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ABSTRACT
Objectives: The aim of this in-vitro study was to compare the stresses transmitted to the abut-

ments in mandibular Kennedy class I restored with telescopic-retained removable partial denture 
(RPD) made from two different materials; PolyEther Ether Ketone (PEEK) and Co-Cr alloy. 

Materials and Methods: One mandibular model representing Kennedy class I, with second 
premolars as the last standing abutments, was fabricated using epoxy resin. Poly Vinyl Siloxane 
(PVS) impression material was used to simulate the mucosa and the periodontal ligament. The 
acrylic first and second premolar teeth bilaterally were prepared to receive primary telescopic 
copings. The latter and two removable partial denture (RPD) frameworks were fabricated out of 
PEEK and Co-Cr alloy. The 2 frameworks were then processed into fully finished RPDs using heat 
cured acrylic resin and acrylic teeth following the conventional techniques. Four strain gauges were 
installed in the epoxy resin model 1 mm mesial to the socket of the 1st premolar and 1 mm distal 
to that of the 2nd premolar, on the right and left sides respectively; channel 1, 2, 3 and 4. A load of 
100 N was applied to the area of the first molar unilaterally on the right side and then bilaterally. 
The same procedure was repeated six times. Data on stresses were then collected, tabulated and 
statistically analyzed using one-way ANOVA and Tukey HSD Test (P≤0.05). 

 Results: In the unilateral loading condition, the highest compressive micro-strains were 
recorded at channel 3 for the Co-Cr alloy-group (-40±3.16 µm/m). While the least compressive 
micro-strains were recorded at channel 3 for the PEEK-group (-10±3.16 µm/m). The highest 
tensile micro-strains were recorded at channel 2 for the PEEK-group (540±10 µm/m). While the 
least tensile micro-strains were recorded at channel 4 for the PEEK-group (15±4.47 µm/m). In the 
bilateral loading condition, the highest tensile micro-strains were recorded at channel 2 for the 
PEEK-group (355±11.83 µm/m). While the least tensile micro-strains were recorded at the same 
channel for the Co-Cr alloy-group (50±3.16 µm/m). The highest compressive micro-strains were 
recorded at channel 1 for the PEEK-group (-170±11.4 µm/m). While the least compressive micro-
strains were recorded at channel 3 for the Co-Cr alloy-group (-95±8.94 µm/m).
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INTRODUCTION 

One of the most habitual partially edentulous 
clinical situations is the Kennedy class I, which 
represents bilateral posterior edentulous areas, with 
20% and 50% incidence in the maxilla and the 
mandible, respectively.1 Extensive researches were 
conducted on the design and materials of different 
treatment options for such situations, among which; 
Tooth-tissue-supported removable partial denture 
(RPD), tooth-supported cantilever fixed partial 
denture (FPD), tooth-tissue-implant-supported 
RPD, tooth-implant-supported FPD, and implant-
supported FPD.

Introduction of RPD comprises a risk feature for 
the remaining dentition periodontium.3 Therefore, 
many philosophies regarding the distal extension 
cases designs were suggested to prevent the 
resorption of the alveolar bone around the abutment 
teeth.4 This resorption results from torque of the 
clasped abutment teeth which represents a usual 
consequence of tissue ward movement of the 
RPD around the axis of rotation in Kennedy class 
I situations.5 Phoenix et al., 2008 stated that the 
philosophy of broad stress distribution decrease 
the occlusal load bearded by the residual ridge as 
there are no flexible or moving parts that distort 
the denture.6 Also, common clinical problems 
about RPD include lack of retention and stability, 
and unattractive look resulting from the display of 
metallic clasps.7-12

Changing the Kennedy Class I situation to a 
more favorable tooth-tissue-implant-supported 

RPD; Kennedy Class III configuration, via the 
insertion of single dental implant bilaterally in 
the molar area is becoming a popular treatment 
choice.8,10,11,13-16 Placing the implants bilaterally, not 
only markedly improve the retention and stability 
of the prosthesis,7,8,10 but also, reduce the resorption 
of the alveolar ridges and the subsequent need of 
relining procedures.17-19 Accordingly, this design 
improves the chewing ability,20 and resolves tissue 
ward movement problem of the RPD, which is 
transmitted as a shearing force, causing progressive 
resorption of residual ridges.21 This treatment option 
is considered more cost-effective when compared 
with implant-supported FPD and hence results in 
better patient satisfaction.8,10,11 On the other hand, 
several studies,22-24 have reported several problems 
with tooth-tissue-implant-supported RPD, such as 
screw and healing caps loosening, and fracture of 
metal framework, and/or acrylic denture bases.

