Reasons for the fatigue of ball attachments and their 0-rings:

A systematic review

Murilo Rodrigues de Campos*~t, André Luis Botelho*~t, Andréa Candido dos Reis*t*

Department of Dental Materials and Prosthodontics, School of Dentistry of Ribeirdo Preto, University of Sao Paulo, Ribeirdo Preto, Brazil

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence
Andréa Candido dos Reis
E-mail: andreare73@yahoo.com.br

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
None declared

Received on October 13, 2021
Reviewed on February 13, 2022
Accepted on February 15,2022

Published online on March 31, 2023

Citeas

de Campos MR, Botelho AL, dos Reis AC. Reasons for the fatigue
of ball attachments and their 0-rings: A systematic review. Dent
Med Probl. 2023;60(1):167—176. doi:10.17219/dmp/146719

DOl
10.17219/dmp/146719

Copyright

Copyright by Author(s)

This is an article distributed under the terms of the

Creative Commons Attribution 3.0 Unported License (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/).

Dent Med Probl. 2023;60(1):167—176

Abstract

The ball attachments and their 0-rings used for the retention and stabilization of overdentures showed
a decrease in retention as the number of cycles increased. This fact resulted in a decrease in the retention
of the prosthesis. The purpose of this study was to evaluate the fatique resistance of ball attachments
through a systematic review. An electronic search was performed using the Cochrane Library, LILACS,
PubMed, ScienceDirect, and Web of Science databases. The search was conducted based on the PICOS
framework. The inclusion criteria involved in the search comprised research articles written in English
and published between the years 2000 and 2020. In the final selection, 18 articles were included in
the review. Most of these studies performed the fatigue retention tests using parallel implants without
angles. However, some studies used different angles to analyze the fatigue retention values. With the
passage of time, the wear results in deformation and, as a consequence, a decrease in the retention of most
attachments, leading to treatment failure. The main factor to be considered is the loss of retention of these
components and their low durability. The loss of retention is due to large extent to the materials used to
manufacture the attachments and O-rings, the size and anqulation of the implants, and the length of the
prosthesis. Future research is needed to further elucidate the reasons for the failure of the attachments.
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Introduction

Dental implants are used to rehabilitate patients who
have suffered from the loss of dental elements.> Howev-
er, due to the chronic and continuous resorption process
of the residual alveolar ridge, the installation of dental im-
plants is limited due to reduced bone thickness or height
and the need to perform bone grafts, increasing the num-
ber of surgical steps and making the treatment more ex-
pensive and difficult for patients to access, either because
of purchasing power or medical problems.>* Also, factors
such as bone density, age, smoking habit, and systemic
osteometabolic diseases can negatively affect the primary
stability of the implant and lead to early loss or even con-
traindicate its installation.>®

Primary stability is important to perform the immediate
installation of the prosthesis, reduce the number of surgi-
cal steps and trauma, as well as to improve the aesthetic
and psychology of patients.2’~? To achieve good primary
stability and a good prognosis, different factors must be
taken into account.>!®!! In 2021, Tardelli et al. evaluated
the micro and microstructure of different implants and
demonstrated that different geometries produce different
results in primary stability and stress distribution.!! While
in 2020, Antonelli et al. evaluated the influence of differ-
ent surgical protocols on the achievement of primary sta-
bility in cancellous bone.? Thus, taking these factors into
account can improve the prognosis of the treatment us-
ing dental implants by reducing the probability of implant
loss and, consequently, revision surgery with prostheses
to support the dental implants.

