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EFFECT OF THREE DIFFERENT BAR CLIP MATERIALS
ON RETENTION OF IMPLANT-SUPPORTED MANDIBULAR
OVERDENTURE: AN IN VITRO STUDY

Mohamed Hosny Selem” (), Sara Ali EIKady™
Moataz Hassan™""=" and Iman A. El-Asfahani™=

ABSTRACT

The aim: To explore the effect of different bar clip materials (plastic, poly ether ether ketone
(PEEK), and zirconia) on retention force with PEEK bar in implant supported mandibular
overdenture using the universal testing machine.

Materials and methods: A heat-cured acrylic educational model was constructed and to
implants were inserted at the canine region bilaterally. A milled PEEK bar was constructed and
screwed to the multiunit abutment which were screwed to the implants. Three different clip
materials groups (plastic, PEEK, and zirconia) were constructed. The clips were picked up in the
intaglio surface of each denture. Three wrought wires were attached to the overdenture polished
surface and connected to each other at the overdenture geometric center. The retention force of each
attachment was measured at TO (insertion) followed by T1 at 360 (3 months), T2 at 720 (6 months),
T3 at 1440 (one year), T4 at 2880 (2 years) and TS at 4320 (3 years) insertion and removal cycles
simulating 36 months of usage.

Results: A statistically significant difference was found between clip materials at all insertion
and removal cycles. The final mean retention force of the zirconia clip group was significantly
lower compared to the plastic and PEEK clip groups at T5 simulating 3-year usage.

Conclusion: Within the limitations of this study, it can be concluded that the PEEK and plastic
clip materials showed significantly higher retention values compared to zirconia clip materials
when used with PEEK bar-retained mandibular implant-supported overdentures after a three-
year simulation of overdenture use. Although the retention loss was unavoidable in the three clip
materials, the rate of retention loss differed depending on the clip material.
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INTRODUCTION

Edentulism is considered an irreversible
multifactorial process involving biological issues
as dental decay, periodontal disease, diseases
of pulp, and trauma, as well as non-biological
issues. An extensive variation of treatment options
exists for completely edentulous patients. Dental
Implants provide a superior, more dependable and
satisfactory solution for patients failing to adjust to

complete dentures'.

Mandibular
provide an expectable treatment modality with

implant-assisted ~ overdentures
improved function, retention, stability, and patient
satisfaction compared to traditional complete

dentures?.

Mandibular
represent a trusted option to increase denture

implant-assisted ~ overdentures
retention and stability. The retention and stability
features are offered mainly through implants via
attachments. Thus, different attachment systems are
recommended to connect mandibular overdentures
to the implants®.

The two-implant overdenture is a desirable
treatment option because of its relative simplicity,
minimum invasiveness, and economy*. Moreover
mandibular overdenture retained by two implants
with a single bar is a widely accepted treatment
strategy for edentulous mandibles with atrophic
ridges with proven stability in the long term®.

The Bar and clip attachments implant assisted
overdentures represent a commonly used and highly
acceptable treatment modality solving stability and
retention difficulties by increasing the satisfaction
level of denture-wearing patients. Hader bars can be
used as an attachment for teeth as well as implant-
supported prostheses. This bar exists in the form
of premanufactured plastic patterns adapted on the
secondary cast then casted into the alloy chosen
by the prosthodontist. The Hader bar system sleeve
differentiates it from the other systems and can
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also be produced in plastic. Most of the additional
bar systems sleeves are metallic. Exchanging the
plastic sleeve is effortlessly done chair side if their
retention decreases significantly with time’.

The rigidity of the bar and clip depends on the
transverse section shape and the bar and clip material.
Moreover, the existence of a bar extension on the
distal to the implants is a cantilever increasing the
surface area available for the prosthesis retention®.

The bar material selection should induce as
minimal stress as possible in the supporting
bone. As the stiffness of bar material elevates, the
Von Mises stresses in the bar elevates and the bar
total deformation decreases leading to an over-

constrained system?’.

Polyether ether ketone (PEEK) is a high-
performance polymer which can be employed as a
substitute to the metal used in removable or fixed
protheses. It has various advantages as corrosion
resistance, advantageous strength-to-weight ratio,
radiolucency, low plaque affinity, chemical stability,
and biocompatibility. Furthermore, it has superior
mechanical behavior as wear resistance minimal
creep, shock absorption and reduced specific weight
19 The PEEK-based materials may overcome several
problems and can be a viable substitute for titanium
or any other metal. Owing to its excellent aesthetic
properties and its elastic modulus which is near that
of human bone leading to a more homogeneous
stress distribution to supporting structures, PEEK
can also be used as a framework material in dental
prostheses .

A new generation of PEEK known as Bio HPP
(biological High-Performance Polymer) which can
be an appropriate substitute with equivalent wear
resistance characteristics compared to ceramics. The
BioHPP is biocompatible and impervious to most
of inorganic and organic chemicals. It possesses
high mechanical properties, can withstand high
temperatures and has high-quality characteristics
of good dimension stability. Additionally, the
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elastic characteristics of Bio HPP are adaptable to
the bone'. Zirconia is 20 times more rigid than
bone while titanium and gold are 10 times stiffer
than bone. The elasticity of the material, which lies
within the range of bone, makes it a more natural
material, as it can compensate for the torsion of
bone upon occlusal forces, in particular in the case
of larger implant work and long framework'*.

