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Abstract
Background. Telescopic implant-retained overdentures are considered one of the most common treat-
ment modalities for edentulous patients.

Objectives. The aim of the study was to evaluate the retention of a BioHPP (biocompatible high-
performance polymer) telescopic overdenture supported by customized abutments made from 2 different 
materials after the simulation of 1 year in function. 

Material and methods. Twelve models of a completely edentulous mandible were three-dimensionally 
(3D)-printed. Two implants and 2 groups of  customized abutments – group Bio: BioHPP (n  =  6) and 
group Ti: titanium (n = 6) – were used to support BioHPP telescopic overdentures. A vertically dislodging 
force was applied to each denture until its separation before and after 240,000 cycles of chewing simulation 
and 1,440 iterations of cyclic dislodgement for the simulation of 1 year in function in order to measure 
maximum tensile loads needed to dislodge the overdenture. Student’s t test and the paired t test were used 
for the statistical analysis (α = 0.05).

Results. The initial and final retentive forces of the Ti group were significantly higher than in the case of the 
Bio group. A significant decrease in the retentive forces within the 2 groups after chewing simulation was 
observed and it was higher in group Ti; however, there was no statistically significant difference between 
the 2 groups.

Conclusions. The retentive force values for implant-retained telescopic overdentures significantly 
decreased after the simulation of 1 year of overdenture use. Both BioHPP and titanium are considered 
suitable abutment materials to retain telescopic overdentures.
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Introduction
Implant overdentures are the most common treatment 

modality for edentulous patients due to their efficacy in 
increasing retention, stability and masticatory perfor-
mance, especially with the noted increased success rate 
in dental implant placement.1 Among different types 
of  overdenture attachments, the telescopic attachments 
used with implant overdentures are considered interest-
ing and unique, as they give the dental practitioner the 
possibility of achieving more esthetic results while using 
fewer implants with less restricted implant location, bet-
ter access for oral hygiene measures,2,3 better horizontal 
stability due to their parallel wall design and exerting less 
torque, and better load distribution on the abutments 
due to their circumferential relation to the outer coping.4 
Telescopic overdentures are classified according to their 
mechanism of retention into 3 categories: parallel, conical 
and hybrid telescopic with an added retentive feature. In 
the 1st category, they gain retention through the friction 
of  the parallel-milled surfaces. In the 2nd category, they 
obtain retention through friction, but only after their fi-
nal seating with the so-called ‘wedging effect’. In hybrid 
telescopic systems, an added retentive feature, such as the 
TC-SNAP system (the Marburg double-crown system), is 
used.5,6

The materials used for manufacturing implant abut-
ments should have desirable biological, mechanical and 
esthetic properties. Titanium, gold and zirconium are the 
most well-known materials used in prefabricated abut-
ments.7 Titanium is considered the gold standard and is 
most frequently used, although it has several disadvan-
tages, such as grayish color, corrosion susceptibility and 
oversensitivity reactions.8 Gold abutments are not used 
nowadays despite their great biocompatibility due to their 
high cost and poor attachment to the soft tissue collar 
around implant platforms,9 while zirconia abutments suf-
fer from the risk of fracture of their apical part,10 inconsis-
tent long-term survival11 and fretting wear.12

With the evolution of  the computer-aided design and 
computer-aided manufacturing (CAD/CAM) technology, 
customized abutments are now easier to produce. The 
CAD/CAM process can optimally control the geometry 
of  the abutment and adjust it to the optimum design to 
overcome the drawbacks of prefabricated abutments.

Customized abutments may be in the two-piece form 
(hybrid abutments); this type consists of a customized ce-
ramic abutment that is cemented on a prefabricated tita-
nium insert,13 providing the titanium-to-titanium contact 
for a better fit. Unfortunately, bonding these customized 
abutments to their titanium bases is technique-sensitive.14 
Pre-milled abutments, which have been recently intro-
duced into the dental market, are another option for 
abutment customization that could overcome the pro-
blems of previous offerings. These abutments are used in 
the digital production of CAD/CAM workflow, allowing 

the milling of implant abutments to a customized design 
with a pre-milled implant connection.

