occlusal force applied
to the implants differ between the anterior and posterior
regions of the dental arches, there has been no analysis
for each region. Hence, the purpose of this SR was to
update information regarding the prognosis of implant-
supported fixed prostheses with cantilevers for partial
edentulism, including an analysis of the anterior and pos-
terior regions, in order to provide guidance for clinical
treatment decisions.

Methods

Clinical question and participant/patient, intervention,
comparison, and outcome approach

This SR was conducted in accordance with the guide-
lines recommended by the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA
2020) statement [7]. The review protocol was structured
according to the Medical Information Network Distri-
bution Service Practice Guideline Development Manual
2020 [8]. The scope of this SR was registered in PROS-
PERO (PROSPERO No. CRD42024559399) [9].
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This SR examined the clinical prognoses of cantilever-
type superstructures in patients with implant-supported
fixed prostheses. The following review questions were
formulated using participant/patient, intervention, com-
parison, and outcome (PICO) approach. The clinical
question (CQ) in this SR was: “Are cantilevered implant-
supported fixed prostheses in dental implant treatment
effective in cases of partial edentulism compared to con-
ventional fixed prostheses?” The PICO was set as follows:

P: Patient with multiple teeth loss.

I: Installation of cantilevered implant-supported fixed
prosthesis.

C: Installation of non-cantilevered implant-supported
fixed prosthesis.

O: Implant survival rate, patient satisfaction, mechani-
cal complications, and marginal bone loss around
implants.

Search strategy

To systematically and reliably collect relevant studies, we
conducted an electronic search of databases (PubMed,
Cochrane Central Register of Controlled Trials [CEN-
TRAL], and Ichushi-Web) targeting original articles
written in English or Japanese published between 1995
and November 30, 2023. The search terms included key-
words (Medical Subject Headings) and free-text terms,
and search expressions were constructed using Boolean
operators (OR and AND). The construction of this search
formula was commissioned by a librarian independent of
the TF clinical practice guidelines to ensure fairness.

The search was performed using the following terms:
A, implant-supported fixed prostheses; B, cantilever-
related terms; C, trouble incidence/marginal bone loss
around implants; and D, prognosis, narrowed down
by language and year. A similar search was performed
in both CENTRAL and Ichushi-Web databases. Fig-
ure 1A shows the search formulas used in PubMed and
CENTRAL, and Fig. 1B shows the search formula used
in Ichushi-Web. The PubMed, CENTRAL, and Ichushi-
Web searches were performed on November 30, 2023,
February 6, 2024, and February 8, 2024, respectively. We
also conducted manual searches.

Inclusion and exclusion criteria

The inclusion criteria for selecting documents from
which to extract evidence were randomized controlled
trials (RCTs), cohort studies, and case—control stud-
ies written in English or Japanese. The exclusion crite-
ria were as follows: ineligible target subjects; ineligible
evaluation method; ineligible research design; main text
in languages other than English or Japanese; and nar-
rative reviews, letters, and review articles. If an appli-
cant was judged ineligible for reasons other than those
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Fig. 1 Study selection flowchart

listed above, the reason for exclusion was clearly stated.
If duplication was possible, the latest publication was
included.

Screening method

Two SR members independently examined the validity of
each document on the CQ in two stages. The first stage
was screening based on study titles and abstracts. In the
second stage, the entire literature was collected and two
SR members independently examined the validity of the
study according to the aforementioned criteria. Subse-
quently, the results for each SR member were compared.

In case of disagreement between SR members, discus-
sions were held until a consensus was reached, and evalu-
ation was performed after the agreement was reached.

Data extraction

Data extraction was performed independently by two
SR members using a standardized form that included
information on authors, title, year of publication, jour-
nal, study design, level of evidence, number of sub-
jects, observation period, and outcomes.
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Risk of bias assessment

The quality of each study was assessed simultane-
ously using a data extraction process. The quality of the
obtained evidence was assessed by evaluating five factors:
risk of bias, indirectness, imprecision, inconsistency, and
publication bias [10-13]. These assessments were con-
ducted by two SR members who extracted evidence using
tools from The Cochrane Collaboration [14].

Meta-analysis

Using Review Manager 5.4 (The Cochrane Collabo-
ration), a meta-analysis was performed on three
outcomes: implant survival rate, mechanical compli-
cations, and marginal bone loss around the implants.
The Mantel-Haenszel test was used for statistical
analysis, and significance was set at p<0.05. Ran-
dom effects model was used to account for variability
between studies. Separate analyses were performed
for the anterior and posterior regions regarding the
implant survival rate and marginal bone loss around
the implants. In addition, funnel plots were created to
determine whether there was the likely possibility of
publication bias.

