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Comparison of changes in retentive force of
three stud attachments for implant overdentures
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PURPOSE. The aim of this study was to compare the changes in retentive force of stud attachments for implant
overdentures by in vitro 2-year—wear simulation. MATERIALS AND METHODS. Three commercially available

attachment systems were investigated: Kerator blue, O-ring red, and EZ lock. Two implant fixtures were
embedded in parallel in each custom base mounting. Five pairs of each attachment system were tested. A
universal testing machine was used to measure the retentive force during 2500 insertion and removal cycles.
Surface changes on the components were evaluated by scanning electron microscopy (SEM). A Kruskal-Wallis

test, followed by Pairwise comparison, was used to compare the retentive force between the groups, and to
determine groups that were significantly different (¢<.05). RESULTS. A comparison of the initial retentive force
revealed the highest value for Kerator, followed by the O-ring and EZ lock attachments. However, no significant
difference was detected between Kerator and O-ring (P>.05). After 2500 insertion and removal cycles, the
highest retention loss was recorded for O-ring, and no significant difference between Kerator and EZ lock
(P>.05). Also, Kerator showed the highest retentive force, followed by EZ lock and O-ring, after 2500 cycles
(P<.05). Based on SEM analysis, the polymeric components in O-ring and Kerator were observed to exhibit
surface wear and deformation. CONCLUSION. After 2500 insertion and removal cycles, all attachments
exhibited significant loss in retention. Mechanism of retention loss can only be partially explained by surface

changes. [J Adv Prosthodont 2015;7:303-11]
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INTRODUCTION

A complete denture has been the standard treatment strate-
gy to restore functionality and aesthetics in edentulous
patients. From the aesthetic point of view, replacing the
missing natural teeth with a complete denture provides sat-
isfactory results. However, it is a great challenge to achieve
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satisfactory results in terms of reduced pain, increased sta-
bility, retentive force, and occlusal load support;'? especially
in the case of a mandibular arch presenting severe resorp-
tion of the alveolar ridge, the use of a complete denture
involves great difficulties.’

Since the introduction of the concept of osseointegra-
tion by Brinemark, various prosthetic treatment options
using osscointegrated implants have been applied in the
treatment of edentulous patients, with high success rates
being demonstrated in longitudinal clinical studies.*® Implant
treatment options for edentulous patients can be classified
into the fixed prosthesis and removable prosthesis types.” A
fixed prosthesis provides psychological stability and greatly
improves masticatory performance, but presents disadvan-
tages related to aesthetics and pronunciation, oral hygiene
care, and the need for an increased number of implants.® In
contrast, the advantages of a removable prosthesis, such as
an implant overdenture, include improved aesthetics and
oral hygiene care, easier fabrication of prosthodontic resto-
rations, and cost-effectiveness. Disadvantages of this type
include the psychological resistance to wearing a removable
part and the need for relining, resulting from continuous
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resorption of the postetior residual ridge.® A severely
resorbed ridge could adversely affect the jaw relation or
interocclusal distance, making it difficult to place a suffi-
cient number of implants; however, a removable prosthesis
requiring a small number of implants was proven to be
morte advantageous than a fixed prosthesis, in terms of bio-
mechanical consequences.” The 2002 McGill Consensus
recommended a mandibular 2-implant overdenture as the first-
choice standard of catre for edentulous patients.'” Moteover,
empirical studies have reported that patients wearing
implant overdentures display higher masticatory perfor-
mance and denture-related satisfaction, and experience less
problems with the dentures in daily life, compared to
patients wearing conventional complete dentures.''?

