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Abstract

The development of CAD/CAM technology created the possibility of using three-element telescopic crowns systems in vati-
ous material combinations. Methods of verification of new solutions are necessary before their clinical use.

The aim of the study was to develop a method of assessing the stability of the force retention in three-element telescopic
crown systems in selected combinations of materials.

Material and Methods: Material consisted of the three-element telescopic crown systems, collected in five groups: A (ZrO-
AuGalv-ZrO), B (ZtO-PMMA-Z10O), C (ZrO-AuGalv-CrCo), D (ZrO-PMMA-CtCo), E (ZrO-AuGalv-acrylic) and a control
group (K: Au-AuGalv-CrCo). A fundamental part of the method was the special measuring device with software. The reten-
tion force was examined in the range of 0-30 000 cycles of engagement and disengagement of crowns.

Results: There was no statistical significant differences between the changes of the retention force in groups A vs B and C vs
D. The regression analysis showed that groups A and B are groups with the greatest stability.

Conclusions: The telescopic crowns made from zirconia in CAD/CAM technology ensures the most stable retention force
irrespective of the type of intermediate element. The special attention should be paid to the type of material from which the
external crown will be made.
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Introduction Traditionally telescopic crowns constitute a two piece system, in

which the primary crown is permanently cemented onto the tooth

Telescopic crowns can be a beneficial solution in the planning
procedure and medical rehabilitation for patients with residual
dentition as well as during the reconstruction of the partial eden-
tulous, where it is possible to perform intraosseous implants. Ad-
ditionally, telescopic crowns can be used under clinically difficult
conditions: patients with extensive missing teeth, after craniofa-
cial surgery following cancer, patients who are affected by peri-
odontal disease, cleft palate with varying degrees of intensity and
during the reconstruction of the dental arches with a reduced ver-
tical dimension caused by pathological tooth wear [1-12]. Most of
these types of diseases are widespread in our civilization. There
are different divisions of telescopic crowns related to their geom-
etry, the method of the preparation of teeth, construction and
materials as well as technologies that can be used to make them.
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and the secondary crown is a part of removable denture or re-
movable bridge [1, 2, 13-21]. The development of CAD/CAM
technology and its application in dental prosthetics created the
possibility of new solutions in the design of dental restorations,
as compared to, e.g., those made of a three-element telescopic
crown system. This system consists of a primary crown and sec-
ondary crown and an intermediate element mounted between
them. The individual components of these systems can be made
using CAD/CAM technology. One of the matetials used for this
type of crowns including both primary and secondary crowns is
zirconium oxide [3, 22-27]. The intermediate elements, also called
intermediate crowns may be petformed in CAD/CAM with the
use of different materials or the method of electroforming with
the use of 99.99% gold.
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In this study, the three-element crown systems included the sys-
tems with the intermediate element made in the electroforming
technology. This element cannot function as part of an independ-
ent element and require incorporation into the third structure,
becoming a part of multi-layer construction.

Retention telescopic crowns are associated with the contact sur-
face of the crown in the system and it depends on many fac-
tors, mainly the geometry of the crown and the type of material
used to make the crowns [28-38]. The developments of materi-
als and new technologies that can be used in dental prosthetics
create the prospects of the appearance of new design concepts
and materials in the near future. Therefore, it is important to cre-
ate and develop new methods necessary for the rapid and simple
preliminary evaluation of new solutions before their clinical use.
The article presents the results of the assessment of the stability
of retention by using simulated cyclic loading, with a significantly
increased number of cycles. The presented method can be an
important instrument for the rapid evaluation of new types of
design and material combination systems of telescopic crowns.

Aim of the Study

The aim of this study was to analyse changes in the retention
force in three-element telescopic crowns systems provided with
an intermediate element in selected combinations of materials.
Moreover, the study focused on the stability of the retention
force in different study groups while using a method of evalua-
tion especially designed for this purpose.

Material and Methods

Material for the study consisted of 18 three-clement telescopic
crown systems, collected in five test groups (A, B, C, D, E) and
one control group (K) representing a specific combination of
materials. The test and control groups are shown in Table 1 and
Figure 1-2.

