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Retention of mandibular implant-retained overdentures with
two different attachment designs: An in vitro study
Rania E. Ramadan, BDS, MSDa and Faten S. Mohamed, BDS, MSD, PhDb
ABSTRACT
Statement of problem. Retentive force and loss of retention should be considered when selecting
an attachment. Studies that evaluate the retentive force and the effect of repeated cycles of
insertion and removal on the TITACH attachment with a metal-to-metal interface are needed.

Purpose. The purpose of this in vitro study was to measure the retention of mandibular implant-
retained overdentures with 2 different attachment designs before and after 1000 insertion and
removal cycles.

Material and methods. Two dental implants were inserted at the mandibular canine region
bilaterally in a completely edentulous model. Sixteen mandibular implant-assisted overdentures
were fabricated to form 2 groups, each with a different attachment design. One group received
8 pairs of TITACH attachments, while the other group received 8 pairs of LOCATOR attachments.
A cyclic loading machine was used to perform 1000 insertion and removal cycles. A universal
testing machine was used to evaluate retentive force before and after insertion and removal
cycles. Data were analyzed by using the Mann-Whitney U test and Wilcoxson signed-rank test.

Results. When retentive forces before and after 1000 insertion and removal cycles were compared,
the TITACH attachment showed significantly higher retentive force than the LOCATOR (P<.05).
However, the LOCATOR attachment showed a significantly lower percentage change in retentive
force (P<.05).

Conclusions. The TITACH attachment group showed favorable initial and final retentive force
compared with the Zest Anchor LOCATOR attachment group. However, the LOCATOR
attachment group showed favorable lower percentage change in retentive force. (J Prosthet
Dent 2020;123:738.e1-e6)
Implant-retained overdentures
have many benefits, for
example, preservation of bone
volume, improved retention,
stability, function, propriocep-
tion, and comfort, in compari-
son with complete dentures.1

According to the McGill and
York consensus meetings, an
overdenture with 2 implants
may be the first treatment
option for the edentulous
mandible.2,3 Different attach-
ment systems can be used in
implant-retained over-
dentures, including bar, ball
and socket, magnets,
LOCATOR attachments, and
OT equators. An attachment
system with a metal-to-metal
interface (TITACH; Dental
Evolutions Inc) has been
recently introduced and was

evaluated in the present in vitro study.

The TITACH attachment exhibits a metal-to-metal
interface between the cap and the abutment, unlike the
nylon attachments in the Zest Anchor LOCATOR system
(Zest Dental Solutions). The TITACH consists of 3 parts:
TITACH abutment, TITACH cap, and a silicone sleeve.
The metal cap has vertical slots to allow it to open on
engaging the abutment. The silicone sleeve acts as a
block-out during the pick-up of the cap. After the pick-
up, this silicone sleeve is sectioned in half and inserted
between the cap and the cap housing so that it locks
cturer, Department of Prosthodontics, Faculty of Dentistry, Alexandria Univ
epartment of Prosthodontics, Faculty of Dentistry, Alexandria University, A
under the outer edge of the cap. Moreover, each
attachment resists between 31 and 40 N.

The Zest Anchor LOCATOR attachment has several
advantageous characteristics, including resiliency, self-
aligning feature, dual retention, and ease of replace-
ment of the nylon-retentive inserts.4 Its clinical
performance has been reported to be favorable.5,6

The retentive force provided by an attachment
system should be high enough to retain the denture
during function and prevent displacement by oblique
forces. The retentive force is a contributing factor to the
ersity, Alexandria, Egypt.
lexandria, Egypt.

THE JOURNAL OF PROSTHETIC DENTISTRY

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prosdent.2020.01.009&domain=pdf


Figure 1. Denture on epoxy resin cast.

Clinical Implications
The TITACH attachment with a metal-to-metal
interface may be considered for implant-retained
overdentures as it was found to have favorable
retentive force.
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long-term success of and patient satisfaction with
implant-retained overdentures.7,8 Setz et al9 suggested
that a retentive force of 20 N is sufficient for a
mandibular 2-implant-retained overdenture. The de-
gree of retention for overdenture attachments depends
on the number, location, and alignment of supporting
dental implants 10,11; the interimplant distance 12,13; the
direction of applied dislodging forces 14; and the type of
attachments.10

The purpose of this in vitro study was to compare the
retentive force of mandibular implant-retained over-
dentures with a TITACH attachment and a Zest Anchor
LOCATOR attachment. The null hypotheses were that
the retentive force of mandibular implant-retained
overdentures would be similar with the TITACH and
LOCATOR attachments and that the retentive forces of
each attachment design would remain unchanged after
repeated cycles of insertion and removal.
Figure 2. TITACH attachment.
MATERIAL AND METHODS

A completely edentulous mandibular model made of
epoxy resin was used15 (Ramses Medical Products Fac-
tory) with a width of 7.5 mm in the canine region. The
epoxy resin was covered with a mucosa-simulating ma-
terial made of flexible polyurethane (Ramses Medical
Products Factory) of 1.5 mm in thickness.

