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Introduction
The implant-assisted prosthesis has become an integral part of prosthodontic therapy. Implants 

will provide retention, stability, function and aesthetics especially in the mandible. Compromised 
conventional denture retention in cases of advanced bone ridge resorption, atrophy, a situation 
where implants should be discussed [1]. Removable prostheses are very attractive treatment option 
for two main reasons: A relatively uncomplicated and easy to insert implant placement in the 
desired intraforaminal part of the alveolar ridge (no nerves or vessels which could be harmed), 
combined with the fabrication of a common acrylic removable denture, which requires no special 
technology or know-how to fabricate [2]. Comparative prospective studies have validated the 
benefit of two or four implants in the edentulous mandible, survival rates in the two-implant 
overdenture groups compared with four-implant overdenture groups appear to be equivalent for 
patient satisfaction [3,4], there is different types of overdenture attachments either solitary as ball 
and socket, O ring, locator and equator or splinted as connecting bar between implants [5]. An ideal 
overdenture attachment has the male component in the mouth and the female in the prosthesis. 
The male can be more easily cleaned while in the mouth, and the more difficult component to clean 
may be performed with direct vision and access out of the mouth. When the female component is 
part of the implant or connecting bar, if any plaque or food accumulates within the component, 
the overdenture does not seat completely, and there is a loss of retention and the occlusion of the 
prosthesis is also affected [6]. Regardless of the attachment system employed, standard hygiene 
procedures are routinely recommended for patients wearing implant assisted overdentures. These 
include mechanical and chemical denture cleansing options [7]. Mechanical denture cleansing 
techniques are brushing with or without paste and ultrasonic agitation. Chemical means of cleaning 
dentures include alcohol-based disinfectants and denture cleansers made of alkaline hypochlorite’s, 
alkaline peroxides, enzymes, and diluted organic or inorganic acids [8]. Soft debris, bacterial plaque 
and dental calculus are often found on denture surfaces. Brushing alone is insufficient for controlling 
plaque on dentures. Because of this, many authors prefer the use of chemical denture cleansers 
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Abstract
Purpose: Of this study is to examine the effect of storage times and temperature degrees of cleansing 
solutions on retention of overdenture bar attachments.

Materials and Methods: 120 hader bar clips were divided into two groups according to type of  
cleansing solution (Tape water and Corega), each group incubated in (20°C, 37°C and 60°C) for 
1/2 hour and 1 hour. Specimen consists of two blocks (A and B), Block A contained implants and 
the bar (matrix), block B contained of yellow hader clip (patrix). Retention force was measured 
using universal testing machine results was compared by T student-test and Analysis of Variance 
(ANOVA) and followed by Tukey’s HSD test when P value ≤ 0.05 considered significant and surface 
changes of test clips were examined using Scanning Electron Microscopy (SEM).

Results: Immersion in water and Corega at 60°C for 1/2 hour and 1 hour per day for 6 months 
simulation significantly increase the retention of bar attachment p ≤ 0.05 but at 20°C for 1/2 hour 
and 1 hour significantly decrease the retention of bar attachment p ≤ 0.05. SEM revealed increased 
roughness in plastic clips after immersion in all groups.

Conclusion: Denture cleansing solutions (Corega and water) at 60°C increase the retention value of 
bar attachments. Different storage times of Corega and water have no effect on the retention of bar 
overdenture attachments.
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[9,10]. Most proprietary denture cleansing products available on the 
market are the alkaline peroxide type cleansers. They exist in tablet 
forms, which dissolve in warm or hot water to give an effervescent 
reaction to enhance cleansing effect [11]. Surface changes of plastic 
part of clip is an important factor which can affect degree of retention 
of bar attachment, Scanning Electron Microscopy (SEM) is the most 
common method used to detect any surfaces change [12]. Using tap 
water up to 60°C, recommended by the World Health Organization 
as denture cleansing solution to kill most of bacteria [13]. Up till 
now, little studies have evaluated the effect of denture cleansers on 
overdenture clips. Denture cleansers may cause changes in bar clips, 
which may, in turn, affect their physical properties. More importantly, 
denture cleansers may affect the retentive capacity of overdenture 
clips so the null hypothesis of study was that the mean retention force 
provided by bar clips attachments was not influenced by either the 
varying cleansing solutions temperature or the storage duration of 
cleansing solutions or the type of cleansing solution.