Results

General outcomes

The studies extracted from the databases using the
search formula included 479 studies in PubMed, 106

Table 1 Database search strategies
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in CENTRAL, and 138 in Ichushi-Web. Nine articles
were duplicated, resulting in a total of 714 studies. After
screening, 697 articles were excluded, and after examin-
ing the validity of the entire literature, nine articles were
excluded, resulting in eight articles. Furthermore, one
article was included in the manual search; consequently,
nine studies were included (Fig. 1): one RCT and eight
cohort studies, and the details of each study are shown
in Table 1. The results of each study are summarized in
Table 2. The risk of bias assessment and body of evidence
for each outcome are shown in Tables 3 and 4, respec-
tively. The results for each outcome and validity of the
evidence are described below.

Implant survival rate

There were 9 studies that included implant survival rate
as an outcome [15-23]. Although the RCT reported
by Taha et al. was not blinded, other biases were mini-
mized; therefore, the risk of bias was judged to be low
[19] (Table 3A). The remaining were cohort studies that
did not undergo randomization and were judged to
have a large selection bias (Table 3B). Moreover, detec-
tion bias was evaluated as low, and the overall risk of bias
was evaluated as — 1. In addition, the inconsistency was
evaluated as 0 because I’=0% (Fig. 2A). Further, own-
ing to the small sample size, imprecision was evaluated
as -1. The implant survival rate was consistent with the
CQ as an outcome, and indirectness was evaluated as 0.
Furthermore, the funnel plot for implant survival rate

A #1 "dental prosthesis, implant supported”[MeSH Major Topic] OR "dental prosthesis, implant supported/
adverse effects"[MeSH Terms]
#2 implant*[TIAB] AND support*[TIAB] AND (prosthes*[TIAB] OR denture*[TIAB])
#3 #1 OR #2
B #4 extension[TIAB] OR pontic[TIAB] OR cantilever*[TIAB] OR crowns[TIAB] OR "porcelain fracture"[TIAB]
#5 adverse effects [Subheading] OR Alveolar Bone Loss[MH] OR Dental Restoration Failure[MH]
#6 "marginal bone"[TIAB] OR "bone loss"[TIAB] OR failure*[TIAB] OR complication*[TIAB]
#7 #5 OR #6
D #8 Retrospective Studies[MH] OR Prospective Studies[MH] OR Treatment Outcome[MH] OR Survival Analysis[MH]
#9 (retrospective*[TIAB] AND stud*[TIAB]) OR (prospective*[TIAB] AND stud*[TIAB])
#10 #8 OR #9
#11 #3 AND #4 AND #7AND #10
#12 1995/1/1:2023/11/30[Date—Entry] AND ("English"[Language] OR "Japanese"[Language])
#13 #11 AND #12
#1 Dental implant/MTH or Dental implant material/MTH or peri-implantitis/MTH or Implant-supported prosthesis/
MTH or Implant/TI
#2 Cantilever/TA or pontic/TA or Extended bridge/TA or extension/TA or extention/TA or pontic/TA or cantilever/TA
#3 #1 and #2
#4 (DT=1995:2023 and PT=Exclude meeting abstract)

#5 #5and #6
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Table 4 Assessment of body of evidence
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Outcome Study design/ Risk of bias Inconsistency Imprecision Indirectness Other bias Certaincy of
number of (publication evidence
studies bias)

Survival RCT/1 Cohort -1 0 -1 0 0 Very low (D)

of implant- study/8

retained fixed

prostheses

Patients’ satisfac-  Cohort study/1 —1 N/A -2 0 0 Very low (D)

tion

Mechanical Cohort study/3 -1 0 -1 0 -1 Very low (D)

complication

Marginal bone RCT/1 Cohort —1 —1 -1 0 -1 Very low (D)

loss study/6

was symmetric, therefore publication bias was judged as
0 (Fig. 5A). When these were combined, the evidence was
judged very low (Table 4).

