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Introduction
According to the McGill consensus, two-implant over-
denture (OD) should be the first choice of treatment 
for the edentulous mandible, regardless of the attach-
ment system used (bars, magnets, balls) [1]. However, 
in order to enhance treatment outcomes, increasing the 
number of implants leads to higher retention, less bone 
loss and better stress distribution [2–5]. As for the max-
illa, there is no consensus about the ideal number of 
implants. Four or six implants have been advocated as 
the best options to rehabilitate an edentulous maxilla 
[6, 7]. Implant-retained bar overdentures (IRBOD) with 
four to six implants without mucosal support, are a well-
known treatment for edentulous patients. They represent 
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Abstract
Different characteristics of bars (cross-sectional shape, diameter, distal extension etc.) lead to different 
biomechanical behavior (retention and stress) with implants and peri-implant tissues.

Aim: To evaluate the impact of implant-supported removable prostheses bar designs in fully edentulous arch (in 
the maxilla and/or mandibula), with 4 implants or more, on the peri-implant soft and hard tissues.

Two reviewers searched for observational studies, RCT and in vitro studies, published on five main databases 
and three from the grey literature, without restrictions on November 2023.

Of the 3049 selected articles, four met the inclusion criteria. Four RCT evaluated peri-implant health tissues in 
full edentulous arches with 4 or 6 implants rehabilitated with implant bar overdentures. One prospective study 
with 5 years follow-up evaluated the success/survival rate of implants and implant bar overdentures. Overall, 261 
subjects were enrolled in our systematic review with 1176 implants. Overdentures’ survival rate was 100%. There 
was a trend that plaque indices and gingival indices were low in all of the studies, however no statistical analysis 
was done due to the lack of information.

Due to the lack of information in the included studies, we cannot confirm if bar characteristics affect the peri-
implant tissues health.
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a valuable option for the rehabilitation of complex situa-
tions [8, 9] providing good retention, stability, esthetical 
asset [6] and good chewing efficiency [10]. Having four 
implants creates an angular relationship between the 
implants instead of a straight-line relationship with two 
implants, which explains the higher retention of the OD 
[11]. Bars also seem to contribute to load sharing and 
stress distribution onto the implants [12].

Various bar designs are nowadays available. They dif-
fer from their cross-section shape, material, diameter, 
mucosa-bar distance, and others. These different charac-
teristics of bars lead to different biomechanical behaviors 
(retention and stress) on implants and peri-implant tis-
sues [13, 14]. Studies show that four-implant bars have 
a different biomechanical behavior on the cortical bone 
than two-implant bars [15–18] and that bars, in general, 
seem to be associated with a higher plaque index and gin-
gival index compared to other attachment systems (ball 
attachments etc.) [19]. Therefore different bar designs 
can lead to plaque retention [20].

According to patient-reported outcome measures 
(PROMs),the ability to maintain oral hygiene is higher 
in OD than implant-supported fixed prosthesis [21]. 
Indeed, plaque index, gingival index and probing depth 
were found to be higher in case of fixed prothesis than 
OD with 4 implants [22].

Knowing that insufficient plaque control may lead to 
peri-implant diseases (peri-implantitis and mucositis) 
[23], the main objective of this systematic review was 
to answer the following focused question: “What is the 
impact of implant-supported removable prostheses bar 
designs in fully edentulous arch (in the maxilla and/or 
mandibula), with 4 implants or more, on the peri-implant 
soft and hard tissues?”

Methods
Protocol and registration
This systematic review conformed to Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
PRISMA Checklist [24]. The protocol was registered 
in the International Prospective Register of Systematic 
Reviews (PROSPERO) under number CRD42022323998 
[25].

Eligibility criteria
In this review, the inclusion criteria were based on 
PECOS questions [26]:

Population (P): Adult patients with edentulous maxilla 
and/or mandibula candidate for implant-supported oral 
rehabilitation; Exposure (E): 4 or more dental implants 
with a connecting bar; Comparison (C): Different types 
of bars (dimensions, gum distance, cross-section shape, 
number/orientation (tilted or not) of implants, material); 
Outcome (O): Peri-implant tissues health according to 

Berglundh &al. 2018 classification [27] or peri-implant 
mucosa health using Löe and Sillness classification [28] 
and several indices: plaque index, gingival index, bleed-
ing on probing index, pocket probing depth, calculus 
index [28, 29], marginal bone loss and implant loss; Study 
design (S): Experimental (randomized and non-random-
ized) and observational studies (case-control, cohort, 
cross-sectional).

No language restrictions were applied on search strat-
egy. Research was performed on November 14th, 2023. 
The exclusion criteria encompassed: (1) studies with chil-
dren or animals; (2) studies enrolling patients with a his-
tory of oral cancer; (3) studies where dental connecting 
bars were placed in 3 or less implants; (4) studies with 
unsplinted implants; (5) studies with fixed prosthodon-
tic bar or with OD with a mucosal support; (6) studies 
comparing bars with locators or other devices; (7) stud-
ies using zirconium, zygomatic or extraoral implants; (8) 
studies that do not evaluate peri-implant tissues health; 
(9) studies with no information about the bar design; 
(10) lack of adequate tool measurements for bone loss 
(panoramic radiographs) or unknown classifications for 
indices; 11) clinical studies with a follow-up < 1-year; 12) 
reviews, letters, systematic reviews, meta-analysis, case 
reports < 10 subjects, conference abstract, personal opin-
ions; 13) Same studies but different articles.

