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Abstract
BACKGROUND: Numerous attempts were made to reduce the adverse effects of the distal extension removable 
partial dentures (RPDs) and enhance their prognosis. High-performance polymers (HPP) were utilized in the 
construction of RPDs to maintain the health of the supporting structures.

AIM: Thus, this study was prompted to compare the strains induced by Bio HPP and Cobalt- Chromium (Co Cr) 
Computer Assisted Design and Computer Assisted Manufacturing telescopic RPDs after 1 year of function.

MATERIALS AND METHODS: A maxillary Kennedy class I was used in this study. Twelve telescopic RPDs were 
fabricated from two different materials. In Group A, six telescopic RPDs were milled from Co-Cr and in Group B, six 
telescopic retained RPDs were milled from Bio-HPP. Each partial denture was seated on the cast and introduced 
into the chewing simulator. The strain values were recorded using four strain gauges connected to a four-channel 
strain indicator. Statistical analysis of the resultant data was done using one-way ANOVA, followed by Tukey’s HSD 
for comparison within the same group. Student t-test was used for comparison between the different groups. The 
significance level was set at p ≤ 0.05.

RESULTS: During unilateral loading, the results showed higher strains in Group  A at the abutments 
(473.33  µm/m  ±  10.8, 193.39  µm/m ± 10.8) and at the distal aspect of the ridge (470.83  µm/m ± 13.93, 
185 µm/m ± 20.83) than Group B. Independent t-test showed statistically significant difference between strains at 
the abutments of both groups (t = 70.4, p ≤ 0.0001), (t = 36.84, p ≤ 0.0001). Furthermore, there was a statistically 
significant difference between strains at the saddles of both groups (t = 51.62, p ≤ 0.0001), (t = 34.72, p ≤ 0.0001) 
respectively (DOF = 10).

CONCLUSIONS: In telescopic RPDs, Co Cr induces higher strain values on the abutments and the distal aspect of 
the ridge than Bio-HPP during bilateral and unilateral loading. During unilateral loading, Bio-HPP telescopic RPDs 
direct high strain values on the distal aspect of the ridge of the loaded side.

CLINICAL IMPLICATIONS: The materials that induce less stresses on the supporting structures of telescopic partial 
dentures on the long-term can be used to maintain the health of periodontally affected abutments.
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Introduction

Implant dentistry has evolved significantly 
in recent decades allowing different augmentation 
procedures or fabrication of custom-tailored implants 
to be produced specifically for the case. Anatomical 
constraints are becoming less important nowadays. 
However, these treatment modalities are expensive 
and involve multiple surgeries which might render 
them unsuitable for many patients. Hence, removable 
partial dentures (RPDs) continue to be viable treatment 
option for these cases. When RPDs are subjected 
to masticatory forces, the frameworks tend to rotate 
inevitably due the difference in the nature of the 
supporting structures. Thus, the abutments and the 
residual ridges are subjected to destructive loads [1].

Numerous attempts were made to reduce 
the adverse effects of the distal extension RPDs 

and enhance their prognosis. These trials included 
varying the retainer types, splinting the abutments, 
and incorporating new materials with a stress releasing 
property [2].

Telescopic retainers imparted the advantages of 
axial abutment loading, enhanced esthetics, and better load 
distribution when several abutments are splinted together. It 
also increased the maximum biting force and the quality of 
life compared to the conventional RPDs [3], [4].

Utilization of Bio-High-performance polymers 
(HPP) for fabrication of free end saddle RPD frameworks 
provides several advantages such as biocompatibility, 
resiliency, and esthetics. Bio-HPP frameworks help 
to buffer the stresses transmitted to the supporting 
structures and to reduce the torque directed to the 
abutments. However, due to the composite structure of 
these materials, polymers are subjected to wear when 
used to fabricate RPD retainers which adversely affects 
the retention of the prosthesis [5], [6], [7].
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For distal extension cases where telescopic 
retainers are implemented, accurate manufacturing 
is a prerequisite to enhance the features provided by 
the retainer. The conventional manufacturing methods 
using the lost wax technique, suffer from inherent 
inaccuracies arising from either human errors or 
material deficiencies [8].

The use of computer assisted design and 
computer assisted manufacturing (CAD/CAM), to 
construct RPD frameworks could be beneficial in 
terms of accuracy, precision, and reproducibility. Few 
studies have investigated the qualities of the CAD/CAM 
fabricated RPDs; thus, this study was prompted to 
compare the strain values induced on the abutments 
and the distal aspect of the residual ridge, by Bio-HPP 
and Co-Cr CAD/CAM telescopic RPDs after 1 year of 
function [9], [10]. The null hypothesis was that there was 
no difference in the strain values induced by Bio-HPP 
and Co-Cr telescopic RPDs on the abutments and the 
distal aspect of the residual ridge after 1 year of function.