High-performance polymers are used nowadays in the 
fabrication of hybrid and pre-milled abutments. Biocom-
patible high-performance polymer (BioHPP) is one of 
such polymers; it offers a lot of unique properties, which 
makes it an interesting alternative to ceramic abutments. 
Its biocompatibility and excellent polishability15 have 
a  great impact on preserving bone height and soft tis-
sues, which results in better anchorage.16 It also has high 
mechanical and flexural strength, along with elasticity 
similar to bone.17 BioHPP can be fabricated via pressing 
or milling. The material properties of pressed and milled 
BioHPP are virtually identical.18

Unfortunately, there is little previous research compar-
ing these new materials as telescopic abutments for the 
retention of  implant overdentures. This study was con-
ducted to evaluate the retention of a BioHPP telescopic 
overdenture supported by titanium pre-milled abutments 
and BioHPP customized abutments after the simulation 
of 1 year in function.

The null hypothesis of  this study was that there is 
no difference between titanium pre-milled abutments 
and BioHPP customized abutments in the retentive 
force of the overdenture before and after the simulation 
of 1-year function.

Material and methods

Model fabrication 

A three-dimensional (3D) model of a completely edentu-
lous mandible was designed with 2 implant beds in the ca-
nine region, equidistant from the midline and perpendicu-
larly aligned to the ultimate occlusal plane to accommodate 
two 4.2 mm × 10 mm implants. A layer of a 2-millimeter 
thickness was removed from the surface of the model to be 
replaced with mucosa-simulating material later on. Twelve 
models were printed by means of an additive manufactur-
ing technology. Two 4.2 mm × 10 mm implants were ce-
mented at their planned sites in each model with a delicate 
layer of cyanoacrylate adhesive cement.

Mucosa simulation 

A wax build-up was done on the model over the de-
signed space for mucosa simulation. Then, the dura-
lay resin pattern (Pi-Ku-Plast® HP 36; Bredent Medical, 
Senden, Germany) was adapted on the wax layer to act as 
a  matrix. Wax elimination was performed and silicone-
based soft tissue-replicating material (Multisil-Mask® 
soft; Bredent Medical) was applied, while the matrix was 
fixed on the model. After the material was completely set, 
a scalpel was used to finish and trim the excess of the soft 
tissue material.
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Abutment fabrication 

The Uni.fit scan abutments (Bredent Medical) were 
seated tightly on each implant and were scanned with 
a  desktop scanner (InEos® X5; Sirona Dentsply, York, 
USA) to transfer the 3D implant position to the CAD 
software (Exocad, Darmstadt, Germany). In the CAD 
software, the design of the abutments was made, 4 mm in 
length with a wall taper angle of 2 degrees and a chamfer 
finish line. For the Bio group, wax was used for milling the 
abutments, which were invested and burnt out, and then 
BioHPP granules were pressed onto the titanium base, 
using the for-2-press system (Bredent Medical) to produce 
customized hybrid BioHPP abutments. For the Ti group, 
titanium prefab blanks (Bredent Medical), a type of pre-
milled abutments, were used for milling. Six pairs from 
each group were fabricated and each pair was completely 
seated on the model. Figure 1 shows the final abutments 
on the model.

Framework fabrication

A wax pattern of a telescopic overdenture extending from 
the right first molar site to the left first molar site, includ-
ing the secondary copings, was done for each model. The 
wax patterns were then invested and burnt out, and then 
BioHPP pellets were pressed using the for-2-press system 
to produce BioHPP frameworks. Each framework was fin-
ished and polished, and then returned to its model. Figure 2 
shows the final BioHPP telescopic overdenture framework.

Testing 

A universal testing machine (Lloyd Instruments, 
Bognor Regis, UK) was used to apply vertical dislodging 
forces on a  horizontal metal plate. A  central hook was 
attached to the occlusal surface of  each overdenture at 
a position 13 mm distal to the line passing through the 
implant center until it was elevated from its seating posi-
tion. All groups were tested under the same conditions, 
i.e., moistening of  the abutments and the fitting surface 
of  the overdenture with artificial saliva (Glandosane®; 
STADAPHARM, Laichingen, Germany), as recommend-
ed by Bayer  et  al.,19 and loading the overdenture with 
a compressive pre-weight of 50 N for 20 s. The machine 
was set at a constant crosshead speed of 50 mm/min. The 
initial pull-off test was done and maximum tensile loads 
needed to dislodge the overdentures from the cast model 
were calculated in newtons. Three measurements were 
performed for each overdenture and their mean was con-
sidered as the initial retentive value. Figure 3 shows the 
initial pull-off test.

