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ABSTRACT

Background: Various attachments like ball, bar-clip, magnetic attachments are used in implant supported overdentures. Finite Element Analysis (FEA) a newly
innovated technology has been used in dental implantology to evaluate stress distribution patterns. There is little evidence available regarding the stress distribution
in peri-implant region for implant supported overdentures. The purpose of the review was to generate scientific evidence on peri-implant stress distribution in FEA
model with different types of attachments employed in implant supported overdentures.

Materials and methods: Systematic review was conducted as per the Preferred Reporting Items for Systematic Reviews Guidelines and Meta-Analyses statement
(PRISMA). A comprehensive search was undertaken by two reviewers from January 2020 to June 2020 with no year limits to published articles. Only in-vitro FEA
studies were included. Following electronic databases were searched for published studies- PubMed, Web of Science. Characteristics of the studies tabulated and
analysis of articles was done to compare different attachment systems.

Results: Locator attachments showed better stress distribution than ball attachment system in all the studies but one. Two studies showed results in favour of ball
attachment compared to bar-clip attachment system when stress was evaluated distal to the implants. No significant difference in terms of stress concentration could
be generated between ball versus magnetic/equator versus locator attachment system due to less number of studies and conflicting results.

Conclusion: Various studies showed different results due to heterogenicity in selected attachment systems and study designs. Locator attachments showed favourable

stress distribution around peri-implant bone than other attachments.

1. Introduction

Edentulous state is one of the major disabilities faced by the older
individuals due to loss of teeth with advancing age. Implant supported
overdenture prosthesis is a promising and cost effective treatment
approach to combat the edentulous conditions." Improvement in
masticatory efficiency and chewing ability have also been stated by
various studies on comparing implant supported overdentures and
conventional complete denture prosthesis.”® Compared to fixed
implant supported prosthesis, implant supported overdentures have
advantages like less accuracy needed in implant position, less number of
implants to be placed to retain the prosthesis, patient can remove the
denture in night (important in patients with parafunctional habits)
etc.”’

Various attachments like ball, bar-clip, magnetic, locator types are
used in implant supported overdentures to retain the prosthesis. The
positioning of the implant attachments is important for two-implant

overdentures because in the presence of pathological overloading, the
bone around the implants get deformed and resorbs due to the excessive
stress. Strain gradients and various attachment systems behave differ-
ently in terms of survival rate of implants and bone loss.® Previously few
studies have shown no significant relationship between masticatory
performance, patient satisfaction and type of attachments used in
implant supported overdentures.”'? However, findings from various
studies in recent times have indicated that prosthesis maintenance and
prosthetic complications may be modulated by the type of attachments
used in overdenture prosthesis.“’m Finite element analysis (FEA) is a
recent development in the field of biological research used for biome-
chanical analyses. Models replicating the biological structures and stress
analysis by inducing mechanical forces on these models evaluate the
materialistic properties of anatomical structures.'”>'® Data related to
bone geometry and properties are transferred from digital images like
CT scan/MRI scan to an FEA model assisted by various softwares.'*! In
FEA models load is usually applied vertical or oblique to the long axis of
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Table 1

Excluded studies with reason.

Excluded study

Reason for exclusion

1. Bidez et al. (1993)**
2. Luo et al. (1998)°°
3.Luo X etal. (1998)*°
4. Chun HZ et al.

Used four different hader bar designs

Used natural tooth as an abutment in some models
Article in Chinese language

Used only Dalbo type of attachments

(2005)*”

5. Tanino F et al. Checked difference in stress patterns, using attachments of
(2007)* different modulus of elasticity only.

6. Daas M et al. Compared only different modulus of elasticity of
(2008)*° attachments

7. Barao et al. Compared complete dentures and overdentures
(2009)*°

8. Prakash V et al. Used only different number of bar attachment systems
(2009)"'

9. Fatalla et al. Used teeth as an abutment in one model
(2012)*

10. Barao et al. Compared between implant supported fixed prosthesis and
(2013)* implant retained overdentures.

11. Dashti M et al. Evaluated stress patterns in mandibular residual alveolar
(2013)** ridge using two different attachment systems.

12. Bilhan SA et al. Evaluated the change in stress patterns when the number of
(2015)*° implants supporting overdenture varies

13. Caetano CR et al. Used only different bar designs and compared stress in
(2015)*° different implant angulations, vertical misfit, framework

materials.

14. Lauritano F et al. Not accessible

(2016)"

15. El-Zawahry et al. Used only different number of ball attachments
(2018)*

16. HuF et al. Used only different magnetic attachments in various
(2019)* models

17. Jiang MY et al. Article in Chinese language
(2019)*°

the tooth to evaluate the stress in the model.?! Different types of stress
patterns can be seen in FEA model like Von Mises stress and principal
stress, Von Mises stress is a theoretical stress pattern which is used to
calculate yield strength or fatigue strength of ductile materials and
principal stress is a less theoretical one, directly measurable stress.?>?>
Main drawback of the FEA models is the effect of facial form and
craniofacial musculature on masticatory forces cannot be duplicated in
models. All FEA models considered in the stress analysis are isotropic in
behaviour. It is challenging to quantify the whole anisotropic structure
of a bone, organ with current techniques.”* FEA analysis offer major
advantage in implant dentistry via simulating intraoral condition in
vitro and analysing effect of change in implant number, material and
effect of other component on anatomical structure. As per author’s
knowledge presently there is no systematic review available in terms of
stress distribution pattern of implant overdenture attachments in FEA
models. Results of this review may add more scientific evidence in this
topic which can help us during selection of overdenture attachments in
clinical scenario.