Materials and Methods

An in vitro study was applied on a maxillary 
educational model with bilateral free end edentulous 
areas (Kennedy class  I). The drill press machine 
(Nouvag Headquarters, 9403 Goldach  -  Switzerland) 
was used for reduction of the canines and first premolars 
bilaterally. The amount of reduction (2-3mm) was 
verified by a rubber mold (Dental Products 3M Center 
Building 275-2SE-03 St. Paul, MN 55144-1000 USA). 
A clear vacuum formed stent was pressed on the cast. 
Then, the model was scanned using the 3D desktop 
scanner (3Shape D850) (3Shape A/S, Holmens Kanal 
7, 1060 Copenhagen K Denmark).

The Model Creator module of Exocad (Exocad 
GmbH) and the Meshmixer (Autodesk.Inc) were used 
to convert the prepared abutments into removable 
dies with 0.2 mm PDL space. The saddle areas were 
depressed 1.5  mm to create a space for the tissue 
simulating material. A slice was cut 1 mm distal to the 
first premolars bilaterally and 0.2 mm depressions were 
created at the second molar area for the strain gauge 
sensors. (1.5*3 mm)

The modified virtual models and dies were 
3D printed (Dent 2, 3D printer © 2019 Mogassam Co.) 
using model resin (NextDent B.V. Centurionbaan 190 
| 3769 AV Soesterberg | The Netherlands) (Figure 1).

Twelve sets of dies and models were printed 
to be used for fabrication of twelve telescopic RPDs 
from two different materials. Hence, two groups were 
identified. In Group A, six telescopic RPDs were milled 
from Cobalt-  Chromium (Co-Cr) and in Group  B, six 
telescopic RPDs were milled from Bio-HPP.

Soft tissue simulating material (Multisil-Mask 
soft Assortment, bredent GmbH & Co.KG) was applied 
onto the printed models using the clear vacuum formed 
stent to simulate the mucosa and the PDL, guided by 
the remaining teeth and the palate.

The primary telescopic copings were designed 
using the partial denture module of Exocad (Exocad 
GmbH) to conform to the Murburg double crown system 
design with an apical parallel band of 1.5-2 mm vertical 
height between the finish line and conical coronal 
portions. The conical part was tapered 6° axially [3]. 
The STL file of the virtual cast with the primary copings 
was used to design the secondary telescopic copings 
which were splinted together. 1.2 mm surface reduction 
of the facial surface of the secondary crowns was done 
to create a space for the esthetic veneering material. 
The RPDs frameworks were designed following the 
conventional design principles (Figure 2).

Figure 2: Finalized digital design of the telescopic partial dentures

The primary copings and the frameworks were 
milled using COR I-TEC 350i Loader PRO (imes- icore 
® GmbH, 16 Leibolzgraben, 36132 Eiterfeld, Germany.). 
In Group A, they were milled from fully sintered Co-Cr 
discs (c (MESA DI SALA GIACOMO & C. S.N.C., 
Via dell’Artigianato, 35/37/39  -  25039 Travagliato 
(BS) ITALY.) while in Group B, they were milled from 
Bio-HPP10 (© bredent UK 2020).

Figure 1: 3D Printed cast after modification of the educational model
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Each primary coping was cemented to the 
corresponding removable die (abutment tooth) using 
glass ionomer cement, Medicem (Promedica Dental 
Material GmbH). Then, each framework was seated to 
verify the fit on the corresponding removable dies.

A rubber index mold (Dental Products 3M 
Center Building 275-2SE-03 St. Paul, MN 55144-1000 
USA) was made on the waxed-up partial denture to 
standardize the position of the teeth (Polident d.o.o. 
Dental Products Industry. Volčja Draga 42, Slovenija) in 
both groups and teeth were attached to the frameworks 
with self-cure acrylic resin (Polident d.o.o. Dental 
Products Industry. Volčja Draga 42, Slovenija). Esthetic 
veneering of the retainers was done using Visiolin (© 
bredent UK 2020).

Each partial denture was seated on the cast 
with the corresponding set of dies with the primary 
copings and introduced into the chewing simulator 
(Robota, Chewing Simulator with Thermocycle). 
A  series of 240,000 biaxial loading cycles were 
conducted to simulate the function of the partial denture 
for 1 year (Figure 3).