The epoxy model was duplicated into 16 stone casts
on which mandibular trial denture bases with wax oc-
clusion rims were fabricated, and acrylic resin teeth
(Acrostone Plus Double Layer anterior and posterior
teeth; Acrostone Co Ltd) were arranged. The intercanine
distance in the mandibular arch was 22 mm (11 mm from
the midline), which approximated the distance between 2
natural canines.16

Sixteen mandibular trial dentures were flasked and
packed with heat-polymerizing resin (Denture Base
Material; Acrostone Co Ltd) and finished and polished by
using the conventional method (Fig. 1). An acrylic resin
drilling template was fabricated over the finished denture
by using a vacuum-forming machine (Dental Lab
Equipment Vacuum Former Forming Machine; Foshan
Topmed Dental Co Ltd) to ensure the precise location of
implant drilling at the canine region bilaterally. The
sequence of drilling was cortical drill, pilot drill, body drill
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(core drill), head drill, and finally body drill to wash out
debris. Two implants (Implanova; Dental Evolutions Inc)
of 10 mm in length and 3.5 mm in diameter were
installed parallel to each other by using a torque wrench.
The primary stability was 35 Ncm.

Two attachment systems were used: the TITACH
attachment (Dental Evolutions Inc) with a metal-to-
metal interface (Fig. 2) and the Zest Anchor LOCATOR
R-Tx Removable Attachment System (Zest Anchors Inc)
with a nylon interface (Fig. 3). Each TITACH abutment
was screwed to each implant by using a torque wrench
(Dental Evolutions Inc) to a torque of 20 Ncm. The
TITACH silicone sleeve was placed on the cap making
sure that the top of the silicone sleeve was below the
upper edge of the cap and that it did not cover the
retentive fins. The cap-sleeve assembly was firmly placed
over the abutment until a definite seated position was
achieved. The sleeve covered the entire abutment neck
extruding from the gingival area (Fig. 4) to prevent the
acrylic resin from locking around the abutment. The
overdenture was placed over the cast, and the position of
the attachments was identified by using a marker.
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. LOCATOR R-Tx attachment. Figure 4. Placement of cap-sleeve assembly over each abutment.

Figure 5. Placement of white block-out spacer and denture attachment
housing with black processing male over each abutment.
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The marked contacts were relieved until the overdenture
was fully seated.

Two lingual vent windows were made in the over-
denture, corresponding to the position of the attach-
ments to allow the escape of the excess autopolymerizing
resin (Special Tray Material; Acrostone Co Ltd) that was
used to pick up the attachment caps. The overdenture
was placed to verify that the caps were not in contact
with the acrylic resin in any location.

Autopolymerizing resin was mixed, and monomer
was applied to the holes. When the mix of acrylic resin
reached the dough stage, it was placed in the fitting
surface of the overdenture. The overdenture was then
seated over the model to pick up the attachment caps.
After the setting of the acrylic resin, the silicone sleeve
was removed with the overdenture. Then the part of the
sleeve protruding from the cap was sectioned in half by
using a scalpel blade.

Each LOCATOR abutment was screwed to each
implant to a 20-Ncm torque by using a torque wrench
(Zest Anchors Inc). A white block-out spacer ring (Zest
Anchors Inc) was placed around each abutment. Then,
the denture attachment housing with a black processing
male component was placed onto each LOCATOR
abutment and was pressed down to ensure the engage-
ment of the abutment (Fig. 5).

The areas where the denture needed to be relieved
were marked to allow space for the attachment housings
to be picked up. The marked areas were relieved by using
an acrylic resin trimming bur (Robot carbide HP cutter;
SHOFU Inc). The overdenture was placed to verify that
the housings were not in contact with the acrylic resin in
any area. Lingual vent windows in the denture were
made to visualize full seating and for excess material to
vent.

The denture attachment housings were dried. Auto-
polymerizing resin was mixed and placed into the relief
areas of the denture, and the overdenture was then
THE JOURNAL OF PROSTHETIC DENTISTRY
seated and left until the material polymerized. The
overdenture was then disengaged from the abutments,
and the acrylic resin was finished and polished. The black
processing male component was removed and
substituted with a clear LOCATOR nylon insert (high-
retention insert) by using the retention insert tool (Zest
Anchors Inc). The denture was then seated and pressed
down to engage the inserts on the abutments.