Implant overdentures consist of the implant, an abut-
ment including the attachment, and a denture base, which
accommodates counterpart attachment.” The selection of
the appropriate overdenture attachment system greatly
influences patient satisfaction, because of its direct associa-
tion with the stability of the denture and the retentive
force." The attachment system could be either a bar attach-
ment or a stud attachment.” The advantages of bar attach-
ment include allowing the splinting of implants and
improving the retentive force and stability; however, it pres-
ents difficulties in meeting the oral hygiene requirements.'
In comparison, the stud attachment offers easier oral
hygiene management and less problems related to the limit-
ed inter-arch space.'” Furthermore, due to additional advan-
tages including cost-effectiveness, simple fabrication design,
and easy repair, various stud attachments such as the Locator
attachments are preferred by many practitioners.'®

The most common mechanical problem presented by
implant overdentures is the loss in retention, caused by
wear, deformation, and fracture of the components of the
attachment system over time."” A number of studies have
reported that changes in the attachment surface lead to the
loss of frictional contact through the loosening of the
attachment components. Changes in the mechanical prop-
erties of the materials used, especially the hardness and
elastic modulus, could affect the wear pattern.”** With the
popularization of implant overdentures, a wide range of
stud attachments of various designs and composed of dif-
ferent materials have been used in clinical settings. Despite
this widespread use, the wear properties or retention loss
resulting from long-term use of attachment are yet to be
extensively researched.

The purpose of this study was to compare the changes
in retentive force and patterns of surface wear of three
types of stud attachments by measuring retentive force and
evaluating surface changes over repetitive insertion and
removal cycles.

MATERIALS AND METHODS

The upper mounting that accommodated the counterpart
attachment of the attachment system was fabricated using
an orthodontic acrylic resin block (Orthodontic resin;
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Dentsply, York, PA, USA) with dimensions of 44 X 27 X
47 mm (Fig. 1A). Two holes (8 mm in diameter) were pre-
pared on this block, positioned 22 mm apart (Fig. 1B).” An
acrylic resin block was fabricated as the lower mounting for
placement of the implant fixture, with the same dimension
as the upper mounting (Fig. 1A). Two 10 mm length holes
(22 mm apart) were drilled parallel to each other and per-
pendicular to the horizontal surface, using an 4.1 mm drill
(Osstem Implant Co., Busan, Korea). Two implant fixtures
were inserted (S-clean 4.0 X 10 mm; Dentis Co., Daegu,
Korea) into the holes of the lower mounting and fixed with
acrylic resin (Orthodontic resin; Dentsply) (Fig. 1C). An
index in the center region of each block was prepared, in
order to check whether the upper mounting fits exactly into
the lower mounting.

Three types of stud attachments were investigated: (1)
Kerator (Daekwang IDM Co., Seoul, Korea), comprised of
a nylon matrix and a cylindrical patrix, (2) O-ring (Dentis
Co., Daegu, Korea), with a rubber matrix and a ball patrix,

Fig. 1. Custom base mountings fabricated using acrylic
resin. (A) Frontal view of the upper and lower mountings.
(B) Bottom view of the upper mounting. (C) Top view of
the lower mounting with implant fixtures.

Fig. 2. Attachment systems used in this study. From left to
right: Kerator blue, O-ring red, and EZ lock.
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Table 1. Characteristics of the attachment systems investigated in this study

Material
Attachment system Manufacturer
Matrix Patrix
Kerator Daekwang Co., Seoul, Korea Nylon Titanium alloy (Ti-BAl-4V) with TiN coating
O-ring Dentis Co., Daegu, Korea Rubber Titanium alloy
EZ lock Samwon Co., Yangsan, Korea Titanium alloy (Ti-BAI-4V ELI), Zirconia (ZrO,) Titanium alloy (Ti-6AI-4V) with TiN coating

and (3) EZ lock (Samwon Co., Yangsan, Korea), composed
of titanium springs and ceramic balls (Fig. 2, Table 1).