The aim of the present systematic review was to compare different
types of attachments used in implant supported overdenture finite
element models in terms of distribution of stress to the surrounding bone
and other tissues.

2. Materials and methods

Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines were used and the checklist was followed in this
Systematic review.

. Population, intervention, control, outcome, study design (PICOS)
strategy.

P: Finite element models
I: Implant supported overdenture with attachments
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C: Implant supported overdenture with a different type of attach-
ment than interventional group in same model

O: Stress distribution around peri-implant region

S: Finite element analysis studies

Focus question: What is the pattern of stress distribution of various
attachment systems for implant supported overdenture prosthesis in
peri-implant region evaluated by Finite Element Models???

Search strategy: Eligibility criteria were determined before the
literature search was performed. Published articles on finite element
analysis using implant supported overdenture models were included.
Prospective and retrospective studies, in-vivo studies, animal studies,
literature reviews were excluded. Only articles written in English lan-
guages were selected. In-vitro studies were included in this study that
were concerned with stress patterns under different types of attachment
systems in implant supported overdenture FEA models. A comprehen-
sive search was done from January 2020 to June 2020 with no year
limits to published articles. Following electronic databases were
searched for published studies- PubMed, Web of Science. Additionally
manual search of the references and gray literature was done. Keywords
used in this study during literature search were: “finite element anal-
ysis,” “dental implants,” “overdentures,” “attachments.” Two indepen-
dent reviewers (BB and RS) performed the literature search and any
disagreements between reviewers were solved through discussion.

Objective of the review: Evaluation of stress distribution pattern of
different attachments used in implant supported overdenture in peri-
implant region of finite element models.

Data extraction: The data was extracted by two independent re-
viewers (BB and RS) from all the included studies and filled into pre-
determined forms. The form consisted of the following informations:
Study, year, country, FEM model designing, materials used in analysis,
loading conditions, attachments used, and significant findings. The
extracted data were stratified and tabulated according to chronological
order. Information related to various characteristics of the included
studies was described in a summary like format.

3. Results

The literature search yielded a total of 174 articles from two elec-
tronic databases (PubMed- 98, Web of Science - 76). After removal of the
duplicates (n = 66), initial screening of titles and abstracts was per-
formed by two independent reviewers (BB and RS). At this stage 81
articles got removed after screening of title and abstracts. A total of 27
articles were selected for full-text reading, of these 27 articles, 10 studies
were included for qualitative analysis.®*>* Three studies excluded due
to non-English languages and non-accessibility, six studies not selected
due to usage of only one type of attachment system in the study design.
Among the excluded studies five studies used either tooth as an abut-
ment or any other type of prosthesis to check the stress pattern and
another study evaluated stress in edentulous ridge but not in
peri-implant region. Remaining two studies employed attachments of
different elastic modulus; no difference was present in between attach-
ment types.34'50 Excluded studies have been mentioned in (Table 1).
Total ten studies from five different countries were included in this
systematic review. Study selection procedure has been depicted in
(Fig. 1). Among the included studies, six studies compared ball attach-
ments and locator attachments.®?”>?33%31:33 Two studies compared
between ball attachments and bar-clip attachment systems.?>° One
study compared between locator and equator attachments and another
study compared between ball attachments and magnetic attach-
ments.’%*? Characteristics of the individual studies are tabulated in
chronological order in Tables 2 and 3. Typical setup of FEA model
containing the attachment system have been shown in (Fig. 2).
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Fig. 1. Flowchart showing study selection process.

4. Discussion

Different attachment systems have been used till now in relation to
implant supported overdenture prosthesis. Behaviour of the attachments
under axial and non-axial forces modulates the survivability of attach-
ment systems and can influence the marginal bone loss around implants.
Success of implant supported overdenture prosthesis depends on peri-
implant tissue responses, bone loss, hygiene and overall compliance of
the patients.'® Selection of attachment system is based upon various
factors like inter-arch distance, inter-implant distance, bone quality,
cost-effectiveness, arch form, amount of keratinized mucosa.”’ Mainte-
nance of bone surrounding dental implants dependent upon material of
implant and prosthesis, type of loading, direction and magnitude of
force (axial/non-axial), quality and quantity of surrounding bone and
other factors. In the present systemic review, included ten studies are
divided into various sections according to the attachment types and
discussed below.

