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Abstract
Objectives To analyze the retention forces between primary and secondary telescopic crowns milled from various materials and
to compare them with the retention forces between cast telescopic crowns made of precious metal alloys.
Materials and methods Primary and secondary crowns (N = 60; n = 10 per group) were fabricated using various material
combinations (1: zirconia [ZIR]/polyether ether ketone [PEEK]; 2: titanium grade IV [TI]/PEEK; 3: PEEK/PEEK; 4: non-
precious alloy [NPA]/PEEK; 5:NPA/NPA), while precious alloy (PA) was used for the control group (6: PA/PA). The retention
forces at 10, 1000, 5000, and 10,000 connection and disconnection cycles and the relative weights were analyzed, applying
nonparametric repeated measures ANOVA and post hoc Mann–Whitney and Wilcoxon signed-rank tests (α < 0.05).
Results Globally, significant differences in the retention forces among the materials (p < 0.0001), time points (p < 0.0001), and
wear resistance for the various materials (p < 0.0001) were observed. No significant changes in retention forces compared to
baseline were observed in groups 2, 4, 5, and 6. A significantly higher weight loss for both primary and secondary crowns was
observed in groups 4 and 6.
Conclusions The material combination in telescopic attachments influences retention forces and wear. Interactions between
materials and time were evident, indicating that the change in retention forces differs among the materials. The combinations
of milled TI/PEEK and NPA/NPA qualify for further preclinical testing in a more clinically realistic setup, determining a
material-specific double-crown design.
Clinical relevance The design of precious alloy telescopic crowns cannot be directly transferred to other milled material combi-
nations due to different retention behaviors.
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Introduction

In partially edentulous patients, removable partial dentures
(RPDs) represent one of the available treatment options for
replacing missing teeth, especially when multiple teeth or ad-
herent structures such as hard and soft tissues must be replaced
[1]. There are several RPD types, with clasp-retained RPDs
being the most commonly applied type worldwide [2]. RPDs
can successfully be combined with strategically placed im-
plants, which might be of particular benefit in clinical situa-
tions with extended edentulous ridges. However, these tooth-
implant-retained RPDs usually compose multiple types of at-
tachments on the abutment teeth and implants. Whether this
combination of different attachments affects abutment surviv-
al or complication frequencies has not yet been conclusively
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clarified [3]. Double crowns can be used on both teeth and
implants and therefore represent one option to overcome the
use of mixed attachments in tooth-implant-supported RPDs.
In general, reported abutment and prosthetic survival rates in
double-crown-retained RPDs are higher compared to classical
clasp-retained RPDs [4].

Double-crown attachments consist of a primary crown,
which is directly cemented to an abutment tooth or screwed
onto an implant, and a secondary crown, which is incorporated
in the denture. Double crowns are frequently applied, especially
in Japan and Germany [5–8]. Among the various types of dou-
ble crowns, telescopic crowns with a parallel- or nearly parallel-
walled (0–2°) primary crowns are commonly applied [9].

Typically, the combination of materials in telescopic-
crown-retained RPDs composes a metal–metal, zirconia–met-
al, or metal–polymer contact, which has different surface wear
patterns and, therefore, variable resistance to repetitive
removal–insertion cycles [9, 10]. Commonly, a hard material
that shows high resistance to wear was chosen as the primary
crown and a more flexible material as the secondary crown.
Historically, primary and secondary crowns were cast from
precious or non-precious metal alloys [4]. The time-
consuming casting techniques, especially in combination with
the use of precious alloys, resulted in high manufacturing
costs and consequently in high prices relative to clasp-
retained RPDs. Furthermore, the casting of non-precious al-
loys is a challenging procedure, resulting in varying alloy
compositions, surface properties, and consequently different
levels of biocompatibility [11]. With the advent of computer-
aided design (CAD) and computer-aided manufacturing
(CAM) technologies, precision milling of inner and outer
crowns has been more and more frequently applied.
Consequently, further materials for primary and secondary
crowns including zirconia (ZrO2), titanium, or high-strength
resins such as polyether ether ketone (PEEK) [12–16] have
been introduced. Milling primary and secondary crowns from
these materials may help reduce human labor and manufactur-
ing costs, and the related financial burden for the patient, of
double-crown-retained RPDs [17]. Furthermore, only a single
study which has systematically evaluated the evolution of re-
tention forces using various material combinations, especially
regarding milled primary and secondary crowns, could be
identified [18]. Therefore, the current study aimed to analyze
the progression over time of retention forces of various mate-
rial combinations inmilled primary and secondary crowns and
to compare it to the golden standard (cast precious alloy pri-
mary and secondary crowns) with the same design. The null
hypothesis was that the retention forces of various milled pri-
mary and secondary crowns will be equal to those of casting
precious alloy crowns after 10,000 connection and disconnec-
tion cycles, simulating 10 years of use. Furthermore, the loss
of mass after the simulated 10-year use was to be measured as
a secondary outcome.

