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Purpose: To evaluate the effect of cyclic disengagement on the retentive force and wear patterns of pairs of 

three Locator inserts (blue, pink, and clear) in vitro. Materials and Methods: Implant analogs (Astra Tech) 

were positioned into aluminum blocks parallel to each other and perpendicular to the horizontal plane, with 

one analog angulated mesially by 10 degrees (0/10), or with two implant analogs each angulated mesially by 

5 degrees (5/5). Ninety Locator attachments, in 15 pairs of each standard retention strength (blue, pink, and 

clear), underwent 2,500 cycles of testing, lubricated with artificial saliva. Data were analyzed after 6, 12, and 

18 months of simulated clinical use (720, 1,440, or 2,160 cycles). The wear patterns of the Locator inserts 

were examined before and after the cyclic dislodgments using scanning electron microscopy. Results: There 

were significant differences in retentive force between clear, blue, and pink inserts at baseline, with the clear 

insert being the most retentive in the 0/10 model. The lowest percentage reduction in retentive force from 

baseline to 2,160 cycles was the pink insert in the 0/10 model, and the highest was the blue insert in the 5/5 

angled model. Conclusion: A rapid decrease in retentive force was observed in all three models after 720 

cycles for all three inserts. The most retentive combination was the clear insert in the 0/10 model, and the 

least retentive was the blue insert in the 0/10 model. After 2,160 cycles, there was a significant reduction in 

retentive force of 59% to 70%. However, the values of retention were still higher than those claimed by the 

manufacturer. Int J Oral MaxIllOfac IMplants  2015;30:556–563. doi: 10.11607/jomi.3687
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Osseointegrated implants have emerged as a pivot-
al treatment to replace lost teeth. They have prov-

en to be an optimal treatment in terms of retention, 

stability, function, ease, comfort, and overall patient 
satisfaction. They also improve quality of life for many 
edentulous patients by eliminating the problems as-
sociated with the retention and support of conven-
tional dentures.1 The McGill Consensus Statement 
of 20022 and the York Consensus Statement of 20093 
provide considerable evidence to support the concept 
that a two-implant–supported mandibular overden-
ture should be the standard treatment for edentulous 
patients.3

Three basic types of attachments are commonly 
used: studs, bar/clip devices, and magnets.4 Although 
stud attachments provide the highest retention,5 they 
wear over time and thus lose retention. Wear is de-
fined as the process by which material is displaced or 
removed by the interfacial forces that are generated 
as two surfaces rub together.6 Wear occurs predomi-
nantly during insertion and removal of the denture 
and during functional and parafunctional activities; 
it is influenced by the angulations of the component 
parts. The Locator system is an extraradicular attach-
ment system, manufactured by Zest Anchors, that was 
first introduced in 2000. Its standard armamentarium 
includes three different types of male inserts that 
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the mandible, along with the use of artificial saliva 
at room temperature and cyclic fatigue testing.6–9 A 
study that acted as a pilot for the current study used 
only one implant to overcome any complication that 
might arise from the full engagement and disengage-
ment of two implants, thus establishing an experimen-
tal protocol that used an Endura Tech fatigue testing 
machine. It concluded that the Locator clear insert was 
the most retentive over the testing period; however, 
over the 2 years of simulated clinical use, a reduction 
of up to 80% for all Locator inserts was observed.14

The aim of this study was to develop a model that 
would measure the change in retentive force and wear 
of the three standard types of Locator inserts after 6, 
12, and 18 months of simulated use when a pair of 
implant analogs were placed parallel to each other 
(model 1; 0/0), with one perpendicular to the occlusal 
plane and one tilted 10 degrees to the mesial (model 
2; 0/10), or with both placed with 5 degrees of mesial 
tilt (model 3; 5/5). Scanning electron microscopy was 
used to examine and visualize the wear characteristics. 