Another alternative treatment option represented 
to restore the Kennedy class I situations is the tooth-
supported cantilever FPD,25 to avoid the insertion 
of RPD. Most frequently, this type of fixed partial 
denture is used to replace the first molar; although 
occasionally it is used to replace the second molar to 
prevent super-eruption of opposing teeth.26 When the 
pontic is occlusally loaded, the adjacent abutment 
tends to act as a fulcrum, with a lifting tendency 
on the farthest retainer. The stress generated with 
this design is usually higher than in a conventional 
three-unit FPD, due to physical principles related to 
the size of the arm supported only in one end.27 To 
minimize the leverage effect, the pontic should be 

Conclusions: The distal abutments always receive the highest stresses, regardless of the 
loading conditions and the materials from which the prosthesis was fabricated. Telescopic-retained 
RPD with metallic frameworks generate less strain to the supporting structures in Kennedy Class I 
compared to those with PEEK frameworks. The bilaterally applied force resulted in more favorable 

stress distribution pattern when compared to the unilateral one.

KEYWORDS: PEEK, strain-gauge, telescopic-retained RPD, Kennedy Class 
I, abutment.
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kept as small as possible, more nearly representing 
a premolar than a molar.

However, in spite of the progress in the 
aforementioned treatment options, tooth-tissue-
supported RPD continues to be the selected treatment 
for many patients, especially those facing Kennedy 
class I situations. Relatively high cost and technical 
and biologic circumstances may contraindicate 
treatment with tooth-supported cantilever FPD, or 
implant-supported prosthesis whether tooth-tissue-
implant-supported RPD, tooth-implant-supported 
FPD, and implant-supported FPD.28 

Longevity of tooth-tissue-supported RPD 
requires protection and preservation of the 
remaining supporting structures. An optimized 
functional force distribution between the edentulous 
ridge and abutments is essential and particularly 
hard to reach when only a small number of 
abutment teeth remain.29 The prosthodontist is left 
with the challenge of choice of a convenient retainer 
concerning the number, alignment, and periodontal 
condition of the remaining dentition, along with the 
esthetic needs, which affects the longevity of such 
restoration.30 Telescopic crowns were proven to be 
an efficient way of retaining tooth-tissue-supported 
RPD. They consist of a primary coping cemented to 
an abutment tooth and a precisely fitted secondary 
crown, as a part of the framework of the subsequent 
RPD. They have the benefit of transferring forces 
along the long axis of the abutment teeth, thus 
creating maximum areas of tension and minimum 
amount of compression in the periodontal 
membrane.31 These crowns are classified into two 
main categories: rigidly interlocked telescopic 
crowns and ones with built-in flexibility, based on 
surface interactions between the primary coping 
and secondary crown, which are responsible for 
retaining rigidly interlocked telescopic crowns when 
they are engaged.32 Accordingly, those with built-
in resilience display no friction during insertion 
or removal; retention is achieved by using extra 

attachments or functional molded denture borders. 

In the Marburg double-crown system, an 
attachment retained telescopic crown system has 
built-in resilience and hence retention is gained 
through an attachment.33 The apical one-third of the 
primary coping is made parallel to the secondary 
crown, which represents a part of the cast framework 
of the RPD and accurately fits onto the primary 
coping with no friction or wedging. Because of 
the stiffness of the framework, some authors,29,30 
claimed that such design of RPD could be fabricated 
with neither major nor minor connectors.

According to the literature, it was proven 
that resilient attachments result in the least force 
on the abutments compared to rigid-precision 
attachments,34 which in turn result in more stress 
than do clasps.35 Some researchers reported that 
telescopic retainers create more strain and transmit 
more force occlusally to the terminal abutments 
than clasps do.36-38 However, in another research, 
telescopic-retained RPDs showed the most even 
transmission of forces occlusally compared to other 
design alternatives with precision attachments, 
clasps, or stress breakers.39

Telescopic-retained RPDs are regarded to 
be functionally equivalent with FPDs and are 
considered to be the most efficient alternate for 
missing teeth. This is considered true, as it has a 
favorable influence on stabilization of the remaining 
dentition and improvement of their periodontal 
health,40,41 and because of its retrievability, rendering 
it more accepted psychologically by some patients.42