Different modalities of rehabilitation for edentulous
patients are described, among them, overdentures and
fixed prostheses stand out.!>”'® The overdentures are
removable dentures that can be supported over teeth or
dental implants and have good long-term success rates
in rehabilitating patients suffering from total edentulism,
especially of the mandible,'”-2° where the problems of sta-
bility and retention of prostheses cause a reduction in
the quality of life and satisfaction of these patients.?-2
Compared to fixed complete dentures, overdentures are
a better option due to their lower cost, relative simplicity,
and providing the opportunity to remove the prosthetic
device for cleaning by a third party, especially for patients
with motor or cognitive problems.!>? In line with these
advantages, overdentures are indicated for patients di-
agnosed with orofacial digital syndrome (OFD), such as
Papillon-Leage—Psaume, as they have cleft palates in up
to 50% of individuals affected by the disease and the most
common dental anomaly is the absence of teeth.?”28

Thus, using overdentures as a form of rehabilitation in
patients can lead to a significant improvement in their
quality of life from a psychological point of view due to the
presence of teeth in patients with agenesis and improved
aesthetics in patients with malformations or the absence
of teeth. From a nutritional point of view, overdentures
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can improve masticatory functions leading to the ability
to eat harder foods such as vegetables. In regards to oral
health, overdentures provide temporary closure of cracks
during feeding by the prosthesis, as well as the ability to
remove the appliance to perform oral cavity and appliance
hygiene to maintain adequate oral health.2-32

Overdentures can be supported by implants or the re-
maining natural teeth. The advantages of preserving and
using the remaining teeth include a reduced need for sur-
geries to install implants, bone grafts due to bone scarcity
makes the treatment less costly, in addition to preserva-
tion of alveolar bone, the periodontal ligament, proprio-
ception, and good masticatory efficiency.3>-% However,
several factors such as age, bone and mucosal tissue, hy-
giene, number, and position of remaining teeth must be
taken into account when choosing whether the treatment
will be performed on the remaining teeth or implants and
the retention system.?” The most important thing to con-
sider is the personalization of the treatment to benefit and
prolong the rehabilitation of individual patients as much
as possible.

Currently, various types of attachments are used in re-
tention systems.’*! The splinting system, for example,
uses a bar and clip-type as the group without splinting
uses magnetic attachments, a locator, a double crown, and
a ball,*2 which is most commonly used.?!

The advantages of using a ball attachment include ease
of hygiene, requires less space than the bar system, lower
cost, and simpler technique for installation and use.*3*
The functional movements of the insert and removal
of the prosthesis, in addition to the parafunctional hab-
its, microbiota, and oral cavity, make up the main disad-
vantages of this system, resulting in loss of retention over
time and the need for frequent replacement and mainte-
nance,>**~% mainly in implants that are not parallel.*

However, the anatomical limitations, bone quality
of the patient, and the technical experience of the dentist
can reduce the parallelism of the implants. Implants in
unfavorable positions generate lateral forces that, in ex-
cess, can cause early failure of the implants, sharp wear,
and fracture of prosthetic components.*>*

Other factors can lead to wear and deformation of at-
tachments, such as overdenture instability, diet, muscle
strength, and high concentrations of stress at the ball at-
tachment as a result of stress that comes from functional
or parafunctional habits. This load can increase the wear
speed of the O-rings and, consequently, retention loss.*’ In
addition, it is noteworthy that patients with parafunction-
al habits may present with temporomandibular disorders
(TMD) involving the stomatognathic system, especially
the masticatory muscles and the temporomandibular joint
(TM]J), which can generate pain, restriction of movement,
and consequent decrease in the quality of life of these pa-
tients.’*53 Joint inflammation of the synovial membrane
is responsible for the pain, which is caused by excessive
use of force within the TM]J. This can cause stretching and
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twisting of the joint capsule, surrounding disc tissue, and
ligament, as well as osteoarthritis.>

In addition, loss of ball attachment retention can oc-
cur due to differences in the surface and strength of the
different materials used, such as metal, nylon, and plas-
tic. The different properties of these surfaces promote
quicker wear of the components as well as a reduction in
their resistance.!®** Deformation, wear, and degradation
increase the internal diameter of the O-rings leading to
a loss in retention. This is mainly due to a lack of contact
between the parts, which reduces the coefficient of fric-
tion, and consequently, the O-ring slides and comes off
with a lower holding force. 465>

The study of a material’s properties is fundamental to
understanding how wear occurs and causes a loss or in-
crease in fatigue resistance and retention of the ball at-
tachments and their O-rings. The literature also contains
gaps in the study of the physical, chemical, and biological
properties of these materials. Most studies cite the loss
of retention as a consequence of deformation. However,
few studies specifically mention how the process develops
and how to avoid it, this gap in knowledge fails to pro-
vide a clinically meaningful analysis of dental materials.
Through clarification of these answers, we hope to find
a solution to the main problem experienced when using
this type of attachment, which is the loss of retention.