The retention force and clinical effectiveness of
eachoptionhavebeencomparedinstudies comparing
BioHPP bar attachment overdentures with metal
and zirconia bar attachment overdentures. In an in-
vitro investigation over implants held mandibular
complete overdentures (all-on-4 concept) utilizing
BioHPP and metal
discovered that after thermocycling, the retention

bar attachments, it was
force of BioHPP bar attachment was much higher
than the retention force of metal bar attachment.
The BioHPP bar attachment overdentures may be
a preferable choice for patients looking for greater
retention force and resilience to cyclic loading'*

The
conventionally constructed utilizing the lost-wax

bars in implant overdentures are
method casting method, which is labor-intensive
and time-consuming. Construction of one-piece
casted bar attachment are frequently faced with
difficulties

misfits °. The clinical significance of passive fit

such as probable porosities and
and the acceptable range of misfit values are still
debatable .

and screw loosening are examples of prosthetic

Nevertheless, abutment fractures
complications which may be related to poor
framework fit. Accordingly, constructing these
frameworks should aim to lessen these misfits and
inaccuracies. In the casted implant frameworks,
these complications could be corrected with extra
laboratory steps as sectioning then soldering or
laser welding therefore adding to the workflow of
fabricationandelevatingtheircosts. Accomplishment
of laboratory workflow simplification can be

attained by the using computer-aided design and
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computer-aided  manufacturing  (CAD/CAM)
to fabrication the overdenture bar framework .
The CAD software distinguishes the geometry
of the item whereas CAM software is utilized to
manufacture it. The CAD/CAM procedure may be
either additive (RP) rapid prototyping or subtractive
manufacturing (computer numerical control [CNC]

machining; milling) 8.

Achieving the construction of milled frame-
works which are assembled without the need of
laser welding, conventional bonding or solder-
ing techniques reduces the stress transmission to
the supporting peri-implant bone. This guarantees
an actual passive fit as the bar is assembled and
seated!’.

should be
constructed from wear resistant materials to preserve

The attachment systems used
nearly constant retention force through time. The
retentive clips wear in bar-clip attachments was
found to decrease retention significantly. The
decrease in retention force with plastic retentive clips
made of poly-oxy-methylene was less compared to
metal clips, mostly owing to their greater resiliency
and suitable elasticity modulus, hence the plastic
clips had become more commonly utilzed®.

The clips utilized to fabricate clips of bar-
retained mandibular overdentures can be produced
of various materials, such as poly-oxy-methylene
(POM), poly-ether-ether-ketone (PEEK), nylon,
metal clips and silicone-resilient liners as well as
zirconia clips. A study comparing the retention force
of mandibular implant-retained overdenture having
zirconia bar utilizing 2 dissimilar clip materials
stated that both PEEK and POM retentive clips can
offer equivalent retention forces once utilized with
zirconia bar after 12-month overdenture usage®.

The clips used in bar attachment overdentures
can be made from various materials, including
regular Nylon and digitally designed PEEK. A
study evaluating the retention of these two types of
bar clip materials after 3 years of simulated usage
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found that both materials offered good retention,
with PEEK clips showing a decrease in retention
by 58.66% and Nylon clips showing an increase in
retention by 2.99%. Overall, the materials used for
the construction of clips in bar-retained mandibular
overdentures can vary, but both PEEK and Nylon
have been shown to offer good retention for up to 3

years of use?*?!,

Denture retention can be defined as resistance
to torsional and vertical forces, or the resistance
to denture removal in an opposite direction to
its insertion”?. The mandibular implant retained
overdentures retention depends on several issues
such as the design and material of attachment,
implant angulations , and components wear. The
retention of the prosthesis is recognized as the most
significant feature creating an advantageous implant
overdenture treatment outcome and enhanced
patient’s satisfaction 2*. Inferior retention of the
implant retained overdenture causes lower denture
stability throughout chewing and hence lowering
masticatory efficiency and performance®.

On reviewing the literature, rare studies ex-
plored the effect of using different clip materials on
the retention of PEEK bar retained implant assisted
overdenture 2>, Hence this research work was pro-
posed to compare different clip materials with bar
attachments and determine which could provide
better retention with PEEK bar retained implant as-
sisted overdenture. The null hypothesis was that no
significant difference regarding the retention force
between three bar clip materials (plastic, PEEK, and
zirconia) used with milled PEEK bar in mandibular
implant supported overdenture could be found.

MATERIALS AND METHODS

This study took place in the laboratory of the
Prosthodontics Department, Faculty of dentistry,
Minia University after acquiring the approval of
Ethical Committee, of Faculty of dentistry, Minia
University No. (EC Ref No.504)
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The sample size was calculated based on an earlier
study which assessed the retention after fatigue
testing at different time intervals between two kinds
of bar-clip materials (digitally designed PEEK bar
clip and regular Nylon bar clip)®*. Based on this
study results, assuming a power of 80% (3=0.20) to
identify a standardized effect size in shear retention
force (primary outcome) of 0.869, and level of
significance 5% (o error accepted=0.05), the least
needed sample size was 6 samples overdentures for
every group (number of groups=3), therefore total
samples size is 18 samples.