Patients’ satisfaction

Only one cohort study included patient satisfaction as
an outcome [18]. As no randomization was performed,
the selection bias was judged to be large. Additionally,
other biases were also assessed as — 1, consequently
the risk of bias was assessed as — 1 (Table 3B). Because
only one study was included, inconsistency could not
be rated. Imprecision was rated -2 because of the small
sample size. Patient satisfaction was consistent with the
CQ; therefore, indirectness was evaluated as 0. Based
on above, evidence was judged very low (Table 4). The
included studies showed that patient satisfaction was
similar regardless of the presence of a cantilever.

Mechanical complications

Four studies included the occurrence of mechanical
complications as an outcome [15, 16, 21, 22]. Because
all studies were cohort studies and no randomization
was performed, the selection bias was judged to be large.
Most of other biases were rated as moderate (Table 3B);
therefore, the overall risk of bias was assessed as — 1
(Table 4). Inconsistency was rated 0 because I*=0%
(Fig. 3). Owning to the small sample size, imprecision
was rated as -1. Because the evaluated complications,
such as loosening or fracture of screws and failure of
prostheses, were consistent with the CQ, the indirect-
ness was evaluated as 0. The funnel plot for mechanical
complications was somewhat asymmetric, therefore pub-
lication bias was judged as — 1 (Fig. 5B). All the included
studies reported that mechanical complications were
more common in cantilevered implant treatments. How-
ever, the risk of bias was high, and the sample size was
small; therefore, the evidence was judged to be very low
(Table 4). The results of the meta-analysis showed that

mechanical complications significantly increased in the
cantilever group (Fig. 3). Because the number of studies
that included mechanical complications as an outcome
was small, a separate analysis by treatment region was
not performed.

Marginal bone loss around implants

Seven studies included marginal bone loss as an out-
come, including one RCT [19] and six cohort studies
[15-18, 20, 21]. One RCT [19] was not blinded, and the
risk of bias was low (Table 3A). Further, six cohort stud-
ies were randomized, and selection bias was judged to be
large, and the risk of bias was assessed as — 1. Inconsist-
ency was rated as — 1 because I>=70% (Fig. 4A), impreci-
sion was rated as — 1 because the sample size was small,
and indirectness was rated as 0 because the evaluation of
marginal bone loss was consistent with this CQ. The fun-
nel plot for marginal bone loss was somewhat asymmet-
ric, therefore publication bias was judged as — 1 (Fig. 5C).
Based on the above, the evidence was judged as very low
(Table 4). One RCT [19] reported that the marginal bone
loss on the cantilever side of implants with cantilevers
was significantly greater than that of implants without
cantilevers. Five cohort studies [15-18, 21] reported no
significant differences in marginal bone loss between
implants with and without cantilevers. Furthermore,
one cohort study [20] reported that the amount of bone
resorption was significantly greater with cantilevered
implants depending on the elapsed time; however, the
difference was small, and there was no significant differ-
ence depending on the elapsed time. The risk of bias was
high, and the number of studies was small; therefore, the
evidence was judged to be very low (Table 4). Considering
that this depends on the region, one RCT [19] focused on
implant treatment of the anterior teeth. In this study, two
implants were placed in the anterior region, and a bridge,
with or without a cantilever, was attached as a prosthesis.
Marginal bone loss was greater in implants located close
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Cantilever No cantilever Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Wennstrom 2004 2 24 1 26 17.2% 2.17 (0.21, 22.39) 2004 bl
Halg 2008 2 27 1 27 17.1% 2.00[0.19, 20.77) 2008 -
Mumcu 2011 0 16 0 20 Not estimable 2011
Tymstra 2011 0 5 0 5 Not estimable 2011
Kim 2014 3 128 1 144 18.5% 3.38(0.36, 32.04) 2014 -
Taha 2020 0 7 0 7 Not estimable 2020
Roccuzzo 2020 0 16 1 7 9.8% 0.16 [0.01, 3.44] 2020 ¢
Dereci 2021 0 22 0 30 Not estimable 2021
Horsch 2022 2 75 6 300 37.5% 1.33 (0.27, 6.47) 2022 —_—
Total (95% CI) 320 566 100.0% 1.49 [0.57, 3.93)
Total events 9 10
Heterogeneity: Tau’ = 0.00; Chi’ = 2.73, df = 4 (P = 0.60); I’ = 0% b + 4 + J
) 0.01 0.1 1 10 100
Test for overall effect: Z = 0.81 (P = 0.42) Favours [experimental] Favours (control]
Cantilever  No cantilever Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Tymstra 2011 0 S 0 S Not estimable 2011
Taha 2020 0 7 0 7 Not estimable 2020
Roccuzzo 2020 0 16 1 7 100.0% 0.16 [0.01, 3.44] 2020 B
Total (95% CI) 28 19 100.0% 0.16 [0.01, 3.44) e —
Total events 0 1
Heterogeneity: Not applicable ¥ + t i
4 0.01 0.1 10 100
Test for overall effect: Z = 1.18 (P = 0.24) Favours [Cantilever] Favours [No cantilever]
Cantilever  No cantilever Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Wennstrom 2004 2 24 1 26 50.1% 2.17 [0.21, 22.39) 2004 -
Halg 2008 2 27 1 27 49.9% 2.00[0.19, 20.77) 2008 =
Dereci 2021 0 22 0 30 Not estimable 2021
Total (95% CI) 73 83 100.0% 2.08 (0.40, 10.87) e —
Total events 4 2
. - - B " — o | - ¥ + 1
Heterogeneity: Tau® = 0.00; Chi’ = 0.00, df = 1 (P = 0.96); I’ = 0% hor 100

