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ABSTRACT
Aim: We investigated attenuation of the retention force on the
female end (silicone soft relining material) with repeated mounting/removal and determined the allowable angle between the
male ends for mounting/removal.
Materials and methods: Attachments consisting of metal ball
anchors (diameter 2.5, 2.7, or 3.0 mm) for the male end and a
silicone soft relining material for the female end were subjected
to retention force measurement and allowable angle tests.
The frequency of mounting/removal in 1 year was estimated
assuming mounting/removal four times a day. The allowable
angle test used two pairs of male ends with the between-male
angle set at 0, 15, 30, or 45°, and the angle between the male
ends joined with the female end was measured. The retention
force at the initiation of the experiment and at each time-point
was compared using one-way analysis of variance (ANOVA)
followed by Dunnett’s test (α = 0.05).
Results: The retention forces of the male ends with a diameter
of 2.5, 2.7, or 3.0 mm at the initiation of the experiment were
3.8 ± 0.3, 5.2 ± 0.2, and 5.5 ± 0.2 N respectively. After repeated
mounting and removal corresponding to use for 1 year, a significant decrease in retention force was noted in all male ends
(3.3 ± 0.1, 3.8 ± 0.2, and 4.3 ± 0.1 N respectively). It was also
found that mounting/removal was possible up to a betweenmale-end angle of 45°.
Conclusion: Under the conditions of this experiment, the
retention force decreased with repeated mounting and removal
of the female end prepared with silicone soft relining material.
Additionally, a large between-male angle for mounting/removal
was allowable, and mounting/removal was possible up to 45°.
Clinical significance: This system may save time and expense
and could be used to treat patients easily in their home or a
nursing home.
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INTRODUCTION
Dental care for the elderly requiring long-term care at
home is important for those unable to visit a dental clinic
after implant treatment. Home treatment is difficult when
the residual tooth condition is poor in a patient with partial
attachment of fixed abutment retainers, and additional
implant placement is necessary. In such a case, changing
the fixed retainers to an implant bar denture may be a
useful alternative treatment; therefore, attachments that
can be simply incorporated and repaired are desirable.
Therefore, we focused on an implant overdenture
system using a ball attachment for the male end and a
silicone soft relining material for the female end, which
may be applied to any implant system.1
We previously clarified the diameter of male ball
anchors capable of exerting an appropriate retention
force.1 We also previously studied the reduction in retention force caused by repeated mounting/removal of a
silicone soft relining material in relation to its use as the
female end.2 This system has been already applied in
some clinical cases.3
One problem with general ball attachments is that the
retention force decreases with repeated mounting and
removal in existing implant overdenture systems.4 The
retention force may decrease as a result of wear, even when
a silicone soft relining material is used for the female end.
To apply this system to patients with fixed abutment
retainers, the superstructure and inserted ball attachments must be removed based on the fixture placement
angle of the male end, because changing the angle of the
fixture is rendered impossible because of the structure of
the ball attachments.
When implants are placed with the assumption that
fixed retainers are to be used, parallel implants are considered, and the angle is set within a range that allows
impressions of the superstructure to be taken. Therefore,
it is desirable that the allowable angle between each
attachment is within the range that allows impressions to
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be taken of the fixture in the attachment system. Because
the silicone soft relining material has high elasticity,5-7 the
allowable between-male angle for mounting/removal
may be larger than that of the existing attachments,
increasing the acceptable angle of the system.
The objective of this study was to investigate attenuation of the retention force of this system using silicone soft
relining material after repeated mounting and removal,
and to clarify the between-male angle for mounting/
removal. We hypothesized that the attachment system with
silicone soft relining material would maintain the necessary
retention force after repeated mounting and removal corresponding to use for 1 year, and that its allowable angle
would be greater than that of existing attachments.

MATERIALS AND METHODS
Attachments were prepared using ball attachments with
a diameter of 2.5, 2.7, or 3.0 mm for the male ends, and a
silicone soft relining material (Sofreliner Tough Medium®,
Tokuyama Dental, Tokyo, Japan) for the female end (Fig. 1).
Retentive force measurements and allowable angle tests
were subsequently performed.