Different materials have been introduced in 
the fabrication of distal extension RPD, in order 
to control excessive torque forces acting on the 
abutments and their related supporting structures.43 

The use of high-performance biomaterial, 
PolyEther Ether ketone (PEEK-OPTIMA™), has 
increased in the field of dental medicine since the 
1990s due to its superior properties, such as; its 
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relatively high strength and flexibility (Young’s 
modulus: 3–4 GPa), together with low density (1.32 
g/cm3), resistance to solvents, radiolucency and 
biocompatibility.44 Recently, JUVORA™ dental 
disc (United Kingdom) provided an unfilled PEEK-
OPTIMA™, that is used in the field of dentistry 
for the prosthetic reconstructions, such as long-
term implant borne, fixed and removable prosthetic 
frameworks, such as dentures, crowns, and bridges, 
by making it possible to meet the patients’ desire 
for metal-free prostheses. Furthermore, due to its 
mechanical properties, which could be accustomed 
to certain requisites by adding, e.g., carbon fibers, 
PEEK better compensates mastication forces causing 
lower stress and a more even load distribution than 
other metallic materials.45

A variety of techniques were used in 
biomechanical investigations for both in-vitro and 
in-vivo studies, and yet no single technique met all 
of the requirements for illustration of the extensive 
physiological interactions involved. Complex 
analytical methods such as photogrammetry and 
finite element analyses are now possible because 
of the availability of high-capacity computer 
systems.46 However, strain gauge measurements 
were the adopted methodology in this study as they 
are the most accurate and widely used instruments 
to record surface stresses and to study the mechanics 
of prosthetic appliances in previous researches.47-49

In the literature, there are contradictory results 
about the force-transmission characteristics of 
telescopic RPDs, and little is known about their force-
transmission patterns related to different material 
types, rigidity (rigid or resilient), and a number of 
abutments supporting such telescopic dentures.50 
Hence, it seemed of value to investigate the stresses 
induced mesial and distal to the abutments during 
unilateral and bilateral loading conditions, using 
two different materials; Co-Cr alloy and PEEK 
for telescopic-retained RPD fabrication. The null 
hypothesis was that there would be no differences in 

the stresses transmitted to the supporting structures 
by the two different materials used.

MATERIALS AND METHODS

This in-vitro study was conducted on an educa-
tional acrylic model (Frasaco, Germany) with bilat-
eral free end saddle, with the second premolars be-
ing the last standing teeth in the model. 

Model construction 

Silicone rubber base impression (Impregum 
Soft, 3M™ ESPE™, St. Paul, USA) was made 
for the acrylic model. The roots of acrylic first and 
second premolars for both sides were wrapped in 
0.2 mm thickness tin foil and inserted in their cor-
responding positions in the silicone rubber base im-
pression. The thickness of the foil was measured by 
dial gauge. Epoxy resin (Specifix, Stuers, Willich, 
Germany) was poured into the silicone rubber im-
pression using a mechanical vibrator and was left 
to harden. 

The acrylic teeth with tin foil spacer were then 
removed from the epoxy resin model. Their cor-
responding sockets were thoroughly cleaned from 
any remnants of tin foil and dried. The sockets and 
the root portions of the premolars were painted with 
rubber base adhesive (3M™ ESPE™ VPS Tray 
Adhesive, 3M™ ESPE™, St. Paul, USA) and al-
lowed to dry for 10 minutes. Light body Poly Vinyl 
Siloxane (PVS) impression material (Express™ 2 
Light Body Flow, 3M™ ESPE™, St. Paul, USA) 
was injected in the sockets of the premolars before 
repositioning of these teeth in their sockets in the 
epoxy resin model. This was done to simulate the 
periodontal ligaments (PDL) of the abutments. 

A stone index (Type IV dental stone material, 
Syna-Rock, DFS-DIAMON, Germany), was 
made over the epoxy resin model covering the 
bilateral saddle areas. The outline of each denture 
was marked on the model. A round bur was used 
to make a uniform (2 mm thickness) reduction 
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from the surface of epoxy resin under the denture 
base areas. Smoothening was performed for these 
areas, which were then painted with rubber base 
adhesive, and allowed to dry for 10 minutes. Even 
thickness of light body PVS impression material 
was applied and pressed into a layer of 2 mm 
thickness on the reduced outlined area using the 
stone index previously constructed. The epoxy 
resin model was removed from the stone index after 
setting of the PVS impression material. Abutment 
teeth (the first and second premolars bilaterally) 
were prepared, with a common path of insertion, 
to receive telescopic crowns with 2 mm occlusal 

reduction, facial reduction of 2 mm, deep chamfer 
1.5 mm wide, and occlusal angle of convergence of 
6 degrees.33 (Figure 1)