Information sources and search strategy
Detailed individual search strategies were developed for 
each bibliographic electronic database: PubMed (includ-
ing Medline), Embase, Scopus, and Web of Science. A 
grey literature search was performed on Google Scholar 
and Open Grey. All database searches were conducted 
from the starting coverage date through November 14th, 
2023. More information on the search strategies was 
provided in Appendix 1. Furthermore, the authors hand-
searched the reference lists of the selected articles for any 
additional references that might have been missed in the 
database searches. All references were managed and the 
duplicated hits were removed by a reference manager 
software (EndNote X7® Basic-Thomson Reuters, New 
York, EUA).

Selection process
This part followed a two-phase process. In phase-one, 
two authors (N.O and L.B) independently evaluated the 
titles and abstracts of all identified citations. In phase-
two, the same authors evaluated the selected records on 
full-text. They independently screened papers on phase-
one and -two, applied the eligibility criteria, collected key 
information from the selected studies, and crosschecked 
the information. The final selection was based solely on 
full-text assessment of the studies. When disagreement 
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appeared, a third author (A.L.P) was involved to make a 
final decision about the inclusion or exclusion of studies.

Data collection process and data items
For each of the included studies, these data were col-
lected: author(s), year of publication, country, sample 
size, bar characteristics (diameter, mucosa-bar distance, 
material, cross-sectional shape, distal extension length), 
number of implants, type of jaw, results, and main 
conclusions.

Study risk of bias assessment
Two methodological appraisal tools were utilized: (1) in 
observational studies, Joanna Briggs Institute (JBI) criti-
cal appraisal checklist was used. It mainly evaluates the 
confounding bias, the study’s assessment method, and 
statistical analysis [30]. (2) For Randomized Clinical Tri-
als (RCT), the version 2 of Cochrane Collaboration’s tool 
for assessing risk of bias was chosen (RoB 2 [31].

Two reviewers (N.O and L.B) scored each item as “yes”, 
“no” or “unclear”, and classified independently the quality 
of each included study as “high”, “low” or “unclear” risk 
of bias. The same two reviewers worked out on any dif-
ferences regarding data analysis. A third author (A.L.P) 
was involved to steer decision in case of uncertainty. Fig-
ures of the quality assessment of all included studies were 
generated with Review Manager 5.3 (RevMan 5.3, The 
Nordic Cochrane Centre, Copenhagen, Denmark).

Risk of bias across studies and reporting bias assessment
The risk of bias across studies was assessed as an overall 
risk the study results may present, on which could influ-
ence meta-analysis data. Methodological and statistical 
heterogeneity were evaluated by comparing the variabil-
ity in study design and the risk of bias.

When the required data were not complete, the 
reviewer (N.O) attempted to contact the study authors 
to retrieve any unpublished information. Three attempts 
were made in a 30 days’ period, by email for the first, sec-
ond and last author.

Impact measures and synthesis methods
Any impact on tissues health was evaluated. Mean and 
standard deviation were used as measure of the impact. 
If quantitative synthesis was deemed appropriate, a meta-
analysis would have been performed by using RevMan 
5.3. However, there were not enough data to perform a 
meta-analysis.

Certainty assessment
A summary of the overall strength of evidence avail-
able was presented using “Grading of Recommendations 
Assessment, Development and Evaluation” (GRADE) 

Summary of Findings (SoF) tables, using GRADEpro 
software [32].

Results
Study selection
The initial database search identified 3049 studies. After 
eliminating duplicated hits, 1283 studies remained; 1260 
of them were excluded after title and abstract revision, 
resulting in a final number of 23 articles. Furthermore, 
567 studies were found with Google Scholar, and 4 with 
OpenGrey. Three of them were selected for full-text read-
ing. No additional study was selected from hand-search 
of the references lists of the included studies. Thus, 26 
studies became part of phase-2. During phase-2, a total 
of 21 studies were excluded (reasons for exclusion may 
be found in Appendix 2). Five studies were included for 
qualitative synthesis. A flowchart of the process of iden-
tification, inclusion and exclusion of studies is shown in 
Fig. 1.

Study characteristics
In total, there was four RCTs [33–36] and one prospec-
tive observational study [37]. The mean sample size 
ranged from 30 [36] to 66 [34] patients with a total of 
261 patients receiving a total of 1176 implants. The stud-
ies were conducted in Netherland [34, 35], Egypt [33, 36] 
and in Austria [37].

Risk of bias assessment
According to the appropriate tools, the observational 
study was classified as moderate risk of bias [37], (Fig. 2). 
Four RCTs were classified as high risk of bias (Table  1, 
Appendix 3) [33–35].

Descriptive synthesis of the included studies
Overall, 261 subjects were enrolled in our systematic 
review with 1176 implants (approximately 5 implants 
per patient). The follow-up period were 1 to 5 years. Six 
implants were lost in total. According to thre of the clini-
cal studies [34, 35, 37], OD survival rate was 100%. There 
was a trend that plaque indices and gingival indices were 
low (Table 2) in all of the studies, however no statistical 
analysis was done due to the lack of data.

Outcomes and main results of each study are reported 
in Table 2A (for observational studies), Table 2B (for 
RCT). Among the included studies, none assessed the 
impact of bar designs on peri-implant tissue health as a 
main objective.

Heschl &al. 2013 [37], conducted a prospective study 
with a 5 years follow-up. Their main objective was to 
evaluate the outcomes of 4 or 6 Xive® S plus implants 
(Dentsply Friadent, Mannheim, Germany) following 
conventional restoration with IRBOD in the mandible. 
After 5 years, the implants success rate was 98.4% and 
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the prosthesis success rate was 75% but the survival rate 
was 100%. Mean scores of pocket probing depth, indices 
for plaque, calculus, gingiva, and bleeding were very low 
after 1-year of loading, and did not significantly differ 
throughout the 5 years follow-up.