The abutments including the attachments were screwed
into their respective implant fixtures, in accordance with
the manufacturer protocols, using the specified drivers and
torque wrenches (Straumann AG, Basel, Switzerland). The
abutments comprising the Kerator and O-ring attachments
were fastened with 30 Ncm, and that containing the EZ
lock was fastened with 20 Nem. The black matrix was
inserted to the metal housing for the Kerator and O-ring
attachments, and placed on the corresponding patrix. All
spaces between the metal housing and abutment were
blocked out using baseplate wax to prevent the flow of
acrylic resin into the areas with undercuts and the upper
mounting placed accurately upon the lower mounting. An
adequate amount of autopolymerizing acrylic resin (Pattern
Resin, GC Co., Tokyo, Japan) was applied to the relief areas
of the upper mounting, completely covering the metal
housing. After 20 minutes following the separation of the
upper and lower mountings, wax and excess acrylic resin
were removed with a sharp scalpel. Both parts were stored
at room temperature for over 24 hours to allow complete
polymerization. The black matrices of the Kerator and
O-ring attachments were then replaced with blue nylon and
red rubber for testing, respectively (Fig. 3). A total of 15
specimens (5 per attachment system) were prepared in this
manner.

Fig. 3. Base mounting with attachment systems.
(A) Kerator blue, (B) O-ring red, (C) EZ lock.

All specimens were subjected to repeated insertion and
removal cycles, and the respective retentive forces measured
using a universal testing machine (MTS systems Co., Eden
Prairie, MN, USA). The lower mounting was seated on the
fixed part of this machine, while the upper mounting was
attached to the operation part. The specimen was placed in
a position such that the force could be applied in a perpen-
dicular direction, verifying the accurate placing of the
upper mounting onto the lower mounting.

The crosshead speed for the simulation was set at 60
mm/min, which mimicked the speed with which a patient
removes his/her denture according to clinical instructions.
The mountings were subjected to 2500 cycles of insertion
and removal, a value calculated on a 2-year basis, under the
assumption that the process of insertion and removal of
the denture is repeated by a patient 3-4 times a day.®® The
retentive force of each attachment system was measured 3
times, at baseline and the end of 100, 250, 500, 1000, 2000,
and 2500 cycles.

Upon completion of the 2500 cycles of insertion and
removal, the wear and deformation on each attachment sut-
face was examined by scanning electron microscopy analy-
sis (5-3500, Hitachi Ltd., Tokyo, Japan).

For statistical analysis of the results, the Statistical
Package for Social Sciences (SPSS) software, version 21
(IBM SPSS Statistics, Chicago, IL, USA) was used. The
Shapiro-Wilk test and Levene’s test were performed to vali-
date the normality of distribution and homogeneity of vari-
ance, respectively. These were followed by the Kruskal-
Wallis test and pairwise comparison for the validation of
statistical significance of the difference according to the
attachment system. The pre-post difference after 2500
cycles of insertion and removal was compared by paired-
sample ~test. For all values, a significance level of 5% was
applied to establish statistical significance.

RESULTS

Table 2 and Fig. 4 present the means and standard devia-
tions of the retentive force for each attachment system,
measured during the repeated insertion and removal cycles.
The greatest initial retentive force was demonstrated by
the Kerator (12.80 N), followed by the O-ring (9.19 N) and
EZ lock (5.93 N); there was no statistically significant dif-
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Table 2. Mean, standard deviation (SD), and coefficient of variation (CV) of retentive force and retention loss in each

group
Mean + SD (CV)
Cycle
Kerator O-ring EZ lock
1 12.80 + 3.32 (0.26)= 9.19 + 0.73 (0.08)% 5.93 + 0.57 (0.10)
2500 11.87 £ 2.71 (0.23y® 3.54 + 0.36 (0.10)°® 5.43 + 0.39 (0.07)%°
Retention loss (cycle 2500 - cycle 1) 0.93 +1.46 (1.57)8 5.66 + 0.72 (0.13* 0.50 + 0.37 (0.74)8
7.26% 61.54% 8.43%
Means with different upper-case letters in each row showed significant differences (P<.05).
Means with different lower-case letters in each column showed significant differences (P<.05).
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Fig. 4. Graphical representation of retentive force during
the 2500 insertion and removal cycles.