The impression of the model with the prepared 
teeth was done with medium consistency rubber 
base material (Impregum Soft, 3M™ ESPE™, St. 
Paul, USA) which was poured in stone (Type IV 
dental stone material, Syna-Rock, DFS-DIAMON, 
Germany) to produce the master model. Optical 
scan, D1000, 3Shape Dental System™ (3Shape 
A/S, Denmark) was made for the model. 3Shape 
Dental System™ (3Shape A/S, Denmark) software 
was used to design the primary copings with 6-de-
gree convergence angle for the first and second pre-

molars on both sides. Then the design of the sec-
ondary coping was made. An order was given to the 
milling machine to mill it in wax. After milling, the 
wax was cast into Co-Cr alloy, (Vitallium ® Alloy, 
Vitallium System, USA). Another order was given 
to mill it in PEEK, (JUVORA™, United Kingdom). 
So, there were four primary copings made of metal 
and four others made of PEEK.

The epoxy resin model with the primary copings 
seated on their corresponding abutments was dupli-
cated into a refractory model, on which the wax pat-
tern for the RPD design was constructed. The wax 
pattern was sprued, invested, and cast into Vital-
lium, finished and polished. For the PEEK frame-
work construction, design using 3shape software 
was performed and then milled using DATRON D5 

5-axis dental milling machines (DATRON AG, Ger-
many). The partial denture framework was seated 
and tried on the epoxy resin model. (Figure 2)

Construction of the acrylic part of the denture base 

Setting up of acrylic teeth was carried out for 
both RPDs. The waxed up dentures were flasked, 
wax was eliminated, heat cured acrylic resin 
(DENTSPLY LIMITED, Weybridge, England) was 

Fig (2): a) PEEK partial denture framework with the 
corresponding telescopic copings. b) Framework trial 
on the epoxy resin model.

Fig (1): Complete model construction with prepared abutments.
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packed and cured, then finishing and polishing were 
carried out following the conventional techniques. 
(Figure 3)

 Installation of Strain Gauges 

The strain gauges used in this study were sup-
plied with a fully encapsulated grid and attached 
wires. The strain gauges (kyowa strain gauges, 
Japan) used in this study had a length of 1 mm, 
width 2.4mm and nominal resistance 120 Ohm. 
Strain gauges were connected to lead wires 100 cm 
in length. All strain gauges were bonded in posi-
tion to the epoxy resin model with delicate layer of 
cyanoacrylate adhesive (CC-33A, EP-34B; Kyowa 
Electronic Instruments Co., Ltd.). The wires of the 
strain gauges were embedded in grooves created in 
the base of the model and fixed in position using 
adhesive .The loading device universal testing ma-
chine (LLOYD Universal Testing Machine, U.K.), 
was used for applying vertical static loads ranging 
between 0 -100 Newton on the loading points. The 
loading device consists of a base, frame, model fix-
ture and the loading point. 

The four strain gauges were installed in vertical 
grooves in the epoxy resin model 1 mm mesial to 
the socket of the 1st premolar and 1 mm distal to 
the socket of the 2nd premolar, on the right and left 
sides respectively; channel 1, 2, 3 and 4. (Figure 4) 
The gauges were oriented vertically and attached to 
their planned positions by a cyanoacrylate adhesive. 

Strain Gauge analysis 

Load application and recording micro strains: 

For each of the tested material, the telescopic 

primary copings were first cemented on their cor-
responding abutments using temporary cement 
(Cavex Temporary Cement, Cavex, Holland BV) 
before seating of their corresponding telescopic-
retained RPD on the epoxy resin model which was 
then placed on the lower metal plate of the univer-
sal testing machine. Four strain-meters were used to 
record the micro-strains transmitted to each strain 
gauge. The lead wire from each active strain gauge 
was connected to the strain-meter. All the connected 
gauges were tested before load application to ensure 
that they are working. T-shaped load applicator bar 
of the testing machine was applied to the 1st molar 
teeth of the denture. The load was applied unilater-
ally then bilaterally. The applied static load started 
from zero up to 100 N. Even contacts between the 
bar and the artificial teeth on both sides for bilateral 
load application were achieved by spot grinding us-
ing articulating paper. 