MATERIALS AND METHODS

In Vitro Model
Six aluminum blocks (40 × 12 × 13 mm) were pre-
pared to retain the implant replicas and the Locator 
inserts. Two 3.5-mm-diameter holes were prepared 
23 mm apart. For model 1, the holes were parallel and 
perpendicular to the horizontal; for model 2, one hole 
was perpendicular to the horizontal and one was angu-
lated 10 degrees to the mesial; and for model 3, both 
were angulated at 5 degrees toward the mesial. Im-
plant analogs, 3.5 to 4.0 mm in diameter (Astra Tech), 
were placed and cemented with epoxy resin adhesive. 
The Locator Abutment Driver (Astra Tech) was used to 
engage the abutments, which were tightened with an 
Astra torque wrench to 20 N (Figs 1 to 3). 

provide varied degrees of retention (blue 6.67 N, pink 
13.35 N, clear 22.24 N); an extended armamentarium 
expands the range of retention (grey 0 N, red 4.45 N, 
orange 8.9 N, green 17.79 N).

A significant number of in vitro studies have shown 
that the retentive forces and wear of attachments dif-
fer extensively.6,7 This has considerable clinical implica-
tions, as the clinician needs to select the most suitable 
type of attachment for a particular clinical situation. 
A wide range of retentive forces for attachments has 
been shown in vitro during the first 1,500 cycles,6 with 
some attachments even showing an increase in reten-
tion. Subsequently, the maximum dislodging forces 
at various directions with respect to the attachments 
were assessed in vitro, and, again, significant differenc-
es among the attachment systems were shown.7 Clini-
cally, it is unlikely that implants can be placed exactly 
parallel to each other or at right angles to the occlusal 
plane, so it is important to test attachments when the 
implants diverge somewhat. Recently, retentive forces 
in parallel and nonparallel cyclic testing modes were 
tested, with the highest retention shown by parallel 
attachments and those placed at an offset of 5 de-
grees, demonstrating that a small offset may actually 
be advantageous.8,9 

In vivo studies have attempted to use defined meth-
ods of recording the retentive properties and wear of 
various types of attachments for implant-retained over-
dentures.10–13 In contrast to in vitro studies, in vivo stud-
ies take all oral conditions into consideration that may 
affect retention. However, these studies have ignored 
changes in retention and wear caused by different an-
gulations of implants, which are major factors affecting 
the measurement of retention and wear of attachments.

Although in vitro studies have significant limitations, 
they are generally acceptable for the investigation of 
attachment wear. The majority of studies have utilized 
the placement of two implants at a distance of 22 to  
23 mm, which represents the intercanine distance in 

Fig 1  Model 1: Aluminum blocks with 
parallel implants and housings.

Fig 2  Model 2: Aluminum blocks with 
one perpendicular implant and one im-
plant tilted mesially by 10 degrees and 
corresponding housings.

Fig 3  Model 3: Aluminum blocks with 
two angled implants (each by 5 degrees) 
and corresponding housings.
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Microscopic Investigation
The specimens (Locator inserts) were mounted on Hi-
tachi specimen holders using Leit-C conductive carbon 
cement and Leit-C-Plast plastic conductive carbon ce-
ment (Emitech). The specimens were sputter coated 
with 15 nm gold to increase conductivity and improve 
image quality (Emitech K550, Emitech). All specimens 
were viewed at 20 KV at ×18 and ×50 magnification 
using a scanning electron microscope Hitachi S 3500N 
(Hitachi High Technologies).

Statistical Analysis
Baseline load, final load, and percentage reduction in 
load after 720, 1,440, and 2,160 cycles (6, 12, and 18 
months of simulated use) represented normal distribu-
tions and were described using means and standard 
deviations (SDs). The baseline load proved to be sig-
nificantly different between the different inserts. Two-
way analysis of variance (ANOVA), with baseline load 
as a covariate, indicated that there was an interaction 
between the factors angle and color and a significant 
effect of baseline load. Subsequently, one-way ANOVA 
was performed on both final load and the percentage 
reduction in load after 720, 1,440, and 2,160 cycles by 
model and insert separately, using a post hoc Schef-
fé test and Bonferroni correction for multiple post-
ANOVA contrasts. Levels of probability less than .05 
(P < .05) were considered to be statistically significant.