4.1. Ball attachments vs locator attachments

Khurana et al. used different heights of the locator attachments and
ball attachments in FEA models. According to the study locator attach-
ment showed more homogenous stress distribution than ball attach-
ments in all the models. Von mises stress value was found to be lowered
with locator attachment than for ball attachment in the models. Stress
value increased proportionally with the increasing height of attach-
ments.*! Similarly Ozan et al. showed that stress values were less in case
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of locator attachments. Stress concentration areas were also different for
both the attachments. Locator attachments showed most of the stress
concentrated at the top of attachment while neck region was the most
stressed region in case of ball attachments.® El-anwar et al. used models
with both the locator and ball attachments and measured stress values in
different regions of prosthesis and denture bearing areas. Measured
stress value in implant and prosthetic components showed less stress
concentration in case of locator attachments. Conclusions from the study
were that Locator attachments are more useful to increase prosthetic life
span by dissipating stress around the attachments. However in case of
weaker bone, ball attachments are more preferable.’” In another study
of el-anwar et al. different models were used consisting of ball and
locator attachments and two/four implant supported overdentures. In
this study, similarly, locator attachments proved to be beneficial in
terms of distribution of stress in implant and peri-implant regions. Au-
thors stated that this may be due to lower profile and resilient nature of
locator attachments.”® Ciccill et al. stated that locator attachments
showed better response than ball attachment and universal abutment
when five different types of load were directed in the model.””

Contradicting the other studies Unsal et al. showed that principal
stress value was less for ball attachment models than the locator at-
tachments. Von mises stress value was higher in case of ball attachments
but not statistically significant. Authors concluded that this behaviour of
ball attachments may be due to most of stress gets absorbed in the neck
of the ball attachments.>*
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Table 2

Characteristics of the included studies.
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Study Country  FEA model designing Materials used in the study Loading conditions Attachments used

Menicucci Italy The model was fabricated using All the materials used in these FEAmodels ~ Amplitude of the applied forces was The ball attachments
et al. Sprints software. were assumed to be isotropic, such that the reaction force at a and one straight bar
(2000)*° homogeneous, and linearly elastic. restrained point at the first molar of the  and two clips 6 mm

prosthesis equaled 35 N vertical bite apart.
force to stimulate masticatory loading.

John et al. India ANSYS Software 8 was used to 2 mm thickness of uniform cortical bone Force of 35, 70, 10 N were directed from The Ball attachment

(2012)*° fabricate 3D finite element model was used, which was covered by mucosa. horizontal (lingual), vertical, and and Magnetic
from computed tomography scan of Overdenture prosthesis over implant oblique (buccal) directions respectively ~ attachment.
mandible. consisted of an acrylic denture base and on the surface of the modelled tooth.

acrylic teeth. All materials used in this
study were assumed to be homogeneous
isotropic and linearly elastic.

Ozan et al. Turkey The data used in this study obtained 3D mandible FEA model made up of 2mm  Occlusal load of 100 N was used in Ball attachment and

(2014)° from the Visible Human Project®. cortical bone covering the trabecular bone  different biting configurations. Locator®
Rhinoceros 4.0 software was used to and 2 mm mucosa. Implant abutment attachment.
establish a 3D mandible FEA model (patrix) was made up of titanium and

retentive gold alloy housing was used as
matrix. Patrix part of the locator
attachment system was modelled from
titanium. Additionally, 4.7 mm-diameter
resilient nylon (blue) cap was also used.
Matrix part of the system modelled from
5.4 mm diameter denture cap.

Cicciu et al. Italy Models of the jaw arches, the dental In this study grade 4 titanium was used to ~ The three implants were tested with Ball attachment

(2015)* implants, and the prosthetic crowns fabricate implant components, static loads. Different loading conditions  system, The Locator
fabricated with the help of a CAD attachment systems, and other prosthetic were considered: system,
(computer aided design) software. components. Cortical and cancellous bone
was considered as orthotropic materials.
Three different models were used in this
study. Model A is as follows:
(i) Dental implant (@ 4,3 x 13 mm). (i) Pure traction of 400 N.
(ii) Ball Abutment (@ 4,3; gingival height (ii) Pure compression of 400 N.
3 mm).
(iii) Bone (midollar and cortical). Model (iii) Flexural force of 400 N.
B is as follows:
(i) Dental implant (@ 4,3 x 13 mm). (iv) Mixed tensile-bending of 400 N.
(ii) Locator Abutment (@4,3; gingival (v) Mixed compression bending of 400
height 3 mm). N.
(iii) Bone (midollar and cortical). Model
C is as follows:
(i) Dental implant (34,3 x 13 mm).
(ii) Universal abutment (@4,3H11mm).
(iii) Passing screw
(iv) Bone (midollar and cortical). All loads were distributed on the
implant surface in contact with the
tooth.

El-anwar Egypt Commercial CAD/CAM software was  All the 3D model components were Unilateral compressive loads of 50, 100, Ball and Locator
et al. used to fabricate 3D FEA model. exported in SAT file format. The modelled ~ and 150 N were applied in a vertical attachments.
(2015)*° implant consisted of titanium with ball or ~ direction, parallel to the longitudinal

locator attachments. axes of the implants (central fossa in the
molar region).

