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Abstract Implant alignment is an important factor in

overdentures retained by solitary abutments. In this study,

the effect of implant angulations in two directions, on the

amount of retention of attachments was evaluated. Ninety

models were divided into nine groups of two blocks each;

one for two implants and one for two attachments. The

implants were placed either parallel to, at 5�, or at 10�
relative to the reference plane. The attachments were

related to the implants with a 0, 5, or 10� angulations. The

direction of the implant was either labial or distolabial. The

initial and the subsequent retention values of each sample

were measured after each 500 cycles of insertion and

removal. The measurements were repeated for five con-

secutive 3,000 cycles, and the results were analyzed by

means of one-way ANOVA and Tukey HSD tests. Group 9

with a 10� distolabial tilt of the implants and of their

attachments showed the highest initial retention, whereas

group 1 with a 0� angulations and parallel attachments

showed the lowest (6.9 ± 0.28 and 3.88 ± 0.19 N,

respectively). The initial retention and the final loss of

retention was significantly higher in those groups with the

distolabial tilt of the implants (p \ 0.05). Within the lim-

itations of this study, it was demonstrated that the more

divergent the implants and their retentive components, the

higher their initial retention and the lower their final

retention may be.
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Introduction

Retention of the prosthesis may be one of the important

requirements that should be achieved during treatment of

edentulous patient due its significant role in function and

patient satisfaction [1–4]. Few researches have been carried

out on the required retention during mastication and the

results were as follows: in one research the required

retention was 15–20 N for adhesive nature foods [5] and in

the other it was 10 N for normal food [6].The implant

retained overdentures satisfy this requirement better than

the conventional complete dentures [1–4]. Implant in

conjunction with attachments can enhance the retention

and stability of overdentures [7]. One of the common

problems in implant-retained overdentures is the lack of

parallelism of the supporting implants, particularly if stud

attachments are used on the solitary implants [8–10]. This

could lead to the loss of retention and decrease in longevity

of the retentive components [1–3]. If the implants and their

attachments are placed vertically on the similar occlusal

plane, and parallel to each other, not only the retention is
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improved [7–11], it will also be maintained for a longer

time [12, 13]. The angle between the implants can cause

problems for the components attached to them, or may

complicate plaque control, due to the unconventional

methods in placement of the attachments [14–20]. The

effects of implant angulations on retention have been

studied previously. It was shown that although angulations

of 5 and 10� have no significant effect on the quality of

retention [18, 19], a significant reduction in retention was

observed at 20� implant angulations [20]. The effect of

mesio-distal angulations of implants on the overdenture

retention has been reported previously, but there has not

been any research on their effects in other directions [15,

18]. The present study has been designed to investigate the

effect of the one dimension (labial) and two dimension

(disto-labial) angulations of implants and their attachments

on retention of the overdentures. The null hypothesis is that

there is no effect of one and two dimension angulations of

implants and attachments on the retention.

Materials and Methods

The study was performed on 90 samples. Eighteen cubic

blocks were made with auto-polymerizing acrylic resin

(Acropars, Tehran, Iran), using a wooden mold with

internal dimensions of 5 mm 9 20 mm 9 13 mm [15].

The blocks were divided into nine groups of two blocks

each (A and B), to simulate the mandibular implant-

retained overdentures. Block A, which represented the

patient’s mandible, was fixed on the cast holder of a dental

surveyor (Ney company, Bloomfield, Ct) and the tilt was

adjusted according to the group requirements, using a

goniometer. Two holes were drilled into each block A

using a surgical hand piece mounted on a milling machine

(Dentaurum, Springen, Germany). The holes were 6 mm in

diameter, 20 mm apart, and symmetrical in relation to the

borders of each block. Two 12.0 9 3.8 mm root-form

implants (Implantium, Seoul, South Korea) were posi-

tioned in the prepared holes, according to their require-

ments, and were fixed in their position with auto-

polymerizing acrylic resin. Titanium ball abutments 2 mm

in height and 1.8 mm in diameter (BAB Ball Abutment,

Dentium, Seoul, South Korea) were screwed in each

implant with a 20 Ncm force, according to the manufac-

turer’s instructions, using the hand wrench from the same

manufacturer. Finally, the corresponding attachment

sockets were inserted on each ball abutment (Ball socket

BPF-3, housings Dentium, Seoul, South Korea), using the

analyzing rod of the surveyor for parallelism. Two sym-

metric holes, 5 mm in diameter, were drilled in each block

B, also 20 mm apart. The housings were attached to the

block B with auto-polymerizing acrylic resin, after com-

plete alignment with their corresponding block A (Fig. 1).