Test for overall effect: Z = 0.87 (P = 0.38)

0.1 10
Favours [Cantilever] Favours [No cantilever]

Fig. 2 Forest-plot outcomes: survival of implant-retained fixed prostheses. A Overall analysis. B Anterior region analysis. C Posterior region analysis

Cantilever  No cantilever Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Wennstrom 2004 4 24 2 26 16.0% 2.17 (0.44, 10.78] 2004 e
Hilg 2008 5 27 0 27 S.1%  11.00 (0.64, 189.65) 2008 >
Kim 2014 10 128 4 144  31.9% 2.81[0.90, 8.75] 2014 .
Horsch 2022 6 75 13 300 47.1% 1.85[0.73, 4.70] 2022 —t—
Total (95% CI) 254 497 100.0% 2.37 [1.25, 4.50] ~<E
Total events 25 19

ity: ? - - Chi¥ = - - - > + - J
Heterogeneity: Tau® = 0.00: Chi 1.59,df = 3 (P = 0.66); I = 0% o01 o1 100

i . 10
Test for overall effect: Z = 2,64 (P = 0.008) Favors [Cantilever] Favors [No cantilever]

Fig. 3 Forest-plot outcomes: mechanical complication rate of implants or implant-retained fixed prostheses
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Cantilever No cantilever Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Wennstrom 2004 039 104 24 023 067 26 3.4%  0.16(-0.33, 0.65) 2004 —
Hilg 2008 023 071 27 0.05 045 27 7.0%  0.18(-0.14, 0.50) 2008 Se—
Mumcu 2011 1.03 0.15 16 0.96 0.16 20 23.1% 0.07(-0.03,0.17) 2011 -
Tymstra 2011 1.85 1.16 S 097 05 H 0.7% 0.88(-0.23, 1.99) 2011 =
Kim 2014 0.59 099 128 056 106 144 10.3% 0.03(-0.21,0.27) 2014 s e
Taha 2020 2.2 0.079 7 21 0.09 7 24.6% 0.10 [0.01, 0.19) 2020 e
Dereci 2021 0.845 0.033 22 0.892 0.028 30 31.0% -0.05(-0.06, -0.03) 2021 o
Total (95% C 229 259 100.0% 0.05[-0.04,0.15] L 2
Heterogeneity: Tau® = 0.01; Chi* = 20.09, df = 6 (P = 0.003), I’ = 70% B N (‘) i 3

Test for overall effect: Z = 1.10 (P = 0.27)

B

Favors [Cantilever] Favors [No cantilever)
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Fig. 4 Forest-plot outcomes: marginal bone loss around implants. A Overall analysis. B Anterior region analysis. C Posterior region analysis

to the cantilever than in other types of implants. Three
cohort studies [18, 19, 21] included results from the ante-
rior tooth region. In these studies, although there was no
significant difference in marginal bone loss depending
on the presence or absence of cantilevers, the marginal
bone loss in the cantilever group tended to be slightly
larger. However, results in the posterior region have been
reported in three cohort studies [15-17], all of which
reported no significant differences in marginal bone loss
depending on the presence or absence of cantilevers. The
results of the meta-analysis indicated that marginal bone
loss tended to be greater in the cantilever group (Fig. 4A).
When analyzed separately for the anterior and posterior
regions, the marginal bone loss tended to be greater in
the cantilever group in the anterior region (Fig. 4B); how-
ever, it was similar between both groups in the posterior
region (Fig. 4C).

