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Effect of Different Implant Materials on Stresses Transmitted to Peri-

Implant Areas of Implant-Retained Mandibular Overdenture

Abstract

Aim this in vitro study was conducted to evaluate the effect of mechanical loading
on different implant materials on supporting structures materials and methods: a
total of three implant retained overdentures were used in this study, retained by two
implants each (Titanium, polyetheretherketon and zirconia) were placed in epoxy
resin casts at the canine area using a surgical guide. Soft liner material was used at
the distal extension area to mimic the soft tissues. Two linear strain gauges were
bonded buccal and lingual to each implant to measure the peri-implant strains during
unilateral and bilateral loading. Results: during bilateral loading the highest strain
values were recorded with the PEEK implants, while the lowest strain values were
recorded with the zirconia implants. During unilateral loading, the highest strain
values in the loading side were also demonstrated with the PEEK implants, and the

lowest strain values were observed with the zirconia implants.

Conclusion: within the limitations of this in vitro study, PEEK implants were found
to transmit more occlusal stresses at the marginal bone area than titanium and
zirconia implants, thus PEEK implants avoid stress shielding phenomenon and its

subsequent disuse atrophy of bone.

Keywords: PEEK, Zirconia, Titanium, strain, modulus of elasticity, implant

overdenture

Introduction

Edentulous patients usually faced problems with their mandibular denture
mainly related to retention. Retaining the dentures using implants was found to be
effective in reducing complaints related to unretentive denture. Treatment options
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depend on the amount of bone available, and number of implants placed. In the
mandible, a count of only two implants can be used to support an overdenture, placed
in the inter-foraminal area that is divided into five equal columns of bone between
the mental foramina. A, B, C, D and E; with C being in the midline, B and D in the
canine area and A and E being in the first premolar area(1). According to Wolff’s
law, bone will be stimulated by load, within its physiological limits, and adapt to it
(2). Also, the opposite is true, the bone density and strength decrease over the
decrease of strain because of the lack of stimulation. So, density and strength
decrease after an implant or a prosthesis is placed due to the transfer of stresses, at
crestal bone, to them instead of the bone in a phenomenon called stress shielding.
Stress shielding phenomenon occurs due to high difference modulus of elasticity.
Titanium has a 110 GPa modulus of elasticity, while that of the human bone is 14
GPa; Polyetheretherketone (PEEK) has an elastic modulus of 12 to 18 GPa (2), while
zirconia’s modulus of elasticity of 210 GPa (3). The peri-implant strain can be
measured using the strain gauges, which are small electric resistors that adjust the
resistance created in their current during slight deformation of the object where they
are placed. The generated electrical signals are then sent to a board for data
acquisition and read by a computer (4). They are capable of recording the
deformation of any material exposed to stresses and thus can be used to measure
stresses in implants and their surrounding structures. The use of a strain gauge to
evaluate the stresses presented clinical reliability, either if used alone or along with
either the photoelastic analysis or the finite element method.

Materials and methods

Fabrication of the test model and overdentures:

The study was conducted on clear epoxy resin casts. To fabricate the models,
an impression of a completely edentulous mandibular ridge using addition silicone
rubber base. After pouring of the cast, undesired undercuts were blocked out and a
silicone mold was made to ensure standardization of the arch and ridge shape of the
models. The silicone mold was then prepared for the fabrication of the model casts
by painting a thin layer of Vaseline to act as separating medium for easy removal of
the epoxy model after its setting. A mix of clear epoxy resin was prepared according
to manufacturer instructions and used to fill the silicone mold. The process was
repeated similarly for the three casts. The stone cast was then sprayed using Renfert
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scan spray and scanned using a desktop scanner (Medit t710). A digital wax-up
prosthesis was used to overlap the surgical guide to relate the implant positions to
the canine area (5)Figure 1. The digital copy of the cast was used to fabricate surgical
guide to ensure standardization of positioning and parallelism of implants Figure 2
The designed surgical guide was then 3D printed by a 3D printer (Phrozen, Sonic
mini 4k) using clear acrylic resin (6). Then, the implant that was planned to be used
was also chosen during the designing process.

Figure 1 Determining the positions of the Figure 2 Checking the parallelism of the
implants. implants.

A digital copy of the titanium implant (Implant direct, USA) was made using
Solidworks SP5 software with similar dimensions to the titanium one, 3.7 mm in
diameter and 11.5 mm in length Figure 3. Using a five-axis milling machine (ED5X,
Emar Mills, Egypt) two identical implants made from zirconia (Y-TZP) and another

two made from PEEK were milled Figure 4 so that their design would be the same
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and does not affect stress distribution (7). After that the surgical guide was used to

place the six implants in their respective positions.