RESULTS

Outcome of Fatigue Testing
The means and SDs of the retentive forces (in Newtons), 
according to model and insert, were calculated and tab-
ulated. Statistically significant differences were observed 
for the inserts in the three models. The retentive forces at 
baseline (Table 1) showed statistically significant differ-
ences among the three inserts in all three models. There 
was a statistically significant difference within the clear 
group in the three models, with the one-angled model 
(model 2; 0/10) showing the highest level of retention, 
followed by the two-angled model (model 3; 5/5). No 
statistically significant differences were observed with-
in the pink and blue insert groups. The mean retentive 

Three aluminum blocks were prepared for the Loca-
tor inserts. Retentive grooves were cut onto the blocks, 
upon which Metal Primer II (GC Corporation) was ap-
plied following the manufacturer’s instructions. This 
was also applied to the Locator metal housing (Astra 
Tech). The metal housing was then cemented to the 
primed, grooved surface of the block with autopoly-
merizing resin (Heraeus Kulzer). For the cyclic loading 
tests, 90 Locator inserts (15 pairs of each color: blue, 
pink, and clear) were inserted into each metal housing 
by means of the Locator core tool. 

Cyclic Testing
The retentive force at dislodgment of the Locator at-
tachment system was cyclically tested with the Endura 
Tech fatigue testing machine (Bose Corporation). The 
aluminum blocks were positioned to ensure that all 
abutments and inserts were fully and accurately en-
gaged. The machine was calibrated to zero load at a 
distance of 2 mm with full disengagement, and the 
displacement was adjusted to range within ± 2 mm. 

Engagement and disengagement of the Locator 
attachment were carried out at right angles to the 
horizontal level of the blocks. The Endura Tech testing 
machine was set at 2,500 cycles with a frequency of  
1 cycle/second (1 Hz), and the data were analyzed af-
ter 720, 1,440 and 2,160 cycles (to simulate 6, 12, and 
18 months of use) using the previous convention that 
a patient typically removes their denture four times a 
day: in the morning (placement); after breakfast, after 
lunch, after dinner (removal and replacement); and at 
bedtime (removal).9 The time intervals were chosen, as 
they represent the normal review periods for a patient 
who is wearing an implant-supported prosthesis. In 
line with the protocol of Stergiou et al,14 a reservoir of 
artificial saliva at room temperature was placed at the 
base of this whole assembly and circulated by a peri-
staltic pump (Watson-Marlow Bredel Pumps). 

A total of 45 cyclic fatigue tests were carried out 
with 30 Locator inserts of each color (blue, pink, and 
clear). Five pairs of each color were tested per model. 
After each test had been completed, the data were 
downloaded. Two hundred data points per cycle were 
recorded, which resulted in 500,000 (200 × 2,500) data 
points per test. 

Table 1 Retentive Forces (N) at Baseline by Insert and Model

Model
Insert color

P valueBlue Pink Clear
Parallel 77.6 (13.5) 72.7 (1.3)a 83.8 (10.9)af .008

One-angled 66.4 (26.7)c 74.8 (6.7)b 101.32 (12.0)bcfg < .001
Two-angled 73.5 (10.1)e 71.4 (3.4)d 89.5 (15.7)deg < .001
P value .199 .090 .001
a,b,c,d,e,f,gSame superscript letter indicates statistically significant difference (P < .05).
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models demonstrated that the blue insert was signifi-
cantly less retentive than the clear and pink inserts. 
Statistically significant differences were also observed 
within the blue insert group in the three different 
models, with the blue insert in the parallel model be-
ing significantly more retentive than the blue insert in 
the one- and two-angled models. The highest percent-
age reduction was observed with the blue insert in the 
two-angled model (67.6%), and the lowest remained 
the pink insert in the one-angled model (52.7%). How-
ever, the decrease in the percentage reduction was not 
as high as had been observed between baseline and 
720 cycles.