The micro-strains of the four strain gauges were 
recorded to measure the strains developed at the 
mesial wall of the socket of the 1st premolar and the 
distal one of the 2nd premolar, bilaterally. The micro 
strain readings were transferred to micro strain units 
through the four channel strain-meters. Enough time 
was elapsed (about 15 minutes) between every two 
successive measures to allow complete rebound of 
the resilient structure. (Figure 5)

Fig (4): Micro-strain gauges attached to the model with the 
channels specification.

Fig (3): a. Metallic telescopic copings on their corresponding 
abutments. b. Finished RPD on the epoxy resin model
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Statistical Analysis

Statistical analysis was performed with SPSS 
(v 20, IBM Corporation, Armonk, NY, USA) for 
Windows. Data for micro-strain gauge analysis 
are presented as mean and standard deviation (SD) 
values. Data was explored for normality using 
D’Agostino-Pearson test. Micro-strains (µm/m) 
showed normal distribution for the unilateral and 
bilateral loading conditions. One Way ANOVA was 
used to compare between the interactions between 
variables followed by Tukey HSD Test to study the 
effect of different materials and loading conditions 
on the mean micro-strains (µm/m) within each 
group; separately. The significance level was set at 
P ≤ 0.05. 

RESULTS

Means and standard deviations (SD) of micro-
strains (µm/m) around abutment teeth for different 
materials and loading conditions are presented in 
table (1), where (-ve = compressive micro-strain 
and +ve = tensile micro-strain).

Unilateral loading:

In the unilateral loading condition, micro-strains 
recorded for Co-Cr alloy and PEEK-groups were 
tensile (positive) in nature in the right side (the 
load acting side) at both channel 1 and channel 2 as 
well as the channel 4 in the PEEK-group. While at 
channel 3, it was compressive for Co-Cr alloy and 
PEEK-groups as well as the channel 4 for the Co-
Cr alloy-group. The highest tensile micro-strain was 
recorded at channel 2 for the PEEK-group (540±10 
µm/m). While, the least tensile micro-strain was 
recorded at channel 4 for the PEEK-group (15±4.47 
µm/m).

The highest compressive micro-strain was 
recorded at channel 3 for Co-Cr alloy-group 
(-40±3.16 µm/m). While the least compressive 
micro-strain was recorded at channel 3 for the 
PEEK-group (-10±3.16 µm/m). (Table 2, figure 6)

Effect of strain gauge location: (Table 2, figure 6)

In the Co-Cr alloy-group, channel 1 recorded 
the statistically significant highest mean micro-
strain (155±8.37 µm/m) followed by channel 2  

Fig (5): Unilateral load application on the right side for micro-
strain measurement for the PEEK telescopic-retained 
RPD.

TABLE (1) Means and standard deviations of micro-strains (µm/m) of different materials and loading 
conditions

Unilateral Bilateral

Channel 1 Channel 2 Channel 3 Channel 4 Channel 1 Channel 2 Channel 3 Channel 4

Co-Cr alloy 155±8.37 125±7.75 -40±3.16 -30±9.49 -110±10 50±3.16 -95±8.94 65±6.32

PEEK 260±3.65 540±10 -10±3.16 15±4.47 -170±11.4 355±11.83 -155±13.04 340±10.49
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(125±7.75 µm/m), followed by channel 3 (-40±3.16 
µm/m), followed by channel 4 (-30±9.49 µm/m) 
which recorded the lowest statistically significant 
mean micro-strain (p<0.001). 

In the PEEK-group, channel 2 recorded the 
statistically significant highest mean micro-strain 
(540±10 µm/m) followed by channel 1 (260±3.65 
µm/m), followed by channel 4 (15±4.47 µm/m), 
followed by channel 3 (-10±3.16 µm/m) which 
recorded the lowest statistically significant mean 
micro-strain (p<0.001). 

Effect of prosthesis material: (Table 2, figure 6)

At channel 1 and 2, PEEK-group showed 
statistically significant higher mean micro-strains 
compared to Co-Cr alloy-group (p<0.001). While 
at channel 3 and 4, Co-Cr alloy-group showed 
statistically significant higher mean micro-strains 
compared to PEEK-group (p<0.001). 