Thus, studies on the fatigue of ball attachments and
their O-rings are necessary for the researcher and clini-
cian to be able to rely on results based on scientific evi-
dence when selecting the correct attachment. In addition,
understanding a material’s main disadvantages, seeking
to reduce them, and exploring alternatives and solutions
benefit patient care which highlights the importance
of this research.

This study aimed to evaluate the fatigue resistance
of ball attachments and their components, such as O-
rings and capsules, through a systematic review. Also, we
tried to answer the question: “What are the reasons fa-
tigue of the ball attachments occurs?” To help researchers
and dentists select or make the ideal prosthetic compo-
nent based on physical, chemical, mechanical, and bio-
logical properties to enhance durability and prolong the
treatment time of patients with supported overdenture
implants.

Methods

Protocol and registration

This research was conducted and structured in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses protocol (PRISMA),°®
and was registered in the Open Science Framework
(osf.io/6839h).
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Eligibility criteria

The criteria for this review were made using the PICOS
framework: Population — ball attachments and their com-
ponents; Intervention — fatigue of the attachment; Com-
parison — different models of ball attachments and their
components untested and tested; Outcomes — reasons
leading to fatigue; and Study design: in vitro studies. The
question answered with this research is: “What are the
reasons fatigue of the ball attachments occurs?”

As inclusion criteria, only articles that contemplated
ball attachments and methods that used O-rings or their
respective capsules were selected. It included tests on fa-
tigue, published in English from 2000 to 2020, and only
research articles were considered. The exclusion criteria
were articles that did not include ball attachments, espe-
cially in relation to their prosthetic components, such as
O-rings and capsules, and that did not include fatigue re-
tention tests.

Information and search strategy

An electronic search was performed using the Co-
chrane Library, LILACS, PubMed, ScienceDirect, and
Web of Science databases with the terms “overdenture”
AND “ring” AND “fatigue”, “overdenture” AND “attach-
ments” AND “fatigue’, “overdenture” AND “retention sys-
tem” AND “fatigue’; and “overdenture” AND “abutments”
AND “fatigue” to find articles whose main theme was
evaluating causes of fatigue for ball attachments used in
overdentures.

The searches included in this study were carried out
manually by the researchers. A reference management
program (Mendeley Desktop, London, UK) was used to
remove duplicate references to facilitate the reading and
final selection of articles.

Study selection

This research was conducted in two principal phases. In
the first step, two reviewers independently, (M.R.C) and
(A.L.B), screened the titles and abstracts to identify eli-
gible studies. The second step after the eligibility studies
was identified required all collaborators to read the full
texts that met the inclusion criteria. With the potential
studies identified, the two reviewers discussed with the
coordinator (A.C.R) to decide if the studies were to be in-
cluded in this review.

Data collection process

The data extracted from the papers are in Table 1, which
includes the authors, year of publication, aim, number
of samples, number of cycles, and the results of the fa-
tigue tests.
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Table 1. Main results of the in vitro studies

Determine fatigue resistance with 2 methods

2
Agrawal, 2017 of capture (Direct and Indirect)

Aroso, 20167 Compare durability and retention with 0, 10 and
b 20°

Bayer, 2009% Evaluate the retention force changes

Botega, 2004'° Evaluate retention force and fatigue resistance
Evaluate in vitro the retention force and wear