The overdenture was dislodged by using a universal
testing machine (Multi Test5-XT; Mecmesin Corp). The
model was fastened to the lower member of the universal
testing machine by using the 90-degree custom-made
device. A T-shaped acrylic resin plate with a vertical
plate was fabricated to be attached to the upper member
of the universal testing machine to provide a tensile
dislodging force to the overdentures17 (Fig. 6).

The acrylic resin plate was attached to the occlusal
surfaces of the acrylic resin teeth at the incisal and first
molar regions by using autopolymerizing resin (Special
Tray Material; Acrostone Co Ltd) on the universal testing
machine. This ensured parallelism of the acrylic resin
plate and the model. Therefore, a tensile force was
Ramadan and Mohamed



Figure 7. Cyclic loading machine.

Figure 6. Overdenture dislodgment by using universal testing machine.

Table 1. Comparison between values of initial and final retentive
force (N)

Retentive Force (N)
TITACH

Group n=8
LOCATOR
Group n=8 P

Initial retentive force <.001

Min-Max 60.0-67.5 38.5-41.7

Median (IQR) 63.25 (61.0-65.85) 40.60 (39.90-41.0)

Final retentive force <.001

Min-Max 39.0-49.50 33.10-36.30

Median (IQR) 46.10 (43.95-48.90) 34.35 (33.80-35.25)

IQR, interquartile range; Min, minimum; Max, maximum.
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applied perpendicularly to the occlusal plane as much as
possible to simulate a denture’s axially directed dislodg-
ing forces.

To withdraw the overdenture, the crosshead speed of
the universal testing machine was set at 50 mm/min to
mimic the dislodging speed of a prosthesis from the re-
sidual alveolar ridge during mastication18 and up to an
extension of 4 mm. Peak load to dislodgement was
recorded to determine the initial retentive force of each
attachment system.

A cyclic tension-compression test in a vertical direc-
tion was performed by using a custom-made cyclic
loading machine that acted as a dental mastication
simulator to simulate the insertion and removal of the 16
overdentures. Each overdenture was subjected to 1000
cycles resembling the average number of insertion and
removal cycles in 1 year based on an average of 3
removal-insertion cycles/day19,20 (Fig. 7).

The dislodgement of the overdenture was repeated by
using the universal testing machine and T-shaped acrylic
resin plates to measure the final retentive force, also with
a crosshead speed of 50 mm/min and up to an extension
Ramadan and Mohamed
of 4 mm. Peak load to dislodgement was recorded to
determine the final retentive force of each attachment
system. The force needed to dislodge the overdentures
was measured before and after the tension-compression
cycles. The resulted difference indicated the reduction in
retention from usage.

Statistical analysis was performed by using a statistical
software program (IBM SPSS Statistics, v20; IBM Corp).
The Kolmogorov-Smirnov test was used to verify the
normality of the distribution of the quantitative data. The
tests used were the Mann-Whitney U test and Wilcoxon
signed-rank test because the data were not normally
distributed (a=.05).

RESULTS

A statistically significant difference was found between
the TITACH group and the LOCATOR group as the
TITACH group showed higher initial and final retentive
force value with a median=63.25 N and 46.10 N than the
LOCATOR group with a median=40.60 N and 34.35 N
(P<.001) (Table 1, Fig. 8).

A statistically significant difference in percentage
change in the retentive force value was found in each
group in the form of a reduction in the retentive force,
P=.012 for the TITACH group and P=.011 for the
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 8. Values of initial and final retentive forces (N). Thick line in box
represents median, box represents interquartile range (from 25th to 75th
percentiles), and whiskers represent minimum and maximum.

Table 2. Comparison between values of percentage change in retentive
force (%)

Percentage
Change in
Retentive Force (%) TITACH Group n=8 LOCATOR Group n=8 P

Min-Max -35.0 to -19.51 -15.55 to -12.95 <.001

Median (IQR) -27.16 (-31.41 to -25.50) -14.94 (-15.30 to -13.68)

P .012 .011

IQR, interquartile range; Min, minimum; Max, maximum.
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LOCATOR group (Table 2, Fig. 8). Additionally, a sta-
tistically significant difference in percentage change in
retentive force value was found between the TITACH
group and the LOCATOR group, with the TITACH
group showing a higher percentage change in retentive
force value, median=27.16 N, than the LOCATOR group,
median=14.94 N (P<.001) (Table 2, Fig. 8).