After 2,160 cycles, the one-angled and two-angled 
models still demonstrated that the blue insert was 
significantly less retentive than the clear and pink in-
serts (Table 4). Statistically significant differences were 
found within the blue inserts within the three models, 
with the blue insert in the parallel model giving the 

forces ranged from 66.4 to 101.32 N, and SDs ranged 
between 1.3 and 26.7 N, for baseline values. Among 
groups, the clear insert in the one-angled implant model 
demonstrated the highest retention, with a statistically 
significant difference being present. 

After 720 cycles, mean retention ranged from 24.8 to 
47 N (SD 3.3 to 11.5 N) for the three inserts in the three 
models (Table 2). The mean percentage reduction in re-
tentive force from baseline to after 720 cycles ranged 
from 38.7% to 55.4% (SD, 4.9% to 28.1%). The highest 
percentage reduction was seen in the clear, one-angled 
model (55.4%), while similar results were observed in 
the blue two-angled model (55.1%). The lowest per-
centage reduction in retentive force after 720 cycles 
was seen in the pink one-angled model (38.7%). In the 
one-angled model, the blue inserts were significantly 
less retentive than the clear and pink inserts.

After 1,440 cycles (Table 3), the mean difference in re-
tentive force between the one-angled and two-angled 

Table 2 Retentive Forces and Percentage Reductions from Baseline (Means and SDs) After 720 
Cycles by Insert and Model

Parameter/
model

Insert color
P value*Blue Pink Clear

Retention (N)
Parallel 40.0 (11.5) 29.3 (10.0) 43.1 (7.0) .799
One-angled 24.8 (10.8)ab 45.4 (5.5)a 44.9 (3.3)b < .001
Two-angled 32.3 (4.70)cd 43.4 (4.3)c 47.0 (3.6)d < .001
P value* .077 .396 .483

Reduction in retention (%)
Parallel 45.9 (21.1) 46.2 (13.1) 48.2 (8.7) .966
One-angled 54.3 (28.1) 38.7 (9.7) 55.4 (4.9) .276
Two-angled 55.1 (11.5) 39.1 (7.0) 45.6 (14.2) .122
P value .758 .456 .317

*ANOVA.
a,b,c,dSame superscript letter indicates statistically significant difference identified by post-ANOVA Scheffé test contrasts (P < .05).

Table 3 Retentive Forces and Percentage Reductions from Baseline (Means and SDs) After 1,440 
Cycles by Insert and Model

Parameter/
model

Insert color
P value*Blue Pink Clear

Retention (N)
Parallel 30.6 (6.8)e 31.5 (7.8) 35.8 (8.7) .549
One-angled 17.2 (8.9)abe 35.1 (4.4)a 39.0 (3.1)b < .001
Two-angled 23.2 (2.7)cd 35.2 (3.1)c 35.1 (3.9)d < .001
P value* .025 .490 .538

Reduction in retention (%)
Parallel 58.9 (13.3) 56.8 (10.3) 57.3 (7.6) .951
One-angled 66.6 (24.1) 52.7 (7.5) 61.2 (4.8) .357
Two-angled 67.6 (7.8)a 50.5 (5.4)a 59.3 (11.8) .029
P value* .667 .471 .784

*ANOVA.
a,b,c,d,eSame superscript letter indicates statistically significant difference identified by post-ANOVA Scheffé test contrasts (P < .05).
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Figures 4 to 6 illustrate the means and SDs of the 
retentive forces at disengagement of the three inserts 
in the three models. Decreases in retentive force after 
720, 1,440, and 2,160 cycles were observed at varying 
rates for each colored insert. Figures 4 to 6 compare the 
means and SDs of the load at disengagement among 
the three inserts when they were placed in each of 
the models. A rapid and significant drop in the reten-
tive force was observed before 720 cycles in all three 
models. The clear insert showed the highest retentive 
values in all three models. After 2,160 cycles, the clear 
insert still demonstrated the highest retentive forces, 
while the blue insert showed the lowest, most notably 
in the angled models.

