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Overdentures are tooth-supported complete or partial removable prostheses that are prepared on the remaining 
natural teeth, tooth roots, or implants in cases with maxillary constriction, vertical dimension loss, and traumatic 
or congenital jaw defects, whether the supporting teeth are prepared or not. In recent years, dental implants 
have become a highly successful and widespread treatment option for the prosthetic rehabilitation of completely 
edentulous patients. In the treatment of patients, fixed restorations can be carried out by placing a lot of implants; 
nevertheless, making implant-supported removable prostheses is also possible by placing a small number of implants 
due to existing systemic conditions of the patient, anatomical deficiencies in the jawbones, and high cost. In terms 
of patient satisfaction, prosthesis stability, retention, and chewing force, implant-supported removable prostheses 
are more successful when compared with traditional complete dentures. Numerous retentive systems with varying 
biomechanical characteristics have been developed for the connection of removable overdenture with implants. The 
study aims to guide clinicians with the current retentive systems and their indications.
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In the glossary of prosthesis terms, complete edentulism is 
defined as the absence of natural teeth. Although trauma, 

oral tumors, pulp pathology, smoking, and so forth are risk 
factors that contribute to tooth loss, according to the World 
Health Organization, dental caries and severe periodontal 
diseases are the main causes of edentulism.[1] Complete 
edentulism can have adverse effects on individuals’ oral 
function, psychosocial status, and quality of life.[2]

In implant-supported removable prostheses, which are 
commonly employed in the treatment of completely 
edentulous patients, numerous retentive systems 
with varying biomechanical characteristics have been 
developed for the connection between the implant and 
the removable superstructure.

The characteristics of ideal retentive systems can be listed 
as follows:[3]
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• Resistance to corrosion
• Sufficient retention
• Comfortable insertion and removal of the prosthesis
• Ease of clinical application
• Ease of repair
• Ease of laboratory procedures
• Cost-effectiveness
Retentive systems utilized in current treatments are 
classified in various ways. The most commonly employed 
classification is based on whether they are stud-retained 
(non-splinted) or bar-retained (splinted) retentive systems. 
Splinted retainers are formed by joining multiple implants 
with a connecting bar. Non-splinting retainers are retention 
systems that are supported by individual implants.[4]

In this study, studies that are related to retention systems 
were searched via Google Scholar, Pubmed, and Web of 
Science, and a literature review was carried out. The search 
strategy was limited to articles published in English or 
Turkish language appearing in peer-reviewed journals. No 
publication year limit was applied, so that the search could 
include the first available year of each particular database. 
In the selection of the retentive systems described in this 
study, being current and frequently used were accepted 
as the criteria. The study aims to guide clinicians regarding 
current retentive systems and their indications developed 
for implant-supported prostheses.

Stud Attachments (Non-splinted)

Ball Attachments

Ball attachment systems typically consist of a patrix 
(male part) connected to the implant, usually made of 
a metal alloy, in a spherical shape, with different heights 
and diameters, and a matrix (female part) located in the 
removable prosthesis (Fig. 1a). The matrix consists of 
silicone, nitrile fluoroelastomer, or ethylene–propylene 
parts located within a metal or metal housing. Among the 
various retentive systems utilized in clinical practice, ball 
attachment retainers are the simplest type.[5,6]

Advantages of ball attachments:[7,8]

• ease of providing hygiene around the implant area
• reduced time spent on fabricating the prosthesis 

superstructure
• availability of different retention levels with elastic 

components
• occupation of less space in comparison with bar-

retained removable prostheses
• provision of hinge and rotational flexibility
• cost-effectiveness

The main disadvantage of the system is the wear that 
occurs over time in the matrix components. Particularly, 
in cases where the implant angles are not suitable, 
entry path problems, rapid wear of the matrices, and 
deformation of the ball attachments may take place.
[9] Moreover, they necessitate a height of 8 mm or more 
within the prosthesis. In cases where the interarch 
distance is insufficient and the angle between implants is 
more than 15°, the use of ball attachment retainers is not 
recommended.[10]

Figure 1. (a) Different height ball attachment retainers and matrix 
components. (b) Locator attachments. (c) Elastic matrices that have 
different colors based on the retention levels. (d) Locator attach-
ments that double retention.

