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ABSTRACT

INTRODUCTION: Restoring the edentulous patient by an overdenture on splinted implants with cantilever bar can reduce
the overload risk to every implant.

AIM OF THE STUDY: the aim of the study is to compare strain around implants assisted mandibular overdenture and on
the ridge areas between metal and PEEK cantilever bar.

MATERIALS AND METHODS: 20 epoxy models were used. Two root form implants were placed bilaterally in the canine
region of each edentulous epoxy mandibular model. 20 epoxy models were divided into 2 groups group A (control group)
and group B (study group). For (Group A) the implants were connected with metallic cantilevered bar with 7.0 mm distal
extension. For (group B) the implants were attached with PEEK cantilevered bar with the same distal extension length .Six
linear strain gauges were connected around each implant and on the ridge areas. Strain values were measured under unilateral
and central loading around the implants and on the ridge areas using a loading tool under (60 N) force. And the same
measurements were repeated after 120,000 and 240,000 cyclic loading using cycling loading machine.

RESULTS: A statistically significant difference of strain values was found between the two groups before cyclic loading and
after 120.000 and 240.000 cyclic loading. Metal cantilever bar showed higher strain values compared with PEEK cantilever
bar (p<0.001).

CONCLUSION: PEEK cantilever bar exerts less strain and show favorable load distribution around the implants and on the
ridge areas.
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INTRODUCTION

Removable complete dentures are the least invasive
and most cost-effective option for the prosthodontic
rehabilitation of edentulous patients (1). Patients
with the resorbed mandibular ridge often complain
of lack of stability and retention of the mandibular
denture. Therefore, the use of implant-stabilized
dentures in the mandible has become common to
improve patient satisfaction compared with
conventional complete dentures (2).

Restoring the edentulous patient with an
overdenture on 2 splinted or unsplinted implants
may be considered the state of the art (3).

Implant-supported ~ overdentures  are
supported only by the implants, either via a
superstructure rigidly connected to them or directly
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with telescoping crowns (4). The least number of
implants required for the mandible is four while for
the maxilla 4-6 implants are required (5). The main
gain is an improved allocation of occlusal forces
amidst implant and bone which causes a decrease of
alveolar ridge resorption (6).

Bar retained implant overdentures are an
adequate treatment option for edentulous jaws as
they constitute an outstanding anchorage structure
that provides greater maintenance, allowing better
force balance by its splinting effect and it can also
rectify severe un-parallelisms (7).

Screw retained prosthesis have a well-
documented history of successful application in
completely edentulous patients. The major gain of
screw- retained restorations is retrievability (8-9).
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A cantilever length should be less than the space
between implants to prevent overloads (10). It has
been recommended that the used material for
retaining-bar fabrication is highly significant for
obtaining clinical success since it affects the
biomechanics and propagation of stresses while
functioning, which could be transferred to the bone-
implant interface, implant, holding screws, and the
bar itself (11).

Co-Cr, Ni-Cr alloys and Titanium are
commonly used as scaffolds for the prosthetic bar
production. However, they are poorly capable of
absorbing and dissipating the stresses applied to the
implants which increase the risk of losses (12).

The application of advanced materials and
digital technologies has the potential to solve many
of the problems surrounding oral health. Polyether
ether ketone (PEEK), combines excellent physical
properties, high temperature stability, and resistance
to chemical damage, Furthermore, its elastic
modulus is similar to that of the bone, it is
biocompatible, bio-inert, and radiolucent (13-14).

Several in vitro techniques have been used to
assess the biomechanical load on implant such as
photo elastic, finite element and strain gauge analysis
(15).

Accordingly the aim of this study was to
evaluate the effect of two types of cantilever bar
(metal and PEEK) on strain around two implants
assisted mandibular overdenture and on the ridge
areas by means of strain gauge analysis.

The null hypothesis is that the metallic
cantilever bar and PEEK cantilever bar will have no
differences regarding the strain around the implant
and on the ridge areas.

MATERIAL AND METHODS

20 symmetrical epoxy edentulous mandibular
models (Ramses Medical Factory, Alexandria) were
used with mucosal pink silicon rubber material
(Exahiflex, GC, Tokyo, Japan) of 2.5 mm in
thickness was used to cover the epoxy resin to
simulate the natural gingival mucosa.