Discussion

In this SR, we investigated whether the presence of a
cantilever affects the results of implant treatment for
partial edentulism, including an analysis of the anterior
and posterior regions of the dental arches. Further, we
comprehensively searched for studies on the prognosis of
implant treatment using cantilevered implant-supported
fixed prostheses and selected eligible studies. Conse-
quently, nine studies met the inclusion criteria. Of these,
eight were cohort studies and only one was an RCT. Nine
articles [15-23] included implant survival rate as an
outcome. Most showed a tendency for the implant sur-
vival rate to be slightly lower in the cantilever group or
comparable between the cantilever and control groups.
Therefore, the consistency of the results between studies
was assessed to be high. However, the number of placed
implants differed among the studies: two studies placed
one implant [18, 23], two studies placed two implants [17,
19], and the number of placed implants was unknown
in the other five studies [15, 16, 20—22]. Furthermore,



Kondo et al. International Journal of Implant Dentistry (2024) 10:57

A {..'\“‘ log[RR])

.1 RR
0.01 0.1 1 10 100

B

o, SE00Q[RR])

L RR
fo1 o1 i 10 100

C

a SEMO)

0.2+

0.6+

08¢

™MD
1

-2 -1 0 1 2

Fig. 5 Funnel plots of A survival of implant-retained fixed prostheses;
B mechanical complication rate of implants or implant-retained fixed
prostheses; and € marginal bone loss around implants. SE (log[RR]):
Standard error of log risk ratio, RR: risk ratio, SE (MD): Standard error

of mean difference, MD: mean difference

although implant length and diameter influenced the
implant survival rate [24, 25], these factors were not
standardized among the included studies.

Although patient satisfaction is clinically critical, only
one study included it as an outcome [18]. The study con-
cluded that satisfaction levels were the same regardless
of the presence or absence of a cantilever. However, in
this study, only the morphology and color of the crown
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and gingiva were evaluated as outcomes of patient satis-
faction, and there was a lack of evaluation of items such
as cleanability that may be degraded by the presence of
cantilevers. In the long term, mechanical complications,
which increase in the presence of a cantilever, could
reduce patient satisfaction. Furthermore, the presence
of a cantilever often reduces surgical invasion, treat-
ment costs, and treatment duration, which may lead
to increased patient satisfaction. Further studies that
include more patient satisfaction outcomes are required.

With regard to the occurrence of mechanical compli-
cations as an outcome, all four studies demonstrated
that the presence of a cantilever increased mechani-
cal complications. Because the cantilever structure is
not mechanically superior, it is easy to imagine that
mechanical complications can increase. Furthermore, the
prosthesis material has a significant effect on the occur-
rence of mechanical complications. Among the studies
included in this SR, one study used porcelain-fused-to-
metal crowns as a prosthesis, whereas the other three
studies did not mention the material of the prostheses.
Future studies using prostheses made of other materials,
such as monolithic zirconia or all-ceramic crowns, may
lead to new findings. Furthermore, the prosthesis fixation
method can affect the occurrence of mechanical compli-
cations [26]. Of the included studies, one used screw fixa-
tion [15] and the type of fixation was unclear in the other
three studies [16, 21, 22]. Moreover, although the use of
screw-retaining abutments could affect the frequency
of mechanical complications, such as implant fractures,
only one study mentioned the use of screw-retaining
abutments [15].

Regarding the amount of marginal bone loss around
the implants, the type of implant-abutment connection
is a factor that influences marginal bone loss, and sys-
tems with conical connections have been reported to
have smaller marginal bone loss [27]. However, only one
study [15] clearly indicated the implant-abutment con-
nection; in all other studies, the implant-abutment con-
nection was unclear, or multiple connections were mixed
within the study. In addition, in the case of screw fixation,
the presence of a screw-retaining abutment affects mar-
ginal bone loss [28]; however, among the studies included
in this SR, only one study specified the use of a screw-
retaining abutment [15]; in other studies, it was unclear
whether a screw-retaining abutment was used. Among
the factors that can cause marginal bone loss, mechani-
cal factors and cleanability have been proposed as factors
related to the cantilever. Regarding mechanical factors,
the presence of cantilevers has a negative effect as per
the finite element analysis [4]. However, poor cleanability
may induce peri-implantitis, resulting in marginal bone
loss. Because the presence of a cantilever may impair
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cleanability, future studies that include not only mar-
ginal bone loss, but also cleanability as an outcome are
required.