Bilateral loading:

In the bilateral loading condition, micro-strains 
recorded for Co-Cr alloy and PEEK-groups were 
compressive (negative) in nature in mesial strain 
gauges, at both the right and left sides (channel 
1 and 3). While in distal strain gauges, it was 
compressive in nature, at both the right and left 
sides (channel 2 and 4) for Co-Cr alloy and PEEK-
groups. The highest compressive micro-strain was 
recorded at channel 1 for PEEK-group (-170±11.4 
µm/m). While the least compressive micro-strain 
was recorded at channel 3 for the Co-Cr alloy-group 
(-95±8.94 µm/m).

The highest tensile micro-strain was recorded 
at channel 2 for PEEK-group (355±11.83 µm/m). 
While the least tensile micro-strain was recorded 
on the same channel for the Co-Cr alloy-group 
(50±3.16 µm/m). (Table 3, figure 7)

TABLE (2) Means and standard deviations of micro-strains (µm/m) of the two different materials in unilateral 
loading condition

Unilateral
P-value

Channel 1 Channel 2 Channel 3 Channel 4

Co-Cr alloy 155±8.37a 125±7.75b -40±3.16ac -30±9.49ac

<0.0001*
PEEK 260±3.65abc 540±10abc -10±3.16abd 15±4.47abd

P-value <0.0001* <0.0001* <0.0001* <0.0001*

*; significant between the two different materials (p<0.05), different letters indicating significance among the channels 
(p<0.05)

Fig (6): Column chart showing the mean micro-strains (µm/m) 
of the two different materials in the unilateral loading 
condition.
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Effect of strain gauge location: (Table 3, figure 7)

In the Co-Cr alloy-group, channel 1 recorded the 
statistically significant highest mean micro-strain 
(-110±10 µm/m) followed by channel 3 (-95±8.94 
µm/m), followed by channel 4 (65±6.32 µm/m), 
followed by channel 2 (50±3.16 µm/m) which 
showed the lowest statistically significant mean 
micro-strain (p<0.001). 

In the PEEK-group, channel 2 recorded the 
statistically significant highest mean micro-strain 
(355±11.83 µm/m)  followed by channel 4 (340 ± 
10.49 µm/m), followed by channel 1 (-170±11.4 
µm/m) followed by channel 3 (-155±13.04 µm/m) 
which showed the lowest statistically significant 
mean micro-strain (p<0.001). 

Effect of prosthesis material: (Table 3, figure 7)

At channel 1, 2, 3 and 4, PEEK-group recorded 
statistically significant higher mean micro-strains 
compared to Co-Cr alloy-group (p<0.001). 

DISCUSSION

Telescopic crowns are universally recognized and 
mostly used as retentive elements for restoration of 
the partially edentulous dentition, using RPD. This 
is because of the high degree of intraoral comfort 
and the good long-term practicability provided 
by such attachment system, as assured in the  
literature. 50 Also it is well documented that the 
use of this attachment system to retain RPD is 
more efficient than the usual clasps because of 
their capability of occlusal loading transmission 
to the abutment’s long axis and to provide 
guidance, support and stability.51-53 Unfortunately, 
the frictional wear during the functional period 
represents a common problem of the double crown 
retention concept. Also; data about the retentive 
forces of telescopic crowns are mostly gathered 
from laboratory researches, with limited clinical 
ones.50

However, an in-vitro protocol was conducted 
to perform this experiment as in-vitro studies have 
been used more widely than in-vivo ones in stress 
analysis of oral structures, due to the fact that they are 

TABLE (3) Means and standard deviations of micro-strains (µm/m) of the two different materials in the 
bilateral loading condition

Bilateral
P-value

Channel 1 Channel 2 Channel 3 Channel 4

Co-Cr alloy -110±10a 50±3.16b -95±8.94a 65±6.32b

<0.0001*
PEEK -170±11.4c 355±11.83ab -155±13.04c 340±10.49ab

P-value <0.0001* <0.0001* <0.0001* <0.0001*

*; significant between the two different materials (p<0.05), different letters indicating significance among the channels 
(p<0.05)

Fig (7): Column chart showing the mean micro-strains (µm/m) 
of the two different materials in the bilateral loading 
condition.
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more easily controlled, and can furnish more precise 
results particularly with comparative researches. On 
the other hand, un-standardized reproducibility of 
the in-vivo test with the same supporting teeth and 
mucosa always represents a predicament, because 
of the periodontal tissues’ histological structures 
and bone consistency variability among patients. 
In addition, the length and width of the roots are 
different.54