The barclips were divided into 3 group according
to their materials as follows; Group I: overdenture
with plastic clips. Group II: overdenture with PEEK
clips. Group III: overdenture with Zirconia clips. The
working model was constructed from an educational
silicon rubber mold (Trimould.Okayama Co., Ltd-
Tokyo. Japan) of partially edentulous mandible with
only two canines remaining to have adequate width
for the implant following two canines. Molten base
plate wax (Anutex toughened Pink dental modeling
wax.ADP.Ltd-England) was poured into the silicon
rubber mold. After complete hardening the waxed
cast was removed. The hardened wax cast was
inserted in a flask and a mold was created using
dental stone, then wax was eliminated using water
bath then, packing of heat-cured acrylic resin. During
packing of working model, excess material of heat
cured acrylic resin had been used to ensure over
packing and two wet cellophane paper were placed
over acrylic resin for trial closure. The cast was
processed into pink heat cure acrylic model (Luction
199.dentspyl york division.dentspy international
inc.yorkp.a 17405). Then the model was finished
and polished. The working model was solely used
during the whole study for standardization.

Two identical internal hex implants ( SQ, Dentis
Implant system, USA) , with 3.5 mm diameter 14
mm length, were inserted in the residual ridge area
of the cast bilaterally at the canine region using the
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surgical motor (NOUVAG AG CH-9403 Goldach,
Switzerland). and parallelism was ensured by using
the surveyor with handpiece.

The implant sites were created by using an
initial cylindrical drill of 2.2mm diameter followed
by successive drills till the final drill with 3.5 mm
diameter . The length of the drill was 14 mm from
the top of the ridge to accommodate the implant
shoulder. Then chemical-cured acrylic resin had
been mixed then used for tightening the implant
(simulating osseointegration).

The bar construction

Scannable impression copings (Scan body)
MUASB48P (multi unite scan body abutment.)
were screwed to the implants and scanned using the
laboratory scanner (inEos X5; Dentsply Sirona) to
produce an STL (Standard Tesellation Language)
virtual model using the CAD/CAM
software (I mes-1 core coritec 250i.). The design of

file for a
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the OT bar multiuse (RHEIN 83. Ref.0220BB, Italy)
was chosen from the library of the CAD part of the
CAD/CAM system. This bar had two sides, a flat
side and a round side which was placed upwards to
provide slight resiliency. The bar dimensions were
2.4 mm height, 22 mm length and 1.7mm thickness.
It was designed to be 2mm away from the residual
ridge.

After the data acquisition, the STL file was
imported to the CAM part of the CAD/CAM
system to mill OT bar multiuse from biological
high-performance polymer (Bio-HPP) (BreCAM.
BioHPP, Bredent GmbH & Co.KG, Senden,
Germany) block which is a partially crystalline
poly ether ether ketone type. Multi-unit abutments
were screwed to the implants and the PEEK bar
was screwed to them. The bar passive fit was tested
using the single screw test. The previous steps were
repeated for all bars constructed in each group as

shown in figure 1.

Fig. (1) A-the virtual bar (labial view), B- the virtual bar
(Occlusal view), C- the PEEK bar constructed and
screwed to the multi-unit abutments with the clip’s
attachment.
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The bar clips construction

Two readymade acetal plastic female clips
(Yellow retentive clip OT Bar Multiuse; Rhein
83 Slr) were scanned using laboratory scanner,
the obtained (STL) file was imported to the CAM
part of the CAD/CAM system to be milled into
the PEEK (BioHPP) and zirconia Zirconia blocks
XWO8*14 (22053010K14), Xtcera, CHINA) clips
in each group as shown in figure 2.

The construction of the over denture

Prefabricated special tray to the model with
PEEK bar ready for duplication. The space between
attachment and cast was blocked out modelling
wax. A Rubber base impression (LASCOD SPA-
via L. longo,18-50019 sestoF.no (FI), Italy) was
made for the model with PEEK bar in place.The
Rubber base impression was poured into hard dental
stone (Hard type III gypsum, Zeta dent, Italy) to
obtain stone cast. This cast was modified (relief and
block out) and was duplicated into an investment
cast (GC Fujivest® II.USA). The latter was used for
casting procedures of the cobalt chromium metal
framework reinforcing the overdenture base.

Fig. (2) A- The yellow plastic Clip, B-
the virtual clip after scanning
the original plastic clip, C- the
PEEK clip, D- the zirconia
clip.

First, a wax pattern of metal framework was
constructed on the investment cast. Second, multiple
sprues were attached to the wax pattern. Third, a
mold around the wax pattern and the investment cast
was constructed from phosphate bonded investment
materials. Fourth, the wax was burned out and the
cobalt chromium alloy metal framework was casted
following the conventional method. Finally, the
metal framework was finished, polished, and tried
on the model.

On the metal framework, the waxing-up of
the overdenture base, flasking, wax elimination,
packing of heat cured acrylic resin following the
conventional curing technique were done.

The mucosa of the residual ridge simulation

Multiple depth cuts (2mm depth) were created
in the residual ridge of the model using a number 5
round burs. The acrylic resin between the holes was
removed using a cylindrical carbide cutter bur. This
modification of ridge created a mould cavity which
was packed with self-cured acrylic soft liner (COE-
SOFT GC AMERICA INC., USA). This resilient
layer simulated the mucosa in edentulous area with
an even thickness by construct a wax spacer.
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Fig. (3) The acrylic model and overdenture and intaglio surface

of overdenture.

The attachment’s pickup in the denture

The space below the bar was blocked out using
modelling wax. For the clip attachments’ pick up,
a space was established in the intaglio surface of
overdenture and escape holes were made in the
lingual surface facing the bar. The clips (plastic,
PEEK, and zirconia) were placed in their positions
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on the bar. The cast and fitting surface of the
overdenture were painted by a petroleum gel for ease
of separation. Self-cured acrylic resin was placed in
the intaglio surface of the denture opposite to the
bar, and the overdenture was placed on the model.
Firm steady pressure was made on the overdenture
bilaterally until curing of resin was ensured then
the overdenture was removed having the clip in
its fitting surface and the excess was removed.
Fig. 3A-C).