Slot et al. 2014 [34], compared the treatment outcome 
of 4 implants vs. 6 in the posterior region of the maxilla 
with IRBOD after a 1 year functional period. Survival rate 
of 4 implants was 100% vs. 99.5% for 6 implants. OD sur-
vival rate was 100%. There was no significant difference 

Fig. 1  Flow diagram of literature search and selection criteriaAdapted from PRISMA

 



Page 5 of 14Omeish et al. BMC Oral Health          (2024) 24:138 

Fig. 2  Risk of bias summary of the observational study; Figures generated with Review Manager 5.3 (RevMan 5.3, The Nordic Cochrane Centre, Copen-
hagen, Denmark, Green plus: Yes, Red minus: No, Yellow question mark: Unclear, White square: not applicable
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between both groups concerning the periodontal indices, 
marginal bone loss and probing depth.

As for Slot et al. 2019 [35], they compared 4 vs. 6 
implants OD in the maxilla after a 5 year observation 
period. We noted that there is a high chance that it might 
be the same study as 2014 [34]. The main results are the 
same except for the 6 implants survival rate which was 
99.2%. There was no significant difference between both 

groups concerning the periodontal indices, marginal 
bone loss and probing depth.

Gibreel et al. 2017 [33], compared bar-clips vs. silicone-
resilient liners used with IRBOD with 4 implants in the 
mandible after a one year follow-up period. Two implant 
failures were noted in the bar-clip group vs. 0 in the 
resilient liner group. Plaque index, bleeding index and 

Table 1  Risk of bias for Randomized Clinical Trials. Version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2)
Gibreel, 
2017

Slot, 2014 Slot, 2019 Ibrahim, 
2022

Was the allocation
sequence random?

Y Y Y Y

Was the allocation sequence concealed until participants were
enrolled and assigned to interventions?

Y Y Y PY

Did baseline differences between intervention groups suggest a problem with the randomization 
process?

NI PN PN PN

Risk of bias judgement Low Risk Low Risk Low Risk Some 
concerns

Were participants aware of their assigned intervention during the trial? NA NA NA NA
Were carers and people delivering the interventions aware of
participants’ assigned intervention during the trial?

NA NA NA NA

Were there deviations from the intended intervention that arose because of the trial context? PY PN PN PN
Were these deviations likely to have affected the outcome? PN PN PN PN
Were these deviations from intended intervention balanced between groups? NI NI NI NI
Risk of bias judgement Some 

concerns
Low Risk Low Risk Low Risk

Was an appropriate analysis used to estimate the effect of assignment to intervention? Y Y Y Y
Was there potential for a substantial impact (on the result) of the failure to analyse participants in 
the group to which they were randomized?

NA NA NA NA

Risk of bias judgement Low Risk Low Risk Low Risk Low Risk
Was an appropriate analysis used to estimate the effect of adhering to intervention? NI NI NI Y
Risk of bias judgement Some 

concerns
Some 
concerns

Some 
concerns

Low Risk

Were data for this outcome available for all, or nearly all, participants randomized? NI NI NI NI
Is there evidence that the result was not biased by missing outcome data? N N N N
Could missingness in the outcome depend on its true value? NI NI NI NI
Is it likely that missingness in the outcome depended on its true value? NI NI NI NI
Risk of bias judgement High Risk High Risk High Risk High Risk
Was the method of measuring the outcome inappropriate? N N N N
Could measurement or ascertainment of the outcome have differed between intervention 
groups?

N N N N

Were outcome assessors aware of the intervention received by study participants? NA NA NA NA
Could assessment of the outcome have been influenced by knowledge of intervention received? PN PN PN PN
Is it likely that assessment of the outcome was influenced by knowledge of intervention received? PN PN PN PN
Risk of bias judgement Low Risk Low Risk Low Risk Low Risk
Were the data that produced this result analysed in accordance with a pre-specified analysis plan 
that was finalized before unblinded outcome data were available for analysis?

NI NI NI NI

Is the numerical result being assessed likely to have been selected, on the basis of the results, 
from multiple eligible outcome measurements within the outcome domain?

PN PN PN PN

Is the numerical result being assessed likely to have been selected, on the basis of the results, 
from multiple eligible analyses of the data?

PN PN PN PN

Risk of bias judgement Some 
concerns

Some 
concerns

Some 
concerns

Some 
concerns

Overall risk of bias judgement High Risk High Risk High Risk High Risk
Legend: N = No, PN = Probably No, Y = Yes, PY = Probably Yes, NI = No Information, NA = Not Applicable
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probing pocket depths were significantly higher in the 
bar-clip group.

Ibrahim et al. 2022 [36], compared four vertical 
implants versus two anterior vertical implants/two poste-
rior implants tilted 30° distally, after a one year follow-up 
period. Overall, implants survival rate was 100%. The ver-
tical implants group had significantly higher peri-implant 
bone loss and higher pocket depths than the tilted 
implants group. Plaque index (PI) and gingival index (GI) 
were significantly higher in the vertical group except in 
the posterior implants it was significantly lower in the 
vertical group. Two dentures were fractured in the tilted 
implants group.

Results of syntheses
A meta-analysis was not performed because of the insuf-
ficiency of data for statistical pooling related to the sort 
of study included and the heterogeneity of the studies 
included.

Certainty of evidence
The overall quality of evidence identified using GRADE’s 
SoF tables was assessed as very low (Appendix 4), 
because of lack of control group for observational stud-
ies; and there were no information about the dropouts 
and not enough data about the statistical analysis for 
RCT. Furthermore, study design labeled as observational 
studies consistently downgraded the certainty.