Satpathy India Finite element model was modelled Mechanical properties such as Young’s Load of 0-100 N was used, increasing in ~ Ball/O-ring and Bar/
et al. from a spiral computed tomography modulus and Poisson’s ratio of mandible, 10 N incremental orders. The loads were  Clip attachment
(2015)*° scan image of 3 mm sections of a 60-  denture, mucosa and implants were applied both unilaterally and bilaterally  systems

year-old completely edentulous male  analyzed. All materials used in this study  in the second premolar and first molar
patient. considered to be isotropic, homogeneous, region.
and linearly elastic.

El-anwar Egypt The finite element models were Titanium used as a material of choice in Vertical load, and oblique load of 100 N Ball & socket
et al. created in “Autodesk Inventor” fabrication of implants and attachments. directed at an angle of 110° from the attachments and
(2017)*° Version 8, then exported as SAT files. ~ The metal cover on nylon caps of both the  lingual side in right premolar/molar Locator attachments

attachments were ignored. All materials region.
that were used including cortical and

cancellous bone considered to be

isotropic, homogenous and linearly

elastic.

Khurana India 3D surface model of the mandible The cortical and cancellous bone material ~ Central fossa region of the right first Ball attachment and
etal. was obtained by using data from a was isotropic, homogenous, and linearly molar tooth,- Vertical compressive load Locator attachment
(2018)°! cone beam computerized elastic. Ti6Al4V alloy was used to make of 100 N (Direction- Unilaterally), at three heights (1, 3,

tomography (CBCT) image of the
human edentulous mandible. Data
from CBCT image was then imported
into Materialise MIMICS software.
CATIA (Computer Aided 3D

implants, grade 4 titanium was used to
fabricate attachments. The caps of the
attachment were consist of - a retentive
nylon rubber cap and a stainless steel
housing. . The overdenture prosthesiswas
made for the same patient using

805

Buccal incline of the buccal cusp right
first molar tooth (buccal to lingual
direction, unilaterally) - An oblique load
(100 N) 30° in relation to the
longitudinal axis of the implant

5 mm)

(continued on next page)
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Study Country  FEA model designing Materials used in the study Loading conditions Attachments used
Interactive Application) software was ~ conventional heat-cured acrylic resin and
used in final fabrication of the model. ~ cross-linked acrylic teeth which was used
to later in fabrication of 3D model.
Cicciu et al. Italy Finite element models of jaw arches, Physical behaviour of different materials A compression load of 800 Nwasused to ~ The Equator®
(2019)*? overdentures and implants were were considered depending upon occlusal ~ load the dental implants. attachment system
processed from roster images using a  loading and lateral forces. The titanium and the Locator®
3D CAD “version 2014” alloy (Ti6Al4V) which was used attachment.
considered as homogeneous, linear, and
isotropic, whilst the bone tissues (cortical
and cancellous) were considered as
orthotropic materials
Unsal et al. Turkey .Software was used to fabricate 3D Attachment parts were made up of metal Central fossa of the right and the left The locator and the
(2019)** models of completely edentulous alloys.The prostheses and denture teeth first molar teeth, unilaterally and Ball attachments

mandibles of different bone heights
from cone-beam computed
tomography (CBCT) image.

were considered as made up of acrylic
resin. 2 mm thickness of cortical bone and
1 mm of mucosa considered in the control
model. All materials used were considered
as isotropic, homogenous, and linearly

bilaterally — Static and Vertical load.
Center of the buccal cusp of the first
molar of the overdenture (Direction-
buccolingualy, Unilaterally) - oblique
load of 100 N was applied at an angle of

elastic.

30° with respect to the long axis of the
implants.

4.2. Bar-clip attachment system vs ball attachments

Menicucci et al. evaluated stress patterns in models using attachment
system of bar-double clip and ball. Due to limitation of rotational
movement and less degree of freedom bar-clip attachment system
concentrated most of the force distal to the implants. Ball attachments
on the other hand produced much less amount of stresses in the models,
which was concentrated mainly in medial portion in between two
implants.”®

Satpathy et al., measured the stress by both analog system and finite
element analysis procedures between bar-clip and ball attachments. In
their study they got slightly different results from the previous FEA
analysis studies. Loading side implant showed less stress concentration
in case of ball attachments when less amount of load was applied. This
may be due to shock absorbing property of elastic O-ring used with ball
attachments in this study. Bar-clip attachment produced more stress on
the non-loading side of implant because of splinting effect even in lower
amount of loads. Conditions with bilateral load application showed
better dissipation of forces in case of bar-clip attachments than ball
attachment system. Findings in higher loading condition were contra-
dictory to the results of previous aforementioned studies.’

Table 3
Significant findings of the included studies.

