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I. INTRODUCTION 

Nowadays, implant-supported overdentures are playing 

an important role in prosthesis treatments and they are 

becoming the treatment of choice for the completely 

edentulous patients as they can improve the quality of life of 

these patients [1]. Since retentions of mandibular denture are 

less than those of maxillary ones [2], implant-supported 

mandibular overdentures are more of a concern. Thus, 

retentions of overdentures will be increased by placement of  

two to four implants in the mandibular anterior areas and 

employing attachments on the implants [3].  

The use of implant enhances the stability and retention of 

overdenture [4]. Furthermore, implants can improve the 

ability to chew, increase chewing cycles, and improve  the 

quality of life associated with oral health [5]. Some of the 

advantages of this method  over  the other implant-supported 

treatments  include: using minimum implant numbers (two 

implants), lower  cost for both patient  and dentist, and 

simpler surgical as well as prosthesis replacement 

techniques  [6,] [7]. Furthermore, many various attachments 

have been designed and used, with their own advantages and 

disadvantages, in this regard, endooseous implants have 

been applied and reported by attachments for retention of 

overdentures, which are reliable studs for overdentures [8]. 

The concept of attachment retention originates from 

implant-supported overdentures in  Switzerland in 1989 and 

was published by Gilmore about 60 years ago [9], [10]. An 

ideal attachment should reduce denture movements without 

imposing extra stress on implants [11]. Various attachment 

systems have been used for implant-supported overdentures. 

Attachment can be made from precious or non-precious 

alloys, which affects their mechanical properties and 

resistance to wear [12]. There are different types of 

attachments by retention mechanisms including magnets, 

stud attachment, and bar & clip. The stud and magnet types 

are more widely used because of their easier application 

[13], [14]. Magnets are no longer used because of gradual 

decrement of their magnetic properties and corrosion in the 
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wet environment of the mouth [15]-[17].  

Despite providing more retention, bar and clips are less 

used because of having more clinical and laboratory 

procedures [18]. The simplest and most commonly used 

attachments are studs [19]. Several studies have shown that 

a patient's short-term satisfaction with bar and ball 

attachments is similar, and this magnitude is greater than 

magnets [20]-[22]. Although some researchers argue that 

there is insufficient evidence to confirm that the use of bar 

or ball attachments in implant-supported overdentures in 

completely edentulous patients is able to improve prosthesis 

retention and patient satisfaction [23]. 

In recent years, different types of bar attachments are 

more widely used due to their easier application in limited 

prosthetic spaces, lower cost, easier cleaning and less 

technical complexity compared to ball attachments [18], 

[24], [25]. Although ball attachments may initially be less 

expensive for the patients than the bar attachment type, its 

components need to be activated [26], and permanent 

withdrawal will reduce its retention [27]-[30]. 

Factors affecting the selection of attachments include 

available space, required maintenance period, replacement 

of prosthetic components, force distribution on the 

surrounding bones and retention [31]. One of the main 

concerns among both patients and clinicians is the retention 

of overdenture. It has been observed that there is a direct 

relationship between the lack of movement of overdenture 

and patients’ satisfaction [9], [32]. Reduction of retention or 

vertical dimension of occlusion (VDO) adjust are common 

complications [33]. Retention force is affected by a number 

of implants and their position, type of attachment and the 

material used [3]. 

In addition, applied forces on overdentures are affected by 

different factors such as force type; elastic strain energy; 

material, design, and size of attachments; shapes of basic 

teeth; and material and location of implants. Absorbed strain 

energy causes gradual deformation of attachment 

components which in turn reduces the amount of prosthesis 

retention after a defined number of cycles of prosthesis 

placement [34]. 

In this regard, one of the current concerns of 

prosthodontists is the selection of suitable attachments for 

overdentures, as attachments apply stress on the teeth and in 

turn on the bones. 

Selecting a proper attachment can offer the patients a 

variety of advantages [35] and it has been found that 

clinicians select different types of attachments based on 

their experiences and interests [36].  

On the other hand, it seems that the absorbed strain 

energy by attachment components during full separation 

from the abutment, affect the shape of attachment as a 

probable anticipation factor, which this guides physicians in 

the selection of suitable attachments and increment of 

overdentures [11]. 

The aim of the present study was to assess the effects of 

three types of attachments (Ball, Kerator, and Positioner) on 

retention and strain energy of implant-supported mandibular 

overdentures. 

 

II. METHODS AND MATERIALS 

This in-vitro research studied three types of attachments 

(Ball, Kerator, positioner) on maxillary canine implants. For 

simulation, an investment acrylic resin and two parallel 

implant systems (implantium, UK Ltd, Shrewsbury, UK) 

were placed on the canine area. All the tests were performed 

on this model and chrome-cobalt casting framework was 

built as denture base of the edentulous area. This framework 

was remained attached to the overdenture base during the 

test. 