Figure 3: The frameworks seated on the casts and introduced into 
the chewing simulator

Four strain gauge sensors (Strain gauges 
Kyowa-Electronic Instruments Co, LTD, Tokyo, Japan.) 
of 3  mm length, electric resistance 119.6 ±  0.4 Ω, 
and gauge factor 2.1 ± 1.0% were installed at the 
predetermined sites with cyano-acrylate adhesive 
(©2016 Permabond LLC.). For each cast, universal 
testing machine LD Series (bench mounted, ©2015 
AMETEK. Inc.) was used to apply a static load of 100N 
bilaterally at the first molar then unilaterally on the right 
side. The strain was recorded using four strain gauges 
connected to a four-channel strain indicator. (Strain-
meter PCD-300A Kyowa-Electronic Instruments Co, 
LTD, Tokyo, Japan.). The load was applied 6 times to 
each partial denture (Figure 4).

The G power software for windows version 3.1.9.4 
was used to calculate the sample size. The results were 
recorded and statistically analyzed. Numerical data 
were presented by mean and standard deviation (SD). 
One-way ANOVA, followed by Tukey’s HSD multiple 

comparison tests were used to compare between different 
strain values within the same group. Student t-test was 
used for comparison between the different groups. The 
significance level was set at p ≤ 0.05.

Results

Regarding bilateral loading, higher strains 
were recorded in Group A (Co Cr) 492.5 µm/m ± 58.68 
and 194.17  µm/m ± 34.37 at the abutments and 
the distal aspect of the ridges, respectively. On the 
other hand, the strains induced in Group  B (Bio-
HPP) were 120 µm/m  ±  11.48 at the abutments and 
44.08µm/m  ±  7.57 at the distal aspect of the ridges. 
These differences were statistically significantly 
(t  =  21.58, p ≤ 0.0001) and (t = 14.77, p  ≤ 0.0001) 
(DOF = 22) for the abutments and ridges, respectively, 
denoting higher stresses induced in Group A (Table 1).

Table 1: Mean, standard deviation, t value and P value for 
independent t-test under bilateral loading
Groups Group A (Co-Cr) Group B (Bio-HPP) 95% confidence 

interval
t-value p-value 

Mean SD Mean SD lower upper
Abutment 492.5 58.68 120 11.48 336.7 408.3 21.58 <0.0001
Ridge 194.17 34.37 44.08 7.57 129.02 171.15 14.71 <0.0001
Co: Cobalt, Cr: Chromium, HPP: High-performance polymers.

During unilateral load application, there 
were higher strains on the loaded abutment and 
ridge (473.33  µm/m ± 10.80), (470.83  µm/m  ± 
13.93) in Group  A, and (62.5  µm/m ± 9.35), 
(93.33  µm/m  ±  11.25) in Group  B. Lower strains 
were recorded at the unloaded abutments and ridges 
(193.33 µm/m ± 10.8), (185 µm/m ± 10.4) for Group A 
and (20.83 µm/m ± 3.76), (20.83 µm/m ± 4.9) for Group 
(B). One-way ANOVA was used in each group, and it 
showed (F  =  1191.8, p  ≤ 0.00001) for Group A and 
(F = 118.3, p ≤ 0.00001) for Group B and the results 
was statistically significant. However, using Tukey’s 

Figure 4: Universal testing machine
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HSD as a post hook test in Group  A, there was a 
statistically significant difference between the loaded 
and unloaded side  while there  was no statistically 
significant difference between the  abutments and 
the distal aspect of the ridge on the same side. On 
the other hand, in Group  B, Tukey’s HSD showed 
statistically significant difference between the 
loaded and unloaded sides (abutments and ridge) and 
between the abutment and the ridge on the loaded 
side. However, there was statistically insignificant 
difference between the abutments and the ridge on the 
unloaded side (Table 2).

In comparison between the two groups 
during unilateral loading, the results showed 
higher strains values in Group  A at the abutments 
(473.33  µm/m  ±  10.8, 193.33  µm/m ± 10.8) and at 
the distal aspect of the ridge (470.83 µm/m ± 13.93, 
185  µm/m ± 20.83) than Group  B which showed 
(62.5  µm/m ± 9.35, 20.83  ±  3.76) at the abutments 
and (93.33  µm/m ± 11.25, 20.83  µm/m ± 4.93) at 
the distal aspect of the ridge. On using independent 
t-test, it was found that (t = 70.42, p ≤ 0.0001) for 
the loaded abutment, (t = 36.84, p ≤ 0.0001) for the 
unloaded abutment. While (t = 551.62, p ≤ 0.0001) for 
the loaded saddle and (t = 34.72, p ≤ 0.0001) for the 
unloaded saddle (DOF = 10). These differences were 
statistically significant (Table 3).