Measurement of retention

The geometric center detection:

The overdenture was placed onto model. The rel-
ative geometric center of the overdenture was iden-
tified as follows?;the centers of the retro molar pads
posteriorly and midline anteriorly were identified
in the overdenture. A cardboard was cut connecting
the 3 markings, thus creating a triangle. The 3 lines
bisecting the three angles of the triangle intersection

point was judged to be the geometric center.

Fig. (3): Picking up of A- the PEEK
clips. B-the zirconia clips,
C- the plastic clips in fitting

surface of overdenture
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Three V-shaped grooves were established on the
polished surface of the mandibular overdenture.
One was created in the lingual flange at midline area
right underneath the central incisors. The extra two
were established at the retro-molar pad areas distal
to the second molar bilaterally.

The grooves that were made on the polished
surface of the mandibular overdenture were V-shaped
to assist the wires in resisting dislodgement during
the retention measurement procedures.

A one mm diameter wrought wire of was bend
over at its center to run 2 cm over the occlusal plane
starting at one retromolar pad groove at one side
to the contralateral retromolar pad. Later, another
wrought wire with the same diameter was bent to
reach from the groove at the lingual flange upwards
reaching 2 cm over the occlusal plane. The 2 wires
were bent towards one another till meeting at the
geometric center. One termination of the 2nd wire
was adjusted in the established groove underneath
the central incisors and the other termination was
designed to make a c-formed loop around the 1st
wire. The free endings of the 2 wires were secured to
the polished surface of the mandibular overdenture
by auto polymerized acrylic resin. Extra acrylic
resin was eliminated, and the overdenture surface
was refinished and repolished.

The retention measurement

The cast was secured to the lower fixed partition
of the universal testing machine (Bluehill Lite;
Instron, USA) with a loadcell of 5 KN?” and data
were recorded using computer software. The denture
was firmly attached by the hook to the universal
testing machine. Then a tensile displacing force was
applied on the hook using a wire passing through
a wire assembly. Tensile load with pull out mode
of force by wire which was attached to superior
partition of the universal testing machine at a 5 mm/
min crosshead speed. The load required to totally
dislodge the overdenture was measured in Newtons.

Repeating retention force test at the chosen cycles
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till three years of usage was done. Assuming that the
patient wearing an overdenture inserts and removes
the denture four times (cycles) daily; the test started
initially with TO (at insertion) followed by T1 at 360
cycles (3-month), T2 at 720 cycles (6-month), T3 at
1440 cycles (one-year), T4 at 2880 cycles (2-year)
and finally T5 at 4320 cycles (3-year) simulating 36
months of usage.

Fig. (4) The retention force testing

Statistical analysis

The raw data were tabularized and analyzed using
the statistical package for social science computer
software (Version 21 SPSS, Chicago. IL, USA).
The Shapiro-Wilk test was employed to identify the
normality of data. Statistical testing was performed
using repeated measures analysis of variance test
(ANOVA) test to determine of consequence (effect)
of type of Time, material type, and the interaction
between both on retention. The LSD post hoc test
was done for pairwise comparisons following
the repeated measures ANOVA test. To compare
between the three clips type modalities at each time,
One-way ANOVA test followed by post hoc Tukey’s
test pairwise comparisons. Any P-value < 0.05 was
considered significant.

RESULTS

The maximum retention force was measured at
different cycles as following: at base line (t)), 360
cycles (t,), 720 cycles (t,), 1440 cycles (t,), 2880
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cycles (t,), and 4320 cycles (t,) using universal
testing machine.

Maximum retention force values for both clips
were tabularized and diagramed at (3, 6, 12, 24,
36) months intervals with the assigned number of
insertion and removal cycles. Descriptive statistical
analysis was presented in the form of mean and
standard deviation (STD). Percentage of retention
loss was calculated for each type of clip at different
cycles.

On comparing the retention at different cycles in
the plastic clip (group I), a statistically significant
difference was found between cycles. According
to the post hoc test done for pairwise comparison
between cycles, only in baseline pairwise
comparisons with different cycles, a statistically

significant difference was found.

On comparing the retention at different cycles
at different cycles in PEEK clip (group II), there
was statistically significant difference between
the cycles. According to the post hoc test done for
pairwise comparison between cycles, a significant
decrease in retention was found at T3 (1 year),
T4 (2years), TS (3 years) when compared to TO
(baseline).
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On comparing the retention at different cycles
in zirconia clip (group III), there was statistically
significant difference between the cycles.
According to the post hoc test done for pairwise
comparison between cycles, a significant decrease
in retention was found at T4 (2 years) and T5

(3years) when compared to baseline.

On comparing retention of different clip
materials, a statistically significant difference was
found between clip materials at all insertion and
removal cycles. According to the post hoc test done
for pairwise comparison between different clip
materials, a statistically significant difference in
retention forces was found between the three clip
materials at TO (baseline) and T4 (2years) cycles.
The PEEK clip showed a significantly higher
retention forces compared to the plastic and zirconia
clips. On the other hand, no statistically significant
difference was found between PEEK and plastic
clips at T1(3months), T2(6months) T3(1 year),
The PEEK clip showed
a significantly higher retention forces compared

and T5(3years) cycles.

to the plastic and zirconia clips at these cycles
demonstrated in Table 1 & Figure 4.