(a)

(b)

(c)

(d)
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O-Ring Attachment

O-ring attachment systems comprise a metal abutment, an 
O-ring, and metal housing. Metal abutments are composed 
of three parts: head, neck, and body. The head portion is 
wider than the neck. O-rings are ring-shaped synthetic 
polymer elastomers that sit on the undercut area of the 
abutment. The O-rings can be replaced when they become 
worn or lose retention.[10] O-ring retainers can tolerate 
angular differences of up to 10° between implants.[11] 
Loss of parallelism can lead to challenges when inserting 
or removing the prosthesis and may also contribute to 
abutment fracture.

ERA Attachment (Extra-coronal Resilient Attachment)

ERA attachment systems comprise two components, 
namely, a metal matrix piece fixed inside the oral cavity and 
a nylon patrix piece with different retention levels placed in 
a metal housing on the prosthesis base. Various retention 
levels are provided based on the patient’s requirements 
and the retentiveness of the ERA attachment integrated 
into the denture.

They are called extra-radicular retainers because the entry 
guide is positioned higher than the implant support and 
alveolar crest. This feature reduces resistance to forces. 
ERA retainers are resilient retainers and can be applied in 
numerous implant systems. They have angled abutments 
with angles of 5°, 11°, and 17° to ensure the parallelism of 
angled implants. Hence, they can compensate for implant 
angulations of up to 34.[10]

Locator Attachment

The locator attachment system provides dual retention and 
self-aligning features. The patrix pieces are manufactured 
from titanium alloy, and their outer surfaces are generally 
coated with titanium nitride (TiN). TiN material enhances 
surface hardness and fracture resistance.[12] Nevertheless, it 
has disadvantages such as causing allergic reactions and 
being prone to surface detachment.[13]

Locator attachments have varying gingival heights 
that range from 1 to 6 mm. The low-profile feature is 
particularly useful when there is limited inter-occlusal 
space.[14,15] A vertical clearance of 3 mm is sufficient for 
the matrix, metal cap, and acrylic of the retentive system.
[16] Limited vertical height and the ability to compensate 
for divergent implant axes could have been cited as 
advantages of the locator system.[17,18]

Patrix pieces of the retainer system can tolerate angular 
differences of up to 40° between implants (Fig. 1b).[9,19–21]

The matrix piece comprises different retention level 
elastomers housed within a metal cap. Elastic matrices are 
manufactured in different colors based on the retention 
levels.[22,23] In elastic matrices, blue (6.8 N), pink (13.6 N), and 
transparent color (22.6) are employed in straight implants, 
and green (13.6–18.14 N) and red (6.8 N) are utilized in 
angled implants (Fig. 1c).[8]

The nylon locator holder inside the metal head is 0.4 mm 
longer and allows for hinge and vertical flexibility due to 
the resulting gap.[8]

Based on the problems encountered with locator holder 
systems, locator holders with different materials and 
geometric shapes have been developed over time. One 
of these is the titanium nitride-coated, tapered-shape 
abutments with external two protrusions, unlike locator 
abutments, which provide double retention only externally 
without providing retention from the inside (Fig. 1d). It can 
tolerate an angle difference of up to 60°. It has less food 
retention because of its smaller internal void. It can also be 
employed with bars to increase retention force.[16,24]

In the other system, the locator abutments have an 
uncoated surface and do not contain an internal void. They 
have a matrix made of polyetheretherketone (PEEK) with 
different retention values.[25]

In the latest holder system developed to prevent the wear 
problem encountered in locator systems, the patrix parts 
are coated with a material called amorphous diamond-
like carbon (ADLC), which has high wear resistance. This 
coating technique is commonly employed in the medical 
field as well. There are options for both straight and 15° 
angled matrices (Fig. 2a). By using angled matrix holders, 
implant angles of up to 60° can be tolerated, and the entry 
path of the prosthesis can be corrected.

In the matrix part, PEEK material is employed, which has 
higher mechanical retention force and wear resistance than 
rubbers.[20,26] They have different color codes and different 
retention values. PEEK matrices in different color codes are 
in the form of a non-unified ring and allow flexibility during 
insertion and removal (Fig. 2b).[27]

Telescope Attachment

The telescope attachment system is a retainer system 
that is based on a dual crown system, which consists of 
an infrastructure (patrix, primer, and coping) screwed into 
the implant and an upper structure firmly attached to the 
prosthetic base. Retention is provided by the frictional 
force between the retention matrix and the patrix. This 
system is the only retainer system with a retention value 
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that increases over time. When failure is observed in any 
support, the prosthesis can be re-adjusted. Its cost is higher 
when compared with other independent systems.[28,29]