Discussion
Within the limitation of the current literature, and based 
on the included studies, there is insufficient evidence to 
determine whether bars characteristics impact the peri-
implant tissues health in case of a four or six implant-bar.

However, studies have been led in case of two-implant 
bars and the effect of their designs on peri-implant tis-
sues (mucosa and bone). Stoker et al. 2012 [38] suggested 
in their study (comparing two versus four-implant bars) 
that pocket depths could be explained by gingival hyper-
plasia due to the bar design around the abutments and 
the mucosa-bar distance. In Phillips et al. 2001, the higher 
the mucosa-bar distance the better the hygiene is around 
implants. A 1  mm distance is required for good plaque 
control [20]. However, in vitro, the higher mucosa-bar 
distance the higher the stress is on the peri-implant 
bone [39, 40]. One to 2 mm bar height seems to exert an 
acceptable stress distribution around the peri-implant 
bone and to avoid any peri-implant tissue inflammation 
[20, 41]. In three of the included studies the mucosa-bar 
distance was 2 mm [34–36]. No data was mentioned for 
the other studies.

In case of two-implant bars, the higher the distal exten-
sion length, the more stress it causes on the peri-implant 
bone [42–44]. One clinical study recommends a 7  mm Ta
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distal extension in order to prevent a high strain around 
the two implants [43]. In this systematic review, one 
study had a 12 mm distal extension [37], two other stud-
ies an 8  mm mesial extension (using two bars) [34, 35]. 
One of the included studies [36] compared a 7 mm exten-
sion (with 30° tilted implants) versus no extension (verti-
cal implants). The implants success rate was 100% but the 
PI and GI were significantly higher in the no extension 
group. This could be due to the higher inter-implant dis-
tance in case of tilted implants. Francetti et al.2008 [45] 
suggest that the lower the distance between implants the 
easier it is for the patient to clean and the lower the PI.

To our knowledge, no clinical study was led in case of 
four-implant bar with different distal extension lengths. 
Studies seem to differ if distal extensions (with four 
implants) are related to high gingival index and plaque 
index score and marginal bone loss. Some studies con-
clude that bars with distal extensions seem to enhance 
peri-implantitis [45]. On the other hand, Krenmair et al. 
2007 [47] showed that distal extensions (10 mm) did not 
affect distal bone loss nor implant survival rate in milled 
bars. These results are in line with Ibrahim et al.2022 
study mentioned previously.

According to Al Qutaibi et al. 2020 [48] meta-anal-
ysis comparing marginal bone loss in two versus four-
implants bars overdentures, no significant difference was 
detected in the marginal bone loss of the selected studies 
[5, 38, 49, 50] between both groups. However, three [5, 
49, 50] of the included articles had the same study using a 
round shaped bar with no distal extension and a mucosa-
bar distance higher than 2 mm. One of these studies [5] 
had a one year follow-up period and reported no implant 
failure in case of four-implants bars. One of the included 
studies in this review [33] used bars with the same char-
acteristics (round shaped bars, no distal extension, clips) 
and did not report any implant failure after a one-year 
follow-up either.

Abdel Dayem et al. 2009 RCT [51] compared two 
implants prefabricated round bars OD and custom-made 
bars. There seem to be less bone resorption in prefabri-
cated round bars with clips and lower gingival index and 
plaque index score. However, no implants were lost after 
an 18 months follow-up period. In Gibreel et al. 2017 
[33], one of the included RCT in this review, used the 
same prefabricated bar. Two implants were lost after a 
one year follow-up in the “bar-clip” group. Authors sug-
gest that these results may be attributed to plaque accu-
mulation due to the space under the bar and around the 
abutments, leading to gingival inflammation and to diffi-
culties for the patients to maintain adequate oral hygiene 
around abutments.

In one of the excluded studies (due to the lack of ade-
quate tool measurements for bone loss), authors retro-
spectively compared round prefabricated bars vs. single 

anterior milled bars vs. two bilaterally placed milled bars 
on four to six implants. Peri-implantitis were found in 
nine implants in the second group (anterior milled bar) 
vs. one and two in the first and third group. According to 
the authors, the bar designs might explain the high peri-
implantitis rate since it might lead to a limited access for 
oral hygiene [46]. However, 37% of the participants were 
smokers which also could explain the high peri-implanti-
tis rate.

It is now well-known that implants overload may lead 
to marginal bone loss [52, 53]. Various in vitro stud-
ies evaluated the impact of different bars configuration 
on the peri-implant bone. The cross-section bar shape 
seems to influence the stress around implants: the stress 
transferred in the bone for a rectangular profile is higher 
than a round, an L-shape and a square profile. Square 
profile exerted the less stress [14]. Two of the included 
studies used egg-shaped bars [34, 35], one study used 
Hader bars [36], another study used round prefabri-
cated bars [33] and one study used Dolder bars [37]. The 
higher the diameter of the bar the less stress is exerted 
on the peri-implant bone but there is no statistical differ-
ence between 4 and 6 mm [14]. In the included studies of 
this review, only two studies mention the bars diameters 
(2.19 mm for both) [34, 35].

In de la Rosa’s in vitro study [14], the effect of over-
loaded forces on implants (235  N) was evaluated. The 
stress on the peri-implant bone varied between 9.9 MPa 
(Co-Cr round bar, 4  mm diameter, 4 vertical implants, 
no distal extension) and 79.5  MPa (Titanium grade 5 
round bar, 0.5 mm diameter, 4 vertical implants, no dis-
tal extension). According to Bozkaya &al. 2004 [54], the 
ultimate stress of the cortical bone is 100 MPa in tension 
and 170 MPa in compression. None of these values were 
reached in de la Rosa’s et al. 2019 study. Thus even if bar 
characteristics tend to have an impact on the stress of the 
peri-implant bone, the stress values may not exceed the 
overloading conditions of the cortical bone.