All tested groups (A, B, C, D, E) had internal crowns, which were
made of zirconia in CAD/CAM technology. The external crowns
in Groups A and B were made of zirconium oxide, milled and
sintered in CAD/CAM, but in Group C and D they were made of
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Ct-Co alloy by a casting technique, whereas, in Group E, external
crowns are made of acrylic material by pressure polymerization.
The indirect crowns (intermediate elements) in Groups A, C and
E were made of 99.99% gold by a electroforming technique, and
in Groups B and D of PMMA (polymethyl methacrylate) milled
in the CAD/CAM technology. In otder to visualize the type of
material combination, it was decided to describe them as follows:
Group A (ZrO,-AuGalv- ZrO,), Group B (ZrO,-PMMA-Z+O,),
Group C (ZrO,-AuGalv-CrCo), Group D (ZrO,-PMMA-CrCo),
Group E (ZrO,-AuGalv-Actylic), and Group K (Au-AuGalv-
CrCo).

Telescopic crowns used in research were made as a crown with a
1° taper. To complete the primary crowns, a 6 mm height pillar of
the lower canine with chamfer according to the rule established
for telescopic crowns preparation was prepared.

The pillar was repeatedly reproduced using silicon impres-
sion material (Finosil, FINO GmbH, German). Based on silicone
forms, gypsum pillars were made to scan in order to perform
the primary crowns in the CAD/CAM (1-CAM gypsum, Poland).
Morteover, the gypsum Stodent IV (Zhermack, Italy) was used while
duplicating pillars for use in the implementation of the internal
crowns casting technique. Primary crowns were made of zirco-
nium oxide (DD BIO ZW, Dental Direct, Germany) in CAD/CAM
technology (milling machine I MES, Germany), which was based
on the scanning pillar (3 SHAPE scanner, Denmark). The casted
primary crowns were made of gold alloy according to the rule
established for the casting method. The crowns were modelled
from wax (Koronenwacks orag Cervicalwacks, Bego, Germany) and cast
from gold alloy (AUROLLOYD, Bego, Germany). The intermedi-
ate crowns were made from PMMA (PMM.A, T-CAM, Poland) in
CAD/CAM technology and electroformed gold (AGC MICRO,
Wieland, Germany). The secondary crowns were made of Cr-Co
alloy (WIRON 88, Bego, Germany), acrylic (Vertex, Vertex- Dental
B.1, Netherlands) and zirconium oxide (DD BIOZW, Dental Direfkt,
Germany), respectively, by means of a technique appropriate for
each of those materials.

Additionally, the Diemet- E resin (Diemer-E, Erkodent, Germany)
cylindrically shaped bases with a diameter of 10 mm were de-
signed. These bases served as an element facilitating the position-
ing of the tested system in the grip of the measuring device.

Table 1. The Combinations of Materials in the Test Groups (A, B, C, D) and Control Group (K).

GROUP A GROUP B GROUP C GROUP D GROUP E GROUP K
o zirconium zirconium zirconium zirconium zirconium Au allov
b= g oxide oxide oxide oxide oxide U atloy
E '8 technology
CAD/CAM CAD/CAM CAD/CAM CAD/CAM CAD/CAM casting
. 8B 99.99% gold PMMA 99.99% gold PMMA 99.99% gold 99.99% gold
;E % % technology
~ 89 electro-forming | CAD/CAM | electro-forming | CAD/CAM | electro-forming | electro-forming
‘E o zirconium oxide arcomum Cr-Co alloy Cr-Co alloy acrylic Cr-Co alloy
s £ oxide
SR
§ & technology
2 CAD/CAM | CAD/CAM | casting casting polymetization casting
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Figure 1. Components of the test samples in test (A, B, C, D, E) and control group (K).

Figure 2. Special measurement device constructed by Institute of Sustainable Technology in Radom.