Materials and Methods
There will be 120 specimens were tested, each specimen consist 

of two rectangular custom made acrylic resin blocks (A, B), Block 
(A) which contains matrix part (hader bar), Block (B) which 
contains patrix part (yellow hader clip with metal housing) (Figure 
1). Aluminum rectangular acrylic block with dimensions 2 × 1 × 1 
inch was made with notch in each side of the block, two titanium 
root form endosteal non-sterile implants (Dentium Implantium, 
Suwon-si, Gyeonggi-do, South Korea) were installed equidistance 
from the edges of the acrylic resin block into two drilled holes. The 
distance between them was 10 mm and parallel to the each other 
(Figure 2). Plastic Abutments (Dentium Implantium, Suwon-si, 
Gyeonggi-do, South Korea) fastened to each implant and readymade 
plastic bar (vsp-gs) (Bredent GmbH, Weissenhorner Str.2, 89250 
Senden, Germany) attached to the abutments. Another aluminum 
rectangular acrylic block (block B) was made with dimensions 2 × 1 
× 1.5 inch with projection in each side to complement with the notch 
in the block A, a hook was made in the upper surface of the block for 
holding during measuring. Clip and the metal housing was picked 
up by direct technique, yellow hader clips attachments were equally 
and randomly divided into two groups according to type of cleansing 
solution; Group I (Tape water) Group II (Corega tabs) (GSK, 980 
Great West Road, Brentford, Middlesex, United Kingdom), each 
group divided into 3 subgroups (A, B, C) 20 each according to degree 

of temperature (A-20°C, B-37°C, C-60°C), each subgroup divided 
into 2 equal numbers according to storage time (1/2 h, 1 h) (Table 
1). For GI block B of all specimens (contain yellow hader clip) of 
all specimens were subsequently immersed in 100 ml of tape water 
in glass container and the same for B blocks of GII but with adding 
Corega tab to tape water according to the manufacture instructions. 
The degree of temperature of cleansing solutions was controlled by 
placing the water container inside temperature controlled incubator, 
in the preset temperature (20°C, 37°C, and 60°C). The incubated 
block (B) specimens were stored for two periods of time 1/2 h per day 
and 1 h per day for each temperature degree (20°C, 37°C, 60°C) for 
equivalent of six months of clinical use. So the total time of immersion 
for the 1/2 h per day storage condition was 90 h and for 1 the hour 
per day storage condition was 180 h and the solution was changed on 
daily basis.

Testing of retention
Peak load to dislodgement (retentive force: Newton) of all samples 

were tested before and after immersion in cleansing solutions using 
the universal testing machine by a one-pull test. The block (A) was 
connected to the horizontal base of the hydraulic universal testing 
machine; the block (B) was attached to upper member using a brass 
mount and plate connected to the load cell via a threaded steel shaft 
via a brass plate and locking pins. The tensile force applied was at 
a constant crosshead speed, 2 inch/min; the testing machine was 
calibrated before testing each specimen (Figure 3). 

Scanning Electron Microscope (SEM)
Surface characteristics of the clips before and after immersion 

from two groups were examined using SEM (FEI company, 
Netherlands) Quanta 250 FEG (Field Emission Gun) attached with 
EDX Unit (Energy Dispersive X-ray Analyses), with accelerating 
voltage 30 KV, magnification14x up to 1000000.

Statistical analysis
The peak load to dislodgement was determined in Newton on all 

clips of each group, the data collected and analyzed by T student-test 
and Analysis of Variance (ANOVA) and followed by Tukey's HSD 
test when P value ≤ 0.05 considered significant. Negative values mean 
increased retention while positive values mean decrease retention.

Results
Mean ± SD of retention forces before and after immersion in tape 

Numbers Storage time  Temperature (°C) Subgroups Cleansing solution Groups

10 1/2 hour/day GI-A-1
20°C GI-A

Tape water GI

10 1 hour/day GI-A-2

10 1/2 hour/day GI-B-1
37°C GI-B

10 1 hour/day GI-B-2

10 1/2 hour/day GI-C-1
60°C GI-C

10 1 hour/day GI-C-2

10 1/2 hour/day GII-A-1
20°C GII-A

Alkaline peroxide based tablet 
(Corega tabs) GII

10 1 hour/day GII-A-2

10 1/2 hour/day GII-B-1
37°C GII-B

10 1 hour/day GII-B-2

10 1/2 hour/day GII-C-1
60°C GII-C

10 1 hour/day GII-C-2

Table 1: The experimental design.
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water of Group I are listed in Table 2 and Figure 4. The retention 
forces decreased significantly after immersion at (20°C, 37°C) for 1/2 
h and 1 h but after immersion at (60°C) for 1/2 and 1 h retention 
forces significantly increased. Difference is statistically significant 

(P<0.05).