A study showed that the stiffer the framework bar 
material, the higher the stress is on the peri-implant 
bone [55]. Titanium bars or Co-Cr bars have no influ-
ence on the peri-implant bone stress [52]. In de la Rosa’s 
et al. 2019 study, there was a difference in the bone stress 
around four implants in case of a Ti bar and a Co-Cr bar, 
but again the amount of stress did not exceed the over-
loading conditions on the cortical bone. We did not have 
enough data concerning the framework material of the 
bars (only two studies reported using titanium bars [34, 
35]).

Two bars/4 implants exert higher stress on the bone 
than 1 bar/4 implants [56]. Three of the included studies 
[33–35] used 2 bars/4 implants OD and two studies used 
1  bar/4 implants OD [36, 37]. But the implant survival 
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rate was high (97–100%) and the plaque indices low 
(from 0 to 1 according to Mombelli’s classification [29]).

There are many other factors that can influence the 
peri-implant tissues health, besides bars characteris-
tics such as: excessive retention of the OD [13], the use 
of abutments, type of clips, implants orientation etc. An 
in vitro study [52], showed that the use of multiunit or 
converting adapters reduces the stress around the peri 
implant bone, in case of 2 implants bar. In this system-
atic review, all of the studies used abutments [33–35, 37]. 
Properties of the abutment materials seem to influence 
the peri-implant bone stress [57]. Composite materials 
seem to be the most shock-absorbing compared to tita-
nium [57, 58]. We lack information about the abutment’s 
material in the included studies.

The higher the vertical misfit the higher the stress 
around implants [59]. All of the included studies did 
not evaluate any vertical misfit of the bar around the 
abutments/bar.

Tilted implants (45°) exert higher stress on the bone 
than vertical implants, in case of 4 implants [14, 17, 60]. 
Only one study [36] had a group with tilted implants 
(30°). Compared to the vertical implants group, peri-
implant bone loss was significantly lower. Authors 
explain this by the fact that the increase of anterior-pos-
terior spread provides a wider load distribution and thus 
less peri-implant bone stress.

Clips material also influences the stress around 
implants. In a two implants in vitro study [59], plas-
tic clips exerted less stress than gold clips on the peri-
implant bone. Four studies used gold clips [33–35, 37] 
and one study used resin clips [36].

Another factor that influences the stress around the 
peri-implant bone, is the antagonistic arch [57]. Natu-
ral teeth absorb better the shock of the mastication than 
implant prosthesis [61]. Two studies included patients 
with full edentulism in the antagonist arch and had 
implant-OD with 4 implants [34, 35] and two studies 
included patients with an antagonist arch using a conven-
tional complete denture [33, 36].

Conclusions
Due to the lack of information in the included studies, 
we cannot confirm if bar characteristics affect the peri-
implant tissues health. Overall, plaque indices and gin-
gival indices, also implant losses, did not seem to differ 
between the clinical studies selected in the present sys-
tematic review. More RCTs and observational studies are 
required to study directly the effect of bars characteris-
tics on peri-implant tissues health in full edentulous arch 
with four or more implants.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12903-024-03915-5.

Supplementary Material 1: Appendix 1: Database search strategy 
(November 14th, 2023)

Supplementary Material 2: Appendix 2: Articles excluded and the 
reasons for exclusion (n=21)

Supplementary Material 3: Appendix 3: Cochrane Collaboration’s tool 
for assessing risk of bias (RoB 2). (A) Risk of bias summary; (B) Risk of bias 
graph

Supplementary Material 4: Appendix 4: Summary of the overall 
strength of evidence using Grading of Recommendations Assessment, 
Development and Evaluation (GRADE)

Author contributions
N.O selected the articles and wrote the main text, L.B selected the articles, 
M.C.C : reviewed the manuscript, B.T : reviewed the manuscript, A.L.P : 
reviewed the manuscript and participated in the methodology of the review.

Funding
Not applicable.

Data availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
Not applicable.

Consent for publication
All authors consent the publication of this manuscript.

Informed consent
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 August 2023 / Accepted: 19 January 2024

References
1.	 The McGill consensus statement on overdentures. Mandibular two-implant 

overdentures as first choice standard of care for edentulous patients - 
PubMed [Internet]. [cité 1 juill 2022]. Disponible sur: https://pubmed.ncbi.
nlm.nih.gov/12164236/.

2.	 Sadowsky SJ. Mandibular implant-retained overdentures: a literature review. J 
Prosthet Dent Nov. 2001;86(5):468–73.

3.	 Elawady D, The influence of implant number on peri-implant marginal bone 
level, and implant failures in mandibular implant overdentures. A systematic 
review with meta-analysis. Int J Adv Res. 2017;5(7):1326.

4.	 Mericske-Stern RD, Taylor TD, Belser U. Management of the edentulous 
patient. Clin Oral Implants Res. 2000;11(Suppl 1):108–25.

5.	 Batenburg RH, Raghoebar GM, Van Oort RP, Heijdenrijk K, Boering G. Man-
dibular overdentures supported by two or four endosteal implants. A pro-
spective, comparative study. Int J Oral Maxillofac Surg déc. 1998;27(6):435–9.

6.	 Raghoebar GM, Meijer HJA, Slot W, Slater JJR, Vissink A. A systematic review 
of implant-supported overdentures in the edentulous maxilla, compared 
to the mandible: how many implants? Eur J Oral Implantol. 2014;7(Suppl 
2):191–201.