4.3. Ball attachments vs magnetic attachments

Only one study compared generated stress pattern between ball and
magnetic attachments included in the review according to the pre-
defined inclusion criteria. John et al. placed different diameters of ball
attachments and magnetic attachments in finite element model in the
study design. They concluded that stress can be reduced by using smaller
diameter attachments but no significant difference was found in be-
tween two type of attachments.”®

4.4. Equator attachments vs locator attachments

Ciccili et al. applied a load of 800 N in finite element models, three
different attachments-universal abutment, equator attachment and
locator attachment were used. Overall both equator and locator at-
tachments showed better stress distribution in the bone around the
implants than universal abutment. Both the attachments showed
adequate resistance against fracture by dissipating the load. Retentive
properties were adequate for both the systems.>”

The commonly used attachment systems the bar and clip and ball and
O-ring systems are most common system used. It has previously been

Study name Key findings

Menicucci et al.
(2000)*

Cortical bone around neck and bottom part of dental implants concentrated more stress than other regions. In case of bar-clip anchorage stress more
concentrated around the non-working side implant. Area between the two implants was the most stressed region in case of ball attachments. Highest peak

stress found in case of bar-clip attachment system compared to ball attachments.

John et al. (2012)*°

Both ball and magnetic attachment systems showed favourable stress distribution around peri-implant bone. Greater diameter attachment system generated

more stress around implants. Therefore greater diameter of implants is always favourable when using greater diameter of atttachments.

Ozan et al. (2014)°

Stresses on the locator attachments showed lower values in peri-implant bone when compared with the ball attachment groups in all configurations.

Ball attachment used in the study had rotational resiliency but no vertical resiliency. Therefore neck of the ball attachment concentrated more stress than

other region.
Ciccitl et al. (2015)”

Locator attachments used in the study showed better stress distribution (Model B) than other models containing ball attachments and universal attachment

systems (Model A and Model C) in all five different types of stresses.

El-anwar et al.
(2015)*

Satpathy et al.
(2015)*

El-anwar et al.
(2017)*°

case of locator attachment compared to other system,

Locator and ball-socket attachments induced equivalent stress around peri-implant region. Overall stress on nylon caps, implant and prosthesis was less in

Ball attachment dissipated less force during bilateral loading period and bar-clip attachment concentrated more stress in unilateral loading period. Bar-clip
attachment was considered to be better during condition with higher occlusal load compared to ball attachment system.

Locator atttachments generated less stress around peri-implant bone due to its resilient nature and low-profile design.

Ball attachments due to its high profile from alveolar bone and implant generated more stress by creating a longer lever arm.

Cervical portion of the locator attachment and neck of the ball attachments were the most stressed region.

Khurana et al.
(2018)”!
Ciccitt et al. (2019)*
system
Unsal et al. (2019)*
attachments compared to unilateral loading condition.

Locator attachments showed even stress distribution than ball attachments in all the loading conditions. Increase in attachment height generated more stress
than attachment with lower height. Neck of both the attachment systems was the highest stressed region.
Equator and locator attachment systems distributed stress evenly compared to universal abutment. Better distribution of stress incase of locator attachment

Ball attachment showed less principal stress values than locator attachment system. In case of bilateral loading there was less dissipation of stress with ball
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Fig. 2. Setup of an attachment in FEA model

Figure reference: El-Anwar MI, Yousief SA, Soliman TA, Saleh MA, Omar WS. A
finite element study on stress distribution of two different attachment designs
under implant supported overdenture. Saudi Dent J 2015; 27:201-7.

reported that most prosthetic maintenance related complications occur
during the first year of loading and ball attachments have high main-
tenance rate due to the need to change the ring, over time.”” Previously
many studies addressed that repair and maintenance of attachment

systems

are important for survival of implant supported

overdentures.”®**°>° Designing and quality of implant attachment
system, implant position, materials, occlusion all are responsible for
better performance of prosthesis.”” Reviewing the result from the study
it can be stated that greater height and diameter of the attachments
generated more stress around peri-implant region. Due to low-profile
design and resilient nature of locator attachment it showed good
result at dissipation of stress around dental implants. Rigidity of
attachment system also influence force distribution pattern around
implant, more force is generally concentrated in distal region of implant
with rigid attachment system.

5.

Conclusion

Within limitations of this systematic review evaluating studies using

ball and locator attachments it can be concluded that locator attach-
ments showed better stress distribution than ball attachment system in
all the studies except one study. Two studies showed results in favour of
ball attachment compared to bar-clip attachment system when stress
was evaluated distal to the implants. No significant difference in terms of
stress concentration can be generated between ball vs magnetic/equator

Vs

locator attachment system due to less number of studies and con-

flicting results.

Funding

Nil.

Declaration of competing interest

There is no conflict of interest.

Acknowledgements

Nil.

References

1

S

w

Zhang Q, Jin X, Yu M, et al. Economic evaluation of implant-supported overdentures
in edentulous patients: a systematic review. Int J Prosthodont (IJP). 2017;30:
321-326.

Zhang L, Lyu C, Shang Z, Niu A, Liang X. Quality of life of implant-supported
overdenture and conventional complete denture in restoring the edentulous
mandible: a systematic review. Implant Dent. 2017;26:945-950.

Cardoso RG, De Melo LA, Barbosa GAS, et al. Impact of mandibular conventional
denture and overdenture on quality of life and masticatory efficiency. Braz Oral Res.
2016;30:e102.