Magnet Attachment

Magnet attachment systems have two parts: a piece 
containing magnets inside the prosthetic base and a 
metal piece on the abutment or implant. Corrosion 
that occurs over time in these parts adversely affects 
retention. Compared with other independent retainer 
systems, plaque accumulation is higher and retention 
value is lower. Despite all these disadvantages, its use is 
recommended for individuals with a habit of clenching 
their teeth owing to the low transmission of force to 
implants. Moreover, it can be employed for patients with 
weak muscle diseases, including Parkinson’s disease, who 
require less force to insert and remove an overdenture 
prosthesis.[30,31]

Optiloc Attachment

The Optiloc retention system features a low-profile design 
that is both smooth and wear-resistant (Fig. 2c). It includes 
matrix components made of PEEK, offering varying levels of 
retention force. This system is suitable for use with implant 
angulations of up to 40°.[10]

Bar-retained (Splinted)
In bar-retained systems, two or more implants are 
connected to each other via a bar. The system comprises 
implants that are connected to each other via the bar 
and clips inside the prosthetic base. Clips placed inside 
the prosthesis can be rigid (metal) or flexible (rubber). 
Replacement and repair of rigid clips are more difficult 
than flexible clips.[9,32] Bars can be custom-made by casting, 
or prefab bars can be employed.[1] Custom-made bars can 
be combined with ball abutments, locators, and O-ring 
retainers. The cost of cast bars is higher.[10]

Based on their cross-sectional shapes, there are four types 
of bars:

• Parallel (U-shaped) cross-section bar: rigid, suitable for 
four implant supports. Implants are joined in a straight 
baseline.

• Round cross-section bar: flexible, reduces forces on 
implants, allows for vertical movements at the distal 
end of the base.

• Oval cross-section (Dolder) bar: stress-resistant, 
advantageous in terms of flexibility and indirect 
retention.

• Hader bar: semi-flexible. Its upper part has a round 
cross-section, and its lower part extends toward the 
tissue. The part extending toward the tissue increases 
the durability of the bar and reduces its flexibility. Its 
cross-section resembles a keyhole.[21] It has plastic 
matrix parts called Rider with different retention values 
(Fig. 2d). It allows for hinge movement.[11]

Bar-retained systems can be preferred in cases where there 
is excessive resorption in the mandible, where there is a 
need for retention and stabilization, and where partial 
resection is performed in the bone and/or soft tissue.

Figure 2. (a) ADLC-coated locator abutments with different angles. 
(b) PEEK matrix in different color codes. (c) Optiloc attachments. 
(d) Hader matrix with different retention values.

(a)

(b)

(c)

(d)
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Advantages include the following

• They can be used in the presence of angled implants.

• They are more retentive than non-splinting retention 
systems.

• They distribute forces to implants, which results in less 
force transmission.

Disadvantages include the following:

• They have difficult and complicated construction.

• Providing hygiene is more difficult when compared 
with independent retainer systems; hence, it is not 
recommended for use in elderly/disabled patients.

• There is a possibility of gingival hyperplasia under 
the bar.

• They can be used only in cases where the interocclusal 
distance is at least 14–15 mm.

• Their manufacturing cost is high.[10,33]

Attachment Selection for Implant-
Supported Removable Prostheses
Selection of the correct retentive system is one of the 
crucial stages in implant-supported removable denture 
cases. Choosing the appropriate retentive system not only 
increases implant survival but also minimizes bone loss 
and other prosthetic complications.[34] Factors including 
residual ridge volume and quality, angulation of implants, 
retention, and stability requirements, as well as the 
experience of the dentist and technician has a role in the 
selection of the retentive system (Table 1).[15,35–37]

Residual Ridge Volume and Quality

In cases where alveolar bone loss is minimal and the interarch 
space does not allow for the healthy placement of splinted 
systems, independent retentive systems including ball 
attachments, O-rings, and locators should be preferred.[11]

For bar-retained systems, the distance from the crest of 
the alveolar ridge to the incisal edge should be at least 12 
mm, comprising a 4-mm bar height, 1-mm gap between 
the bar and the gingiva, and 7 mm for the prosthesis. For 
ball attachments, 5–6 mm is adequate, whereas for locator 
attachments, 3–4 mm of space is sufficient.[5,16]

In cases where the mandibular alveolar crest is narrow 
and V-shaped, the use of bar-retained systems should 
be avoided as they may restrict tongue movement and 
adversely affect phonation. Moreover, positioning the bar 
more labially can cause discomfort to the lip, impacting 
both aesthetics and the retention of the prosthesis. 
Hence, in such cases, non-splinted retentive systems 
should be preferred.