For the retention force measurements, the initial
retention force immediately after preparation of the
attachment and changes in the retention force caused
by repeated mounting/removal were investigated.
Artificial saliva (10 μL of 60% aqueous glycerin solution)
was placed between the male and female ends.8 The
experimental base (self-curing resin: Tray Resin®, Shofu,
Kyoto, Japan) and a cast were joined at a pressure of 5 N
for 10 seconds. The experimental base was pulled from
the cast at a crosshead speed of 25 mm/min,1 the force
required to detach was measured 10 times using a digital
force gauge (MV-100; Imada Co., Ltd, Aichi, Japan), and
the mean was adopted as the retention force. Assuming
that the frequency of mounting/removal is four times
per day, mounting/removal was repeated 1,488 times
corresponding to the frequency per year. The retention
force was measured after each cycle of 124 mountings/
removals, which was assumed to be the frequency per
month. For the allowable angle test, two pairs of male
ends were used. The between-male ends angle was set at
0, 15, 30, or 45°, and the between-male angle with the corresponding female end (Fig. 2) was measured. Mounting
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Figs 1A to D: Measuring device. (A) Epoxy resin model: residual ridge with ball anchor (patrix connector); (B) Experimental
base; (C) Internal surface of combined resilient denture liner; (D) Sectional view of the measuring device
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Fig. 2: Measurement of between-male angle [θ: Between-male
angle (θ=0°, 15°, 30°, 45°)]

of the experimental base was judged to fit one of three
states: A, mountable (monophasic); B, mountable (biphasic); and C, nonmountable. For the statistical analysis,
the retention force at the initiation of the experiment was
compared with the retention force at each time-point
using one-way ANOVA followed by Dunnett’s test.
Analysis was performed using IBM Statistical Package
for the Social Sciences version 22 statistical analysis
software (International Business Machines Corporation,
New York, USA).

RESULTS
The initial retention forces of the male ends with a diameter of 2.5, 2.7, or 3.0 mm at the initiation of the experiment
were 3.8 ± 0.3, 5.2 ± 0.2, and 5.5 ± 0.2 N respectively. After
repeated mounting and removal corresponding to use
for 1 year, the retention force decreased significantly to
3.3 ± 0.1, 3.8 ± 0.2, and 4.3 ± 0.1 N respectively (Graph 1).
Mounting/removal of the male ends used in this
experiment was possible up to an angle of 45°, although
it was biphasic (Table 1).
Table 1: Possibility of mounting/removal of experimental base
2.5 mm 2.7 mm
A
A

3.0 mm
A

A

A

A

B

B

B

B

B

B

0°

15°

30°

45°
A: The experimental base is mountable (monophasic), B:
mountable (biphasic), or C: non-mountable (not observed in this
study)
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Graph 1: Reduction in the retention force between the female
and male ends of three different diameters

DISCUSSION
Under the conditions of this experiment, the initial retention force decreased significantly after repeated mounting
corresponding to use for 1 year for all male ends with a
diameter of 2.5, 2.7, or 3.0 mm. However, the force was
equivalent to or higher than that of a commercial OP
anchor (2.9 ± 0.2 N),1 suggesting that the silicone soft relining material maintains sufficient retention force over the
period of 1 year despite repeated mounting and removal.
The timing for replacing the silicone soft relining
material varies because the rate of deterioration varies
according to denture management. 9,10 Therefore, the
material should be replaced at every periodic check-up
(every 3–4 months), so that the retention force is never
compromised. However, patients requiring treatment
at home may not receive check-ups for up to 1 year or
longer. Therefore, the minimum required retention force is
important for these patients, and measurement of changes
in the retention force after repeated mounting/removal
corresponding to use for 1 year is useful.
The method of exchanging the female end at the time
of the periodic check-up is very simple. When self-curing
resin is used where a normal O-ring is incorporated,
detailed work is necessary and relief must be provided
around the undercut of the male end in the patient’s
oral cavity. In contrast, our system does not require such
detailed work because the silicone soft relining material of
the female end of the overdenture is removed by shaving
using a carbide bur, and the relining material is injected.
Even if the material enters the undercut, the denture can
be removed without difficulty.
The allowable between-male angle for mounting/
removal was as large as 45° in this experiment, which
exceeds the allowable angle for taking impressions during
the preparation of existing implant systems,11,12 thus
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raising no practical problems. Therefore, this system may
be applicable for elderly patients in whom parallel implant
placement is difficult because of marked bone resorption.
This experiment also clarified the allowable angle.
Implants may not be parallel in many patients with
partially fixed retainers when they are replaced with an
implant bar denture. However, based on the results of
this experiment, this attachment may be mounted by
selecting several implants within the allowable angle
range up to 45°.
For cleaning, a method that does not damage the silicone soft relining material is required. Dentures may be
cleaned mechanically using a special brush, and cleaned
chemically using denture cleanser. Denture brushes with
hard bristles, based on ISO22254:2005,13 were not found to
roughen the surface more than denture brushes with soft
bristles.14 Chemical denture cleansers using enzymes and
neutral peroxide do not damage the silicone soft relining
material.14 Combining these methods, sufficient cleaning
is possible without damaging the surface of the relining
material. Patients should be instructed on an appropriate
cleaning method for this system.
Maryod et al15 reported that the postoperative clinical outcomes and survival rate of tissue around fixtures
were favorable when silicone soft relining material was
used for the female end after application of an early
load following fixture placement compared with those
of implants with immediate loading. This was because
micromotion of the fixtures was inhibited.