Microscopic Findings
Selected images obtained from the SEM investiga-
tion are shown in Figs 7 to 9. Some significant wear 
of the central pillar of the insert was observed, along 
with some wear on the periphery of all the inserts. In 
model 2, significant wear was noticed on one edge, 

most retention. The highest percentage reduction was 
with the blue insert in the two-angled group (74.1%), 
and the lowest reduction was seen with the pink insert 
in the one-angled group (58%).

Table 4 Retentive Forces and Percentage Reductions from Baseline (Means and SDs) After  
2,160 Cycles by Insert and Model

Parameter/model
Insert color

P value*Blue Pink Clear
Retention (N)

Parallel 25.8 (5.2)e 27.7 (8.2) 32.0 (10.7) .504
One-angled 14.7 (7.9)abe 31.3 (4.1)a 35.1 (2.4)b < .001
Two-angled 18.4 (3.7)cd 29.4 (2.7)c 30.2 (2.7)d < .001
P value* .033 .629 .505

Reduction in retention (%)
Parallel 65.5 (10.2) 62.1 (10.7) 62.1 (9.6) .828
One-angled 70.6 (22.9) 58.0 (10.7) 65.1 (4.2) .396
Two-angled 74.1 (7.9)a 58.6 (5.2)a 65.1 (9.4) .025
P value* .678 .697 .801

*ANOVA.
a,b,c,d,eSame superscript letter indicates statistically significant difference from post-ANOVA Scheffé test contrasts (P < .05).

Fig 4  Retentive strength (means and SDs) of inserts in the 
parallel-implant model (model 1).

Fig 5  Retentive strength (means and SDs) of inserts in the 
one-angled model (model 2).

Fig 6  Retentive strength (means and SDs) of inserts in the 
two-angled model (model 3).
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retentive forces observed in the tests of each pair of 
inserts (blue 77.6 N, pink 72.7 N, clear 83.8 N) were con-
siderably higher than those claimed by the manufac-
turer for single inserts (blue 6.67 N, pink 13.35 N, clear 
22.24 N), so it is assumed that the manufacturer’s fig-
ures refer to retentive force as a mean figure over the 
lifetime of an insert. Although the manufacturer does 
not define that period, it does state, however, that the 
Locator attachment can resist up to 60,000 or even 
110,000 cycles. The baseline retentive force values at 
1 cycle in the present study were considerably higher 
than the subsequent measurements. This concurs with 
previous studies,8,14 which recorded the highest values 
at first pull and observed less retention after succeed-
ing cycles. This reinforces the theory that single-pull 
testing results may not be representative in assessing 
the lifetime retention of different attachment systems.

In the study of Stergiou et al,14 the retentive forces of 
Locators were evaluated on three single-implant mod-
els (with implants angulated at 0, 5, and 10 degrees), 
whereas in the current study, the retentive forces of 

whereas minimum wear occurred on the opposite 
side (Fig 8). An interesting observation was noted on 
the central pillar of the one-angled and two-angled 
models (Figs 8 and 9): in the pattern of wear, a ledge 
shape had formed on the central pillar on one side, 
which corresponded to one of the notches on the im-
plant analog. 

DISCUSSION

The maximum retentive force at disengagement in the 
present in vitro study was recorded at baseline for all 
three Locator inserts in all three models. Reductions 
in retention, at varying rates, were observed during 
cyclic testing, thus indicating that the Locator inserts 
wore considerably in vitro. The highest retention at 
baseline was observed in the clear one-angled model  
(101.32 N), which was in accordance with the manufac-
turer’s claims and a study by Stergiou et al14 showing 
that the clear insert is the most retentive. However, the 

Fig 7  Pair of blue inserts after cyclic 
testing in the parallel-implant model.