807

EN

9]

(=)}

N

@

O

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Journal of Oral Biology and Craniofacial Research 12 (2022) 802-808

Nogueira TE, Dias DR, Leles CR. Mandibular complete denture versus single-implant
overdenture: a systematic review of patient-reported outcomes. J Oral Rehabil. 2017;
44:1004-1016.

Sivaramakrishnan G, Sridharan K. Comparison of implant supported mandibular
overdentures and conventional dentures on quality of life: a systematic review and
meta-analysis of randomized controlled studies. Aust Dent J. 2016;61:482-488.
Jivraj S, Chee W, Corrado P. Treatment planning of the edentulous maxilla. Br Dent J.
2006;201:261-279.

Martin-Ares M, Barona-Dorado C, Guisado-Moya B, Martinez Rodriguez N, Cortes-
Breton-Brinkmann J, Martinez-Gonzalez JM. Prosthetic hygiene and functional
efficacy in completely edentulous patients: satisfaction and quality of life during a 5-
year follow-up. Clin Oral Implants Res. 2016;27:1500-1505.

Ozan O, Ramoglu S. Effect of implant height differences on different attachment
types and peri-implant bone in mandibular two-implant overdentures: 3D finite
element study. J Oral Implantol. 2015;41:e50-e59.

Kim HY, Lee JY, Shin SW, Bryant SR. Attachment systems for mandibular implant
overdentures: a systematic review. J Adv Prosthodont. 2012;4:197-203.

Goncalves F, Campestrini VLL, Rigo-Rodrigues MA, Zanardi MR. Effect of the
attachment system on the biomechanical and clinical performance of overdentures: a
systematic review. J Prosthet Dent. 2020;123:589-594.

Cristache C, Ionescu C, Cristache G. A 5-year prospective randomised clinical trial on
the efficiency of two different attachment systems as retention for implant-supported
mandibular overdenture. Radiographics. 2009;14:2016-2019.

Cune M, Burgers M. Mandibular overdentures retained by two implants: 10-year
results from a crossover clinical trial comparing ball-socket and bar- clip
attachments. Int J Prosthodont (IJP). 2010;23:310-317.

Assad AS, Abd El-Dayem MA, Badawy MM. Comparison between mainly mucosa-
supported and combined mucosa-implant-supported mandibular overdentures.
Implant Dent. 2004;13:386-394.

Kappel S, Dent M, Giannakopoulos NN, Dent M. Immediate loading of dental
implants in edentulous mandibles by use of locator ® attachments or Dolder ® Bars:
two-year results from a prospective randomized clinical study. Clin Implant Dent Relat
Res. 2016;18:752-761.

Boven GC, Meijer HJ, Vissink A, Raghoebar GM. Maxillary implant overdentures
retained by use of bars or locator attachments: 1-year findings from a randomized
controlled trial. J Prosthodont Res. 2020;64:26-33.

Chaware SH, Thakkar ST. A systematic review and meta-analysis of the attachments
used in implant-supported overdentures. J Indian Prosthodont Soc. 2020;20:255-268.
Sun J, Jiao T, Tie Y, Wang DM. Three dimensional finite element analysis of the
application of attachment for obturator framework in unilateral maxillary defect.

J Oral Rehabil. 2008;35:695-699.

Gao J, Xu W, Ding Z. 3D finite element mesh generation of complicated tooth model
based on CT slices. Comput Methods Progr Biomed. 2006;28:916-924.

Lu S, Li T, Zhang Y. Biomechanical optimization of the diameter of distraction screw
in distraction implant by three- dimensional finite element analysis. Comput Biol Med.
2013;43:1949-1954.

Pessoa RS, Muraru L, Junior EM. Influence of implant connection type on the
biomechanical environment of immediately placed implants—CT-based nonlinear,
three-dimensional finite element analysis. Clin Implant Dent Relat Res. 2010;12:
219-234.

Trivedi S. Finite element analysis: a boon to dentistry. J Oral BiolCraniofac Res. 2014;
4:200-203.

Liu S, Liu Y, Xu J, Rong Q, Pan S. Influence of occlusal contact and cusp inclination
on the biomechanical character of a maxillary premolar: a finite element analysis.
J Prosthet Dent. 2014;112:1238-1245.

Mahony AMO, Williams JL, Spencer P. Anisotropic elasticity of cortical and
cancellous bone in the posterior mandible increases peri-implant stress and strain
under oblique loading. Clin Oral Implants Res. 2000;9:648-657.

Doblare M, Garcia JM, Gomez MJ. Modelling bone tissue fracture and healing: a
review. Eng Fract Mech. 2004;71:1809-1840.

Menicucci G, Lorenzetti M, Pera P, Preti G. Mandibular implant-retained
overdenture: finite element analysis of two anchorage systems. Int J Oral Maxillofac
Implants. 1998;13:369-376.