The bottom base contained a replica of a pillar, which was used to
build the primary crown, and it was an element on which the pri-
mary crowns were cemented on using RelyX U200 material (Rely
X U200, 3M ESPE, USA). This material is a double cured, self-
adhesive cement containing resins. The upper base was a hollow
cylinder of the external crown, which was fixed to it. In systems
where the secondary crown was an acrylic element, the whole
base was made of an acrylic fast-polymerizable material (Ierzex,
Vertex- Dental B.V, Netherlands) to facilitate the process.

The measurements were performed in five study groups and
one control group. The study included 18 samples in total. Each
study group and the control group were represented by 3 samples.
These samples were designated as A1, A2, A3 (Group A), B1, B2,
B3 (Group B); C1, C2, C3 (Group C); D1, D2, D3 (Group D);
E1, E2, E3 (Group E) and in the control Groups K1, K2, K3.

In order to assess the changes in the retention force, a method
was developed that allows the execution of appropriate measure-
ments and obtaining the necessary data for further analysis. For
the main purposes of the planned research, as part of the as-
sessment methods of the analysis of the changes in the force
retention, a special research arrangement to evaluate the retention
telescopic crowns was made for the project and constructed in
cooperation with the Institute for Sustainable Technologies in Ra-
dom [39]. The measurement device allowed the following: deter-
mining the force needed to connect and disconnect crowns, mak-
ing measurements of the force, and recording and analysing the
measured values (Figure 3). The force generation system was built
using a screw linear drive with a stepper motor. The maximum

frequency of the load cycles depended on the distance engage-
ment and disengagement of the crown. The force measurement
was performed using a gauge force sensor for tensile and pres-
sure forces (type CL 17pm, Zepwn) and the relative incertitude
limits of not more than 0.13% (Class 0.2 - calibration certificate
LWS/026/2013). The lowet base of the tested system was placed
in the handle that was fixed to the force sensor bar. The base
of the upper system provides the concentricity of the two parts.
The control system test was realized using a PLC controller (type
TM258, Schneider Electric- SE). It served as the power unit with
the stepper motor (BR536W131, SE) and the engine controller
(SD328AU2552, SE), while communicating with the CAN open
trial. Performed tests were based on cycles connecting and dis-
connecting crowns in the studied systems and following the meas-
urement of retention.

After a series of tests, it was decided to test the following param-
eters using a specified sequence of measuring test. The tests are
described by the sequence:

PQ, v, 0 )],
M(F,, v, n )11, [PQ, v, 0 )],
M(F,, v, )12, [P(, v, 0 )L,
M(F,, v, n )N, [P(, v, n )],

where, P- is a function of measurement, M - function perform
cyclic loading (connecting and disconnecting crowns) [39].

In the M-function of the performed load, crowns were engaged
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Figure 3. Graphs of the retention force as a function of the number of load cycles on measurements obtained for Group A:
a) Al sample, b) A2 sample, c) A3 sample.
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at velocity vr until obtaining a value of the force F (100 N) and,
at the same velocity, the crowns were separated. After 100 repeti-
tions of the cycle load, the measurement of retention force was
performed five times. The tests were carried out in the range of
0 to 30 000 load cycles of joining and separating of telescopic
crowns. The function of measurement (P) was carried out in such
a way that the telescopic crowns were engaged with the velocity
v, (velocity many times lower than the v ) until the force F_ (100
N). Then, with a fixed step as a multiple of the basic step k of at
least 0.01 mm, the crowns were disconnected at the same velocity.

In the course of the movement, the force was measured with a
frequency of 20 Hz. After each step, the maximum value of the
measutred force was recorded.

Programming parameters of the tests were carried out through
the operator’s panel connected to PLC interface with Modbus
RTU protocol. The measurement results were transferred auto-
matically to the PC through the Ethernet connection.