ference between the Kerator and O-ring (P>.05). The
greatest final retentive force after 2500 cycles of insertion
and removal was demonstrated by Kerator (11.87 N), fol-
lowed by EZ lock (5.43 N) and O-ring (3.54 N), with all
differences being statistically significant (P<.05).
Significant retention loss was observed in all three
attachment systems upon completion of the 2500 cycles of
insertion and removal, compared to the initial retentive
force (P<.05). The greatest retention loss rate, i.c. the dif-
ference between the initial retentive force and final reten-
tive force (completion of 2500 cycles of insertion and
removal), was observed in the O-ring (5.66 N, 61.54%), fol-
lowed by the EZ lock (0.50 N, 8.43%) and Kerator (0.93 N,
7.26%) (Fig. 5 and Fig. 6). However, there was no statisti-
cally significant changes between EZ lock and Kerator
(P>.05). On the other hand, upon comparison of the stan-
dard deviation and coefficient of variation for the retentive
force at each measurement step, the Kerator was observed
to present higher values compared to the other two systems.
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Fig. 5. Box-and-whisker plot of retention loss after 2500
insertion and removal cycles.
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Fig. 6. Graphical representation of the percentage
retentive force during 2500 insertion and removal cycles.
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Scanning electron microscopy (SEM) of the surface
morphology of the attachments upon completion of 2500
insertion and removal cycles revealed that the nylon matrix
of Kerator and the rubber matrix of O-ring incurred
noticeable deformation and deterioration, whereas the
ceramic ball of the EZ lock did not exhibit any noticeable

10-Nov-14

signs of wear, except for slight surface scratches (Fig. 7).
With regards to the patrix for all attachments, a strip-
shaped wear track was observed on the titanium alloy of
O-ring, whereas the TiN-coated titanium alloy of Kerator
and EZ lock did not display any perceivable surface chang-
es or damages (Fig. 8).

WD29 .7mm 15.0kV X180

WD20 .4mm 15 .0kV

Fig. 7. Images of the matrices obtained by scanning electron microscopy (left: x30, right: x180 magnification) of the
different attachment systems after 2500 cycles. (A, B) Kerator nylon matrix exhibiting wear changes, especially in the
central core. (C, D) O-ring rubber matrix exhibiting deterioration and deformation. (E, F) EZ lock ceramic ball displaying
a scratched surface. Boxes in (A, C, and E) correspond to (B, D, and F), respectively.
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Fig. 8. Images of the patrices obtained by scanning electron microscopy (left: x25, right: x35 magnification) of the
different attachment systems, after 2500 cycles. (A, B) Kerator titanium nitride-coated cylindrical patrix showed an
absence of detectable wear. (C, D) O-ring uncoated titanium ball patrix exhibiting wear tracks (arrow). (E, F) The EZ lock
titanium nitride-coated ball patrix also displayed absence of detectable wear.

DISCUSSION

The implant overdenture is a removable prosthesis obtain-
ing retention and support through attachment, with the
choice of attachment system being directly associated with
patient satisfaction and prosthetic prognosis. A wide variety
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of attachment systems are currently available; each possess
their respective advantages and disadvantages, and the
selection must be made based on the individual patient den-
tal arch shape, interarch space, ease of adjustment, func-
tional life, and retentive force."?