7.	 Sadowsky SJ, Zitzmann NU. Protocols for the Maxillary Implant overdenture: a 
systematic review. Int J Oral Maxillofac Implants. 2016;31:182–91.

https://doi.org/10.1186/s12903-024-03915-5
https://doi.org/10.1186/s12903-024-03915-5
https://pubmed.ncbi.nlm.nih.gov/12164236/
https://pubmed.ncbi.nlm.nih.gov/12164236/


Page 13 of 14Omeish et al. BMC Oral Health          (2024) 24:138 

8.	 Implant-retained mandibular. bar-supported overlay dentures: a finite ele-
ment stress analysis of four different bar heights - PubMed [Internet]. [cité 30 
juin 2022]. Disponible sur: https://pubmed.ncbi.nlm.nih.gov/20545552/.

9.	 Omeish N, Pomes B, Citterio H. Implant-supported bar overdentures in 
patients treated surgically for head and neck cancer: two case reports. Clin 
Case Rep mars. 2022;10(3):e05504.

10.	 Feine JS, Maskawi K, de Grandmont P, Donohue WB, Tanguay R, Lund JP. 
Within-subject comparisons of implant-supported mandibular prostheses: 
evaluation of masticatory function. J Dent Res oct. 1994;73(10):1646–56.

11.	 Liu J, Pan S, Dong J, Mo Z, Fan Y, Feng H. Influence of implant number on 
the biomechanical behaviour of mandibular implant-retained/supported 
overdentures: a three-dimensional finite element analysis. J Dentistry 1 mars. 
2013;41(3):241–9.

12.	 Mericske-Stern R, Piotti M, Sirtes G. 3-D in vivo force measurements on man-
dibular implants supporting overdentures. A comparative study. Clin Oral 
Implants Res déc. 1996;7(4):387–96.

13.	 ELsyad MA, Emera RM, Ashmawy TM. Effect of different bar designs on Axial 
and Nonaxial Retention forces of Implant-retained Maxillary overdentures: an 
in Vitro Study. Int J Oral Maxillofac Implants févr. 2019;34(1):31–8.

14.	 de la Rosa Castolo G, Guevara Perez SV, Arnoux PJ, Badih L, Bonnet F, Behr 
M. Implant-supported overdentures with different clinical configurations: 
Mechanical resistance using a numerical approach. J Prosthet Dent. mars. 
2019;121(3):546.e1-546.e10.

15.	 Barão Va, Delben R, Lima JA, Cabral J, Assunção T. Comparison of different 
designs of implant-retained overdentures and fixed full-arch implant-sup-
ported prosthesis on stress distribution in edentulous mandible–a computed 
tomography-based three-dimensional finite element analysis. J Biomech 26 
avr. 2013;46(7):1312–20.

16.	 Pelekhan B, Dutkiewicz M, Shatskyi I, Velychkovych A, Rozhko M, Pelekhan L. 
Analytical modeling of the Interaction of a Four Implant-supported overden-
ture with bone tissue. Mater (Basel) 24 mars. 2022;15(7):2398.

17.	 Mahantshetty M, Thumati P, Ayinala M. The analysis of the stress distribution 
around angulated and parallelly placed implants based on all on 4 concept 
and four implants placed parallel within the interforaminal distance in an 
edentulous mandible – an in vitro three-dimensional finite element analysis. 
J Dent Implants 1 janv. 2021;11(1):44.

18.	 Kern JS, Kern T, Wolfart S, Heussen N. A systematic review and meta-analysis 
of removable and fixed implant-supported prostheses in edentulous jaws: 
post-loading implant loss. Clin Oral Implants Res févr. 2016;27(2):174–95.

19.	 Park JH, Shin SW, Lee JY. Bar versus ball attachments for maxillary four-implant 
retained overdentures: a randomized controlled trial. Clin Oral Implants Res 
nov. 2019;30(11):1076–84.

20.	 Phillips K, Wong KM. Space requirements for implant-retained bar-and-clip 
overdentures. Compend Contin Educ Dent juin. 2001;22(6):516–8. 520, 522.

21.	 Feine J, Abou-Ayash S, Al Mardini M, de Santana RB, Bjelke-Holtermann T, 
Bornstein MM, et al. Group 3 ITI Consensus Report: patient-reported outcome 
measures associated with implant dentistry. Clin Oral Implants Res oct. 
2018;29(Suppl):270–5.

22.	 ElSyad MA, Alameldeen HE, Elsaih EA. Four-implant-supported fixed 
prosthesis and milled bar overdentures for rehabilitation of the edentulous 
mandible: a 1-year randomized controlled clinical and radiographic study. Int 
J Oral Maxillofac Implants déc. 2019;34(6):1493–503.

23.	 Carra MC, Blanc-Sylvestre N, Courtet A, Bouchard P. Primordial and primary 
prevention of peri-implant diseases: a systematic review and meta-analysis. 
J Clin Periodontology [Internet] [cité 22 juin 2023];n/a(n/a). Disponible sur: 
https://onlinelibrary.wiley.com/doi/abs/https://doi.org/10.1111/jcpe.13790.

24.	 Mathison RD, Davison JS, St Laurent CD, Befus AD. Autonomic regulation of 
anti-inflammatory activities from salivary glands. Chem Immunol Allergy. 
2012;98:176–95.

25.	 Alajbeg I. The Role of Oxidative Stress and Opiorphin in Temporomandibular 
Disorders [Internet]. clinicaltrials.gov; 2017 janv [cité 24 août 2022]. Report 
No.: results/NCT03029494. Disponible sur: https://clinicaltrials.gov/ct2/show/
results/NCT03029494.