ISETRREL L 1Y

Figure 3 Digital copy of the titanium Figure 4 Milled zirconia and PEEK implants.
implant.

A new mix of clear epoxy resin was used to fix the implants in the casts to simulate
the process of osseointegration. After that, soft liner material of 2 mm thickness was
packed at the distal extension to simulate the soft tissues(8) Figure 5. An impression
was then made for each cast using an addition silicone rubber base to obtain a cast

on which an overdenture was fabricated, with the level of occlusal plane set to two-
thirds the height of the retromolar pad.

Figure 5 Soft liner material used as a soft tissue mimic.
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Strain gauge analysis
Fixation of strain gauges:

To get an idea about the stresses presented around the implants to the surrounding
bone, the strain caused in the epoxy resin could be measured using strain gauge (4).
Two linear strain gauges (KFG-1-120C1-11, Kyowa Electronic Instruments;
Resistance 120.2 £0.2 Q, gauge length 1 mm; gauge factor 2.11 +1.0%) were
attached near the crest of ridge at the buccal and lingual surfaces related to each
Implant using a Cyanoacrylate adhesive to measure the peri-implant strains during
loading (9)Figure 6. The long axis of each gauge was oriented with the long axis of
the implants. The wires of the gauges were securely taped to both the buccal and the
lingual surfaces of the epoxy resin casts. Each gauge was separately wired into a ¥4
bridge of a multichannel digital bridge amplifier (Tinsley Precision Instrument,
Model 8692).

Figure 6 Strain gauge fixation

Strain gauge measurements

Using a universal loading machine (Lloyd LRX, Lloyd instruments) vertical static
loads were applied to the occlusal surface of the implant-retained overdentures.
Loads were applied bilaterally and unilaterally. A unilateral load was applied using
an I-shaped load applicator, applying the load on the right side of the overdenture
considering this side as the loading side and the other side (the left side) as the non-
loading side Figure 7. Application of bilateral load was applied on both the right and
the left side using a T-shaped load applicator Figure 8.
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An occlusal notch in the central fossa of the first molar was used as a point of loading
for both the unilateral and the bilateral load. an average level of biting force of
denture wearer (50 N) was applied (10,11). Strains induced in the surrounding area
of the implant at both the buccal and the lingual surfaces were measured during the
application of load, unilaterally and bilaterally. The tests were repeated three times
for each cast with an interval of five minutes between them for recovery. The values
of the recorded strain were then exported to statistical analysis.

Figure 7 Unilateral load application. Figure 8 Bilateral load application.

Statistical analysis

Data were statistically described in terms of mean + standard deviation (x SD).
Because the groups are large enough, comparison between the study groups was
done using One Way Analysis of Variance (ANOVA) test with Tukey’s posthoc
multiple 2-group comparisons. Two-sided p values less than 0.05 was considered
statistically significant. IBM SPSS (Statistical Package for the Social Science; IBM
Corp, Armonk, NY, USA) release 22 for Microsoft Windows was used for all
statistical analyses.

Results
During bilateral load application

Strain values of buccal aspect of PEEK and zirconia were lower than strain values
of lingual aspect of them, respectively, while in titanium, Buccal aspect showed
higher strain values than that of lingual aspect. For bilateral application of load, the
overall strain values showed a highly significant difference between PEEK and
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titanium implants (p-value < 0.001), and PEEK and zirconia implants (p-value <
0.001), while overall strain values showed a significant difference between titanium
and zirconia implants (p-value 0.004). The highest values of stresses transmitted to
supporting structures, represented in strain values, were recorded with PEEK
Implants, and the lowest strain values were recorded with zirconia (Table 1).

Table 1 Comparison of microstrains during bilateral loading.

Bilateral Q) J) Mean diff. p value
Loading (1-J)

PEEK Titanium 82.73 0.000*

Overall PEEK Zirconia 112.72 0.000*

Titanium Zirconia 29.987 0.004*

Significance level p<0.05, *significant
During unilateral load application

Strain was measured for each implant on buccal and lingual aspects of it, and values
were recorded. In PEEK, buccal aspect at the loading side showed higher strain
values than lingual aspect, also buccal aspect at the non-loading side showed higher
values than lingual aspect. While in titanium, strain values were lower in buccal
aspect at the loading side than in lingual aspect, and higher values were recorded in
buccal aspect of non-loading side than that of lingual aspect. In zirconia, buccal
aspect at loading side showed higher values than lingual side, and higher values in
buccal aspect at non-loading side than its lingual aspect. The overall strain values,
at the loading side, showed a highly significant difference between loading side of
PEEK and titanium (p-value < 0.001), and between PEEK and zirconia (p-value <
0.001), and a non-significant difference between titanium and zirconia (p-value
0.636)Table 2. The highest strain values at the loading side were recorded with PEEK
implants. The lowest strain values at the loading side were recorded with zirconia
implants, while titanium implants showed strain values that are closer to that of
zirconia implants, but higher. Strain values of the non-loading side showed a highly
significant difference between PEEK and titanium (p-value < 0.001), and between
PEEK and zirconia (p-value < 0.001), and a non-significant difference between
titanium and zirconia (p-value 0.911) Table 3. The highest strain values were recorded
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with PEEK implants, and the lowest strain values were recorded with titanium
implants, while zirconia implants showed a value close to that of titanium, but
higher.