Mean ± SD of retention forces before and after immersion in 
Corega are listed in Table 2 and Figure 5. The retention forces were 
decreased significantly after immersion at 20°C for 1/2 h and 1 h, 
but after immersion at 37°C and 60°C for 1/2 h and 1 h retention 
forces increased and difference is statistically significant (P<0.05) 
except at (37°C) retention force was (20.85 ± 4.0) and increased after 
immersion for 1/2 h to (23.07 ± 3.58) difference was not significant 
(P>0.05). Mean ± SD retention forces difference between before 
and after immersion for two groups are presented in Table 2 and 
Figure 6. One-way ANOVA performed to compare the mean of the 
difference in retention forces between before and after immersion for 

Retention

GI Water

P-value

GII Corega

P-value

Water & Corega

1 2 1 2
1/2 hour 1 hour

1/2 hour 1 hour 1/2 hour 1 hour

A 20°C
Range 3.78 – 7.96 2.31 – 10.84

0.856
1.11 – 6.41 -5.73 – 12.16

0.923 0.131 0.27
Mean ± SD 5.68 ± 1.17 5.53 ± 2.41 3.66 ± 4.92 3.49 ± 5.12

B 37°C
Range 1.19 – 5.53 -2.85 – 7.85

0.913
-7.35 – 0.76 -6.63 – 2.17

0.182 0.001* 0.001*

Mean ± SD 2.78 ± 1.98 2.92 ± 3.34 -2.22 ± 2.15 -3.68 ± 2.54

C 60°C
Range -5.66 – -3.33 -7.73 – 2.2

0.697
-12.14 – -1.14 -13.98 – -3.73

0.037* 0.545 0.11
Mean ± SD -4.62 ± 0.63 -5.04 ± 3.31 -4 ± 3.13 -7.15 ± 3.14

ANOVA
F 149.566 32.51

 
26.62 20.789

  
P-value 0.001* 0.001* 0.001* 0.001*

Tukey’s 
post-hoc 

tests

20°C & 37°C 0.001* 0.067  0.001* 0.001*   

20°C & 60°C 0.001* 0.001*  0.001* 0.001*   

37°C & 60°C 0.001* 0.001*  0.116 0.049*   

Table 2: Mean ± SD difference in retention forces between before and after immersion in two groups.

Negative means increased retention forces after immersion (retention gain); GI: Group I “water”; GII: Group II “Corega tabs”; A: Temperature 20°C;  B: Temperature 
37°C;  C: Temperature 60°C; 1: 1/2 hour;  2: 1 hour; S.D: Standard Deviation; *: Statistical Significant Differences (P<0.05)

Figure 1: Block A and Block B.

Figure 2: Block A with two parallel implants.

Figure 3: Custom made acrylic resien blocks clamped on the universal 
testing machine.

 

0

5

10

15

20

25

30

Re
te

nt
io

n 
fo

rc
e 

, N
.

Group I

Before

After

 

Figure 4: Comparison of the mean of retention forces before and after 
immersion in group I (Tape water) with different temperatures and storage 
times.
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Figure 5: Comparison of the mean retention forces before and after 
immersion in group II (Corega tabs) with different temperatures and storage 
times.
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both groups. The test revealed significant difference between different 
temperature (20°C, 37°C and 60°C) which was  (F=149.566, p ≤ 
0.001) for ½ hour immersion in water, (F=32.51, p ≤ 0.001) for 1 hour 
immersion in water, (F=26.620, p ≤ 0.001) for ½ hour immersion in 
Corega and (F=20.789, p ≤ 0.001) for 1 hour immersion in Corega. 
Pair-wise Turkey’s post-hoc tests showed a non-significant difference 
between groups (GIA-2, GIB-2), (GIIB-1, GIIC-1), (GIA-1, GIIA-1), 
(GIA-2, GIIA-2), (GIC-1, GIIC-1) and (GIC-2, GIIC-2) as P>0.5. 
SEM revealed surface changes (roughness, micro-voids, cracks and 
particle loss) in plastic clips after immersion in two groups (Figures 
7-11).

Discussion
A distance 10 mm between two implants was selected similar 

to interforminal distance, so implants were installed equidistance 
from the edges of the acrlyic resin block into two drilled holes and 

Figure 6: Comparison between two groups.

Figure 7: SEM image shows a smooth and finely grained inner surface 
before immersion in cleansing agents.

Figure 8: SEM image shows some irregularity after immersion in water at 
37°C many micro-voids and particle loss were noted when compared to the 
initial photos.

Figure 9: Show SEM image surface changes and roughness after immersion 
in Corega at 37°C large void and cracks were noted compared to the initial 
images.

Figure 10: Show SEM image surface changes and roughness after 
immersion in water at 60°C sever irregular surface filled with voids and 
cracks propagation were noted compared to the initial images.