26.	 Needleman IG. A guide to systematic reviews. J Clin Periodontol. 
2002;29(Suppl 3):6–9. discussion 37–38.

27.	 Berglundh T, Armitage G, Araujo MG, Avila-Ortiz G, Blanco J, Camargo PM, 
et al. Peri-implant diseases and conditions: Consensus report of workgroup 
4 of the 2017 World workshop on the classification of Periodontal and 
Peri-implant diseases and conditions. J Clin Periodontol juin. 2018;45(Suppl 
20):286–91.

28.	 Loe H, Silness J. Periodontal disease in pregnancy. I. Prevalence and severity. 
Acta Odontol Scand déc. 1963;21:533–51.

29.	 Mombelli A, van Oosten MA, Schurch E, Land NP. The microbiota associated 
with successful or failing osseointegrated titanium implants. Oral Microbiol 
Immunol déc. 1987;2(4):145–51.

30.	 Martin J. © Joanna Briggs Institute 2017 Critical Appraisal Checklist for Cohort 
Studies. 2017;7.

31.	 The Cochrane. Collaboration’s tool for assessing risk of bias in randomised tri-
als | The BMJ [Internet]. [cité 31 août 2022]. Disponible sur: https://www.bmj.
com/content/343/bmj.d5928.

32.	 Wiley.com [. Internet]. [cité 31 août 2022]. Cochrane Handbook for Systematic 
Reviews of Interventions, 2nd Edition | Wiley. Disponible sur: https://www.
wiley.com/en-us/Cochrane+Handbook+for+Systematic+Reviews+of+Interv
entions%2C+2nd+Edition-p-9781119536628.

33.	 Gibreel M, Fouad M, El-Waseef F, El-Amier N, Marzook H. Clips vs resilient 
liners used with bilateral posterior prefabricated bars for Retaining Four 
Implant-supported Mandibular overdentures. J Oral Implantol août. 
2017;43(4):273–81.

34.	 Slot W, Raghoebar GM, Vissink A, Meijer HJA. A comparison between 4 and 
6 implants in the maxillary posterior region to support an overdenture; 
1-year results from a randomized controlled trial. Clin Oral Implants Res mai. 
2014;25(5):560–6.

35.	 Slot W, Raghoebar GM, Cune MS, Vissink A, Meijer HJA. Four or six implants in 
the maxillary posterior region to support an overdenture: 5-year results from 
a randomized controlled trial. Clin Oral Implants Res févr. 2019;30(2):169–77.

36.	 Ibrahim CRM, Awad S, Habib AA, Elsyad MA. Peri-implant tissue health and 
patient satisfaction of vertical versus inclined posterior implants used to sup-
port overdentures with bar attachments. A one-year randomized trial. Clin 
Implant Dent Relat Res. 2022;24(4):424–34.

37.	 Heschl A, Payer M, Clar V, Stopper M, Wegscheider W, Lorenzoni M. Overden-
tures in the edentulous mandible supported by implants and retained by 
a Dolder bar: a 5-year prospective study. Clin Implant Dent Relat Res août. 
2013;15(4):589–99.

38.	 Stoker G, van Waas R, Wismeijer D. Long-term outcomes of three types of 
implant-supported mandibular overdentures in smokers. Clin Oral Implants 
Res août. 2012;23(8):925–9.

39.	 Joshi S, Kumar S, Jain S, Aggarwal R, Choudhary S, Reddy NK. 3D Finite 
Element Analysis to Assess the Stress Distribution Pattern in Mandibular 
Implant-supported Overdenture with Different Bar Heights. The journal of 
contemporary dental practice. 2019.

40.	 Mochalski J, Fröhls C, Keilig L, Bourauel C, Dörsam I. Experimental and 
numerical investigations of fracture and fatigue behaviour of implant-sup-
ported bars with distal extension made of three different materials. Biomed 
Tech (Berl) 25 juin. 2021;66(3):305–16.

41.	 Rismanchian M, Dakhilalian M, Bajoghli F, Ghasemi E, Sadr-Eshkevari P. 
Implant-retained mandibular bar-supported overlay dentures: a finite 
element stress analysis of four different bar heights. J Oral Implantol avr. 
2012;38(2):133–9.

42.	 Srinivasan M, Schimmel M, Buser R, Maniewicz S, Herrmann FR, Müller F. 
Mandibular two-implant overdentures with CAD-CAM milled bars with 
distal extensions or retentive anchors: a randomized controlled trial. Clin Oral 
Implants Res déc. 2020;31(12):1207–22.

43.	 Elsyad MA, Al-Mahdy YF, Salloum MG, Elsaih EA. The effect of cantilevered bar 
length on strain around two implants supporting a mandibular overdenture. 
Int J Oral Maxillofac Implants juin. 2013;28(3):e143–150.

44.	 de Medeiros RA, Goiato MC, Pesqueira AA, Vechiato Filho AJ, Bonatto LdaR, 
Dos Santos DM. Stress distribution in an Implant-supported Mandibular 
Complete denture using different Cantilever lengths and Occlusal Coating 
materials. Implant Dent févr. 2017;26(1):106–11.

45.	 Francetti L, Agliardi E, Testori T, Romeo D, Taschieri S, Fabbro MD. Immediate 
Rehabilitation of the Mandible with fixed full prosthesis supported by Axial 
and Tilted implants: interim results of a single cohort prospective study. Clin 
Implant Dent Relat Res. 2008;10(4):255.

46.	 Rinke S, Rasing H, Gersdorff N, Buergers R, Roediger M. Implant-supported 
overdentures with different bar designs: a retrospective evaluation after 5–19 
years of clinical function. J Adv Prosthodont août. 2015;7(4):338–43.