Classification, designation, and alignment requirements

of sample groups are shown in Table 1. For the control

group (group 1), the superior and inferior surfaces of both

blocks A and B were positioned parallel to each other and

to the horizontal plane. The holes were drilled completely

parallel to the superior surface of blocks A and B. For the

groups with the tilt of the implants and abutments in one

direction, the cast holder was adjusted to the desired degree

of tilt. Then, block A was placed on the cast holder in such

a way that the designated surface of the block would

acquire that tilt. For example, in group 5 (10–10 L), the

cast holder of the surveyor was tilted 10� in relation to the

horizontal, and the block A was positioned on the cast

holder in such a way that the labial surface would acquire

that tilt. The 10� one direction tilt of implant and ball

abutment was demonstrated in Fig. 2.

For the groups with the tilt of implants and abutments in

a distolabial direction, the cast holder was adjusted to the

desired tilt in a direction common for both implants (i.e.,

labial) and the distal tilt of each implant was provided by

adjusting the tilt of the milling machine. The combined

effect would produce the desired distolabial tilt. Block B of

each group was related to their corresponding block A,

either at a horizontal level, or to the long axis of the

implant and its attachment which was at a certain tilt in

relation to the horizontal plane. After preparation of the

blocks, they were lubricated with the artificial saliva spray

(Bio Xtra, Bio-X healthcare, Belgium) prior to testing and

throughout the test.

Fig. 1 Connection of housing of attachment to the Block B. The

housing with attachments was placed on ball abutments and

completely vertical on the horizontal surface of the block in the hole

made in block B and were fixed in their positions using acrylic resi
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The initial retention of each pair of blocks was deter-

mined by measuring the maximum amount of force needed

to separate the two blocks with the speed of 10 mm per

minute, using the tensile testing machine (Load cell 20,

Santum-STM 20, UTM, Seoul, Korea) (Fig. 3). Each pair

of blocks, A and B, from all groups was subjected to the

cycles of connection and separation manually, with 10-s

intermissions between each cycle to allow for elastic

recovery of the plastic O-rings. The two blocks were kept

perpendicular at all times. Moreover, the operator was not

informed about the identity of each group.

Post-operative retention was measured after each 500

cycles, for six consecutive repetitions (i.e., 3,000 cycles).

This equals to 750 days (more than 2 years) of service, if

the patient removed and reinserted the prosthesis four times

a day. After replacing the O-rings, the entire experiment

was repeated in the same manner for the total of five times.

The results were analyzed with a one-way ANOVA and

Tukey HSD tests between the groups and within each

group respectively.

Results

The mean initial retention of the attachments in the control

groups of all five experimental samples was 3.88 ± 0.19 N

(Table 2). This value was decreased to 3.48 ± 0.24 N after

3,000 cycles of insertion and removal; a 10 % loss of

retention. This was a statistically significant loss, based on

the Tukey HSD test results (p \ 0.05). This significant loss

of retention was shared among all the groups (Table 3). For

instance, the primary retention in group 9 (10–10 DL) was

6.9 ± 0.28 N, and it was reduced to 3.9 ± 0.1 N after

3,000 cycles. This is a 3 N decrease in retention (43.8 %),

and is statistically significant (p \ 0.001). In addition, the

results of one-way ANOVA indicated the statistically sig-

nificant drop in retention values existed within each group

(p \ 0.05), and also all groups as a whole (p \ 0.03), when

comparing the initial values and those after 3,000 cycles.

There was a significant increase in retention of all

groups in comparison to the control group, both initially

(p \ 0.001) and after the cycles (p \ 0.05) (Table 4). The

highest difference was in group 9 (10–10 DL), and the

lowest value belonged to group 2 (5–0 L), 77 and 21 %,

respectively (p \ 0.01). The only exception was in group 4

where no significant difference was detected (p \ 0.1).