Materials and methods

Specimen preparation

A total of 1 control and 5 test groups containing 10 specimens
each (n = 10) were defined, resulting in a total of 60 speci-
mens. The primary crowns of the test groups were made of a
non-precious alloy (NPA), zirconia (ZIR), polyether ether ke-
tone (PEEK), or titanium (TI). The secondary crowns were
made of NPA or PEEK. Primary and secondary crowns made
out of a precious alloy (PA) served as the control group. The
specifications of the applied materials and their combinations
are given in Tables 1 and 2.

An artificial typodont (FDI 13, Nissin, Kyoto, Japan) was
prepared for a full crown according to the following design: a
shoulder of 1.2 mm, axial reduction of 1.2 mm, an axial taper
of 6°, and incisal clearance resulting in a final height of 5 mm.
Afterward, the prepared tooth was digitized with a laboratory
scanner (DWSeries 7, Dentalwings, Chemnitz, Germany) and
milled (M1; Zirkonzahn, Gais Italy) from polyurethane resin
(Try-in III; Zirkonzahn, Gais, Italy) (n = 60). The bottom of
the tooth had an oval shape with one flattened surface,
guaranteeing precise repositioning in a customized device
for standardized base plate manufacturing and subsequent lut-
ing of the primary crowns to the artificial teeth (Fig. 1). The
teeth were embedded in polymethyl methacrylate (PMMA)
(Paladur®; Kulzer GmbH, Hanau, Germany) resin base
plates.

Milling procedure

CAD was used for the primary and secondary crowns of the
test groups. Subsequently, all crowns were milled using stan-
dardized parameters on the same milling machine (DC5;
Dental Concept Systems GmbH, Ulm, Germany): a cement
gap of 0.02 mm, a horizontal crown border offset of 0.1 mm,
and a vertical offset of 0 mm. The wall thickness of all primary
and secondary crowns was 0.3 mm to evaluate if all crowns
would survive the cyclic connections and disconnection de-
spite their small wall thickness. The retention height was
4.5 mm interdentally and 2 mm buccally/orally, and the taper
was 1°. The outer surface of the primary crowns was finished
by manual polishing without additional grinding. The
polishing was done, following material-specific polishing
tools, always by the same master dental technician (Table 3).
The inner surface of the secondary crowns was not modified.
For the control group, the primary crowns were milled from
wax with the same parameters applied to the test groups and
subsequently converted to PA crowns using the lost-wax tech-
nique. After polishing, the secondary crowns were manually
created from wax, copying the digital design of the secondary
crowns as well as possible, and subsequently also cast from
the same PA. An overview of all types of primary and
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secondary crowns is presented in Fig. 2. A tertiary structure
was designed based on the secondary crown design andmilled
from a non-precious alloy. The design covered the secondary
crowns completely to prevent bending during cyclic loading
and included a direct connection to the collet of the test device
(Model 5942; Instron France SAS, Elancourt, France).

Crown conditioning and cementation

The inner surfaces of the primary crowns and the tertiary
structure, as well as the outer surfaces of the secondary
crowns, were sandblasted with aluminum oxide (3 bar pres-
sure, grain size 50 μm), creating a micro-rough surface.
Thereafter, all specimens were placed in an ultrasonic bath
for 5 min and, following air drying, weighed on a balance with
a precision of 1 μg (R200D; Sartorius AG, Göttingen,
Germany).

The primary crowns were luted to the artificial polyure-
thane teeth using a chemically polymerizing PMMA

(Paladur®). After polymerization, the base plates, including
the specimens with the primary crowns, were mounted in the
test device, and the secondary crowns were placed on the
primary crowns in their final position. The base plate mounts
of the test device were identical to those of the customized
base plate manufacturing device, guaranteeing exact specimen
repositioning (Fig. 3). The tertiary structure was filled with

Table 1 Overview and composition of applied materials. PA, precious alloy; NPA, non-precious alloy; PEEK, polyether ether ketone; TI, titanium;
ZIR, zirconia

Material Brand name Manufacturer Composition

ZIR DC Zirkon Premium Dental Concepts Systems GmbH, Wahlsburg, Germany

TI DC Titan Grade 4 Dental Concepts Systems GmbH, Wahlsburg, Germany Titanium: > 99%
Others: < 1%

PEEK BioHPP Bredent Group, Senden, Germany Polyether ether ketone: 80%
Inorganic fillers: 20%

NPA DC NP EXPERT C+B 270 Dental Concepts Systems GmbH, Wahlsburg, Germany Cobalt: 65%
Chrome: 28.5%
Molybdenum: 5.5%
Others: < 1%