There has been no clear consensus concerning the opti-
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mal retentive force of a denture. However, according to a
previous report, a stud attachment should have a retentive
force of at least 4 N.*” A 20N retentive force (approximate)
is considered to be sufficient for a 2-implant mandibular
overdenture, whereas a 5-7 N retentive force is believed to
support the stabilization of implant overdentures.??
However, a very limited amount of data with regards to the
retentive force of the attachment is provided by the manu-
facturers. In addition, the literature regarding the initial
retentive force of the attachment system varies widely, even
for similar types of attachment systems, depending on the
experimental conditions, such as the direction of applica-
tion of force, crosshead speed, and the distance and angle
of attachments.?*

The mean value of the initial retentive force observed
for each of the three types of stud attachments examined
in this study was 12.80 N for Kerator, 9.19 N for O-ring,
and 5.93 N for EZ lock. The final retentive force values
were 11.87, 5.43, and 3.54 N for the Kerator, EZ lock, and
O-ring attachments, respectively. It might be advisable to
improve the retentive force of the dentures containing
attachments such as the EZ lock (which demonstrates a low
initial retentive force) or the O-ring (displaying a large
retention loss) according to the functional aspect of the
magnitude of retentive force. This could be achieved by
securing the largest possible area for the coverage of the
denture base, and providing adequate border sealing within
the neutral zone between the tongue and cheeks, similar to
when producing a conventional complete denture.

Examinations of the attachments following repeated
insertion and removal revealed less retention loss in
Kerator compared to the O-ring, and a statistically non-sig-
nificant difference from that of EZ lock. The Kerator
attachment system is a solitary and resilient type, similar to
the Locator attachment system. It is easy to insert and
remove, and constitutes a dual retention system that
includes inside and outside of the patrix, with the nylon
matrix linked to the implant. Moreover, it is comprised of a
nylon matrix displaying varied retentive force, allowing for
easy adjustment of the retentive force. In this experiment, a
blue nylon matrix, expressing similar initial retentive force
as the O-ring, was used to minimize the influence of the
initial retentive force. Despite such similar baseline condi-
tions, an evaluation of the initial retentive force of two
Kerator specimens demonstrated higher values than the
retentive force (5.3 N) presented by the manufacturer. This
may be due to a production quality fluctuation; however, it
may also be explained by the intra-matrix redistribution of
undercuts for the moment of a force likely to occur despite
the vertical removal force applied in the experiment, along
with the additive effects of the retentive force obtained by
acting as a guiding plane of inner core of the nylon matrix
against removal force.”

As depicted in the SEM images, the nylon matrix of
Kerator incurred substantial deformation and deterioration,
especially in the central core area, compared to the outer
ring area. Such surface loss appears to be gross surface

deformation and cohesive failure, associated with the spe-
cific component composition of nylon. The slight retention
loss in the Kerator attachment, despite the serious defor-
mation and deterioration, is considered to be consistent
with the fact that the outer ring is primarily responsible for
the retentive force, rather than the seriously deteriorated
core. On the other hand, the increased retention loss may
also be expected due to the extensive creep response of
nylon (which has a low glass transition temperature) in the
37°C humid oral environment, and its strong affinity for
water uptake, which triggers additional creep, and accelet-
ates wear and deformation.”

The Kerator retention loss pattern, which depends on
the cycles of insertion and removal, shows a peculiar fluc-
tuation: an initial decrease in the retentive force, followed
by an increase. This phenomenon could be attributed to the
increased surface roughness as a result of the surface
change caused by repeated insertion and removal. This in
turn increases fine mechanical friction, ultimately resulting
in the increase in retentive force.*!

On the other hand, as previously mentioned, the O-ring
showed the highest retention loss after 2500 insertion and
removal cycles, with the loss in retentive force increasing
linearly in proportion to the number of insertion and
removal cycles. The O-ring attachment demonstrated the
highest fluidity, with the retentive force being a result of
the elasticity of its rubber ring, undercut structure of the
patrix, and the frictional resistance between the rubber ring
and patrix. Rubber generates friction as a result of the con-
tact force on the contact surface, and the deformation of
the rubber itself. The frictional force of rubber is com-
prised of hysteresis and adhesion, and is caused by the vis-
co-clastic properties of rubbet. The coefficient of friction
between metal and rubber is much higher than that
between metal and metal, as are the frictional force and
wear speed. Rubber shows a peculiar tendency of wear
because of a variety of complex factors. While materials
such as metal and plastic generate scratches parallel to the
wear directions, rubber forms a ridge pattern perpendicular
to the wear direction, and concurrently, small rubber
debris.”” Surface wear or tear resulting from this mechanism
may trigger a fine increase in diameter, causing retention
loss.™