Fig 8  Pair of blue inserts after cyclic 
testing in the one-angled model. Note 
ledge formation on the central pillar and 
some significant peripheral wear in one 
region of the insert.

Fig 9  Pair of blue inserts after cyclic 
testing in the two-angled model. Note the 
formation of a single ledge on the central 
pillar.
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in clinical situations the implants may be angulated 
in the buccolingual plane as well. This was to ensure 
simplicity in this in vitro model, but it does represent 
a limitation of the study. Furthermore, in this in vitro 
model, cyclic forces were applied in a vertical direction 
only, whereas in the oral cavity, the direction of forces 
can be a combination of vertical, oblique, rotational, 
and horizontal.

It can be concluded that a significant reduction in 
retention occurs within the first 720 cycles (6 months 
of simulated use) of use of the inserts. However, the 
rate of reduction decreases after this. The greatest per-
centage of reduction was seen for the blue insert, and 
the least was seen with the pink one. After 2,160 cycles 
(18 months of simulated use) the retentive forces were 
still somewhat higher than those originally claimed by 
the manufacturer. This would infer that, clinically, the 
attachments can provide sufficient retention for up to 
1.5 years. However, a precise prediction of the dura-
bility of attachments is not simple, since factors such 
as the number and position of implants, the type and 
material of attachments, the design of the prosthesis, 
patient dexterity during insertion and removal of the 
prosthesis, and occlusal and displacement forces dur-
ing function are influential as well. 

CONCLUSIONS

Within the limitations of this in vitro study, the follow-
ing conclusions can be made.

• The fatigue tests resulted in decreases in retentive 
force for all three types of inserts in all three 
angulation models at different rates over time. 
There was a rapid decline in retentive force for all 
the Locator inserts up to 720 cycles (6 months of 
simulated use); subsequently, a more measured, 
steady decline was seen up to 2,160 cycles  
(18 months of simulated use).

• Significant differences were present between clear 
and blue inserts and between pink and blue inserts 
in both the one-angled and two-angled implant 
models after 720, 1,440, and 2,160 cycles (6, 12, 
and 18 months of simulated use). The clear insert 
was the most retentive.

• The most retentive combination was with the clear 
inserts in the one-angled model, and the least 
retentive combination was with the blue insert in 
the one-angled model. 

• After 2,160 cycles (18 months of simulated use), 
there were significant reductions in retentive 
forces ranging from 59% to 70%. However, the 
values were still higher than those claimed by the 
manufacturer.

Locators on pairs of implants were evaluated. The re-
sults show that retention can be increased by a factor 
of nearly 2.25 (at baseline) if a pair of attachments is 
used rather than a single attachment. The mean re-
tentive force of the present study at baseline ranged 
between 66.4 and 101.32 N, which exceeded the wide 
range of initial retentive force (3 to 85 N) observed with 
different types of attachments for implant-retained 
overdentures.6 Although the present study cannot be 
directly compared to the study of Al-Ghafli et al,9 the 
results of both studies are closely aligned, with the 
mean force at baseline in the range of 78 to 104 N. 

The clear insert consistently showed the highest re-
tentive forces at disengagement during testing. A sta-
tistically significant difference was observed between 
clear and blue inserts and between pink and blue in-
serts in the one-angled and two-angled models after 
720, 1,440, and 2,160 cycles. A statistically significant 
difference was also observed within the blue group in 
the three different models after 1,440 and 2,160 cycles. 
No statistically significant differences were observed 
in the parallel group among the three colors or within 
the clear and pink colors in the three models. It can be 
concluded that, clinically, the best option in terms of 
cost effectiveness may be the clear insert. Furthermore, 
the manufacturer presents three different types of re-
tentive elements; however, a statistically significant dif-
ference was found for only one (the blue insert) after 
1,440 and 2,160 cycles. 