PA Protor 3 Cendres Metaux, Biel/Bienne, Switzerland Gold: 68.6%
Platinum: 2.45%
Palladium: 3.95%
Silver: 11.85%
Copper: 10.6%
Tin: 2.5%
Irridium: 0.05%

Table 2 Applied material combinations for the fabrication of primary
and secondary crowns. PA, precious alloy; NPA, non-precious alloy;
PEEK, polyether ether ketone; TI, titanium; ZIR, zirconia

Primary inner crown Secondary outer crown

Test 1 (n = 10) ZIR PEEK

Test 2 (n = 10) Ti PEEK

Test 3 (n = 10) PEEK PEEK

Test 4 (n = 10) NPA PEEK

Test 5 (n = 10) NPA NPA

Control (n = 10) PA PA Fig. 1 Customized device for standardized base plate fabrication for the
artificial tooth and cementing of the primary crown
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chemically polymerizing PMMA resin (Paladur®), fixated in
the top collet of the measuring device, and moved downwards
until the secondary crown was completely covered. After the
polymerization process, the top collet, including the tertiary
structure with the secondary crown, was moved upwards, and
all excess resin was removed.

Cyclic loading

Cyclic connections and disconnections were performed
10,000 times, simulating 10 years of use, assuming denture
insertion and removal three times a day. The cycles were
performed under wet conditions (distilled water) at a temper-
ature of 37°C in a temperature-controlled bath. The crosshead
speed was set to 1 mm/s while moving downward and 0.5
mm/s while moving upward. The secondary crowns were con-
nected to the primary crowns with a force of 40 N, which was
held for 1 s. The secondary crowns were then disconnected,
and the maximum forces during disconnection were recorded
in Newtons (N) by the test device. The vertical distance for
each cycle was 3 mm. For the subsequent analyses, the max-
imum disconnection forces of cycles 10, 100, 500, 1000,
2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, and
10,000 were considered, but the data of every cycle were
recorded. Data from the first 10 cycles were omitted to ensure
stable testing conditions for all specimens. After finishing the
cyclic connections, the primary and secondary crowns were
removed from the specimens and the tertiary structure, respec-
tively, using a Bunsen burner. All PMMA remnants on the

crowns were carefully removed at 3.5-fold magnification, and
the weight was assessed using the same high precision balance
from the start of the experiment.

Statistical analysis

A power analysis could not be performed due to the absence
of reference data. Nevertheless, a higher sample size (n = 10
per group) relative to similar in vitro studies on double crowns
was chosen [19–21]. For assessing the outcome of variable
retention and wear (relative weight loss), a nonparametric,
repeatedmeasures ANOVA byBrunner and Langer [22], with
the factors time (number of cycles, as repeated measurements)
and material, was performed. Post hoc exact Mann–Whitney
tests were performed to compare the retention forces and
weight losses of all materials with each other after 10, 1000,
5000, and 10,000 loading cycles simulating baseline, 1, 5, and
10 years of use, respectively. Effect values for materials were
estimated as the median difference (including 95% confidence
intervals [CIs]) with respect to the baseline category PA/PA
(control). To assess changes in retention forces over time
within each material, exact Wilcoxon signed-rank tests were
performed. Here, the effect values for cycles were estimated
by the Hodges–Lehmann median (including 95% CIs) with
respect to the baseline category of 10 loading cycles. To com-
pare the behavior over time between each pair of materials,
nonparametric repeated-measures ANOVAs were again uti-
lized. Throughout the analysis, p values smaller than 0.05

Table 3 Overview of the
material-specific polishing steps
and instruments. All instruments
were from Fa. Bredent, Senden,
Germany. NPA, non-precious al-
loy; TI, titanium; PEEK,
polyether ether ketone; ZIR,
zirconia

NPA/TI PEEK ZIR

Step 1 Ceragum Gummipolierwalze

REF PWKGO600

Ceragum Gummipolierwalze

REF PWKGO600

Rundbürsten Ziegenhaar

REF 35000540

Step 2 Rundbürsten Chungking

REF 35000510

Rundbürsten Ziegenhaar

REF 35000540

Zi-polish

REF 36010025

Step 3 Abraso Starglanz

REF 52000163

Lederschwabbel

REF 35000660
Step 4 Abraso Starglanz

REF 52000163

Fig. 2 All types of primary and secondary crowns, from left to right: Zirconia/PEEK, non-precious alloy/PEEK, PEEK/PEEK, titanium/PEEK, non-
precious alloy/non-precious alloy, and precious alloy/precious alloy
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were considered statistically significant. All analyses were
performed with the statistics software R version 3.5.0 [23].

Results

No fractures or decementations were observed during the pro-
cedure. Materials and loading cycles showed significant im-
pacts on both retention force and relative weight loss (all p <
0.0001), including significant interaction (all p < 0.0001) ac-
cording to the repeated measures nonparametric ANOVA.