Table 3: Mean, standard deviation, CI, t-values, and p-value 
for independent t-test for comparison between the two groups 
under unilateral loading
Sites Group A (Co-Cr) Group B 

(Bio-HPP)
95% confidence 
interval

t values p-value

Mean SD Mean SD Lower Upper
Loaded 
abutments

473.33 10.8 62.5 9.35 −423.83 −397.84 70.42 ≤0.0001

Unloaded 
abutments

193.33 10.8 20.83 3.76 −182.9 −162.10 36.84 ≤0.0001

Loaded side 
saddle 

470.83 13.93 93.33 11.25 −393.79 −361.21 51.62 ≤0.0001

Unloaded 
side saddle

185 10.94 20.83 4.92 −174.7 −153.63 34.72 ≤0.0001

Co: Cobalt, Cr: Chromium, HPP: High-performance polymers.

Discussion

During function, distal extension RPDs are 
subjected to multidirectional forces that lead to rotation 
of the prosthesis due to the viscoelastic nature of the 
supporting structures. Rotation of the RPDs leads 
to resorption of the ridges and creates torque on the 
abutments [11].

Thus, this in vitro study was conducted to 
evaluate the effect of using the chewing simulating 

device on strain values induced by telescopic retained 
RPDs at the abutments and the distal aspect of the 
ridge after 1 year in function.

Telescopic retained RPDs splint the abutments, 
direct the forces along the long axis of the abutments 
and decrease the degree of rotation of the prosthesis. 
The abutment teeth were reduced by 2  mm to allow 
circumferential clearance to accommodate the thickness 
of the primary and secondary telescopic copings [12].

Nextdent model resin was used to print the 
model because it has adequate mechanical properties 
to withstand the stresses applied during loading. Soft 
tissue simulating material, was injected into the PDL 
space and the modified saddles to ensure a natural 
stress pattern during loading [13]. Twelve models were 
fabricated to avoid distortion of the mucosa simulating 
material during application of the chewing simulation 
device.

The primary and secondary copings were 
designed with the minimum thickness that provides 
adequate mechanical properties required for function. 
Additional surface reduction of the secondary copings 
was done to create space for the visiolign to simulate 
the final prosthesis [7], [14].

The results of the study showed that during 
unilateral and bilateral loading, group  B (Bio-HPP) 
induced less strain values on the abutments and the 
distal aspect of the ridge. This may be attributed to the 
reduced modulus of elasticity of Bio-HPP (4GPa). This 
results in a cushioning effect reducing the stresses 
transmitted to the supporting structures [15], [16], [17].

The results agree with a previous study that 
stated that PEEK frameworks induced lower stress 
values on the periodontal ligament than CoCr and Ti 
alloys. Thus, PEEK RPDs were recommended for 
patients with poor periodontal conditions [18], [19].

During unilateral load application, strain 
was concentrated at the distal aspect of the ridge at 
the loaded side rather than distributed between the 
abutment and the saddle in group  B (Bio-HPP). The 
increased resiliency of the Bio-HPP may be the cause 
of stress concentration at the distal aspect of the ridge. 
These results coincide with a study that reported that 
PEEK caused the highest stresses and the greatest 
displacement at the free-end area and suggested 
that it should be used with caution in distal extension 
RDPs [20], [21].

In Group  A (CoCr), there was no significant 
difference between the strain values recorded at the 
abutments and the distal aspect of the ridge. This may 
be attributed to the rigidity of the major connector that 

Table 2: Mean, standard deviation, F ratio, and p-value for ANOVA test of strains under unilateral loading in both groups
Sites Loaded abutment Loaded ridge Unloaded Abutment Unloaded ridge F ratio p-value

Mean SD Mean SD Mean SD Mean SD
Group A 473.33a 10.80 470.83A 13.93 193.33B 10.8 185B 10.488 1191.8 ≤0.00001
Group B 62.5a 9.35 93.33B 11.25 20.83C 3.76 20.83C 4.9 118.30 ≤0.00001
*Different letters stand for significance after Tukey’s HSD post hook test.
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allows stresses to be evenly distributed over the entire 
supporting area [22].

Conclusions

Within the limitations of this study, the following 
could be concluded:
•	 In telescopic RPDs, Co Cr induces higher strain 

values at the abutments and the distal aspect 
of the ridge than Bio-HPP during bilateral and 
unilateral loading.

•	 During unilateral loading, Bio-HPP telescopic 
RPDs direct high strain values at the distal 
aspect of the ridge of the loaded side.
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