The overdenture test was an acrylic resin (Caulk, Milford, 

DE) with removable components that occupied where the 

chrome-cobalt casting framework surrounded two implants 

[10]. 

All attachments systems were activated by screwing 

abutment lock components to the implant and placing its 

complementary components on the surface. The implant 

components also were placed by relining VLC 

(DENTSPLY, York, PA). Many references holes on the site 

were used to fix the overdenture in the framework, which 

their alignment with ridges of the framework in each 

attachment was checked [9].  

These 3 attachment systems were examined by Instron 

materials 5500 testing machine (Instron, Canton, MA). The 

velocity of 0.5 mm/min was used to vertical separation of 

samples. This speed si as the nearest speed to the denture 

movement on the ridge during chewing [37]. 

This model is considered to the device by 3 orthodontic 

cords, which tension is transferred to the framework through 

these cords to the 3 loops. The wires were connected to 3 

loops in the middle of canine, right and left molars. The total 

framework acted as a retromolar pad that in turn, acted as a 

positive seat. 

A vertical three-point tension by Instron Machine was 

applied to attachment housing in order to determine vertical 

retention forces and rebuilt oblique force. The right molar 

area cord was separated. The absorbed strain energy during 

removal of attachment in each direction was recorded by 

Material Testing Series IX [9]. 

Abutment s of samples were tested while screwing to the 

Implantium System implants. Ridges, washers, and screw 

inside the framework protected each attachment. Moreover, 

both measures (retention and tension forces) were analyzed 

separately. 

Retention and stress energy for those three groups were 

statistically examined by One-Way variance analysis and 

Turkey multiple comparison. 

 

III. STATISTICAL ANALYSIS  

Data analysis was carried out using IBM SPSS Statistics 

for Windows, Version 22.0 (IBM Crop., Armonk, NY, 

USA). 

The Kolmogorov–Smirnov test was used to evaluate the 

normality of the data. A one-way ANOVA, followed by the 

Duncan post-hoc test, was used to compare between the 

attachments (Ball, Positioner and Kerator). Furthermore, Eta 

squared, which estimated the magnitude of the attachment 

differences was calculated. All statistical tests were 2-tailed 

and a p-value less than 0.05 was considered statistically 
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significant. 

IV. RESULTS 

As presented in table 1, a one-way ANOVA was used to 

evaluate the differences of the retention forces in the vertical 

loadings. Significant differences were found between the 

attachments (F (2,15)=33.01, p<0.0001), with a large size 

effect (eta squared=0.81). Furthermore, retention forces in 

the oblique loadings showed significant differences between 

the attachments (F (2,15)=175.10, p<0.0001, eta 

squared=0.95). The effect size, calculated using eta squared, 

was 0.95, which is considered large. 

The strain energies were 4.08, 3.05 and 1.04 J for the 

Ball, Positioner and Kerator attachments in the vertical 

loadings and 4.05, 1.44 and 3.07 J in the oblique loading 

respectively. 

Post hoc comparisons using the Duncan test indicated that 

the mean score for the Kerator group (M=45.87, SD=5.51) 

obtained significantly lower scores than Ball (67.78, 

SD=6.50) and Positioner (M=47.25, SD=3.05) groups.  

Retention forces in the oblique loadings score were 

significantly lower for Positioner (M=39.19, SD=2.09) than 

for Ball (M=88.07, SD=5.11) and the Kerator (M=81.68, 

SD=6.48) groups (Table 1).  

 

 

TABLE 1: THE RETENTION FORCES OF 3 ATTACHMENTS IN VERTICAL AND OBLIQUE LOADINGS 

Retention 
Forces 

Ball 
attachment 

Positioner 
attachment 

Kerator 
attachment 

F(2,15) P-Value 
Effect Size 

(Eta Squared) 

Pairwise 
significance 

differences 

Vertical 
Loadings 

67.78 (6.50) 47.25 (3.05) 45.87 (5.51) 33.01 <0.0001 0.81 
Ball, Positioner > 

Kerator 

Oblique 

Loadings 
88.07 (5.11) 39.19 (2.09) 81.68 (6.48) 175.10 <0.0001 0.95 

Ball, Kerator 

>Positioner 

Values are given as mean (standard deviation). 

 

V. DISCUSSION  

The most common complaint of patients with lower full 

dentures is lack of stability and retention during function 

[35]. The best treatment options to overcome these 

complaints are implant-supported overdentures. To assess 

the quality of overdenture treatments, retention, stability and 

support should be considered simultaneously [38]. On the 

other hand, over the last three decades, implant supported 

overdentures have been becoming more popular. This could 

be due to increased patients’ knowledge; or greater access of 

dentists to attachment systems [39]. 

Based on the results of the current study, by comparing 

the Ball, Positioner and Kerator attachments in implantium 

system, a significant difference was found in retention and 

strain energy.  