In situations with a U-shaped residual ridge and sufficient 
bone support, a removable prosthesis can be fabricated 
over four implants splinted with three bars.[5]

Angulation of Implants

To minimize matrix wear and ensure stable retention force, 
it is recommended to place implants parallel to each other. 
However, when anatomical limitations prevent parallel 
placement of implants, bar-retained attachments should 
be preferred to ensure that the path of insertion is parallel 
to the prosthesis.[30,38,39] When stud attachments must be 
used, ball attachments experience less retention loss.[40]

Retention Requirement

For patient satisfaction and prosthesis health, the retention 
value of the chosen retentive system must be known.[41,42] 
In atrophic jaws where bone volume is reduced, the use of 
bar or telescopic systems will enhance prosthesis retention 
and stability.[43–45] In cases where independent retentive 
systems are needed, locator attachments provide greater 
initial retention when compared with ball attachments.[40,46]

Treatment Cost

Bar-retained and telescopic attachments tend to be 
costlier. Other independent retentive systems (ball, locator, 
and magnet attachments) require less technical precision 
and are more economical.[47,48]

Oral Hygiene and Soft Tissue Condition

Independent retentive systems should be preferred for 
patient groups, such as the elderly or individuals with 
disabilities, who may have difficulty maintaining oral 
hygiene.[49] In cases where bar-retained systems are utilized, 
there should be a gap between the bar and the tissue to 
facilitate oral hygiene and reduce plaque accumulation.[33]

Table 1. Attachment selection for implant-supported removable 
prostheses

 Ball/ Locator Bar 
 O-ring  retained

Insufficient interarch space ✓✓ ✓✓✓ ✓
Alveolar crest is “V-shaped” ✓✓ ✓✓✓ ✓
High angulation of implants ✓ ✓✓ ✓✓✓
High retention requirement ✓ ✓✓ ✓✓✓
Post-treatment low complication rate ✓✓ ✓✓✓ ✓
Low treatment cost ✓✓ ✓✓✓ ✓
Low hygiene motivation ✓✓ ✓✓✓ ✓

✓: Least preferred; ✓✓: Preferred; ✓✓✓: Most preferred.
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Conclusion
Each clinical situation is unique, so attachment selection 
should be made on the basis of a detailed assessment of 
the patient and expert opinions provided by the dentist. 
For the long-term success of the prosthesis and overall 
patient satisfaction, the most suitable attachment type for 
each patient must be determined.

Ethics Committee Approval: Not applicable. This article is a 
review.

Authorship Contributions: Concept: NŞ, NK; Design: NŞ, NK; 
Supervision: NŞ; Literature Search: NŞ, NK, ENT; Writing: NŞ, NK, 
ENT; Critical Review: ENT, NŞ.

Informed Consent: Not applicable.

Conflict of Interest: None declared.

Use of AI for Writing Assistance: Not declared.

Financial Disclosure: The authors declared that this study 
received no financial support.

Peer-review: Externally peer-reviewed.

References
1. Anas El-Wegoud M, Fayyad A, Kaddah A, Nabhan A. Bar versus 

ball attachments for implant-supported overdentures in 
complete edentulism: A systematic review. Clin Implant Dent 
Relat Res 2018;20(2):243–50. [CrossRef ]

2. Lee JS, Weyant RJ, Corby P, Kritchevsky SB, Harris TB, Rooks R, 
et al. Edentulism and nutritional status in a biracial sample 
of well-functioning, community-dwelling elderly: The 
health, aging, and body composition study. Am J Clin Nutr 
2004;79(2):295–302. [CrossRef ]

3. Misch CE. Contemporary Implant Dentistry. Missouri: Mosby; 
2007.

4. Dede M, Geçkili O, Ünalan F. Single attachment systems in 
implant supported overdenture prostheses. Aydın Dent J 
2020;6(2):139–47. [in Turkish]. [CrossRef ]

5. Warreth A, Alkadhimi AF, Sultan A, Byrne C, Woods E. 
Mandibular implant-supported overdentures: Attachment 
systems, and number and locations of implants--Part I. J Ir 
Dent Assoc 2015;61(2):93–7.