TABLE (1) The retention force of Different Clips materials at Different Cycles measured in newtons (N).

Clip Materials

( ) PLASTIC Group I PEEK Group II ZIRCONIA Group III One way
roups
X group mean = STD. mean = STD. mean x STD. ANOVA
Retention force a
. (n=6) (n=6) (n=6) (P- value)
different cycles(N)
TO (Base line). 24.1+2.34 30.7+3.5 ¢4 153234 <0.001*
T1 (3 months). 17.3+3.5>8 27.8+3.3 »AB 12.3+2.7 »AC <0.001*
T2 (6 months). 15.6+29 8 26.1+2.54A8 11.8+2.1 »A€ <0.001*
T3 (1 year). 15248 25.6+3.5*8 11.6+2.9 PAC <0.001*
T4 (2 years). 14+1.6 >8 19+1.6 ~CP 9.8+1.7 B¢ <0.001*
TS5 (3 years). 12.9+1.8 8 16.5+3.5 »P 6.5+1.1>P <0.001*
Repeated measure ANOVA
<0.001* <0.001* <0.001*
(P- value)

Significant difference at P-value < 0.05

dissimilar small superscript letters in raws indicate significant difference.

dissimilar capital superscript letters in columns indicate significant difference.
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TABLE (2) The percentage of retention loss in different clip materials at different cycles.

Different cycles

Clip TO T1 T2 T3 T4 T5
Materials (groups) (baseline) (3-month) (6-month) (1-year) (3-year) (5-year)
Retention loss %
Plastic clips 0% 282 % 353 % 37.8 % 419 % 46.5 %
PEEK clips 0% 9.5 % 14.98 % 16.6 % 38.1 % 46.3 %
Zirconia clips 0 % 19.6 % 229 % 242 % 359 % 57.5 %
DISCUSSION

Retention of Different Clips at Different Cycles

40

35
30
1 year

25
z 20 I
Basclive % monflis _ §imonh

Groupl m=Group Il = Group III
- J

—
wm S W

2 years 3 years

Fig. (4) A bar chart showing of Retention of Different Clip
materials at Different Cycles

Regarding the percentages of retention loss (%)
in each clip material group the Plastic, PEEK and
Zirconia clips lost 3.8 % , 16.6 % and 24.2% of the
initial retention forces at T3 (1 year) cycles. On the
other hand, the Plastic, PEEK and Zirconia clips
lost 46.5% ,46.3% and 57.5% of the initial retention
forces at TS (5 years) cycles.

Regarding the effect of time, material type, and
the interaction between both on retention, time
(regardless the material), the repeated measures
ANOVA test showed significant effect on retention
(F=39.5, P-value <0.001), also material (regardless
the time) showed significant effect on retention
(F=185.6, P-value <0.001). The interaction between
variables showed significant effect on retention
(F=3,P-value =0.006) so the variables are dependent
on each other. The effect size of the Two-Way
ANOVA model is 0. 878.

This study was an invitro study since attachment
retention loss is problematic to assess appropriately
in clinical situations. It's worth mentioning that
the extremely high values of retention described in
laboratory may not of clinical benefit to the patient
as not all cases prove an extremely high degree of
retention .

The advancement of digital dentistry and
computer-aided design and computer-aided
manufacturing (CAD-CAM) technology made the
attachments and retentive inserts design simpler
with nearly flawless outcomes®. The digitally
designed PEEK bar, PEEK and zirconia clip were
chosen as they might provide perfect results in
implant retained overdentures. The clips undercut
ensured mechanical retention with intaglio surface
of the denture during pick- up procedures®.

The milled PEEK bar and its retentive clips
were fabricated using CAD/CAM technology to
eliminate the laboratory stages and steps with their
consequent errors. The lesser distortion percentage,
passive fit, and long-term clinical success rates were
documented in bar-retained overdentures fabricated
following milling with CAD/CAM technique.
Nevertheless, the usage of CAD/CAM in bar-
overdenture fabrication provides an additional cost

compared to casting technique'”?.

The maximum dislodging force was acknowl-
edged as the maximum force applied beforehand
of attachment parts separation; it can be utilized
as an alternate method to measure retention of the
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attachments in overdenture. The maximum dislodg-
ing force might differ as the number of cycles of
insertions/removal increase with time. These mea-
surements of retention allow the prosthodontists
to select the most clinically effective attachment
system and appropriate material suitable for every
patient®.

In this study, the maximum retention force was
measured at different cycles as following: at base
line (TO), 360 cycles (T1), 720 cycles (T2), 1440
cycles (T3), 2880 cycles (T4), and 4320 cycles
(T5) using universal testing machine. According
to the literature almost 1,000 to 1,500 insertion
and removal cycles (4 insertions and removals
daily) denote one year of clinical usage **. Many
studies replicated the clinical usage between one
to ten years*' . In the current study, 4320 insertion
and removal cycles were accomplished to obtain
meaningful outcomes.

The null hypothesis of this study was rejected
as there was a significant difference regarding the
retention force between three bar clip materials
(plastic, PEEK, and zirconia) used with milled PEEK
bar in mandibular implant supported overdenture.
Likewise, the results of the current study presented
a significant difference between the different
clip retention forces at all removal and insertion
cycles with the advancement of time. In the three
groups, the retention forces decreased significantly
from baseline (TO) till three years (T5) of denture
usage which may be attributed to the expected
wear of clips or the bar materials. This finding is in
accordance with another invitro study finding where
the retention forces of a Harder bar and three clips
were investigated. The latter study stated that the
retention force diminished due to frequent denture
insertion and removal but stabilized afterwards®.