Figure 11: Show SEM image surface changes and roughness after 1 hour 
immersion in Corega tabs at 60°C large voids and particle loss and cracks 
were noted compared to the initial images.

distance between them was 10 mm [14,15]. Saito et al. [17] detected 
that wear does not occur in Co-Cr round bars, therefore the bar 
was casted into cobalt chromium alloy. Silva et al. [16] found that 
there was no difference in retentive forces between polymer clips 
and metal clips so polymer clips were used in this study. In this 
study different temperatures (20°C, 37°C, 60°C) were used for 
immersion to determine the effect of temperature on plastic clips as 
20°C similar to normal water temperature, 37°C similar to human 
body temperature as reported by chiu et al. [12], and 60°C was the 
temperature that recommended by the World Health Organization 
at which most bacteria can be killed according to the study of 
Lévesque et al. [13]. Using a one pull test with a cross-head speed 
of 2 inch/h to test changes in retentive value caused only by denture 
cleansing solutions [18]. As it was the speed by which patients 
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remove the implant overdenture from the hader bar as reported by 
Varghese et al. [14] SEM images captured and evaluated at 400x, and 
800x magnifications to determine if there was any surface changes 
within the plastic clip as stated by Leboffe et al. [19] that scanning 
electron microscope can use in magnifications to detect any changes. 
Regardless of the high retention values recorded at the beginning of 
the study, bar attachments showed decrease in retention over time 
which was in agreement with previous reports of Breeding et al. [20] 
and Walton et al. [21]. Conversely, many studies have demonstrated 
that retention force values can increase instead of decrease, Botega 
et al. [22] and Setz et al. [23], have been suggested that this increase 
is due to deformation of plastic components that results in their 
hardening or to an increase in surface roughness after initial usage. 
Negative results means that the retention increase after immersion 
in cleansing agents which resulted from the difference between initial 
results and subsequent results after immersion in cleansing agents 
which may be due to different diameter and thickness of the clips, 
Botega et al. [22] stated that increase in thickness leads to increase 
in material hardness and decrease in its flexibility. A greater contact 
area between bar and clip due to increase in diameter leads to 
greater friction and retention. In this study there was no difference 
in retention between 1 h and 1/2 h immersion per day for 6 months 
in water and Corega which is similar to results of You et al. [24] 
and Tashiro et al. [25], as they didn’t find change between 1 hour 
and overnight immersion in cleansing solutions, while in 60°C with 
Corega it was significantly difference between1/2 h and 1 h which may 
be due to Corega is hydrophilic material so that plasticizers and other 
soluble components of clip may leach out over extended periods as 
Helaly et al. [26] reported. Study of chiu et al. [12] has demonstrated 
that increasing temperature of cleansing agents can cause cracking 
and hydrolytic degradation in plastic components of the attachments 
decreasing the retention forces on the hand Wang et al. [27] assumed 
that increasing temperature increase rigidity and decrease modulus 
of elasticity of the plastic components. In the present study, after 6 
month of immersion in cleansing agents the retention force values 
decreased to about 12% to 15% at temperature 20°C and 37°C in 
water and at temperature 20°C in Corega this is comparable with 
the percentage decrease in attachments (10% to 30%) as in Chiu et 
al. [12], Kürkcüoğlu et al. [28], You et al. [24] and Derafshi et al. 
[9], while in water at 60°C and Corega at 37°C and 60°C the results 
showed slight increase in their retentive values after 6 months in 
immersion in water and Corega which is comparable with results of 
Botgea et al. [22] who considered the reason for this increase could 
be thermal expansion of the plastic during the test and with Varghese 
et al. [14], Nguyen et al. [29]. who considered these increasing in 
retention due to increase rigidity and roughness of plastic clip [30]. 
Significant differences were found between different temperature was 
due to the effect of temperature on plastic clips as when increasing 
temperature lead to increase rigidity and roughness of plastic clips as 
mentioned by Nguyen et al. [29]. In the present study after 6 month of 
immersion in water and Corega for 1/2 h and 1 h per day at 20°C and 
60°C the retention force values were not significant between them 
which is similar to Vareghese et al. [14], while at 37°C for 1/2 h and 1 
h immersion per day significant difference were found between water 
and Corega which may be as mentioned by Nguyen et al. [29] that 
Corega is hydrophilic so temperature cause more hardening in plastic 
clips but in water temperature had a little effect on hardening of clips.

Conclusion
Within the limitations of this in vitro study the following 

conclusions were drawn:

•	 Using denture cleansing solutions (Alkaline peroxide based 
tablet (Corega tabs) and water) at 60°C increase the retention value 
of bar attachments.

•	 Different storage times of denture cleansing solutions 
(Alkaline peroxide based tablet (Corega tabs) and water) have no 
effect on the retention of bar overdenture attachments.

•	 Using alkaline peroxide based tablet (Corega tabs) at 37°C 
improve the retention of bar overdenture attachments than water.
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