The axial mounting of crowns was the initial point for carrying
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out repeated, multiple cycles of connecting and disconnecting
crowns. In the tests, the primary crowns were cemented on the
lower bases using dual cement RelyX U200 BM ESPE, USA).
After binding the material, excess cement was removed, and the
sample was analysed. The lower base was placed in the holder
of the measuring apparatus, and the procedure for mounting the
external crown in the upper base was initiated and the intermedi-
ate element was mounted within the interior of the secondary
crown. The secondary crowns were precisely positioned relative
to the primary crown using the function-testing device. A dual
composite cement RelyX U200 3M ESPE, USA) was used to
mount secondary crowns and intermediate elements. Only in the
case of the test Group E, where the secondary crown consisted
of acrylic, was the intermediate element connected to the upper
base with the use of resin Pattern Resin (GC, Japan).

The computer (PC) connected to a device was used to collect and
automatically save measurement data. Additionally, the package
LabView software allowed the following:

- graphically displaying the run forces measured during the crown
testing with a set number of trials and scaling,

- choosing the retention force detection methods as the maximum
value of the force run graph or a local maximum, determined by
finding the first and second derivatives, or finding the maximum
value in a defined range,

- displaying the designated retention.

The changes in forces were recorded in the test data files. Then
the force graphs in relation to time were made as a function of the
distance of the disconnection of crowns. The retention was des-
ignated by the maximum value force that occurred during the dis-
engagement of crowns. In the case of crowns where the force did
not have global maximum, the local maximum was determined
by the method of calculating the second derivative force or by
finding the maximum value in a specified range. The next step in
the processing of measurement data was calculating the average
value of the retention force and the standard deviation of force
values for repeated runs. The results of measurements were saved
in spreadsheets enabling them to be further analysed.

http://scidoc.org/IJDOS.php

The statistical analysis was performed using STATISTICA 8.0. In
the statistical analysis designed as an integral part of the method,
a data analysis algorithm was used. This algorithm was based on
regression analysis and correlations in order to generate a rank-
ing of the groups from the most to the least stable alinement.
Moreover, it complemented the data obtained by the analysis of
the deviations from the straight theoretical model using one-way
variance analysis and the Scheffe test.

Results

In this study, the full range of testing was completed on 16 sam-
ples. Two out of 18 tested samples did not reach the full range of
testing: the sample marked as E1 (Group E) and the sample K2
(control Group). Sample E1 failed at the level of 10000 cycles,
which led to fracture of the post in the lower base retaining the
sample in the holder of the measuring device. Sample K2 failed
at 16800 cycles where there was a total loss of retention in this
system of telescopic crowns. The results of the measurements
were shown in the form of the dependence of the retention force
as a function of the number of cycles performed for the indi-
vidual samples of the test Groups A, B, C, D, E and the control
Group K. The data obtained have been plotted on graphs (Figure
4 shows the results of Group A). The graphs, due to the limita-
tion of scaling, show the results to the range of 25 000 cycles.

Analysis was performed for the full range of a study involving
30000 cycles.

Each sample obtained 1505 individual measurements of the re-
tention force, which was placed in the 301 series of data, where
each series was the average of five times the measurement of the
retention force with the standard deviation made after every 100
subsequent loading cycles. The main purpose of this method was
to evaluate changes in the retention force, to specify the period of
its stability as a function of the number of cycles of engagement
and disengagement of crowns.

The graphic analysis of the scattering in the plots of the retention
force as a function of number of cycles for each sample indicated

Figure 4. Regression line for test (A,

B, C, D, E) and control group K.
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that the range 0 - 2400 cycles of the joining and separation of
a crown is an area with the greatest changes in the value of the
retention force, which is highly volatile in this range of tests. For
this reason, it was decided to standardize testing and to search
for periods of stability in the range of 2500-30000 load cycles.
Therefore, the range from 0 to 2400 cycles was omitted, recogniz-
ing that part as the "initial phase of measurements".