6. Mirchandani B, Zhou T, Heboyan A, Yodmongkol S, Buranawat 
B. Biomechanical aspects of various attachments for implant 
overdentures: A review. Polymers (Basel) 2021;13(19):3248.

7. Salehi R, Shayegh SS, Johnston WM, Hakimaneh SMR. Effects 
of interimplant distance and cyclic dislodgement on retention 
of LOCATOR and ball attachments: An in vitro study. J Prosthet 
Dent 2019;122(6):550–6. [CrossRef ]

8. Geçkili O, Bural C, Bilmenoğlu Ç. Attachment systems for 
implant supported complete dentures. J Ege Univ Sch Dent 
2010;31(1):9–18. [in Turkish]. [CrossRef ]

9. Solmazgül M, Doğan A. Precision attachments used on the 
implant-retained overdentures. J Dent Fac Ataturk Univ 
2019;30(3):519–27. [in Turkish].

10. Karademir B, Koçak-Büyükdere A. Implant-supported 
removable denture. Dent Med J Rev 2021;3(1):1–22. Turkish.

11. Uz BB, Altan B, Çinar Ş. Attachment selection criteria and its 
importance in implant supported overdenture prosthesis. 
Necmettin Erbakan Univ Dent J 2022;4(1):38–47. [in Turkish].

12. Abdelaziz MS, Fawzy AM, Ghali RM, Nassar HI. Retention of 
different attachment systems for digitally designed mandibular 
implant overdenture. J Prosthodont 2023;32(2):162–9. [CrossRef]

13. Del Castillo R, Chochlidakis K, Galindo-Moreno P, Ercoli C. 
Titanium nitride coated implant abutments: From technical 
aspects and soft tissue biocompatibility to clinical applications. 
A literature review. J Prosthodont 2022;31(7):571–8. [CrossRef ]

14. Gupta N, Bansal R, Shukla NK. The effect of ball versus locator 
attachment system on the performance of implant supported 
overdenture: A systematic review. J Oral Biol Craniofac Res 
2023;13(1):44–55. [CrossRef ]

15. Abbasi MRA, Vinnakota DN, Sankar V, Kamatham R. Comparison 
of stress induced in mandible around an implant-supported 
overdenture with locator attachment and telescopic crowns - 
A finite element analysis. Med Pharm Rep 2020;93(2):181–9.

16. Laverty DP, Green D, Marrison D, Addy L, Thomas MB. Implant 
retention systems for implant-retained overdentures. Br Dent 
J 2017;222(5):347–59. [CrossRef ]

17. Troeltzsch M, Troeltzsch V, Brodine AH, Frankenberger 
R, Messlinger K, Troeltzsch M. Clinical performance and 
peri-implant parameters of 132 implants supporting 
locator-retained overdentures: A case series of 33 patients. Int 
J Oral Maxillofac Implants 2013;28(4):1132–9. [CrossRef ]

18. Ayyıldız S, Şahin C, Emir F, Ersu B. Effect of denture cleansing 
solutions on the retention of locator attachments over time. J 
Prosthodont 2020;29(3):237–42. [CrossRef ]

19. Miler AMQP, Correia ARM, Rocha JMC, Campos JCR, da Silva 
MHGF. Locator® attachment system for implant overdentures: 
a systematic review. Stomatologija 2017;19(4):124–9.

20. Haridy HF, El Afandy HM, Abdalla MF, Osama AM. Comparison 
between two different attachment caps used in locator 
attachments of implant supported overdentures (ın-vitro 
study). Future Dent J 2022;8(1):41–5. [CrossRef ]

21. Almutairi HAS. Over-denture attachment systems: Systematic 
review with meta-analysis. Saudi J Oral Dent Res 2024;9(2):28–
35. [CrossRef ]

22. Liu W, Zhang X, Qing H, Wang J. Effect of LOCATOR 
attachments with different retentive forces on the stability of 
2-implant-retained mandibular overdenture. J Prosthet Dent 
2020;124(2):224–9. [CrossRef ]

23. Abdelaziz MS, Fawzy A, Ghali RM, Nassar HI. Retention loss 
of locator attachment system different retention caps for 
two ımplant retained mandibular overdenture. Future Dent J 
2022;7(2):120–6. [CrossRef ]