Branchi, 20102 .
resistance

Evaluated the simulation retention force of orings

13
SRl used for mini-implant

Evaluate different angulations (0, 15 and 30°) on the

Choi, 2017° ) -
b retentive characteristics

Fatalla, 2012% Evaluate the retention force and fatigue

Frasca, 20142 Compare retention forces
Galo Silva, 201919 Evaluate psychal-mechanical and morphological
! properties of polymeric materials
Marin. 2018% Evaluate the retention force and wear
' characteristics
Evaluate effects of different cleansing solutions on

H 22
MEITeiEe) 2P the psychal-mechanical properties

Memarian, 20182

Reda, 2016*

Compare retentive values after fatigue testing
Compare retention values

Compare the change in the retentive force and

Shastry, 2016
removal torque

The effect of implant angulation (0 and 20°) on the

Sultana, 2017° .
retention

Develop a new attachment system for

Valente, 2019° ) i )
overdentures with polymeric materials

Evaluate Retention and lateral force with 0, 15, 30

8
Yang, 2011 and 45°

4320 cycles Higher retention with direct capture of the ball
attachment
9 5.400 cycles When angles increase, the retention tends to
decrease
10 10,000 cycles The componente vx@th gold maFrlx showed better
stability of retention
5 SI5001C/cles Nitrile rubber showed stable retention when
testeds
5 5500 cycles Materials Wlth noblg alloys and Teﬂon showed
increase in the retention
10 540 cycles  Retention 24% lower after simulation of 6 months
10 1,080 cycles Significant decrease in retention ofthe o'ring was
showed at all angulations
5 2.880 cycles Decrease retention after all cycles
4 3,240 cycles Metal material of the F:apsu\e presented higher
retention values
20 2900 cycles  PET and Polyacetal showed better retention values
Polyamide demonstrated increase without damage
10 5500 cycles  in the nitrile ring, but increased roughness, wear
and deformation in matrix of the mini ball
60 2900 cycles The PET material showed the better retention
values
5 5.500 cycles Decrease retention after all cycles
10 5.500 cycles Retention values decrease after all cycles
5 5.000 cycles  Capsule with PET material had increase retention
7 10.000 cycles Retention loss greater in the first 500 cycles
20 3625 cycles Polyacetal material presents higher retehnon and
metal showed a lowest deformation
When angles increase, the retention tends to
1 10 cycles
decrease

Assessment of the risk of bias

The risk of bias was classified as low risk when the article
was very clear and anything could alter the results, unclear
when we needed to justify if this was valid for the article,
or high risk when there was a serious risk of altered results.
The articles were classified according to the methodological
quality of included studies by the Joanna Briggs Institute.””

Results

Study selection and characteristics

The search for articles is detailed in the PRISMA dia-
gram model (Fig. 1). The databases identified a total
of 905 articles, of which 367 were excluded as they were
from book chapters and annual conferences. Thus, 538

articles were left to read the titles and abstracts. of these,
40 articles were selected. of the 40 remaining articles, du-
plicates were excluded, and only 23 articles remained. The
remaining 23 articles were read in full, and those that did
not meet the inclusion criteria were excluded, which re-
sulted in the selection of 18 relevant articles.

Risk of bias

The risk of bias is analyzed following the Joanna Briggs
Institute Critical Appraisal Checklist for Quasi-Experi-
mental Studies. Seven questions were analyzed using the
answer: high risk, unclear, or low risk (Fig. 2 and Fig. 3).
The questions consisted of the following: Is it clear in the
study what is the ‘cause’ and what is the ‘effect’? Were the
participants included in any similar comparisons? Were
the participants included in any comparisons receiving
similar treatment/care, other than the exposure or inter-
vention of interest? Was follow-up complete and if not,
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Records identified || Excluded abstracts,
through books, chapters, and

database searching || annual conferences
(N =905) (n=367)

Voo

Selected after
title/summary reading
(n =40)

¢

Records screened
(n =23)

{

Full-text articles
assessed >
for eligibility
(n=23)

'

Studies included
in synthesis
(n=18)

| | Identification |

Duplicates excluded
> (n=17)