The measurement data was standardized in the range of 2500 -
30000 cycles of engagement and separation of crowns. All sam-
ples in each group were calculated using a regression equation
(Figure 5). The estimation results and the tests results are shown
in Table 2. Regression analysis showed that, in terms of the stabil-
ity of the retention force, the results of the study groups of sub-
jects can be ranked as follows: B, A, E, K, D, and C. The criterion
for the ranking was the accepted values of the slopes of regres-
sion lines. Table 3 shows the values of t-statistics test of parallel-
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ism, and corresponding p-values. Tests of parallelism regression
for Group A and Group B showed no statistically significant dif-
ferences: A123 vs B123 p = 0.4133. Slopes of the regression lines
for Groups A and B are near 0, whereby regression lines were
substantially parallel to the axis and did not differ statistically from
each other (A = B).

The slopes of the Groups A and B do not differ from one an-
other, but they are statistically significantly different from all other
groups, including the control group (A vs C and A vs D, A vs E,
Bvs C,Bvs D, B vs E, E vs C). In addition, the slope of the re-
gression line for Group C differs significantly from all the slopes
except for the slope of Group D (C = D). Additionally, the slopes
of the two groups achieve the highest value.

The results of the regression analysis were supplemented by the
analysis of deviations from the theoretical line. Model ANOVA

Figure 5. Deviation from theoretical regression lines.

A B C D E K

1.50

1.00

0.50

0.00

-0.50

-1.00

1.50 1 2 3 4 5 6
A -0.62 0.07 0.62 0.19 0.44 -0.69
B 0.12 0.14 -0.23 -0.13 -0.23 0.34
C -1.22 -0.82 0.23 0.57 0.69 0.56
D -0.52 -0.67 -0.66 -0.10 0.37 1.12
E -0.58 -0.71 0.02 0.19 1.04 0.57
K -0.50 -0.61 -0.32 0.33 0.87 0.87

Table 2. The equations of regression.

Group n r slope t p | constant t p
A 828 | 0.0207 | 2.59E-06 | 0.594 | 0.553 | -0.0421 [ -0.533 | 0.594
B 828 |0.0145 | 1.82E-06| 0.417 [0.677 | -0.0296 | -0.375 | 0.708
C 828 | 0.6746 | 8.45E-05 | 26.268 | 0.000 [ -13.735 | -23.586 | 0.000
D 722 | 0.6051 | 7.84E-05 | 20.396 | 0.000 [ -13.727 | -18.669 | 0.000
E 628 | 0.5606 | 6.83E-05| 16.937 [ 0.000 [ -10.274 | -14.876 | 0.000
K 712 | 0.5744 | 7.41E-05 | 18.700 | 0.000 [ -11.073 | -16.607 | 0.000

Description of the table: n- group size, r-correlation coefficient, t- value of t- Student test,p-test probability.

Table 3. Parallelism tests of regression lines.

Group B A E K D C
B 0.901 0.000 0.000 0.000 0.000
A 0.125 0.000 0.000 0.000 0.000
E -10.941 | -10.815 0.307 0.069 0.001
K -12.052 | -11.924 | -1.021 0.430 0.039
D -12.931 | -12.802 1.821 0.790 0.223
C -15.265 [ -15.124 3.187 2.064 1.219

Description of the table: lower left triangle table — p-value parallelism test of regression lines, upper right triangle table — p-values.
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was used. As multiple tests, Scheffe tests were used. Ranking from
2500 - 30000 cycles of engagement and separation of crowns
were divided into six equal following divisions of load cycles: Di-
vision 1: 2500-7000, Division 2: 7100-11600, Division 3: 11700-
16200, Division 4: 16300 -20800, Division 5: 20900-25400, and
Division 6: 25500-30000. The dependent variable was the force
of retention in each group, and the grouping variable was the
division. The descriptive statistics are included in Table 4. For all
models of variance analysis p values were less than 0.001; there-
fore, Scheffe tests were calculated for all analyses. The results are
included in Table 5.

On the basis of the results and statistical analysis in the range of
0 to 30000 cycles of connection and disconnection of three-cle-
ment telescoping crowns, Group A and Group B can be defined
as the groups of stable retention levels, regardless of the increas-
ing number of load cycles. There is no statistically significant dif-
ference between these groups, which indicates that the systems of
telescopic crowns in which the inner and outer crowns are made
of zitconia in the CAD/CAM technology, independent of the
type of the intermediate element, can be expected to have a stable
value of the retention force regardless of an increasing number
of load cycles.