A chewing simulator (CS-4.4; SD Mechatronic, Munich, 
Germany) was used to apply dynamic/cyclic loading to 
each overdenture. The exact point of load application was 
marked at the center of the horizontal metal plate which 
was attached to the occlusal surface of each overdenture, 
as shown in Fig. 4. All groups were tested under the same 
conditions, i.e., filling the specimen chamber with artifi-
cial saliva and load settings of 49 N. The software para-
meters were set at 60 mm/s, 3 mm vertical path, 0.7 mm 
horizontal path, and 1.6 Hz according to the settings used 
in the previous studies which used implant-retained over-
denture models.20,21 Each overdenture was subjected to 
bi-axial cyclic loading for a total of 240,000 cycles in wet 
conditions at room temperature.

Fig. 1. Final abutments on the model

A – titanium; B – biocompatible high-performance polymer (BioHPP).

Fig. 2. Final BioHPP telescopic overdenture framework

Fig. 3. Initial pull-off test
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Each overdenture was inserted and removed 1,440 times, 
and mounted again in the universal testing machine to 
measure the final retentive force. Three additional mea-
surements were performed for each overdenture and their 
mean was considered as the final retention value after the 
simulation of 1 year of overdenture use.

Data analyses were carried out using Student’s t test and 
paired t test for comparisons between the 2 groups as well as 
to study changes within each group before and after the simu-
lation of 1-year use. The significance level was set at p ≤ 0.05.

Results
The retentive values calculated before chewing simula-

tion were considered as the initial retentive forces, while 
those recorded after chewing simulation and cyclic dis-
lodgment were considered as the final retentive forces. 
The mean reduction in the retentive forces in the 2 groups 
was calculated as percentage.

The mean initial retentive force for the Bio group was 
6.19 N and for the Ti group – 16.64 N. The mean final re-
tentive force for the Bio group was 5.26 N and 12.92 N for 
the Ti group. The mean percentage of the retention force 
reduction after the simulation of 1 year in function was 
15.02% in the Bio group and 22.44% in the Ti group. The 
mean (M) and standard deviation (SD) values of the reten-
tive forces in both groups are listed in Table 1. Figure 5 
and Fig. 6 show the minimum, maximum and mean values 
of  the retentive forces as well as the mean percentage 
reduction in the retention forces for both groups.

The statistical analysis showed that the initial and final 
retentive forces in the Ti group were significantly higher 
as compared to the Bio group (p < 0.001 and p = 0.001, 
respectively). There was a statistically significant decrease 
in the retentive forces after the simulation of  1 year in 
function in both groups (group Bio: p = 0.041; group Ti: 
p  =  0.004). A  higher percentage of  reduction in the re-
tention force was observed in the Ti group as compared 

to the Bio group, but there was no statistically significant 
difference between the 2 groups (p = 0.216). The results 
of Student’s t test and the paired t test for changes in the 
retention force values for each group are listed in Table 2.

Fig. 4. Point of load application in the center of the metal plate

Fig. 5. Error bar showing the minimum, maximum and mean initial and final 
retention force values in the 2 groups

CI – confidence interval.

Table 1. Retention force values in the 2 groups

Variable Abutment M ±SD SEM

Initial  
retentive value [N]

BioHHP 
(n = 6)

6.1933  
±2.01288

0.82175

titanium 
(n = 6)

16.6367  
±3.38784

1.38308

Final  
retentive value [N]

BioHHP 
(n = 6)

5.2633  
±1.98457

0.81020

titanium 
(n = 6)

12.9217  
±3.31107

1.35174

Percentage 
of reduction [%]

BioHHP 
(n = 6)

15.0245  
±10.15311

4.14499

titanium 
(n = 6)

22.4444  
±9.30491

3.79872

M – mean; SD – standard deviation; SEM – standard error of mean.