47.	 Krennmair G, Krainhöfner M, Piehslinger E. Implant-supported mandibular 
overdentures retained with a milled bar: a retrospective study. Int J Oral 
Maxillofac Implants. 2007;22(6):987–94.

48.	 Alqutaibi AY, Elawady DMA. Implant splinting in mandibular overdentures: a 
systematic review with meta-analysis of randomized clinical trials. Quintes-
sence Int. 2020;51(4):294–302.

https://pubmed.ncbi.nlm.nih.gov/20545552/
https://onlinelibrary.wiley.com/doi/abs/
https://doi.org/10.1111/jcpe.13790
https://clinicaltrials.gov/ct2/show/results/NCT03029494
https://clinicaltrials.gov/ct2/show/results/NCT03029494
https://www.bmj.com/content/343/bmj.d5928
https://www.bmj.com/content/343/bmj.d5928
https://www.wiley.com/en-us/Cochrane+Handbook+for+Systematic+Reviews+of+Interventions%2C+2nd+Edition-p-9781119536628
https://www.wiley.com/en-us/Cochrane+Handbook+for+Systematic+Reviews+of+Interventions%2C+2nd+Edition-p-9781119536628
https://www.wiley.com/en-us/Cochrane+Handbook+for+Systematic+Reviews+of+Interventions%2C+2nd+Edition-p-9781119536628


Page 14 of 14Omeish et al. BMC Oral Health          (2024) 24:138 

49.	 Meijer HJA, Raghoebar GM, Batenburg RHK, Visser A, Vissink A. Mandibular 
overdentures supported by two or four endosseous implants: a 10-year clini-
cal trial. Clin Oral Implants Res Juill. 2009;20(7):722–8.

50.	 de Jong MHM, Wright PS, Meijer HJA, Tymstra N. Posterior mandibular 
residual ridge resorption in patients with overdentures supported by two or 
four endosseous implants in a 10-year prospective comparative study. Int J 
Oral Maxillofac Implants. 2010;25(6):1168–74.

51.	 Abd El-Dayem MA, Assad AS, Eldin Sanad ME, Mahmoud Mogahed 
SAAH. Comparison of prefabricated and custom-made bars used for 
implant-retained mandibular complete overdentures. Implant Dent déc. 
2009;18(6):501–11.

52.	 Kümbüloğlu Ö, Koyuncu B, Yerlioğlu G, Al-Haj Husain N, Özcan M. Stress 
Distribution on Various Implant-Retained Bar Overdentures. Materials (Basel). 
30 avr. 2022;15(9):3248.

53.	 Di Fiore A, Montagner M, Sivolella S, Stellini E, Yilmaz B, Brunello G. Peri-
Implant Bone Loss and Overload: A Systematic Review Focusing on Occlusal 
Analysis through Digital and Analogic Methods. J Clin Med. 17 août. 
2022;11(16):4812.

54.	 Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer characteristics of five 
different implants in compact bone at different load levels by finite elements 
analysis. J Prosthet Dent déc. 2004;92(6):523–30.

55.	 Caetano CR, Mesquita MF, Consani RLX, Correr-Sobrinho L, Dos Santos MBF. 
Overdenture retaining bar stress distribution: a finite-element analysis. Acta 
Odontol Scand Mai. 2015;73(4):274–9.

56.	 Prakash V, D’Souza M, Adhikari R. A comparison of stress distribution and 
flexion among various designs of bar attachments for implant overdentures: 

a three dimensional finite element analysis. Indian J Dent Res mars. 
2009;20(1):31–6.

57.	 Maminskas J, Puisys A, Kuoppala R, Raustia A, Juodzbalys G. The prosthetic 
influence and biomechanics on Peri-implant strain: a systematic literature 
review of finite element studies. J Oral Maxillofac Res sept. 2016;7(3):e4.

58.	 Andreasi Bassi M, Bedini R, Pecci R, Ioppolo P, Lauritano D, Carinci F. Mechani-
cal properties of resin glass fiber-reinforced abutment in comparison to 
titanium abutment. J Indian Soc Periodontol. 2015;19(3):273–8.

59.	 dos Santos MBF, Bacchi A, Correr-Sobrinho L, Consani RLX. The influence of 
clip material and cross sections of the bar framework associated with vertical 
misfit on stress distribution in implant-retained overdentures. Int J Prostho-
dont févr. 2014;27(1):26–32.

60.	 Naini R, Nokar S, Borghei H, Alikhasi M. Tilted or parallel Implant Placement 
in the completely edentulous Mandible? A three-dimensional finite element 
analysis. Int J oral Maxillofacial Implants 1 Juill. 2011;26:776–81.

61.	 Urdaneta RA, Leary J, Panetta KM, Chuang SK. The effect of opposing struc-
tures, natural teeth vs. implants on crestal bone levels surrounding single-
tooth implants. Clin Oral Implants Res févr. 2014;25(2):e179–188.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Effect of bar designs on peri implant tissues health in implant-supported removable prostheses: a systematic review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Protocol and registration
	﻿Eligibility criteria
	﻿Information sources and search strategy
	﻿Selection process
	﻿Data collection process and data items
	﻿Study risk of bias assessment
	﻿Risk of bias across studies and reporting bias assessment
	﻿Impact measures and synthesis methods
	﻿Certainty assessment

	﻿Results
	﻿Study selection
	﻿Study characteristics
	﻿Risk of bias assessment
	﻿Descriptive synthesis of the included studies
	﻿Results of syntheses
	﻿Certainty of evidence

	﻿Discussion
	﻿Conclusions
	﻿References