In the group ranking and the lack of significant differences be-
tween the Groups A vs B vs C and D indicate that the type of
material from which the secondary crown is made affects the val-
ue of the retention force with increasing number of load cycles.
Group B is a group of the most stable retention levels in the test
in the range 0-30000 load cycles. Group C is a group with the larg-
est change of the retention force as a function of load cycles and
with the greatest tendency to growth.

http://scidoc.org/IJDOS.php

Discussion

The studies on the retention force of telescopic crowns show
large changes in the observed values of measurements performed
during tests. The biggest changes can be observed in the initial
testing phase of crowns. This phenomenon explains the strain of
the surface of the crown depends on the malleability of materi-
als use. This phenomenon is characteristic especially for crowns
made of gold alloys, where the observed initial decrease in the val-
ue of the retention force is momentarily stabilized until another
decline in value and eventual complete loss of retention [1, 31, 32,
35, 36]. In this study the initial phase in all groups was in the range
of 0-2500 cycles, followed by a period of relative stabilization of
the value of the retention force in the range of 30000 cycles.

The changes in the retention force during the use of telescopic
crowns are caused by tribological phenomena modifying the sur-
face structure of the crowns. The most important factors include
the tribochemical impact, abrasion, adhesion, and defects within
the surface. These factors can occur separately or overlap, which
can be related to the state of material and construction of the
retention element [34-30].

In publications, it is stated that a range of 10 thousand cycles
of load corresponds to 10 years of using the prosthesis in clini-
cal conditions, provided that the prosthesis fitted and removed
three times a day [40-42]. When fitted and remove twice a day,
it corresponds to 13-14 years [43]. The pro-health education for
patients promotes healthy eating habits and a diet based on five
small meals a day. This means that, in accordance with the recom-
mendations of hygiene for dentures, the prosthesis is removed at
least six times a day, taking into account that the prosthesis should
be removed after each meal and at night and washed. Therefore, it

Table 4. Descriptive Statistics.

Group A B C
division | n |mean| std | n |mean| std [ n | mean| std
1 138 | -0.62 | 0.77 | 138 | 0.12 | 1.47 | 138 | -1.22 | 0.80
2 138 | 0.07 [ 0.73 | 138 | 0.14 | 1.05 | 138 | -0.82 | 0.46
3 138 [ 0.62 [ 0.98 | 138 | -0.23 | 0.48 | 138 | 0.23 | 0.90
4 138 [ 0.19 [ 0.93 | 138 | -0.13 | 0.71 | 138 | 0.57 | 0.46
5 138 | 0.44 | 1.01 [ 138 | -0.23 | 0.83 | 138 | 0.69 | 0.66
6 138 | -0.69 | 0.74 | 138 | 0.34 | 1.03 | 138 | 0.56 | 0.58
total 828 | 0.00 [ 1.00 [ 828 | 0.00 | 1.00 [ 828 | 0.00 | 1.00
Group D E K
division | n |[mean| std | n |mean | std n | mean | std
1 92 | -0.52 1 1.49 | 138 | -0.58 | 1.13 | 138 | -0.50 | 1.19
2 92 | -0.67 | 0.38 | 122 | -0.71 | 0.34 | 138 | -0.61 | 0.53
3 124 | -0.66 | 0.82 | 92 [ 0.02 | 0.92 | 138 | -0.32 | 0.83
4 138 [ -0.10 [ 0.58 | 92 | 0.19 | 0.45 | 114 | 0.33 | 0.56
5 138 | 0.37 [ 058 | 92 | 1.04 [ 0.77 | 92 | 0.87 | 0.41
6 138 | 1.12 [ 0.33 | 92 | 0.57 [ 0.69 | 92 | 0.87 | 0.93
total 7221 0.00 | 1.00 [ 628 | 0.00 | 1.00 [ 712 | 0.00 | 1.00

Description of the table: n-group size, mean-arithmetic mean, std-standard deviation.
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Table 5. The p-value of Scheffe tests in test and control groups.