When the three angulation models were com-
pared, statistically significant differences were found 
after 720, 1,440, and 2,160 cycles between the clear 
and blue inserts and between the pink and blue in-
serts with the one-angled and two-angled models. 
There was no statistically significant difference be-
tween the pink and clear inserts; nor was any observed 
with the parallel model. The angulated implant mod-
els showed higher retentive values than the parallel 
one, with the one-angled model being slightly more 
retentive than the two-angled model. These results 
are in agreement with a previous study,14 which dem-
onstrated that a 5-degree angled model was more 
retentive than a 0-degree angled model. Clinically, 
this would infer that, for a reasonable amount of time, 
the attachments can be used when the implants are 
slightly angulated. 

This finding is in agreement with the manufac-
turer’s claim that the resiliency of the Locator attach-
ments can compensate for slight angulations without 
a significant decrease in their retentive properties. This 
is important clinically, as it is difficult to position im-
plants that are exactly perpendicular to the horizontal 
(occlusal plane) and parallel to each other. However, 
the present study only tested implants that were an-
gulated mesially in the mesiodistal plane, whereas 
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 5. Cune M, Kampen FV, van der Bilt A, Bosman F. Patient satisfaction 
and preference with magnet, bar-clip and ball-socket mandibular 
implant overdentures: A cross-over clinical trial. Int J Prosthodont 
2005;18:99–105.

 6. Setz J, Lee SH, Engel E. Retention of prefabricated attachments for 
implant stabilized overdentures in the edentulous mandible: An in 
vitro study. J Prosthet Dent 1998;80:323–329.

 7. Petropoulos VC, Smith W. Maximum dislodging forces of implant 
overdenture stud attachments. Int J Oral Maxillofac Implants 
2002;17:526–535.

 8. Ortegón SM, Thompson GA, Agar JR, Taylor TD, Perdikis D. Reten-
tion forces of spherical attachments as a function of implant and 
matrix angulation in mandibular overdentures: An in vitro study. 
J Prosthet Dent 2009;101:231–238. 

 9. Al-Ghafli SA, Michalakis KX, Hirayama H, Kang K. The in vitro effect 
of different implant angulations and cyclic dislodgment on the re-
tentive properties of an overdenture attachment system. J Prosthet 
Dent 2009;102:140–147.

10. Naert I, Gizani S, Vuylsteke M, Van Steenberghe D. A 5-year 
prospective randomized clinical trial on the influence of splinted 
and unsplinted oral implants retaining a mandibular overden-
ture: Prosthetic aspects and patient satisfaction. J Oral Rehabil 
1999;26:195–202.

11. Burns DR, Unger JW, Elswick RK Jr, Giglio JA. Prospective clinical 
evaluation of mandibular implant overdentures. Part I: Retention, 
stability and tissue response. J Prosthet Dent 1995;73:354–363.

12. Kampen FV, Cune M, Van der Bilt A, Bosman F. Retention and post-
insertion maintenance of bar-clip, ball and magnet attachments in 
mandibular implant overdenture treatment: An in vivo comparison 
after 3 months of function. Clin Oral Implants Res 2003;14:20–26.

13. Wilfried K, Kämmerer PW, Hartmann S, Al-Nawas B, Wagner W. A 
comparison of three different attachment systems for mandibular 
two-implant overdentures: One-year report. Clin Implant Dent 
Relat Res 2010;12:209–217.

14. Stergiou A, Juszczyk AJ, Clark RKF, Radford DR. The retentive forces 
of the locator attachment system at different angulations. Eur 
J Prosthodont Restorative Dent 2012;20:68–74. 

In the clinical situation, implant angulation may af-
fect the retention levels achieved and wear of the Lo-
cator attachment system in two-implant–supported 
overdentures. Selection of Locator inserts should be 
informed by implant angulation, and the choice of in-
sert should consider the required levels of retention 
during the restorative planning phase.
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