Discussion

The present study investigated the effects of one and two

direction angulations of implants and their attachments on

Table 1 Classification, designation, and alignment requirements of sample groups

Group number 1 2 3 4 5 6 7 8 9

Designation 0–0 Control 5–0 L 5–5 L 10–0 L 10–10 L 5–0 DL 5–5 DL 10–0 DL 10–10 DL

Relation of two implants 0 parallel 5� L 5� L 10� L 10� L 5� DL 5� DL 10� DL 10� DL

Relation of attachments and abutments Parallel Parallel 5� L Parallel 10� L Parallel 5� DL Parallel 10� DL

L labial tilt, DL distolabial tilt

Fig. 2 One sample of the blocks A and B related to group 5 with

(10–10) labial angulations

Fig. 3 Santum-STM 20, UTM prior to application of dislodging

force
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retention of the implant-retained overdentures, using one-

way ANOVA and Tucky HSD tests. The results showed

that the labial angulations of implants of up to 10�, would

lead to an increase in the initial retention in comparison

with the implants without angulations. For instance, the

highest amount of initial retention was observed in group 9

(10–10 DL). This in vitro study support rejection of the null

hypothesis, there was a significant difference in the reten-

tion value between the one and two dimension angulations

of implant and attachment when compared with the parallel

implant and attachment (control group). Although the

retention was reduced after 3,000 cycles of placement and

removal, the final retention was higher in all sample groups

than that of the control group with parallel implants and

attachments. Of course, the difference in retention for the

sample groups after 3,000 cycles was lower than this

difference after the first cycle. On the other hand, the

retention loss shows an increase in those groups with the

implant and attachment labial angulations of 5 and 10�, as

compared to the control group. The amount of initial

retention was highest in group 9, followed in a decreasing

order by groups 8 through 1, with the average of approx-

imately 3.88–6.9 N. However, the percent retention loss

after 3,000 cycles was highest in group 9, followed by

groups 8, 7, 6, 5, 4, 3, 2, and 1, with a range of

10–43.5 %.It was shown that compared to other groups, the

initial retention and the percentage of retention loss was

greater in those groups where implants and their attach-

ments had angulations in two dimensions. Similarly, these

modalities were higher in those groups with implant and

attachment angulations in one dimension, as compared to

the control group. It can be concluded that the bigger the

initial dislodging force of the attachments, the more the

possibility of wear or damage to the retentive components,

and consequently, the higher the expected loss of retention.

It was also shown that the primary and final retention, and

percentage of retention loss, were slightly more than those

groups in which the implants had angulations but the

attachments did not.

The range of initial retention of present study was

between 3.88 and 6.99 N with dislodgement speeds of

10 mm/min in wet condition for various groups. The

measured retentive force of various attachment systems in

different vitro studies showed wide range from 3 to

104.72 N [10–18].

In an investigation on the retention of four different

color-coded external resilient attachments, ERA (Sterngold

dental, Attelboro, MA, USA), after a simulated 3 years of

fatigue loading cycles of placement and removal, an

overall retention loss ranged from 80 to 85 % [17]. Rutk-

unas et al. [16] used different attachment types and mate-

rials, such as magnets and stud attachments, and found a

wide range of retention loss after a 2,000 cycles of fatigue

loading. The materials included; gold, titanium, silicone,

and nylons.

Table 2 The mean retention and standard deviation (N) based on the number of cycles of placement and removal of the attachments (n = 5)

Amount of retention groups First cycle 500 cycles 1,000 cycles 1,500 cycles 2,000 cycles 2,500 cycles 3,000 cycles

1 3.88 ± 0.19 3.76 ± 0.2 3.68 ± 0.18 3.3 ± 0.4 3.28 ± 0.7 3.5 ± 0.16 3.48 ± 0.24

2 4.68 ± 0.68 4.14 ± 1.2 4.2 ± 0.81 4.12 ± 1.2 4.14 ± 0.7 4.5 ± 0.63 4.14 ± 0.86

3 4.98 ± 0.68 4.34 ± 1.2 4.14 ± 0.81 4.1 ± 1.2 4.26 ± 0.7 4.4 ± 0.63 4.39 ± 0.86

4 5.06 ± 0.27 4.7 ± 0.65 4.28 ± 0.96 4.52 ± 0.4 4.4 ± 0.35 4.18 ± 0.45 4.34 ± 0.23