It is clear from the finite element analysis that cantile-
ver length affects stress distribution around the implants
[29]. Therefore, it is necessary to consider the effect of
cantilever length; however, none of the studies included
in this SR investigated this effect of cantilever length.
However, although not included in this SR, Palmer et al.
reported it [30]. They reported the mechanical complica-
tions that occurred in 29 cases in which prostheses with
a cantilever were attached to a single implant placed
in the anterior region; the most common complica-
tion was screw loosening. Hence, the cantilever length
did not significantly affect the mechanical complication
and the cantilever length of the complication group and
non-complication group were 7.6 (7.1-7.9) mm and 7.3
(7.0-8.0) mm, respectively. However, it is not possible to
conclude from this study alone whether the cantilever
length affects the prognosis of implant treatment, and
further research is required.

Another factor that could be related to implant prog-
nosis but could not be investigated in this SR was the
direction of the cantilever. Of the nine studies included
in this SR, one study included only mesial cantilevers
[23], two included only distal cantilevers [15, 18], five
included both mesial and distal cantilevers [16, 17, 19, 21,
22], and this was unknown in another study [20]. None
of these studies compared the results of implant treat-
ments for the mesial and distal cantilevers. In view of the
above, it would be difficult to conclude the relationship
between the direction of the cantilever and prognosis.
The number of supported implants is another important
factor that may influence prognosis. However, no study
has investigated this relationship, and it remains unclear.
Therefore, it is necessary to accumulate further research
results.

Two previously published SRs of cantilevered implant
treatment included four studies each, two of which were
shared between the two for a total of six included stud-
ies [5, 6], three of which were ineligible for this SR due
to issues with study design. On the other hand, this
SR was able to include six new studies that were not
included in previous SRs, four of which were published
after 2020 [17, 19, 22, 23]. Comparing the results of this
study with those of a previous SRs, there was agreement
that the presence of a cantilever had no effect on implant
survival rate or marginal bone loss, although cantilevers
increased the incidence of mechanical complications. As
the number of studies included in this study was signifi-
cantly greater than those in previous SRs and the results
were consistent, the results of this study were able to
provide stronger evidence. However, only one study was
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included regarding the occurrence of mechanical com-
plications that was not included in previous SRs [22],
indicating that there is still a lack of research on this out-
come. As implant and screw materials have improved
[31], and the advent of CAD/CAM, which allows for the
creation of precise prosthetic devices, is rapidly increas-
ing [32], further research is needed, especially regarding
mechanical complications as an outcome. Recently, a SR
has been published that focused on implant-supported
single-unit crowns with cantilever extension in posterior
regions [33]. Compared to this SR, whose included stud-
ies and outcomes were somewhat different, the results
were generally consistent, such as the implant survival
rate not being affected by the cantilever and an increase
in mechanical complications, which suggests the possi-
bility that the prognoses of single implant-supported and
multiple implant-supported cantilever prostheses may be
comparable.

There are several limitations in this study. Although
we attempted to perform a meta-analysis by site regard-
ing the occurrence of mechanical complications, this was
impossible because there was an insufficient number of
studies. On the other hand, although the relationship
between bruxism and implant failure was known [34],
only one study stated that it excluded patients with brux-
ism [18], another study stated that it included patients
with bruxism [22], and the other studies did not state
whether patients with bruxism were included or not.
Therefore, it is unclear whether many of the included
studies included patients with bruxism, and it is impor-
tant to note that it is unclear whether the results of this
SR can be applied to patients with bruxism. Furthermore,
the number of studies included in this SR was not large,
therefore further research is required to confirm these
results.

Conclusions
In response to the CQ, “Are cantilevered implant-sup-
ported fixed prostheses in dental implant treatment
effective in cases of partial edentulism compared to con-
ventional fixed prostheses?” it can be concluded that
the possibility of mechanical complications increased.
However, the possibility of affecting the survival rate of
implants, patient satisfaction, and bone loss around the
implant body was rare. Cantilevered implant-supported
fixed prostheses can be applied without bone grafting
procedures in cases of insufficient bone volume or ana-
tomical constraints, which can be beneficial for patients.
Furthermore, there is a lack of clinical evidence regard-
ing the effects of the number of implants, cantilever
length, and differences between mesial and distal cantile-
vers; therefore, further studies are required.
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