DISCUSSION

Selecting the attachment system for implant-retained
overdentures depends on factors including the number
and distribution of implants, arch morphology, patient
expectations, interarch space, amount of retention
required, and cost.7 The null hypotheses were rejected as
the TITACH group showed significantly higher initial and
final retentive force than the LOCATOR R-TX attach-
ment group. Both attachment systems showed reduction
in the retentive force after 1000 cycles of removal and
insertion.

Epoxy resin was selected for the installation of im-
plants as it has an appropriate elastic modulus for a bone
analog material (approximately 20 GPa). Furthermore, it
was easily machined and sufficiently tough for cyclic
testing.15

The mandibular teeth were arranged according to
conventional criteria with the mandibular canines 22 mm
apart (11 mm from the midline), which approximated the
distance between 2 natural canines.16 Two implants were
placed in the mandibular epoxy model because the
McGill and York consensus meetings determined that a
THE JOURNAL OF PROSTHETIC DENTISTRY
2-implant overdenture is the first treatment option for
the edentulous mandible.2,3

The TITACH attachment was selected for evaluation
in this study as it is considered a new attachment with a
specific design of metal-to-metal interface between the
cap and the abutment, and according to our knowledge,
no previous research has been carried out regarding its
efficiency in mandibular implant-retained overdentures.
The Zest Anchor LOCATOR attachment was selected for
comparison with the TITACH attachment because the
LOCATOR attachment was compatible with the impla-
nova implant system, which is related to the TITACH
attachment. The TITACH attachment is available with
only 1 vertical height (4.50 mm); therefore, the 3-mm
Zest Anchor LOCATOR was selected to match the
TITACH when added to the height of the male seating
area (1.50 mm).

To measure the retentive force of the studied over-
dentures, the model was fastened to the lower member
of the universal testing machine by using the 90-degree,
custom-made jig, allowing the tensile force to be applied
perpendicularly to the occlusal plane as much as possible
to simulate axially directed dislodging forces when a
denture is in function. In addition, a T-shaped acrylic
resin plate was used for the retentive force as it estab-
lished the point-of-load application in the middle of the
mandibular arch. This design reduced the possibility of
measurement errors resulting from the uncontrolled
difference in the slack when 2 or more chains were used
to connect to the testing device.17

The crosshead speed of the universal testing machine
was set at 50 mm/min to mimic the dislodging speed of a
prosthesis from the residual alveolar ridge during
mastication18 and up to an extension of 4 mm as the
vertical height of both attachments was 4.50 mm. Peak
load to dislodgement was recorded on the computer
connected to the universal testing machine to determine
the initial and final retentive forces of each attachment
system.

A cyclic tension-compression test in a vertical direc-
tion was performed by using the cyclic loading machine
to simulate the insertion and removal of the 16 over-
dentures. Each overdenture was subjected to 1000 cycles,
resembling the average number of insertion and removal
Ramadan and Mohamed
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cycles in 1 year based on an average of 3 removal-
insertion cycles/d.19,20

A statistically significant difference in both the initial
and final retentive forces of implant-retained over-
dentures was observed with favorable retentive values by
using TITACH attachments compared with using
LOCATOR attachments. Attachment retention loss is the
most common complication of implant overdentures.21 A
statistically significant difference was found in the per-
centage change in the retentive force of implant-retained
overdentures, with less reduction in retention values by
using Zest Anchor LOCATOR attachments (about 14%
compared with 27% reduction in the retentive force of
the TITACH attachment). This could be because the
metal-to-metal interface created more wear, leading to
more reduction in retention values than the resilient
nylon interface of the LOCATOR attachment. This
reduction in retention in the TITACH attachment was
consistent with previous studies on other metal attach-
ment systems.22,23 Although implant-retained over-
dentures using TITACH attachments showed more
reduction in retention values than LOCATOR attach-
ments after 1000 cycles, they showed higher values of
final retentive force than LOCATOR attachments.

Numerous factors, such as presence of saliva, tem-
perature, parafunctional oral habits, implant inclination,
and interimplant distance, can affect retentive force.
Further in vitro studies are recommended to evaluate the
wear behavior of the TITACH attachment after usage,
and more studies are recommended to evaluate it with
inclined implants. Additionally, clinical studies need to be
undertaken to investigate the influence of using the
TITACH attachment on implant osseointegration.
Moreover, the manufacturer of the TITACH attachment
should fabricate variable collar heights to cope with
different mucosal thicknesses.
CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The TITACH attachment group showed favorable
initial and final retentive force compared with Zest
Anchor LOCATOR attachment group.

2. However, the LOCATOR attachment group showed
favorable lower percentage change in retentive
force.
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