24. AlRumaih HS, Albarrak AA, AlMedaires M, Alsulaiman AA, 
Baba NZ, Alshahrani FA, et al. Influence of denture cleansers 
on the retention loss of attachment systems retained ımplant 
overdenture. Int J Biomater 2023;2023:5077785. [CrossRef ]

https://doi.org/10.1111/cid.12551
https://doi.org/10.1093/ajcn/79.2.295
https://doi.org/10.17932/IAU.DENTAL.2015.009/dental_v06i2010
https://doi.org/10.1016/j.prosdent.2018.12.023
https://doi.org/10.5505/eudfd.2010.24865
https://doi.org/10.1111/jopr.13516
https://doi.org/10.1111/jopr.13446
https://doi.org/10.1016/j.jobcr.2022.11.001
https://doi.org/10.15386/mpr-1312
https://doi.org/10.1038/sj.bdj.2017.215
https://doi.org/10.11607/jomi.3009
https://doi.org/10.1111/jopr.13144
https://doi.org/10.54623/fdj.8017
https://doi.org/10.36348/sjodr.2024.v09i02.002
https://doi.org/10.1016/j.prosdent.2019.09.005
https://doi.org/10.54623/fdj.7029
https://doi.org/10.1155/2023/5077785


120 Şahin et al., Attachment Systems in Implant Dentures / doi: 10.14744/lhhs.2024.5101

25. Maniewicz S, Badoud I, Herrmann FR, Chebib N, Ammann P, 
Schimmel M, et al. In vitro retention force changes during 
cyclic dislodging of three novel attachment systems for 
implant overdentures with different implant angulations. Clin 
Oral Implants Res 2020;31(4):315–27. [CrossRef ]

26. de Souza RF, Bedos C, Esfandiari S, Makhoul NM, Dagdeviren 
D, Abi Nader S, et al. Single-implant overdentures retained by 
the Novaloc attachment system: Study protocol for a mixed-
methods randomized cross-over trial. Trials 2018;19(1):243.

27. Taha ER. Stress distribution around titanium-zirconium 
narrow-diameter implants retaining mandibular over 
dentures with Novaloc versus locator attachment systems. 
A three-dimensional finite element analysis. Egypt Dent J 
2019;65(1):777–85. [CrossRef ]

28. Hoffmann O, Beaumont C, Tatakis DN, Zafiropoulos GG. 
Telescopic crowns as attachments for implant supported 
restorations: a case series. J Oral Implantol 2006;32(6):291–9.

29. Warreth A, Byrne C, Alkadhimi AF, Woods E, Sultan A. 
Mandibular implant-supported overdentures: Attachment 
systems, and number and locations of implants--Part II. J Ir 
Dent Assoc 2015;61(3):144–8.

30. Trakas T, Michalakis K, Kang K, Hirayama H. Attachment 
systems for implant retained overdentures: A literature review. 
Implant Dent 2006;15(1):24–34. [CrossRef ]

31. Kim HY, Lee JY, Shin SW, Bryant SR. Attachment systems for 
mandibular implant overdentures: A systematic review. J Adv 
Prosthodont 2012;4(4):197–203. [CrossRef ]

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

33. Prasad S, Faverani LP, Santiago Junior JF, Sukotjo C, Yuan 
JC. Attachment systems for mandibular implant-supported 
overdentures: A systematic review and meta-analysis of 
randomized controlled trials. J Prosthet Dent 2024;132(2):354–
68. [CrossRef ]

34. Leão RS, Moraes SLD, Vasconcelos BCE, Lemos CAA, Pellizzer 
EP. Splinted and unsplinted overdenture attachment systems: 
A systematic review and meta-analysis. J Oral Rehabil 
2018;45(8):647–56. [CrossRef ]

35. Karabuda C, Yaltirik M, Bayraktar M. A clinical comparison of 
prosthetic complications of implant-supported overdentures 
with different attachment systems. Implant Dent 
2008;17(1):74–81. [CrossRef ]

36. Chaware SH, Thakkar ST. A systematic review and meta-
analysis of the attachments used in implant-supported 
overdentures. J Indian Prosthodont Soc 2020;20(3):255–68.