The model used for this study was fabricated to 
simulate as much as possible the natural condition. 
PVS impression material was used to simulate the 
visco-elastic behavior of the mucous membrane 
covering the residual ridges under the denture 
bearing area. It was used for this purpose because 
it has the lowest values of dimensional changes 
and permanent deformation, and requires less time 
to recover the visco-elastic deformation among 
all rubber impression materials.48 Also in order to 
provide a stable non-movable model surface, an 
adhesive was used for bonding the silicone layer 
that simulated the oral mucosa to the underlying 
epoxy resin model.55

Although the mechanical behavior of the PVS 
impression material, used to simulate the PDL in-
vitro, is different from what is expected for the 
PDL in-vivo, the load applied to the prosthesis in 
this study was not load to failure so the influence 
of the supporting structures, including the PDL was 
considered to be minor. 2 

In the current research, the strain gauge analysis 
was the adopted method to evaluate strain around 
abutment teeth as it provides quantitative analysis of 
the strain around abutment teeth supporting a distal 
extension, as being one of the frequent methods 
used for strain analysis in dentistry.56 This is due to 
their miniature dimension, linearity, and minimal 
interference during testing procedures.57 It is also 
considered to be a stable and an accurate system. It 
assesses strains induced into a loaded structure by 
changing the resistance of an electric wire, insulated 

by a packing material so as to be protected from 
humidity in order to obtain reliable recordings,58,59 
into strain measurement.48 

Moreover the use of in-vivo strain gauges 
comprises many shortcomings including, short 
circuits could not be prevented due to the difficulty 
in isolation of the gauges from saliva and blood, 
and the unavoidable patient movement resulting 
in motion of the wire that usually produces 
inaccurate results. Consequently, in-vitro strain 
gauge researches remain as valuable guides to the 
clinicians awaiting the feasibility to conduct such 
studies on large scale in order to have statistically 
concrete conclusions.54

In an attempt to prevent the incidence of 
inaccurate incremental strains, the sites of mounting 
of the strain gauges were prepared and made flat to 
avoid their mounting on curved surfaces.60 In order 
to standardize the level of sensitivity to the applied 
load; all the strain gauges used in this research 
exhibited the same dimensions, resistance and gauge 
factor. When the test was executed, they were also 
properly located, adhered in their planned positions 
to standardize their location, and connected in an 
attempt to eliminate incorrect recordings resulting 
due to high sensitivity of strain gauges to any 
variation occurring during load applications.58 

The present study was concerned with one 
treatment modality used for rehabilitation of 
mandibular Kennedy class I cases, using 2 different 
materials, Co-Cr alloy, and PEEK and their effect 
on the strain induced in the supporting structures for 
these telescopic-retained RPD. PEEK-OPTIMA™ 
was the selected material to be compared with the 
traditional Co-Cr alloy material in this study as 
it is the only non-metallic material that has been 
approved by the FDA, CE and ANVISA, for long-
term implant-supported, fixed and removable 
prosthetic frameworks, such as RPDs, crowns 
and FPDs.61 Mandibular model was used instead 
of maxillary one as most of the clinical problems 
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were reported in mandibular cases because of the 
inadequate denture bearing area and the nature of 
the underlying mucosa essential for its support.62 

The design was the same for the two groups 
except that the major connector for the PEEK was 
lingual plate as recommended by the manufacturer 
as to increase the rigidity needed for its fabrication 
and thus limiting the possible difference in strains 
recorded to the type of material used.48 Concerning 
the cementation of the telescopic retainers, the 
thickness of the cement layer used was kept 
minimum in order to avoid the effect of thick cement 
layer on the obtained data.48 

Unilateral and bilateral loads were applied. The 
load application sites for bilateral loading were 
adjusted using articulating paper to provide even 
and simultaneous loading on both sides of the 
partial denture. Loading was performed on the 1st 
molar area, where most of the masticatory activity 
usually occurs.43 The maximum load applied was 
about 100 N in order to correspond to the average 
chewing force required for most food types. Enough 
time (15 minutes) was given to the strain gauges to 
be in zero balance and to allow complete rebound 
of the resilient structures before recording the next 
reading.63

Findings of the current study revealed that the 
highest strain was always observed distal to the 
abutments, especially for the PEEK telescopic-
retained RPD (540 µm/m), which makes sense, if 
we took into consideration the movement of the 
distal portion of the free-end saddles caused by 
the teeth and dentures vertical displacement. The 
findings also proved that Co-Cr alloy telescopic-
retained RPD generated less strain in the residual 
alveolar ridges and abutments. The difference was 
statistically significant (P<0.0001). 