Two Implants (Dentium, korea ) of 4.0 mm
diameter and 10.0 mm length were bilaterally placed
by using hard acrylic clear vacuum formed drilling
guide template with a hole through the guide
template into the epoxy resin model corresponding
to the position of the canine in both sides. (Figl)
Two different cantilever bar materials were used in
this study, so 20 epoxy models were divided into
two groups:

Group A: (metal cantilever bar)

Two UCLA Plastic abutments (Dentium, korea)
were modified with slight reduction occlusally and
waxed up with open channel occlusally.

Ready-made plastic Hader bar (RHEIN 83,
Italy keyhole cross-section) with 7.0 mm distal
extension was connected to the wax coping and the
space between bar and the ridge was 1.50 mm.

Alexandria Dental Journal. VVolume 47 Issue x3 Section B

strain around implant assisted overdenture

Conventional technique for casting Co-Cr metal
alloy was done (Spruing, investing and casting),
then finished and polished. (Fig 2)

Metallic cantilever bar screwed to the implants in
the epoxy model.

Group B :( PEEK cantilever bar)

Two TI base metal abutments (dentium, korea.)
were inserted and screwed over the two implants
and were modified with slight reduction occlusally
resembling the height of the metal abutment in the
metal bar design.

Epoxy model (Ramses Medical Factory )
with two TI- base abutment scanned by using extra
oral scanner (InEos x5 extraoral scanner with
robotic arm, dentsply, sirona ,USA ) then cantilever
bar designed with distal extension 7.0 mm in both
sides bilaterally and with 1.50 mm space between
bar and the ridge with open channel occlusally by
using (DENTSPLY sirona in lab software)

PEEK disc (polyether ether keton, Brecam, bredent,
Germany.) was milled by using Cutting Bur (2.5
PMMA) then finished and polished.

PEEK cantilever bar was bonded to metal
abutment by using light-cured adhesive with
chlorhexidine (0.2 %) (Peak TM Universal bond,
Ultradent products , Germany ) then screwed to the
implants. (Fig 3)

Auto-mixed  regular  body  vinyl
polysiloxane (VPS) Impressions were made for the
20 epoxy models with cantilever bar and duplicated
into stone casts by using vacuum mixed type Il
dental stone on which 20 identical mandibular
overdenture ~ were constructed using heat-
polymerizing resin (Denture Base Material;
Acrostone Co Ltd) by conventional standardized
technique.

For direct pick-up of the clip into the
overdenture base, the clip inserted at the center of
the bar, the base of the denture corresponding to the
cantilever bar was relieved with an acrylic bur until
the denture can be fully seated passively on the
model, a mix of soft liner (Soft liner, Acrostone
,Egypt) was made. The spaces were filled using a
plastic filling instrument and seated under pressure
for 4 minutes to allow for setting. The denture was
removed and the clip was picked up in it. The
excess material was removed and finished.

For strain analysis, Self-protected linear
gauges (Koyoma Strain Gages, Japan) were used
for this study; a gauge length was 1mm with a
resistance of 119.6 ohm and a gauge factor was
2.13%. Eight strain gauges were used to monitor
the effect of the applied load as they were installed
as follows:

Two strain gauges were installed on mesial
and distal sufraces of each implant.

One strain gauge was installed on the crest of the
ridge corresponding to the mesial fossa of
lower second molar bilaterally for each side.
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The epoxy model (Ramses Medical Products
Factory, Alexandria) was prepared to be suitable for
strain  gauges(Koyoma Strain Gages, Japan)
installation. Small channels were prepared through
the epoxy model from the base up to the mesial and
distal surfaces of each implant and through the
base of the epoxy model upto the crest of the ridge
corresponding to mesial fossa of the lower second
molar bilaterally. A strain gauge adhesive (CC-33A,
EP-34B Strain Gagecement.) was used to cement
the strain gauges at the selected sites.(Fig 4)

A custom made metal bar with occlusal
imprints on the first molars was fabricated as a
platform to receive the vertical load both centrally
and unilaterally, small V-shaped grooves were
created on the metal plate midpoint and at the first
molar area at each side to locate the tip of the
loading point accurately.