John J, Rangarajan V, Savadi RC, Satheesh Kumar KS, Satheesh Kumar P. A finite
element analysis of stress distribution in the bone, around the implant supporting a
mandibular overdenture with ball/o ring and magnetic attachment. J Indian
Prosthodont Soc. 2012;12:37-44.

Cicciltt M, Cervino G, Bramanti E, et al. FEM analysis of mandibular prosthetic
overdenture supported by dental implants: evaluation of different retention methods,
2015 Comput Math Methods Med. 2015, 943839.

El-Anwar MI, Yousief SA, Soliman TA, Saleh MA, Omar WS. A finite element study on
stress distribution of two different attachment designs under implant supported
overdenture. Saudi Dent J. 2015;27:201-207.

Satpathy S, SatishBabu CL, Shetty S, Raj B. Stress distribution patterns of implant
supported overdentures-analog versus finite element analysis: a comparative in-vitro
study. J Indian Prosthodont Soc. 2015;15:250-256.

El-Anwar MI, El-Taftazany EA, Hamed HA, AbdElHay MA. Influence of number of
implants and attachment type on stress distribution in mandibular implant-retained
overdentures: finite element analysis. Macedonian J Med Sci. 2017;5:244-249.
Khurana N, Rodrigues S, Shenoy S, et al. A comparative evaluation of stress
distribution with two attachment systems of varying heights in a mandibular
implant-supported overdenture: a three-dimensional finite element analysis.

J Prosthodont. 2019;28:€795-e805.

Ciccitt M, Cervino G, Milone D, Risitano G. FEM analysis of dental implant-abutment
interface overdenture components and parametric evaluation of equator ® and
locator ® prosthodontics attachments. Materials. 2019;12:592.


http://refhub.elsevier.com/S2212-4268(22)00123-3/sref1
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref1
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref1
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref2
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref2
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref2
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref3
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref3
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref3
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref4
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref4
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref4
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref5
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref5
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref5
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref6
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref6
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref7
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref7
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref7
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref7
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref8
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref8
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref8
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref9
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref9
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref10
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref10
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref10
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref11
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref11
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref11
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref12
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref12
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref12
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref13
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref13
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref13
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref14
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref14
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref14
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref14
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref15
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref15
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref15
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref16
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref16
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref17
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref17
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref17
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref18
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref18
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref19
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref19
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref19
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref20
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref20
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref20
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref20
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref21
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref21
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref22
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref22
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref22
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref23
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref23
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref23
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref24
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref24
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref25
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref25
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref25
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref26
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref26
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref26
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref26
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref27
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref27
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref27
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref28
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref28
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref28
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref29
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref29
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref29
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref30
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref30
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref30
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref31
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref31
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref31
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref31
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref32
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref32
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref32

B. Bhattacharjee et al.

33

34

35

36

37

38

39

40

41

42

43

44

Unsal GS, Erbasar GNH, Aykent F, Ozyilmaz OY, Ozdogan MS. Evaluation of stress
distribution on mandibular implant-supported overdentures with different bone
heights and attachment types: a 3D finite element analysis. J Oral Implantol. 2019;45:
363-370.

Bidez MW, Chen Y, McLoughlin SW, English CE. Finite element analysis of four-
abutment Hader bar designs.Implant Dent. Fall. 1993;2:171-176.

Luo X, Ouyang G, Ma X. Three dimensional finite element analysis on the mandibular
complete overdenture supported by nature roots or implants. Zhonghua Kou Qiang Yi
Xue Za Zhi. 1998;33:303-305.

Luo X, Ouyang G, Ma X, Jia A, Guo T. The three-dimensional analysis of mandibular
overdenture supported by implants. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi. 1998;
15, 167-7.

Chun HJ, Park DN, Han CH, Heo SJ, Heo MS, Koak JY. Stress distributions in
maxillary bone surrounding overdenture implants with different overdenture
attachments. J Oral Rehabil. 2005;32:193-205.

Tanino F, Hayakawa I, Hirano S, Minakuchi S. Finite element analysis of stress-
breaking attachments on maxillary implant-retained overdentures. Int J Prosthodont
(1JP). 2007;20:193-198.

Daas M, Dubois G, Bonnet AS, Lipinski P, Rignon-Bret C. A complete finite element
model of a mandibular implant-retained overdenture with two implants: comparison
between rigid and resilient attachment configurations. Med Eng Phys. 2008;30:
218-225.

Barao VAR, Assuncao WG, Tabata LF, et al. Finite element analysis to compare
complete denture and implant-retained overdentures with different attachment
systems. J Craniofac Surg. 2009;20:1066-1071.

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. 2009;20:31-36.

Fatalla AA, Song K, Du T, Cao Y. A three-dimensional finite element analysis for
overdenture attachments supported by teeth and/or mini dental implants.

J Prosthodont. 2012;21:604-613.