Table 2 Comparison of microstrains at the loading side during unilateral loading.

Loading side Mean difference. p-value

0) Q) ()
PEEK Titanium 106.19 0.000*
PEEK Zirconia 118.84 0.000*
Titanium Zirconia 12.64 0.636

Significance level p<0.05, *significant

Table 3 Comparison of microstrains at the non-loading side during unilateral loading.

Non-Loading side Mean difference. p-value
Q) Q) (1)
PEEK Titanium 104.54 0.000*
PEEK Zirconia 102.78 0.000*
Titanium Zirconia -1.75 0.911

Significance level p<0.05, *significant

Discussion

The load transferred to the peri-implant area and the surrounding bone depends on
loading type, prosthesis type and the type of attachment used. Also, the number and
distribution of the implants influence the load transferred from implants to
supporting structures(12). Despite having a long-term clinical success of telescopic

attachment for two-implant retained mandibular overdenture, a study showed that a
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two-implant-retained mandibular overdenture, held in place with a rigid telescopic
coping, would act like a firm, unbending lever, exerting a considerable force, which
would be transferred from the implant to the surrounding bone(13). The results of
this study, during bilateral load application, revealed that the lingual surface of the
non-metallic implants showed higher strain than the buccal side. This can be
attributed to the cantilever action of the denture distal saddles caused by resiliency
of mucosal mimic when load was applied occlusally, creating a lever action where
the lingual side acted as a fulcrum(14). The implant overdenture tended to hinge and
rotate around the anteriorly positioned implants (in the inter-foraminal area) when
posterior loading is applied. The results also showed least peri-implant strain values
when zirconia implants were used in canine area compared to PEEK implants and
titanium implants. This could be attributed to the higher modulus of elasticity of Y -
TZP zirconia (3), providing the highest stress shielding effect on the crestal part.
Therefore, its use would lead to greatest marginal bone loss among the tested
materials, secondary to the disuse atrophy of the bone. In contrast, highest strain
values were found with the Polyetheretherketone (PEEK) implants, either as an
overall or on buccal or lingual sides. These findings can be attributed to the low
elastic modulus of PEEK material, making its value closer to the surrounding
structures(15). On the other hand, titanium implants showed low values of strain
although being higher than those of zirconia implants, they still are significantly
lower values than those of PEEK implants, highlighting its stress shielding effect
attributed to its considerably high modulus of elasticity(16). During unilateral
loading, implants on loading side showed higher values of strain than those on the
non-loading side. These results came in agreement with various in vitro studies using
strain gauge (9,17) and may be attributed to the implants location being near the side
of the load application. PEEK implants did not show a high difference between

loading side and non-loading side, this may be attributed to its low modulus of
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elasticity that gives it resilience(15). While strain values in loading side of PEEK
implants showed a highly significant difference with both titanium and zirconia
implants, and this agreed with their difference in stress shielding effect credited to
their modulus of elasticity. While titanium implants showed a non-significant
difference with zirconia implants in both loading and non-loading sides, this can be

attributed to their higher modulus of elasticity than the surrounding structures(9,18).

The limitations of this study included absence of non axial application of load which
may happen during masticatory process leading to change in direction of the occlusal
forces causing different pattern of peri-implant stresses, absence of strain
measurements at the mesial and distal peri-implant sites due to limited area as it
would have recorded strain over wide area and not at the crestal region around the
neck of the implant, absence of different types of epoxy resin to simulate different
quality of bone and as in other in vitro studies, the gained data from strain gauge
analysis is usually descriptive only as properties of epoxy resin do not simulate the

complex nature of living bone.

Conclusion

Within the limitation of this in vitro study, the following conclusion can be drawn,
titanium implants despite not showing the lowest strain values among the three
materials compared, they still showed low strain level that marks its stress shielding
effect. Polyetheretherketone (PEEK) implants showed the highest peri-implant
strain levels compared to titanium or zirconia implants, thus avoiding the stress
shielding problem encountered with other materials. zirconia implants, without
modifications as in zirconia-based alloys, showed the lowest peri-implant strain
compared to PEEK and titanium implants, and thus having the greatest stress

shielding effect that would lead to disuse atrophy of the bone.
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