5 5.54 ± 0.3 5.14 ± 0.8 4.98 ± 0.4 4.92 ± 0.47 4.7 ± 0.41 4.74 ± 0.37 4.62 ± 0.24

6 5.6 ± 0.27 4.4 ± 0.28 4.4 ± 0.3 4.3 ± 0.31 4.1 ± 0.47 4.1 ± 0.2 3.9 ± 0.3

7 6 ± 0.66 4.6 ± 0.3 4.2 ± 0.7 4.5 ± 0.35 4.4 ± 0.36 4.4 ± 0.4 4 ± 0.5

8 6.8 ± 0.3 4.9 ± 0.3 4.3 ± 0.6 4.4 ± 0.47 4.2 ± 0.35 4 ± 0.4 4.2 ± 0.2

9 6.9 ± 0.28 5.5 ± 0.4 5.2 ± 0.2 4.9 ± 0.37 4.5 ± 0.26 4.5 ± 0.26 3.9 ± 0.1

Table 3 The percentage of retention loss based on the number of

cycles of placing and removing of the attachments (n = 5)

Groups Cycles

500 1,000 1,500 2,000 2,500 3,000

1 3 5 11 15 10 10

2 12 10 12 12 4 11

3 13 17 18 14 12 12

4 7 15 11 13 17 14

5 7 10 11 15 14 17

6 21 21 23 26 26 30

7 7 15 11 13 17 14

8 27 35 35 38 41 38.2

9 20 24 28 24 34 43.5

Table 4 The percentages of retention increase relative to the control

group 1, (n = 5)

Group number 1 2 3 4 5 6 7 8 9

Cycle 1 0 23 28 30 43 44 55 75 78

Cycle 3000 0 19 26 25 33 12 15 21 12
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Suhail et al. [15] studied the effects of four different

implant mesial angulations (5, 10, 15, and 20�) on over-

denture retention under cyclic loadings, and found that the

retention was increased for the mesial tilt of up to 10�, but

it was decreased with the 20� tilt. In the study by Suhail

et al., the amount of initial retention and the reduction of

this value after the cyclic insertion and removal were sig-

nificantly higher than those in the present study (80–100 N

initial value and 75 % reduction).

The results of the present study was different from the

results of the study done by Sergio et al. [18] in that the

amount of retention of the samples with labial inclination

of implants and attachments was higher in the present study

than those without the tilt, whereas in the Sergio’s study,

the amount of retention of the implant-retained overden-

tures with ball attachment and a 10 and a 15� distal tilt of

the implants were reduced.

The variations between the findings of the present study

and the previous studies can be attributed to these factors.

First, they both used a different implant and attachment

systems with different diameters. Secondly, the use of

artificial saliva was limited to the present study, and none

of the above authors used any mode of lubrication in their

cycles. Third, the methods of insertion and removal of the

prostheses were different. In the study done by Suhail, the

specimen were inserted and removed mechanically with

the frequency of 10 cycles per minute. In fact, the manual

placement and removal of the prostheses together with the

lubrication of the attachments with artificial saliva

throughout the experiment, and a longer interval between

each cycle, created a closer resemblance to the real life

situation. Fourth, the reason for this extensive range was

attributed to the different dislodgment speeds ranging from

0.5 mm/min to 150 mm/sec. Other factors that had influ-

ences on the amount of retention were type of dislodging

force during displacement. In these studies, authors use

different dislodging force including static load [8, 11],

fatigue load [16] or cyclic loading [13, 15].In this study

static load applied to the samples.

Conclusion

Within the limitations of this study, it was shown that the

initial retention and the retention after cyclic insertion and

removal in the implant-retained overdentures have been

increased by one direction (labial), and two direction

(distolabial) tilts of the implants as compared to the parallel

implants. In addition, there was a significant reduction

between the final and initial retentive values with increased

angulations. It is recommended that the effects of other

clinical variables such as temperature and the pH, on

retention as well as longevity of the retentive components

be performed.
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