The wear tracks on the O-ring were detected on the
rubber matrix as well as on the titanium patrix at the maxi-
mum convexity, which is the primary frictional contact area.
This phenomenon, of parallel wear in rubber and metal,
can be partially explained by the chemical reaction that
occurs on the surface as a result of wear in the rubber.
Specifically, this reaction arises from the direct attack on
the metal by the free radicals of rubber generated as a
result of the wear process, which is accelerated with the
stabilization of the free radicals.’ This result supports the
observations of a previous study, that O-rings must be
replaced every 6-9 months, depending on the type of the
prosthesis, dietary habit, and the degree of ease of inser-
tion and removal.”®
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EZ lock was subject to slight retention loss after repeat-
ed insertion and removal. In particular, it offered a uniform
retentive force, outperforming the other two attachment
systems. EZ lock is a solitary, resilient type of attachment
system which was recently developed in South Korea, char-
acterized by titanium alloy springs and 3 ceramic balls with-
in the housing;

The performance of the EZ lock attachment may be
attributed to the excellent resistance of the ceramic balls to
frictional wear, compared to the polymer structures of the
other attachment systems using nylon (Kerator) or rubber
(O-ring). The better performance of the EZ lock could
also be because of the lower hardness of the other systems
compared to the ceramic and the less intense force exerted
by the spring of the EZ lock system. Based on the smaller
standard deviation and coefficient of variation of EZ lock,
it can be expected to offer more uniform retentive force in
the oral environment compared to other systems (which
use materials such as plastic, nylon, and rubber). Additional
clinical studies must be performed to explore this aspect.

In general, the retention loss of an attachment may be
caused by wear, deformation, and fracture of the metal or
plastic structures.” As demonstrated by the SEM images
taken in this study, wear and deformation were markedly
manifested in rubber structures than in the metal struc-
tures. This result is consistent with the results of other
studies, where wear was hardly observed on metal structure
surfaces in 2 vitro tests, in contrast to plastic structures.*
Specifically, no wear was observed in the TiN-coated titani-
um patrices of Kerator and EZ lock, presumably due to the
effect of the TiN-coating, which is known to enhance sur-
face hardness and wear resistance.”’” However, the wear in
attachments is a complex process that involves adhesive,
abrasive, surface fatigue, and corrosive factors, and its
mechanism has not been clearly understood; therefore, the
arguments presented thus far are based on speculations.*

The results of this study have limitations in explaining
the retention loss, dependent on the initial retentive force
and duration of use in the oral environment. While the
retention loss was observed in the experiment only as a
result of mechanically repeated insertion and removal
cycles, numerous other factors could influence the retentive
force in the real oral environment. Furthermore, the reten-
tive force of a denture can be greatly affected by its func-
tional location, in addition to the number or type of attach-
ment.”” Consequently, further studies would be required to
investigate the effects of the implant alignment and angula-
tion, as well as the occlusal load, parafunctional factors,
foods, saliva, plaque, and denture cleaners.

CONCLUSION

Although the limitations of this i vitro study, we concluded
that the material and design of attachment are factors that
influence the retention loss and wear patterns of the struc-
tures. The retention loss of the attachments following
repeated insertions and removals, compared to the initial
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retentive force, may be partially explained by the changes in
the surface of the structures, such as wear and deforma-
tion. After 2500 insertion and removal cycles, all attach-
ments exhibited significant loss in retention. Especially, the
deviation of retention was appeared as large, and deforma-
tion and wear were higher in synthetic polymers matrix.
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