Screening

Full-text articles
excluded
(n=5)

| Included || Eligibility ||

Fig. 1. PRISMA flowchart

were differences between the groups in terms of their
follow-up adequately described and analyzed? Were the
outcomes of participants included in any comparisons
measured in the same way? Were outcomes measured in
a reliable way? Was appropriate statistical analysis used?
The principal high risk of bias found in 8 studies was for
the question: “Were the participants included in any com-
parisons receiving similar treatment/care, other than the
exposure or intervention of interest?” This is due to the
different angles used to determine fatigue resistance in the
articles of Aroso et al,*> Choi et al.,”® Sultana et al,* and
Yang et al,*® and also for the thermocycling analysis made
by Agrawal et al.'® Galo Silva et al.,”® and for the Mariot-

Is it clear in the study what is the "cause" and what is the "efect"?

Were the participants included in any comparisons similar?

Were the participants included in any comparisons receiving similar treatment/care,
other than the exposure or intervention of interest?

Was follow up complete and if not, were differences between groups in terms
of their follow up adequately described and analyed?

Were the outcomes of participants included in an comparisons measured in the same way?

Were outcomes measured in a reliable way?

Was appropriate statistical analysis used?

. Low risk of bias Unclear risk of bias

Fig. 2. Risk of bias graph

B High risk of bias

17

to et al.,*® because they used cleansing solutions to evaluate
the fatigue. These are facts that can alter the results in com-
parison to other studies. One study showed “unclear risk”
due to the method used to evaluate the results of the reten-
tion. Shastry et al.*> made 100 pulls for the results rather than
the cycles that simulate the months like the other studies.

Results of individual studies

The matrix that had the largest decrease in retention
in seven studies after the fatigue tests were conventional
O-rings 2247485458601 One study demonstrated that the
ball system presents higher fatigue retention values when
the direct capture technique of the O-ring was performed
compared with the indirect technique.’® Two studies
demonstrated that O-rings made of nitrile had stable re-
tention under cycles.?4

Three studies presented matrices with different poly-
mers, such as teflon, polyacetal, polytetrafluoroethylene
(PTEE), polyethylene terephthalate (PET), and polyethyl-
ene. Three of them — PET, polyacetal and teflon — pre-
sented better results with higher retention values.?>8¢!
One study demonstrated that PET had increased reten-
tion through immersion time in distilled water, alkaline
peroxide, and sodium hypochlorite.>

One study compared plastic against a metal capsule.
The metal material had higher retention and no signifi-
cant retention loss over time.’? Another study demon-
strated that noble alloys displayed an additional retention
of 50% in the first 250 cycles, with a small increase until
cycle 5,500.°* However, in three different matrixes made
of gold, one study showed that the retention values were
stable or slightly decreased, but not increased.>® Two stud-
ies showed a decrease in retention using titanium mate-
rial.®* Three studies with angled implants in the fatigue
tests showed that with increases in the angle, the decrease
in retention is greater.#24344

0 25 50 75 100
Risk of bias [%)]
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Is it clear in the study what is the "cause"
and what is the "efect"?

Were the participants included
in any comparisons similar?

Were the participants included in any comparisons
receiving similar treatment/care, other than
the exposure or intervention of interest?

Was follow up complete and if not, were
differences between groups in terms of their
follow up adequately described and analyed?

Were the outcomes of participants included
in an comparisons measured in the same way?

Were outcomes measured in a reliable way?

‘ ‘ ‘ . . . . Agrawal, 2017
‘ . . ‘ . . . Aroso, 2016

Was appropriate statistical analysis used?
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Fig. 3. Risk of bias summary

Discussion

A limitation of this review was that only in vitro re-
search was used, this fact is because it’s hard to analyze
material properties. Due to the heterogeneity of the stud-
ies included, it was not possible to perform a meta-analy-
sis. However, all articles included in this systematic review
presented analysis and results about the fatigue and reten-
tion values of the ball attachment and their components.

Considering cases where all factors are equal, the choice
of attachment should be ideally selected based on its com-
position. Thus, for the selection of the best materials for
making components, fatigue resistance becomes an im-
portant analysis since it demonstrates which materials can
be used for this purpose, clarifying the physical, chemical,
mechanical, and biological properties of these, so that the
goal is the long-term durability of the treatments.