A universal testing machine (Multi Test5-
XT; Mecmesin Corp) and strain meter (Data
Logger model TDS-150 Manufactured by
TML,Tokoyo, Japan.) were used. The model was
attached to the lower member of the universal
testing machine, The lead wires from each active
strain gauge were connected to the strain meter.
Central and unilateral (right and left) vertical loads of 60
N at a constant rate (crosshead speed) of 10.0 mm/min.
were applied on the previously prepared points on the
metal bar. (Fig 5)

Once the load was applied, the obtained
micro-strain readings were recorded by the strain meter
which was connected to a personal computer with
aiding of special software to allow for viewing the
obtained microstrain readings. All measurements were
repeated 5 times allowing at least 5 minutes for
recovery and to allow for heat dissipation, and the mean
of recorded micro- strain values were subjected to
statistical analysis. For both groups the same steps were
repeated.

After initial strain measurements all
implants assisted overdenture were subjected to
120.000 cycles that mimic 6 months in patient
mouth with vertical load of about 10N at a constant
rate (crosshead speed) of 0.3 mm/min by using
Cyclic loading machine (custom-made cyclic
loading machine Faculty of Dentistry Alexandria
University, Biomaterials Department), Custom
made metallic bar with two horizontal bars (anterior
and posterior bar), connected with metal plate in the
center by means of screws. Anterior metal bar with
occlusal imprints on the canines bilaterally, and
posterior metal bar with occlusal imprints over the
lower first molars was constructed to insert the load
over the occlusal surfaces bilaterally. (Fig 6)

The epoxy model was placed on the lower
custom made flat metal flask that was filled with
putty rubber base material mixed with catalyst to
act as Cushing material to avoid fracture of the
epoxy model base during cyclic loading.
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After that The epoxy model was re-placed on the
lower flat metal plate of a universal testing machine
(Multi  Test5-XT; Mecmesin Corp) and seated
between its two plates for strain measurement after
120.000 cycling loading ,and then central and
unilateral (right and left) vertical loads were applied
on the previously prepared points on the metal bar.
The mean of recorded micro strain values were
subjected to statistical analysis. For both groups the
same steps were repeated.

The epoxy model was replaced again to
the cycling loading machine (custom-made cyclic
loading machine Faculty of Dentistry Alexandria
University, Biomaterials Department), overdentures
were subjected to another 120.000 cycles loading
(=240.000 mimic one year in patient mouth) with
vertical load of about 10N. Then the strain was
measured by using universal testing machine (Multi
Test5-XT; Mecmesin Corp) and strain meter (Data
Logger model TDS-150 Manufactured by
TML,Tokoyo, Japan.) and repeated the same as
before for all models in each group
Statistical analysis of the data
Data were supplied to the computer and evaluated
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp). The Kolmogorov-
Smirnov test was used to verify the normality of
distribution Quantitative data were described using
range (minimum and maximum), mean, standard
deviation, median and interquartile range (IQR).
Significance of the obtained results was judged at
the 5.0% level.

The used test was

1 - Student t-test

For typically distributed quantitative variables, to
evaluate between 2 studied groups.

Figure 1: Epoxy model with 2 implants.

Figure 2: Two implants splinted with metallic
cantilever bar.
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Figure 3: Two implants splinted with PEEK
cantilever bar.

Figure 5: Application of vertical load of 60 N.
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Figure 6: Application of cyclic loading of 10N.

RESULTS

Data were collected, tabulated and statistically
presented as follows

A statistically significant difference was found
between metal cantilever bar and PEEK cantilever
bar as metal cantilever bar showed higher micro-
strain values around the implants (mesial and distal)
and on the ridge areas when load of 60 N was
applied central and unilateral (right and left) on the
metal bar while PEEK cantilever bar showed lower
micro-strain values around the implants (mesial and
distal) and on the ridge areas before cyclic loading
(p<0.001). (Table 1)

After subjected to 120.000 and 240.000
cycling loading, A statistically significant
difference was found as metal cantilever bar
showed higher micro-strain values around the
implants (mesial and distal) and on the ridge areas
when load of 60 N was applied central and
unilateral (right and left) on the metal bar while
PEEK cantilever bar showed lower micro-strain
values around the implants (mesial and distal) and
on the ridge areas after cyclic loading (p<0.001).
(Table 2)

Table 1: Comparing the two groups as regard

strain on implants and alveolar ridge before cycling
loading.
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Data was expressed using Mean + SD.

t: Student t-test

p: p value for comparing between the studied
groups

*: Statistically significant at p < 0.05

DISCUSSION

Nowadays, splinted implants are accepted as means
of support and to improve retention and stability of
the mandibular overdenture, it is also claimed that
splinting can prevent overloading (16).