mean [division| 1 | 2 | 3 | 4 [ 5 | &6
GROUP A
062 | 1 0.000 | 0.000 | 0.000 | 0.000 | 0.994
007 | 2 [o000 0.000 | 0.938 | 0.026 | 0.000
0.62 | 3 [0.000]0.000 0.004 [ 0.712 [ 0.000
0.09 | 4 [0.000]0.938 [ 0.004 0.304 | 0.000
044 | 5 [o0.000] 0026 [0.712] 0304 0.000
0690 | 6 [0994]0.000 ] 0.000 ] 0.000 [ 0.000
GROUP B
0.2 | 1 1.000 [ 0.117 | 0483 | 0.115 | 0.601
014 | 2 [1o00 0.073 | 0.371 | 0.072] 0.714
023 | 3 [o117[0.073 0.981 | 1.000 | 0.000
013 | 4 [0483]0371 [0.981 0.980 | 0.007
023 5 [oa15]0.072]1.000] 0980 0.000
034 | 6 [o0601]0.714 ] 0.000 ] 0.007 | 0.000
GROUP C
122 1 0.000 [ 0.000 | 0.000 | 0.000 | 0.000
082 2 [0000 0.000 | 0.000 | 0.000 | 0.000
023 | 3 [0.000] 0000 0.002 | 0.000 | 0.004
057 | 4 [0.000] 0.000 | 0.002 0.843 | 1.000
0690 | 5 [0.000] 0000 |0.000] 0843 0.784
056 | 6 [0.000] 0.000 [ 0.004] 1.000 | 0.784
GROUP D
052 ] 1 0.884 | 0.866 | 0.004 | 0.000 | 0.000
067 2 [0884 1.000 | 0.000 | 0.000 | 0.000
066 | 3 [o0866] 1.000 0.000 | 0.000 | 0.000
010 | 4 [0.004] 0.000 [ 0.000 0.000 | 0.000
037 | 5 [0.000] 0.000|0.000] 0.000 0.000
112 [ 6 ]0.000] 0.000 |0.000] 0.000 | 0.000
GROUP E
058 | 1 0.887 | 0.000 | 0.000 | 0.000 | 0.000
071 2 [o0887 0.000 | 0.000 | 0.000 | 0.000
002 | 3 [0000]0.000 0.822 | 0.000 | 0.000
0.9 | 4 [0.000] 0.000 | 0.822 0.000 | 0.061
104 | 5 J0.000] 0.000 | 0.000] 0.000 0.005
057 | 6 [0.000] 0.000[0.000] 0.061 | 0.005
GROUP K
050 | 1 0.952 [ 0.612 | 0.000 | 0.000 | 0.000
061 | 2 0952 0.123 | 0.000 | 0.000 | 0.000
032] 3 Jos12] o123 0.000 | 0.000 | 0.000
033 | 4 [0.000] 0.000 | 0.000 0.001 | 0.000
087 | 5 ]0.000] 0.000 | 0.000 | 0.001 1.000
087 | 6 [0.000] 0.000 | 0.000] 0.000 | 1.000

http://scidoc.org/IJDOS.php

seems reasonable to extend the test cycle.

The study selected the canine as a pillar model because their
anatomical structure makes canines the most common residual
teeth and often the only pillars used in the planning procedure
and prosthetic rehabilitation [1]. Beuer et al., [33], Engels et al.,

[43] and Gling6r et al., [19] decided to choose, for this purpose,
the first premolar in the mandible in their presented study. In the
study of the 14-points of zirconium oxide supported on six tel-
escopic crowns of the zirconia double crown system Groesser
et al,, [44] presented the lowest value of the retention force for
canines, which is higher for premolars and the highest for the
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molars.

The authors explained this phenomenon by the extent of the sur-
face and the geometry.