On comparing the retention at different cycles in
the plastic clip (group 1), a significant difference was
found only at baseline pairwise comparisons with
different cycles. On the other hand, a significant
decrease in retention was found at T3 (1 year),
T4 (2years), TS (3 years) when compared to TO

(483)

(baseline) in the PEEK clip group (group II). In the
zirconia clip group, (group III) a significant decrease
inretention was found at T4 (2 years) and TS (3years)
when compared to baseline. This finding might be
attributed to the continuous friction between the
clip under surface and the PEEK bar. The wear of
bar-clips with bar attachments was documented to
directly impact the retention forces of implant bar-
retained overdentures. The attachment wear happens
as a consequence of friction between the surfaces
of the retentive components in the attachment with
several insertion and removal cycles or during the
chewing cycles 3%,

The different initial retention forces between
the three clip material groups might be due to their
different moduli of elasticity in general, the elastic
modulus value (1400-2500 MPa) of the zirconia?,
the elastic modulus of BioHPP is about 4000 MPa?’.
The acetal resin has an acceptable rigidity toughness,
and a 305,000 MPa modulus of elasticity®. Hence,
the highest initial retention force was observed in
the PEEK clip group followed by plastic clip group
and the least initial retention was observed in the
zirconia group this finding is in accordance with
another study finding where significantly different
initial retention forces between different bar clip
attachment materials were observed.

Likewise, there was a significant difference
between the retention forces at from baseline (TO)
and till 2 years (T4) between the three clip material
groups where PEEK clip displayed greater retention
forces compared to the those of plastic and zirconia
clip groups. This finding also might confirm the
differences in the three clips’ materials’ moduli of
elasticity of the three clip materials. Nevertheless,
at TS (3 years) there was significant difference
between the zirconia clip group which showed
lowest retention force compared to the other two
clip groups while no significant difference was
found between PEEK and plastic clips. The lowest
retention was observed with Zirconia followed
by plastic then PEEK where the latter two groups
showed insignificant difference between each other.
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As the material of the plastic clips was acetal
resin which shares similar mechanical and physical
properties with the material of PEEK clips as they
are both types of polymers*. The surface hardness
of BioHPP and acetal are 30 HV and 25 HV “#!. This
may explain the insignificant difference in the final
mean retention force at TS in both the plastic and
PEEK clip groups. This may contradict the results
of another study which stated that the clips made
of PEEK showed higher initial retention force and
the final retention force of acetal was significantly
lower compared to that of PEEK .

On the other hand, the final mean retention
force of the zirconia group was significantly lower
compared to the former two clip groups. The latter
finding may be attributed to the significantly higher
hardness of the zirconia (1200 HV) * compared
to that of the plastic and PEEK which may have
caused excessive wear between the PEEK bar and
zirconia clip. The clips” wear against the bar was
recognized to directly impact the overdentures’
retention force. This wear happens due to the
friction between attachment components surfaces
as a result of repeated insertion and removal cycles
or throughout chewing cycles 3%,

Although, the final mean retention force in the
PEEK clip group was statistically insignificant
compared to that of the plastic clip group, it recorded
the highest final mean retention force. This finding
can be explained by the fact that in the PEEK group
the clip and bar were made of the same material *.
Hence, the mandibular implant overdenture with
PEEK bar used in conjunction with PEEK clips
appears to be a good treatment option with little loss

of retention and better clip wear resistance.

Based on these observations PEEK clip revealed
an acceptable final retention force of 16.5 N, which
is close to the least satisfactory essential retention
force which is 20N to retain a prosthesis**,
force

Consequently, the retention

by the

provided
PEEK clip after repeated insertion and

Mohamed Hosny Selem, et al.

removal cycles might offer considerable retention
accompanied with the least retention force loss in
which may guarantee durability of the treatment and
patient satisfaction.

On the other hand, a significant difference was
found between the three materials; the lowest mean
retention force in plastic, PEEK and zirconia were
129N, 16.5N, and 6.5 N. However, these values
of retention are considered suitable to retain a
removable prosthesis. These results agreed with
Pigozzo et al. study results which judged 5 to
7N as a satisfactory retention range to stabilize
overdentures*’. Furthermore, these findings were
augmented by another study which suggested that
retention forces between 5-8N are sufficient to retain
an overdenture®'. Moreover Scherer et al. (2014)
deduced that an effective retention force ought to be
between 8 - 10 N*,

Based on current study results, the null hypnosis
was rejected as there was significant difference
between the three different clip materials retention
forces (plastic, PEEK, and zirconia).

As all the investigated clip materials showed
satisfactory retention forces with time, further
parameters other than retention force may govern
clinical treatment options. Easiness of usage for the
prosthodontist may be an important factor when
selecting the clip material.

CONCLUSION

Within the limitations of this study, it can be
concluded that the PEEK and plastic clip materials
showed significantly higher retention values
compared to zirconia clip materials when used
with

supported overdentures after three years simulation

PEEK bar-retained mandibular implant-

of overdenture use. Although the retention loss
was unavoidable in the three clip materials, the
rate of retention loss differed depending on the clip
material.



EFFECT OF THREE DIFFERENT BAR CLIP MATERIALS ON RETENTION OF IMPLANT-SUPPORTED

REFERENCES

1.