The greatest vertical load was observed in Ball 

attachment (67.78 N) and then Positioner attachment (47.25 

N), and the least was observed in Kerator attachment (45.87 

N). 

In comparisons between groups of attachments, a 

significant difference was found between ball attachment 

and the other two groups while the difference between 

Kerator and Positioner attachments was not statistically 

significant.  

In oblique loading, the greatest retention was associated  

with Ball attachment (88.07 N) and after that Kerator  (81.68 

N), and the least retention was associated with Positioner 

attachment (39.19 N). These three groups showed 

significant differences in retention. While the difference 

between Positioner and the other two groups was 

statistically significant, no difference was found between 

Ball and Kerator attachments. 

These findings are similar to that of previous studies [9], 

[40]. For strain energy, the Ball attachment used in this 

study was more successful than that of previous studies. 

The absorbed strain energy during the placement of 

overdenture splits into two components, elastic component 

(reversible) and plastic component (non-reversible). In an 

ideal situation, contact surfaces should bear all the elastic 

strain; in the case of permanent deformation, the retention 

would be lost immediately[30]. Considering this, the strain 

energy for the attachments could be explained as the highest 

energy for both vertical and oblique loadings that is 

associated with Ball attachment (4.8 and 4.5 J). The least 

energy strain in vertical loading is for Kerator attachment 

(1.4 J) and the least in oblique loading is for Positioner 

attachment (1.44 J). 

In previous studies, the more recent attachments have not 

been evaluated for their retention quality and considering 

that the Kerator attachment has recently entered the market, 

this study was conducted to assess both retention and strain 

energy in these attachments. 

After the placement of a denture, several forces in 

different directions will affect it. Retention is a force that 

resists against the movement of overdenture away from 

underlying tissues. In the evaluation of resistance against 

separation in implant-based overdentures, two issues should 

be considered: patient’s viewpoint, which means the feeling 

of patients when they have dentures in their mouth and try to 

bring them out; and dentist’s viewpoint, which is the 

Maximum Dislodging Force (MDF) that is measurable. 

Utilization of Ball attachments by other companies such 

as Branemark has increased their retention and strain 

energy, which is in line with our results [2], [19]. 

Petropolous et al examined the retention and strain energy of 

stud attachments in implant-based overdentures and found 

the highest retention forces for both vertical and oblique 

directions in Zest Anchor Advanced Generation. They found 

the highest strain energy during vertical and oblique 

placements in Ball attachments [9].  

Evaluation of the stud attachments’ retention under 

masticatory forces simulation showed that masticatory 

forces mildly eroded the Ball attachment and did not affect 

the retentive forces. However, for Locator attachment, the 

simulation forces made a change in nylon components of the 

attachment and subsequently reduced the retention of this 

system. Additionally, after 100000 cycles of masticatory 
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force inductions, significant changes were examined in the 

retention of Locator’s color codes, Blue inserts showed the 

highest decrease in retention (37%) and no difference was 

observed in pink and white inserts [41]. 

Alsabecha et al [42] reported that attachment systems 

with larger dimensions create a higher retentive force for 

lower uni-implant supported overdentures. 

In another study, Branchi et al [24] found that matrices 

with gold and Teflon alloys had the highest retention in a 

three-year function simulation. In their study, titanium and 

O-ring matrices had a continuous decrease in retention and 

Ball attachment in combination with titanium matrix showed 

the highest extent of erosion [24]. 

In their study, Uldag et al [43] examined the retention of 

different attachment systems in overdentures supported by 

two or three implants in the mandible. The retention was 

found to be higher for three attachments (Locator) compared 

to two attachments [43]. In this study, all the patterns 

showed a decrease in retention from the primary test to the 

last loadings. Use of the Locator attachments in implant 

supported overdentures compared to Bar/Clip attachments 

induces a lower strain to implants in the mandible [44]. 

The results of higher retention for Ball attachments could 

be related to their new design, Universal Hinge Movement, 

which allows higher rotation compared to previous designs 

[45]. These attachments have an extra-radicular design, and 

the key part (patrix) is on outer surface of implant abutment. 

In standard Ball attachment a plastic cap (matrix) is used, 

and the retention is provided by a flexible plastic O-ring 

with capability of moving above the height of contour 

(HOC) attachment. It has been indicated that attachments 

with larger dimensions provide larger cross sections and 

subsequently higher retentions [46].  

Recent clinical studies have proven the lower resorption 

rates of marginal bone with Ball locator attachments 

compared to Implant Locator attachments. This could be due 

to the higher splitting effect in implants compared to 

Locator attachments. 

All the studies in this field including the current study 

have limitations, and the most important one is their 

experimental nature. There is no doubt that result of these 

studies in clinical situation considering the different 

condition of the mouth including saliva, pH, and 

temperature might be different. Additionally, considering 

the limitations in budget and facilities, increasing the 

number of samples and repeating the cycles was not 

feasible. 
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