CLINICAL SIGNIFICANCE
A simple attachment system for an overdenture is desirable, especially for older adults. We propose a system
that focuses on a soft relining material for the female end
of the attachment. This may save time and reduce costs
and could be used to easily treat patients in their home
or a nursing home.

CONCLUSION
Under the conditions of this experiment, the retention
force decreased with repeated mounting and removal
of the female end prepared with silicone soft relining material; however, the reduced retention force was still clinically effective. Additionally, a large between-male angle
for mounting/removal was allowable, and mounting/
removal was possible up to 45°.

REFERENCES
1. Koike T, Ueda T, Noda S, Ogami K, Patil P, Sakurai K. Development of new attachment system with soft lining material
for implant-retained complete denture. Int J Prosthodont
Restorative Dent 2013 Jan-Mar;3(1):21-24.
2. Kubo K, Koike T, Ueda T, Sakurai K. Influence of the mechanical properties of resilient denture liners on the retention of
overdenture attachments. J Prosthet Dent Forthcoming 2018
[Epub ahead of print].
3. Kiat-amnuay S, Khan Z, Gettleman L. Overdenture retention
of four resilient liners over an implant bar. J Prosthet Dent
1999 May;81(5):568-573.
4. Fromentin O, Lassauzay C, Nader SA, Feine J, de Albuquerque RF
Jr. Clinical wear of overdenture ball attachments after 1, 3 and
8 years. Clin Oral Implants Res 2011;22:1270-1274.
5. Kimoto S, Kimoto K, Gunji A, Kawai Y, Murakami H, Tanaka K,
Syu K, Aoki H, Toyoda M, Kobayashi K. Clinical effects of
acrylic resilient denture liners applied to mandibular complete dentures on the alveolar ridge. J Oral Rehabil 2007
Nov;34(11):862-869.
6. Grzegorz C, Jarosław Ż, Jacek K. Long-term soft denture lining
materials. Materials 2014;7(8):5816-5842.
7. Hensten-Pettersen A, Jacobsen N. Perceived side effects of
biomaterials in prosthetic dentistry. J Prosthet Dent 1991
Jan;65(1):138-144.
8. Kawashima I, Nishizaki H, Okazaki J. Generation of retentive
force by electroformed telescope crowns. J Osaka Dent Univ
2009;43:19-28.
9. Okayama S, Suzuki Y, Shimpo H, Ohkubo C. Fixation of
magnet assembly to denture base using alternative resins.
Dent Mater J 2015;34(3):364-370.
10. Vural C, Ozdemir G, Kurtulmus H, Kumbuloglu O, Ozcan M.
Comparative effects of two different artificial body fluids on
Candida albicans adhesion to soft lining materials. Dent Mater
J 2010;29(2):206-212.
11. Hojo S, Ochiai Kent T, Toyoda M, Maruyama C, Ishida M,
Matsuo E, Caputo Angelo A. The effect of removal angulation
on the retention of ball attachments. Bull Kanagawa Dent Coll
2003;31:117-121.
12. Umekawa Y, Kokubu M, Nagai E, Ohtani K, Fujimoto T,
Katakura Y, Takamura M, Sakaguchi S, Ishigami T. Influence
of keeper tilt angle on retentive force. JJ Mag Dent 2008;17:
98-100.
13. International Organization for Standardization. ISO-222542005. Dentistry—Manual toothbrushes—Resistance of tufted
portion to deflection [Internet]. Available from http://www.
iso.org/iso/store.htm [accessed 22 Nov 2017].
14. Ueda T, Kubo K, Saito T, Obata T, Wada T, Yanagisawa K,
Sakurai K. Surface morphology of silicone soft relining material after mechanical and chemical cleaning. J Prosthodont Res
Forthcoming 2018 [Epub ahead of print].
15. Maryod WH, Ali SM, Shawky AF. Immediate versus early
loading of mini-implants supporting mandibular overdentures: a preliminary 3-year clinical outcome report. Int
J Prosthodont 2014 Nov-Dec;27(6):553-560.

International Journal of Prosthodontics and Restorative Dentistry, April-June 2018;8(2):40-43

43