10.

11.

Fu CC, Hsu YT. A comparison of retention characteristics
in 2009;18(5):388-392.

Neshandar Asli H, Babaece Hemmati Y, Ghaffari ME,
Falahchai M. Satisfaction of patients with mandibular im-
plant-supported overdentures using a generalized estimat-
ing equation model: A prospective study. J Osseointegra-
tion. 2021; 13(2):56-62.

ELsyad M, Agha N, Habib A. Retention and Stability of
Implant-Retained Mandibular Overdentures Using Differ-
ent Types of Resilient Attachments: An In Vitro Study. Int
J Oral Maxillofac Implants. 2016;31(5):1040-1048.

Stoker GT, Wismeijer D. Immediate loading of two im-
plants with a mandibular implant-retained overdenture:
A new treatment protocol. Clin Implant Dent Relat Res.
2011;13(4):255-261.

Alkadhimi F, Sultan A, Byrne C. systems , and number
and locations of implants — Part II Mandibular implant-
supported overdentures : attachment systems , and number
and locations of implants — Part II Trinity College Dublin.
Published online 2019:8-13.

Elsyad MA, Alokda MM, Gebreel AA, Hammouda NI,
Habib AA. Effect of two designs of implant-supported
overdentures on peri-implant and posterior mandibular
bone resorptions: a 5-year prospective radiographic study.
Clin Oral Implants Res. 2017;28(10):¢184-¢192.

Wei L, Ma Q, Qin X, Pan S. In Vitro Cyclic Dislodging
Test on Retentive Force of Two Types of Female Parts of
SFI-Bar. Int J Prosthodont. 2016;29(3):293-295.

Elsyad MA, Shoukouki AH EI. Resilient liner vs. clip
attachment effect on peri-implant tissues of bar-implant-
retained mandibular overdenture: A 1-year clinical and
radiographical study. Clin Oral Implants Res. 2010;
21(5):473-480.

El-Anwar MI, Aboelfadl AK. Comparing different bar ma-
terials for mandibular implant-supported overdenture: Fi-
nite-element analysis. Indian J Dent Res. 2019;30(5):716-
721.

Zoidis P, Papathanasiou I, Polyzois G. The Use of a Modi-
fied Poly-Ether-Ether-Ketone (PEEK) as an Alternative
Framework Material for Removable Dental Prostheses. A
Clinical Report. J Prosthodont. 2016;25(7):580-584.
Najeeb S, Zafar MS, Khurshid Z, Siddiqui F. Applications

of polyetheretherketone (PEEK) in oral implantology and
prosthodontics. J Prosthodont Res. 2016;60(1):12-19.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(485)

S Iyer R,S.R S,Hegde D, A Coutinho C, Priya A. BioHPP:
Properties and Applications in Prosthodontics a Review. J
Res Dent. 2020;7(4):72.

Worldwide E. Behaviour of BIOHPP In the oral cavity. J
Prosthodont. 2015;5:44-51.

El Naggar S, Elawady A, Sayed A, Eissa S. Thermocy-
cling Effect on Implant Supported Overdenture Using 3D
printed PEEK Bar following all-on-4 Concept: Random-
ized Trial-In vitro Study. Adv Dent J. 2021;3(4):185-199.

Carr AB, Stewart RB. Full-arch implant framework cast-
ing accuracy: preliminary in vitro observation for in
vivo testing. J Prosthodont Off J Am Coll Prosthodont.
1993;2(1):2-8.

Tan KB. The clinical significance of distortion in implant
prosthodontics: is there such a thing as passive fit? Ann
Acad Med Singapore. 1995;24(1):138-157.

Goo CL, Tan KBC. Fabricating CAD/CAM Implant-Re-
tained Mandibular Bar Overdentures: A Clinical and Tech-
nical Overview. Case Rep Dent. 2017;2017:9373818.

Bilgin MS, Baytaroglu EN, Erdem A, Dilber E. A review
ofcomputer-aided design/computer-aided manufacture
techniques for removable denture fabrication. Eur J Dent.
2016;10(2):286-291.

Gherlone EF, Sannino G, Rapanelli A, Crespi R, Gastaldi
G, Capparé P. Prefabricated Bar System for Immediate
Loading in Edentulous Patients: A 5-Year Follow-Up Pro-
spective Longitudinal Study. Biomed Res Int. 2018;2018.

Emera R, Altonbary G. Retention force of zirconia bar re-
tained implant overdenture: Clinical comparative study be-
tween PEEK and plastic clips. Int Dent Res. 2019;9:92-98.

Nassar HI, Abdelaziz MS. Retention of bar clip attachment
for mandibular implant overdenture. BMC Oral Health.
2022 Jun 9;22(1):227.

Driscoll CF, Freilich MA, Guckes AD, et al. The Glossary
of Prosthodontic Terms: Ninth Edition. J Prosthet Dent.
2017;117(5):el1-e105.

Tabatabaian F, Alaie F, Seyedan K. Comparison of three

attachments in implant-tissue supported overdentures: an
in vitro study. J Dent (Tehran). 2010;7(3):113-118.
Sutariya PV, Shah HM, Patel SD, Upadhyay HH, Pathan
MR SR. Mandibular implant-supported overdenture: A
systematic review and meta-analysis for optimum selec-
tion of attachment system. J Indian Prosthodont Soc.
2021;21(4):319-327.