According to the literature,37,64,65 the more rigid 
the connection for the retainer the less would be the 
denture mobility and vice versa. These observations 
coincided with our study in which PEEK telescopic-

retained RPD resulted in statistically significant 
higher strain in most of the channels when compared 
to Co-Cr alloy one. This could be attributed to 
the much higher Young’s modulus of Co-Cr alloy 
(220-230 GPa)66 compared to that of the PEEK  
(3–4 GPa).44 

Decreasing the RPD mobility is considered 
of great value regarding the maintenance of 
the residual ridge for free-end saddle RPD.67 
Also a more stable occlusion during occlusal 
functioning would contribute to the maintenance 
of the temporomandibular joint in the normal 
relationship and decrease the possibility of patient’s  
discomfort. 68 Furthermore, the more the rigidity 
of the RPD retainer the less would be abutment 
mobility.69,70

Furthermore, the findings of our study revealed 
that, in most of the situations, the terminal abutment 
of attachment involved a greater risk than the mesial 
one, which was in accordance with Bergman et al., 
1982,71 who reported that at least two abutment teeth 
should be splinted when attachment prostheses are 
to be used for better stress pattern.

Another finding in the current research was 
that, in the unilateral loading condition, the 
strain generated in the contra-lateral side of load 
application (left side), was greater concerning the 
Co-Cr alloy-group (40 µm/m) compared to that of 
the PEEK one (10 µm/m), which was statistically 
significant (P<0.0001). This might be attributed 
to the rigidity of the Co-Cr alloy major connector 
and the use of rigid telescopic retainers. This was 
in agreement with Feingold et al., 1988,72 who 
stated that the use of the rigid-connection retainer 
and cross-arch stabilization was effective in the 
reduction of the denture base movement, which was 
achieved through the use of metallic telescopic that 
showed the least displacement among other designs.

This was also in coincidence with Saito et al., 
1998,73 who proved that the base movement of a 
rigid attachment was less than that of a resilient one, 
as the displacement of the denture base decreased 
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with the increase in the rigidity of the connection of 
the retainer to abutments. 

On the other hand, our results did not agree with 
Sahin et al., 2012,33 who found that the rigid-retainer 
designs resulted in greater stress on the abutments 
than did the resilient ones. Also, they were not in 
accordance with Ogata et al., 1992,74 and Ogata and 
Watanabe, 1993,75 who proved that there were no 
remarkable differences, regarding torque around 
the vertical axis of an abutment, between the distal-
extension RPDs with different rigidity. This may be 
attributed to the differences in study design between 
the current research and theirs which was in-vivo 
one resulting in the presence of many specific factors 
concerning each patient rather than the design of the 
dentures, such as; alveolar mucosa properties, the 
alveolar ridge shape, or the chewing pattern, would 
affect the torque around the vertical axis.75

Comparing the unilateral to the bilateral loading 
conditions, it seemed that the pattern of stress 
distribution was better in the latter, regardless of the 
material from which the prosthesis was constructed. 
This was in accordance with Shahmiri et al., 
2013,2 who suggested the use of bilateral balanced 
occlusion for distal extension RPD to evenly 
distribute forces across the prosthesis; though, such 
an occlusal scheme could not simply be achieved in 
cases where the opposing arch is fully dentulous.76

Finally, a limitation of this study was that 
it was carried out in-vitro, without taking into 
consideration the effect of individual patient 
variation regarding the supporting structures for 
the fabricated prostheses. Thus, future clinical trials 
should be carried out as such in-vitro researches do 
not eradicate the requirement for clinical ones. It 
is worth mentioning that the null hypothesis which 
suggested that there would be no differences in the 
stresses transmitted to the supporting structures by 
the two different materials used was rejected, as the 
results of the current study showed a significance 
difference between them.

CONCLUSIONS 

Within the limitation of this study and under the 
test conditions, the following could be concluded:

1. The distal abutments always exhibit the high-
est strain, regardless of the loading conditions 
and the materials from which the prosthesis was 
fabricated.

2. Co-Cr alloy telescopic-retained RPD could still 
be considered a better choice for rehabilitation 
of the Kennedy Class I partial edentulous situ-
ations compared to PEEK one, as the former 
generates less stresses to the denture supporting 
structures.  

3. The pattern of stress distribution is better in bi-
lateral loading condition, regardless of the mate-
rials from which the prosthesis was constructed.
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