Allied with the materials, the prostheses must be built
in an ideal occlusal-centric relationship, so that the po-
sitioning of the condyles is always correct. This avoids
an even earlier wear of the prosthetic components caused
by a poor occlusal relationship and TMD caused by trau-
ma, parafunctional habits, stress, muscle dysfunction,
and bone morphological changes that cause symptoms
such as muscle spasms, pain, and changes in joint posi-
tion and disc displacement due to mandibular malposi-
tion.>3%3 Special attention should be given to patients who
have already suffered fractures of the mandible, such as
the condyle, because they may present facial asymmetry
and malposition of the condyle when in contact with the
mandibular fossa if they are not treated properly.®® Thus,
building the complete denture or overdenture within
the correct pattern of centric and occlusal relationships

is essential. This allows the homeostasis of the region to
be maintained and the rehabilitation treatment to have
a good prognosis that does not damage the structures,
which will act on different planes.

Treatment with overdentures, whether on teeth or
implants, is important to rehabilitate patients. They are
beneficial in patients whether they are partial or totally
edentulous patients, patients with syndromes such as
OFD, which is characterized by the presence of a cleft
palate with hypoplastic or even total or partial absenc-
es, or patients with TMD such as disc displacement.?”8
The overdentures, in these cases, can act as a therapeutic
treatment, acting to stabilize the disc, close the cleft pal-
ate, and improve facial aesthetics and occlusal stability.®®
However, special attention must be given to this treatment
modality, mainly due to the large number of procedures
that are necessary in cases with OFD syndromes, there-
fore, there must be a very cohesive integration between
dental specialties such as endodontics, surgery maxillo-
facial, prosthesis, and implantology, to achieve effective
treatment and prevent early failure of the attachment/
prosthesis system.?”

With the passage of time, deformation and, therefore,
a decrease in the retention of most attachments leads to
treatment failure.® Several studies with parallel implants,
angled implants, and innovative capsules were inserted
into this systematic review to see how each material re-
acts to fatigue testing.

The literature reports that values between 5 N and 7 N
are sufficient to retain and stabilize an overdenture pros-
thesis in position during its use.%> Several materials are
used to manufacture ball attachments, and the change
in material alters the results of the tests, which have dif-
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ferent properties.!® In addition, the study method, using
parallel implants or not, also produces different results.
These differences made it impossible to prepare a meta-
analysis, on the other hand, the heterogeneity of the stud-
ies adds value to the discussion of research and provides
us with important information about different materials
used for ball attachments.

Different materials were used for ball attach-
ments,246L62 which is favorable for discussion since
there are numerous O-rings and capsules available on the
market. The O-ring is usually composed of nitrile, char-
acterized by its resistance to wear, compression, and cor-
rosion which is the principal factor in the stable retention
of this attachment.®® There are also ball attachments made
only of metal, which gives greater retention to the system.
Other materials that are stable under fatigue resistance
are metal systems that use a gold alloy for the retaining
component. This alloy presents ductility and malleability
that will promote adaptation and maintenance of the con-
tour, which confers retention stability.*>%® However, its
main disadvantage is its high cost, which makes treatment
with overdentures more expensive, which takes away one
of its main advantages compared to fixed prostheses, for
example, >0

Polyamide compound O-rings have also been evaluated
in this systematic review. These showed a higher reten-
tion result than conventional O-rings made of nitrile. This
is because polyamide has characteristics such as chemi-
cal impact and abrasion resistance, besides offering flex-
ibility, temperature resistance, and dimensional stability.
These characteristics can be used to explain the greater
stiffness of this type of O-ring.?! Furthermore, matrix and
patrix dimensions also influence attachment retention.
Larger patrices present higher retention values compared
to attachments with smaller dimensions, using the same
matrix for both.*