Hammas MAY, El-saadawy MG, El-agamy AH. Ef-
fect of Different Bar Attachment and Clip Materials on



(486)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

E.DJ. Vol. 70, No. 1

Retention Force for Mandibular Implant Supported Over-
dentures (An Invitro Study). AL-AZHAR Dent J Girls.
2018;5(2):195:204.

Abdelfattah Mohamed AM, El Homossany MEMB, Ab-
delmoniem SM, Abdelrahman TY. Comparison of tensile
bond strength of ball attachments made of different mate-
rials to root canal dentin after chewing simulation. BMC
Oral Health. 2022;22(1):1-11.

Issa H, Cheta N, el Qady D, Khalaf S. Retention and Wear
Evaluation of Locator Attachment and Novaloc Attach-
ments for Two Implant-Supported Mandibular Overden-
tures (In Vitro Study). J Med Heal Res. 2022;9(03).

Evtimovska E, Masri R, Driscoll CF, Romberg E. The
change in retentive values of locator attachments and hader
clips over time. J Prosthodont Off J Am Coll Prosthodont.
2009;18(6):479-483.

S. S. Improved Fit with a CAD/CAM Titanium Bar Over-
denture An efficient, cost-effective approach for long-term
success. Insid Dent. 2013;9(10):46-54.

Choi, J. W., Yun, B. H., Jeong, C. M. & Huh JB. Retentive
properties of two stud attachments with polyetherketonek-
etone or nylon insert in mandibular implant overdentures.
Int J Oral Maxillofac Implant. 2018;33((5)):1079-1088.

Besimo, C. E. & Guarneri A. In vitro retention force
changes of prefabricated attachments for overdentures. J
Oral Rehabil. 2003;30((7)):671-678.

Salehi, R., Shayegh, S. S., Johnston, W. M. & Hakimaneh
SMR. Effects of interimplant distance and cyclic dislodge-
ment on retention of Locator and ball attachments: An in
vitro study. J Prosthet Dent. 2019;122((6)):550-556.

Williams BH, Ochiai KT, Baba T and Caputo AA. Reten-
tion and load transfer characteristics of implant-retained
auricular prostheses. Int J Oral Maxillofac Implant.
2007;22:366— 372.

Bayer S, Steinheuser D, Gru M, et al. Comparative study
of four retentive anchor systems for implant supported
overdentures — retention force changes. Published online
2009:268-272.

Choi J-W, Yun B-H, Jeong C-M HJ-B. Retentive Proper-
ties of Two stud attachments with polyetherketoneketone
or nylon insert in mandibular implant overdentures. Int J
Oral Maxillofac Implant. 2018;33(5):1079-88.

Vagkopoulou T, Koutayas SO, Koidis P, Strub JR. Zirconia
in dentistry: Part 1. Discovering the nature of an upcoming
bioceramic. Eur J Esthet Dent. 2009;4(2):130-151.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mohamed Hosny Selem, et al.

Bechir ES, Bechir A, Gioga C, Manu R, Burcea A, Dascalu
IT. The advantages of BioHPP polymer as superstructure
material in oral implantology. Mater Plast. 2016;53(3):394-
398.

Arda T, Arikan A. An in vitro comparison of retentive force
and deformation of acetal resin and cobalt-chromium
clasps. J Prosthet Dent. 2005;94(3):267-274.

Fuhrmann, G., Steiner, M., Freitag-Wolf, S., & Kern M.
Resin bonding to three types of polyaryletherketones
(PAEKs)—Durability and influence of surface condition-
ing. Dental Materials,. j.dental. 2014;30((3),):357- 363.

Blanch-Martinez N, Arias-Herrera S, Martinez-Gonzalez
A. Behavior of polyether-ether-ketone (PEEK) in pros-
theses on dental implants. A review. J Clin Exp Dent.
2021;13(5):e520-e526.

Khalid SS, AL-Nakkash WA. Linear dimensional changes
and surface hardness of acetal resin in different periods of
artificial saliva immersion in com parison with heat cure
acrylic. Erbil Dent J. 2022;5(2):186-194.

Fayyad A, Helmy M. Retention evaluation of maxillary
partial denture constructed from different flexible denture
base materials. An In-vitro Study. Egyptian Dental Journal.
2022 Apr 1;68(2):1623-31.

Madfa AA, Al-Sanabani FA, Al-Qudami NH, Al-Sanabani
JS, Amran AG. Use of Zirconia in Dentistry: An Overview.
Open Biomater J. 2014;5(1):1-7.

Abdelrehim A, Abdelhakim A, ElDakkak S. Influence of
different materials on retention behavior of CAD-CAM
fabricated bar attachments. J Prosthet Dent. Published on-
line 2021:1-11.

Setz I, Lee SH EE. Retention of prefabricated attachments
for implant stabilized overdentures in the edentulous man-
dible: an in vitro study. J Prosthet Dent. 1998;80(3):323-
329.

Mirchandani B, Zhou T, Heboyan A, Yodmongkol S,
Buranawat B. Biomechanical Aspects of Various Attach-
ments for Implant Overdentures: A Review. Polymers (Ba-
sel). 2021;13(19).

Pigozzo, M. N., Mesquita, M. F., Henriques, G. E. & Vaz
LG. The service life of implant-retained overdenture at-
tachment systems. J Prosthet Dent. 2009;102((2)):74-80.
Scherer, M. D., McGlumphy, E. A., Seghi, R. R. & Cam-
pagni W V. Comparison of retention and stability of two

implant-retained overdentures based on implant location. J
Prosthet Dent. 2014;112((3)):515-521.