Fig. 6. Error bar showing the minimum, maximum and mean percentage 
reduction in the retention force values in the 2 groups
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Discussion
The experimental models in this study were manufac-

tured using the 3D printing technology, as it offers the 
operator freedom in choosing every detail in the model, 
including the location of implant beds.22 The abutments 
of  the 1st group were fabricated from pressed BioHPP 
on a titanium base. It has been established that BioHPP 
can be used as an alternative material for the fabrication 
of abutments and prosthetic restorations, as it has a modu-
lus of  elasticity similar to human bone and a  hardness 
value of 30–40 HV,23 in addition to its good mechani-
cal properties.17 Titanium pre-milled abutments were 
chosen in the 2nd group. Titanium is considered the gold 
standard abutment material; it is characterized by high 
mechanical and wear resistance with a  hardness value 
of 350–370 HV.23 Besides, pre-milled abutments allow for 
free customization of the abutment design.

The design of the abutments was prepared with a wall 
taper angle of 2 degrees and a chamfer finish line for bet-
ter adaptation and fitting between the copings, and to 
increase the retention forces.24 Glandosane was used as 
artificial saliva due to its unique effect on the retention 
force of  the telescopic attachment and its role in simu-
lating real oral conditions – specifically its tri-biological 
effect on the materials and the removal of debris from the 
wear and tear of  the materials.18,19,25 To simulate 1 year 
of  function, the number of  chewing cycles in this study 
was 240,000, which was based upon the average number 
of  chewing cycles expected in a  year.26 Accordingly, the 
overdentures were inserted and removed 1,440 times, as if 
they were placed and removed 4 times per day for a year.27

Our results rejected the null hypothesis, as they re-
vealed higher initial and final retentive force values in the 
Ti group over the Bio group. The difference in the initial 
retentive forces could be attributed to the pressing process 
of BioHPP abutments, which was complicated, with many 
potential sources for errors. Also, the higher final reten-
tive force values in the Ti group could be due to the already 
higher initial retentive forces as compared to the Bio group.

It has been postulated that any attachment system is 
subjected to functional loads; it can be attributed to the 
friction between the telescopic copings, which leads to 
lowering the retentive force values. Several studies re-
ported a decrease in the retentive force values of differ-
ent telescopic attachments at the end of the experimen-
tal procedures, which supports the results of the present 
study.19,24,28 Also, it has been postulated that the retentive 
force should be at a level that will not damage the implants 
or the bone. Furthermore, it has been recommended that 
the retentive forces in telescopic overdentures should be 
kept within the range of  5–10  N.25 Both groups in our 
study attained their final retentive force values within the 
recommended range.

A decline in the retentive force values after the simula-
tion of 1 year of overdenture use was higher in the Ti group 
as compared to the Bio group. This may have resulted 
from the wear which occurred in the fitting surfaces 
of the framework after the simulated functional use in the 
Ti group due to a difference in the hardness values between 
the 2  materials. In the Bio group, mechanical adaptation 
between the primary and secondary copings with the same 
hardness values resulted in less wear, in addition to strong 
wedging action between the 2 copings after functional 
use.25,29 However, there was no significant difference in the 
decrease of the retentive force values after the simulation 
of 1 year of overdenture use between the 2 groups.

Conclusions
Within the limitations of the study, it can be concluded 

that in implant-retained telescopic overdentures support-
ed by 2-degree angle abutments, the retentive force values 
significantly decreased after the simulation of  1  year 
of overdenture use. BioHPP and titanium are both con-
sidered suitable materials for customized abutments to 
retain BioHPP telescopic implant overdentures. 

Table 2. Results of Student’s t test and the paired t test

Retention force t df p-value
95% CI of the difference

lower upper

Initial  
(BioHPP * titanium)

−6.491 10 0.000 −14.02793 −6.85874

Final 
(BioHPP * titanium)

−4.860 10 0.001 −11.16977 −4.14690

Percentage of reduction in the retention force 
(BioHPP * titanium)

−1.320 10 0.216 −19.94736 5.10754

BioHPP 
(initial * final)

2.739 5 0.041 0.05719 1.80281

Titanium 
(initial * final)

4.943 5 0.004 1.78296 5.64704

df – degrees of freedom.
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