According to several studies that analyze fatigue resis-
tance, it has been demonstrated that with an increase in
the number of cycles in the trials, retention tends to de-
crease in the vast majority of ball attachments, as dem-
onstrated by Fatalla et al.,®® Chaves et al.,*® Reda et al,?
and Memarian et al.*” This fact can be explained by the
increase in surface roughness, which can cause plastic
deformation of components as the number of cycles in-
creases and consequently there is a reduction in reten-
tion.*®%” Furthermore, this decrease may be due to the
different compositions of the plastic materials, as well as
the size and shape of the capsules used. Another fact to
be considered is the presence of micro-movements, espe-
cially if we use parts of different brands in the same reten-
tion system.":68

Since most current ball attachments suffer from loss
of retention, new studies have shown that new attach-
ment designs are made to solve the main problems related
to them. As demonstrated by Valente et al.* and Galo Sil-
va et al.,°® capsules composed of Polyacetal and PET pre-
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sented with higher retention than the commercial metal
O-ring used in their studies. This fact can be attributed to
the increase in the roughness and hardness of polymeric
materials, as well as the thermal expansion that may have
occurred during the experiment, in addition to the design
and intrinsic properties of polymers.2*>® Complementing
this analysis, Galo Silva et al.>® and Shastry et al.>* per-
formed thermocycling after fatigue tests and obtained dif-
ferent results, where the capsule made with PET showed
an increase in retention, probably due to its thermal sta-
bility property.*

It is known that all prostheses on implants should be
sanitized so that the treatment is effective and does not
have periodontal and peri-implant problems or even loss
of dental implants since bacteria can adhere to these ma-
terials.”%7! There is also the possibility that bacteria such
as Candida albicans, Streptococcus mutans, and Staphy-
lococcus aureus present in the oral cavity can cause se-
vere diseases, such as bacterial endocarditis, aspiration
pneumonia, or generalized infections of the respiratory
tract.”>7> The cleaning and ability to remove the over-
denture is an advantage, especially for patients with
syndromes, cognitive problems, and patients who have
difficulty opening their mouths due to problems such
as hyperplasia of the coronoid process, which makes
adequate oral hygiene of the prosthetic device unfea-
sible.?”2876 However, these materials may cause changes
in prosthetic components, such as loss of retention, re-
tention gain, or even no alteration, as demonstrated by
Mariotto et al., who submitted retention capsules made
of polymeric materials in sanitizing solutions and fatigue
tests.”® The results obtained are because of the intrinsic
characteristics of these materials, which can be hardened
with repetitions and solutions, increasing their retention,
as well as chemical resistance which will prevent a loss or
gain of retention.”

The present systematic review aimed to demonstrate the
main reasons that lead to ball attachments and their com-
ponents to fatigue and treatment failure. Several factors
must be taken into account, especially the understanding
of the mechanical, chemical, and biological properties
of materials, which will be in continuous contact with dif-
ferent temperatures, substances, and forces. Allied with
these factors, there is the correct choice of treatment,
whether it will be performed with dental implants or nat-
ural teeth. This must be guided by strict criteria, observ-
ing the different problems that patients may be associated
with, such as syndromes, dysfunctions, degree of hygiene,
and motor dexterity, so that the treatment has an effec-
tive prognosis, increases the quality of life, preserving or
restoring health, and has a cost compatible with the pa-
tient’s wishes and possibilities. In any case, overdentures
and their attachments present a significant improvement
in quality of life, aesthetics, masticatory efficiency, reten-
tion, and stability, which makes them an excellent reha-
bilitation option.
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Conclusions

The main factor to be considered about fatigue resis-
tance is the retention of these components and their low
durability. The loss of retention is due largely to reasons
such as the materials that compose the attachments and
O-rings, size, angulation of the implants, and time of use
of the prosthesis. The mechanical properties had a great-
er impact on the retention stability of attachments. Thus,
the answer to these questions is only possible provided
that further research is carried out to understand the
biomechanical behavior of the materials and new com-
ponents to be proposed to provide shorter clinical time
spent by the professional with regard to maintenance and
that the patient has a lower cost of treatment.
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