BaraoVAR, Delben JA, Lima J, Cabral T, Assuncao WG. Comparison of different
designs of implant-retained overdentures and fixed full-arch implant-supported
prosthesis on stress distribution in edentulous mandible-a computed tomography-
based three-dimensional finite element analysis. J Biomech. 2013;46:1312-1320.
Dashti MH, Atashrazm P, Emadi MI, Mishaeel S, Banava S. The effects of two
attachment types on the stresses introduced to the mandibular residual ridge: a 3D
finite element analysis. Quintessence Int. 2013;44(8):585-590.

808

45

46

47

48

49

50

51

52

53

54

55

56

57

Journal of Oral Biology and Craniofacial Research 12 (2022) 802-808

Bilhan SA, Baykasoglu C, Bilhan H, Kutay O, Mugan A. Effect of attachment types
and number of implants supporting mandibular overdentures on stress distribution: a
computed tomography-based 3D finite element analysis. J Biomech. 2015;48:
130-137.

Caetano CR, Mesquita MF, Consani RLX, Correr-Sobrinho L, Dos Santos MBF.
Overdenture retaining bar stress distribution: a finite-element analysis. Acta Odontol
Scand. 2015;73:274-279.

Lauritano F, Runci M, Cervino G, Fiorillo L, Bramanti E, Ciccitt M. Three-dimensional
evaluation of different prosthesis retention systems using finite element analysis and
the Von Mises stress test. Minerva Stomatol. 2016;65:353-367.

El-Zawahry MM, Ibraheem EM, Nassani MZ, Ghorab SA, El-Anwar MI. Stress analysis
of mandibular implant overdentures retained with one, two, or four ball attachments:
a finite element study. Dent Res J. 2018;15:437-443.

Hu F, Gong Y, Bian Z, et al. Comparison of three different types of two-implant-
supported magnetic attachments on the stress distribution in edentulous mandible,
2019 Comput Math Methods Med. 2019, 6839517.

Jiang MY, Wen J, Xu SS, Liu TS, Sun HQ. Three-dimensional finite element analysis
of four-implants supported mandibular overdentures using two different
attachments. Zhonghua Kou Qiang Yi Xue Za Zhi. 2019;54:41-45.

Principles of Attachment Selection S Shafie H. Clinical and Laboratory Manual of
Implant Overdentures. Blackwell Munksgaard: Ames Iowa; 2007.

Assaf A, Daas M, Boittin A, Eid N, Postaire M. Prosthetic maintenance of different
mandibular implant overdentures: a systematic review. J Prosthet Dent. 2017;118:
144-152.

Rentsch-Kollar A, Huber S, Mericske-Stern R. Mandibular implant overdentures
followed for over 10 years: patient compliance and prosthetic maintenance. Int J
Prosthodont (IJP). 2010;23:91-98.

Bilhan H, Geckili O, Mumcu E, Bilmenoglu C. Maintenance requirements associated
with mandibular implant overdentures: clinical results after first year of service.

J Oral Implantol. 2011;37:697-704.

Akca K, Cehreli MC, Uysal S. Marginal bone loss and prosthetic maintenance of bar
retained implant-supported overdentures: a prospective study. Int J Oral Maxillofac
Implants. 2010;25:137-145.

Cehreli MC, Uysal S, Akca K. Marginal bone level changes and prosthetic
maintenance of mandibular overdentures supported by 2 implants: a 5-year
randomized clinical trial. Clin Implant Dent Relat Res. 2010;12:114-121.
Andreiotelli M, Att W, Strub JR. Prosthodontic complications with implant
overdentures: a systematic literature review. Int J Prosthodont (IJP). 2010;23:
195-203.


http://refhub.elsevier.com/S2212-4268(22)00123-3/sref33
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref33
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref33
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref33
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref34
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref34
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref35
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref35
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref35
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref36
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref36
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref36
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref37
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref37
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref37
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref38
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref38
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref38
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref39
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref39
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref39
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref39
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref40
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref40
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref40
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref41
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref41
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref41
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref42
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref42
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref42
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref43
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref43
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref43
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref43
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref44
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref44
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref44
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref45
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref45
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref45
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref45
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref46
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref46
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref46
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref47
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref47
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref47
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref48
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref48
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref48
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref49
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref49
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref49
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref50
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref50
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref50
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref51
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref51
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref52
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref52
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref52
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref53
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref53
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref53
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref54
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref54
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref54
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref55
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref55
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref55
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref56
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref56
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref56
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref57
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref57
http://refhub.elsevier.com/S2212-4268(22)00123-3/sref57

	Peri-implant stress distribution assessment of various attachment systems for implant supported overdenture prosthesis by f ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	4.1 Ball attachments vs locator attachments
	4.2 Bar-clip attachment system vs ball attachments
	4.3 Ball attachments vs magnetic attachments
	4.4 Equator attachments vs locator attachments

	5 Conclusion
	Funding
	Declaration of competing interest
	Acknowledgements
	References