Premolars and molars are the teeth with homogeneous geometry,
while the surface of a canine is difficult to adapt with a short pala-
tal part and adequately long buccal part subject to friction. The
retention value obtained in the study of a single support tooth
cannot refer to the final retention of the prosthesis based on it,
especially if there are other support teeth provided with telescop-
ic crowns. Retention of the prosthesis based on more than one
telescopic crown is not a simple sum of the individual pillars and
the retention does not correlate with their number [35].

The retention experiments were performed in experimental con-
ditions that do not exactly correspond to the situation that can
occur in the mouth of the patient. They are simplified models that
are designed to help to broaden the knowledge of the tribology
of the combinations of materials.

In the assessment of the test results the basis was the standardi-
zation of the measurement data, because the method of evalua-
tion does not refer to the absolute value of the retention force.
It shows changes during the following load cycles. Based on the
results, it can be concluded that the groups in which the elements
are made using CAD/CAM show a high stability of the reten-
tion force, which indicates that they are a preferred solution for
clinical use, which is also an important alternative to the tradi-
tional combinations of materials. This is confirmed by Beuer et
al.,, research, assessing the impact of the pillar height, the type of
material of the internal crown as well as the taper on the force
retention. In their study the authors used systems of telescopic
crowns where the internal crown was made of gold alloy in the
first group and zirconium oxide in the second group. The external
crowns in both groups were made of electroformed gold. This
study demonstrates that all of these factors have an influence on
the retention force. The authors indicate that, in a situation with
a 2° taper and long supporting teeth, zirconia primary crowns are
an alternative to primary gold alloy crowns. The authors present
a general conclusion from this research, which indicates that the
internal crowns made of zirconium oxide show a higher retentive
force than crowns made from gold alloys [33]. In addition, clini-
cal observations made by Zafiropulos et al., show that modern
material solutions might be preferred solutions in clinical use [20].

Studies were carried out in the project phase without the use of
lubricant, but the construction of the measuring device allows its
dosage. In the literature, such studies can often be found using
artificial salivaas a lubricant, and solutions are prepared in various
proportions with physiological salt solution or distilled water [31,
33-35, 40]. The presence of the lubricant may have an effect on
the measured value of the retention force and the selection of
materials [33]. The study of Bayer et al. did not show a significant
impact of the presence of lubricant on the obtained values of
retention force but the tendency did occur [35]. The use of a lu-
bricant during the research makes test conditions closer to those
existing in the oral cavity and allows the removal of optionally
formed surface degradation products. Further research is planned
on the issue, where it is assumed that tests will be performed in
the presence of the artificial saliva between the two elements in
order to assess the impact of this factor on the value and charac-

http://scidoc.org/IJDOS.php

teristics of the obtained measurements.

This research is a pilot study of designed studies with retention
systems of telescopic crowns in different combinations of ma-
terials.

Conclusion

1. The CAD/CAM technology that allows one to make primary
and secondary zirconia crowns in three element telescopic crown
systems ensures the most stable retention force irrespective of the
type of intermediate element mounted between them.

2. When planning telescopic crowns systems, special attention
should be paid to the type of material from which the external
crown will be made. This element has the greatest influence on
the changes in the retention force in the range of observations
that match clinical use.

3. When using telescopic crowns systems made of the traditional
combinations of materials (Au-AuGalv-CrCo) the increasing re-
tention force as a function of the number of load cycles may be
accompanied by the risk of mechanical damage to the systems.

4. Because of the positive character of changes in the retention
force observed for the material combination (ZrO,-AuGalv-
C1Co), which is a combination of elements that are made using
both modern technology and traditional methods of casting, the
system can be considered in clinical practise.

In conclusion it should be noted that the current method of as-
sessing changes in the retention force allows for the analysis of
the telescopic crown systems that are based on currently used
materials and modern technologies in a variety of combinations.
It can be an instrument of rapid, initial verification of the new
combinations of materials before the clinical research. The de-
velopment of such methods seems to be particularly useful in the
wortld of rapid progress in the fields of information technology
and materials engineering,

The availability of new technologies and the possibility to apply
the appropriate combinations of materials can significantly affect
the achievement of successful rehabilitation of the masticatory
system.
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