Epoxy model was selected for the installation of
implant as it has suitable elastic modulous for
resembling bone material (approximately 20 GPa).
To imitate the resiliency of soft mucosal tissue of
the edentulous mandible, the surface of the model
was covered by uniform layer of silicone based soft
lining material (17).

Two implants with 10 mm length were
chosen as it is considered as an adequate length to
obtain optimum stress distribution around the
implants according to Georgiopoulos et al (18).

Canine area was selected as Semper et al;
2010, elsyad et al; 2013 reported that the
connection of canine implants with a cantilevered
bar may decrease overdenture rotation during
function, enhances the denture support, improve
chewing, and reduce loading of denture bearing
areas) (19-20).

Cantilever bar with 7mm distal extension
was selected as EI-Syad etal reported that
cantilever bar with 7mm length with clip recorded
lowest peri-implant strain values than bars with
9mm and 11mm cantilever length (20).

A few researches indicated that PEEK
may be utilized as an attachment preserving
implant-supported overdentures. Its elastic modulus
is like that of bone that may reduce the stress
effects on peripheral bone (14).

Strain gauges were used for measuring
strains due to their small size, linearity, and minimal
interference during testing (21). The channels were
prepared on the mesial and distal side of the
implants as peak strains occur on the mesial and
distal wall of the supporting bone around the
implants, precisely opposite to the collar of the
implants due to the rigid connection between the
implant and bone (22-23). Bone loss usually
initiated at the posterior ridge, so another channels
were prepared on the crest of the ridge opposite to
the lower second molar (24).

A magnitude of load 60.0 N was selected
considering that the maximum forces applied by
patients using complete dentures during mastication
range between 60.0 N and 80.0 N (25).

The results of initial loading when the
central and unilateral vertical loads were applied, it
was found that the differences in micro strains
values were statistically significant where metallic
bar showed higher micro-strain values around the
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implants and on the ridge areas than PEEK
cantilever bar. This result is due to PEEK has a
high degree of load absorption and its elastic
modulus is comparable to that of the bone (3—4
GPa) (14).

Others results are confirming the current
study findings; since El- Anwar et al; reported that
PEEK bar exhibited better stress distribution in
implants compared to other metal groups including
titanium (26) .

In addition, these study findings are
consistent with the findings of Mochalski et al.,
study where the stresses in the implants and the
bone bed around the implants displayed higher
values under axial load with the Ti bar than with the
PEEK bar (27).

However, the study was with in
disagreement with Ehab M. Abd-Elhaleim., study
that showed no statistically significant difference
between (CoCr) bars and (PEEK) bars on stress
distribution in implant supported mandibular
overdenture supporting structure under unilateral
and bilateral load application (28).

All overdentures were subjected to
120.000 load cycles of 10.0N to mimic 6 months
clinical use and to Another 120.000 (=240.000 load
cycles) to mimic one year clinical use (25).

In this study, load of 10N applied on the
overdenture by using metallic bar fixed to the upper
part of the load cycling machine as the masticatory
force of completely edentulous patients is 20%-—
40% of that of healthy dentate persons as the
average forces in dentate can range from 50-200 N
(29).

The results in this study, a statistically
significant difference was found between metal
cantilever bar and PEEK cantilever bar as metal
cantilever bar showed higher strain values around
(mesial and distal) of the implants and on the ridge
areas after(120.000 and 240.000) cycling loading
than PEEK cantilever bar. These results may be
because of the material's high resilience and the
viscoelastic performance of PEEK, on which it
absorbs more energy from applied load allowing
effective dissipation of mastication loads this
explanation was compatible with Xin chen et al.,
study that discussed PEEK mechanical behavior
(30). Furthermore, it had good fatigue resistance
and exhibited a low creep rate (13).

Based on the intensive review performed
by the authors, no published data was found on the
effect of cycling loading on the PEEK bar and the
stresses transmitted around the implants or on the
ridge areas.so we cannot compare the results with
other studies.

The null hypothesis was banned because
there was a significant difference between metal
cantilever bar and PEEK cantilever bar on strain
around the implants and on the ridge areas.
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CONCLUSIONS

Centered on the outcomes of this in vitro study, the
subsequent conclusions were made:

PEEK cantilever bar showed lower strain values
around implants assisted mandibular overdenture
(mesial and distal) and on the ridge areas under
initial loading and after cycling loading than metal
cantilever bar.

These findings can encourage the use of PEEK
cantilever bar in oral rehabilitation with implant-
assisted overdenture as it showed favorable load
distribution.
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