37. Ramadan RE, Mohamed FS. Retention of mandibular implant-
retained overdentures with two different attachment designs: 

An in vitro study. J Prosthet Dent. 2020;123(5):738.e1–6.
38. Sutariya PV, Shah HM, Patel SD, Upadhyay HH, Pathan MR, 

Shah RP. Mandibular implant-supported overdenture: A 
systematic review and meta-analysis for optimum selection of 
attachment system. J Indian Prosthodont Soc 2021;21(4):319–
27. [CrossRef ]

39. Frantz K, Funkenbusch P, Feng C, Tsigarida A, Chochlidakis K, 
Lo Russo L, et al. Effect of implant angulation and patrice on 
the retention of overdenture attachment systems: An in vitro 
study. J Prosthodont 2024;33(5):452–9. [CrossRef ]

40. Sultana N, Bartlett DW, Suleiman M. Retention of 
implant-supported overdentures at different implant 
angulations: Comparing Locator and ball attachments. Clin 
Oral Implants Res 2017;28(11):1406–10. [CrossRef ]

41. Hassan HA, Emera RMK, Ahmet WS, El Mekawy. Evaluation of 
implant overdenture retention with two different attachments 
at 23 mm standard inter-implant distance. J Dent Oral Sci 
2020;2(2):1–9.

42. Dubey S, Singh R, Jadhav SK, Venugopal B, Jain S, Chauhan 
N, et al. Evaluation Of retentive properties of different 
attachments for ımplant-retained maxillary overdentures-An 
original research. J Posit Sch Psychol 2022;6(8):4991–5.

43. Vere J, Bhakta S, Patel R. Implant-retained overdentures: A 
review. Dent Update 2012;39(5):370–5. [CrossRef ]

44. Heckmann SM, Schrott A, Graef F, Wichmann MG, Weber HP. 
Mandibular two-implant telescopic overdentures. Clin Oral 
Implants Res 2004;15(5):560–9. [CrossRef ]

45. Dhamodaran S, Ahmed S, Nandini V, Marimuthu R, Ramadoss 
S. Comparison of retention of two different attachment 
systems used in ımplant-supported overdentures. J Pharm 
Bioallied Sci 2022;14(Suppl 1):S605–10. [CrossRef ]

46. Girundi ALG, Ribeiro MCO, Vargas-Moreno VF, Borges GA, 
Magno MB, Maia LC, et al. Patient-reported outcome measures 
and clinical performance of implant-retained mandibular 
overdentures with stud and ball attachments: A systematic 
review and meta-analysis. J Prosthet Dent 2024;131(2):197–
211. [CrossRef ]

47. Alsabeeha NH, Payne AG, Swain MV. Attachment systems 
for mandibular two-implant overdentures: A review of in 
vitro investigations on retention and wear features. Int J 
Prosthodont 2009;22(5):429–40.

48. Pasciuta M, Grossmann Y, Finger IM. A prosthetic solution to 
restoring the edentulous mandible with limited interarch 
space using an implant-tissue-supported overdenture: A 
clinical report. J Prosthet Dent 2005;93(2):116–20. [CrossRef ]

49. El-Qaryati HA, Mohamed AQ, Helaly OA. Retention and 
stress distribution of ımplant retained mandibular complete 
overdenture with locator versus ball and socket attachments 
(An in vitro study). Al-Azhar J Dent Sci 2023;26(1):1–7. [CrossRef ]

https://doi.org/10.1111/clr.13567
https://doi.org/10.1186/s13063-018-2606-7
https://doi.org/10.21608/edj.2019.72861
https://doi.org/10.1563/0-815.1
https://doi.org/10.1097/01.id.0000202419.21665.36
https://doi.org/10.4047/jap.2012.4.4.197
https://doi.org/10.1097/ID.0b013e3181b4f857
https://doi.org/10.1016/j.prosdent.2022.08.004
https://doi.org/10.1111/joor.12651
https://doi.org/10.1097/ID.0b013e318166d88b
https://doi.org/10.4103/jips.jips_368_19
https://doi.org/10.1016/j.prosdent.2020.01.009
https://doi.org/10.4103/jips.jips_158_21
https://doi.org/10.1111/jopr.13717
https://doi.org/10.1111/clr.13003
https://doi.org/10.12968/denu.2012.39.5.370
https://doi.org/10.1111/j.1600-0501.2004.01064.x
https://doi.org/10.4103/jpbs.jpbs_733_21
https://doi.org/10.1016/j.prosdent.2022.02.006
https://doi.org/10.1016/j.prosdent.2004.09.024
https://doi.org/10.21608/ajdsm.2021.63954.1169