Evolution of retention forces within the groups

An overview of the retention forces during all cycles is
depicted in Fig. 4. All materials were evaluated separately,
comparing the retention forces at the beginning and the end
of six cycling intervals: the initial year of use (I) = cycle 10 vs.
1000; the initial 5 years of use (II) = cycle 10 vs. 5000; the
initial 10 years of use (III) = cycle 10 vs. 10,000; the second to
the fifth year of use (IV) = cycle 1000 vs. 5000; the second to
the tenth year of use (V) = cycle 1000 vs. 10,000; and the sixth
to the tenth year of use (VI) = cycle 5000 vs. 10,000.

A statistically significant increase in retention forces was
observed for test group 1 (ZIR/PEEK) for all intervals (I–V: p
= 0.002; VI: p = 0.004). As for test group 2 (TI/PEEK), the
intervals I (p = 0.01) and II (p = 0.02) showed increases,
whereas a significant decrease of retention forces was found
over interval V (p = 0.04). In test group 3 (PEEK/PEEK),

retention forces rose significantly over all intervals except
intervals V and VI (I–III: p = 0.002; IV: p = 0.004).
Significant differences could be found for test group 4
(NPA/PEEK) in the intervals IV (p = 0.01), V (p = 0.004),
and VI (p = 0.03), strictly decreasing after 1000 cycles. For
test groups 5 (NPA/NPA) and 6 (PA/PA), only one interval
presented a significant decrease in retention force over time. In
group 5 (NPA/NPA), this was interval IV (p = 0.049); and in
group 6 (PA/PA), it was interval VI (p = 0.008). Table 4 lists
an overview of the estimated differences between baseline and
1000, 5000, and 10,000 cycles, including 95% confidence
intervals (CIs) and separated for all materials.

Evolution of retention forces across the groups

With respect to the parameter “material,” significant differ-
ences of all cumulative loading cycles were found when the
control group (PA/PA) was compared to groups 1 (ZIR/
PEEK) and 3 (PEEK/PEEK) (p < 0.001). Comparisons be-
tween the control group and groups 2 (TI/PEEK, p = 0.15),
4 (NPA/PEEK; p = 0.47), and 5 (NPA/NPA, p = 0.06) re-
vealed no statistically significant differences, demonstrating
similar evolution of retention forces. An overview of retention
force differences at 10, 1000, 5000, and 10,000 cycles, com-
paring the test groups to the control group, is presented in
Table 5.

Wear

Wear was evaluated by the relative weight loss of the primary
and secondary crowns during 10,000 connection and discon-
nection cycles. The weighing of each primary and secondary
crown was performed before and after the cyclic loading.
Figure 5 provides an overview of the relative weight loss of
the primary and secondary crowns. The highest relative
weight loss was found in groups 4 (NPA/PEEK) and 6 (PA/
PA). However, comparing the control to the test groups, this
loss was not significant for group 4 (for which we observed
the greatest change in weight across all groups), neither in the
primary (p = 1) nor in the secondary crowns (p = 0.12).

Discussion

The current study compared the evolution of retention forces
between primary and secondary telescopic crowns milled
from various materials to the retention forces of cast precious
metal alloy primary and secondary crowns, simulating 10
years of denture insertion and removal. Based on our obser-
vations, the null hypothesis of equal retention forces was
rejected. Statistically significant differences for the parame-
ters’ material, cycling, interaction, and wear could be
demonstrated.

Fig. 3 Specimen positioning with the cemented primary crown in the test
device before luting of the secondary crown in the tertiary structure,
which was positioned in the upper collet
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CAD/CAM technology is characterized by its high preci-
sion and is currently used to mill and fabricate telescopic
crowns [24]. Furthermore, an increase in efficiency is attrib-
uted to the use of CAD/CAM processes, which avoids casting
technology-associated errors [25–27]. The strength of this
study lies primarily in the uniform design for the primary
and secondary crowns, including the control group in which
the primary crown was initially fabricated from a millable
wax. Only the secondary crowns in the control group were
made using a conventional metal casting, which is still the
gold standard for secondary crown fabrication.

Canines are among the most commonly used teeth for an-
choring telescopic dentures. Therefore, in this study, we de-
cided to use an artificial canine to design the telescopic
crowns. However, telescopic prostheses are rarely fabricated
on single teeth, which is probably the biggest limitation in this
study. Nevertheless, previous studies have tested the retention
forces of double crowns on single teeth to model the effects of
parameters such as the crown taper, material, or the length of
the retentive portion on retention force [19–21]. Another

limitation of our approach is that horizontal and extra-axial
forces, which are known to accelerate wear behavior, were
not applied [28]. In addition, both the primary and secondary
crowns were fabricated with lower material layer thicknesses
than described in the literature [19–21]. The idea behind this
was to evaluate whether these new material combinations
would survive 10 years of simulated insertion and removal
even in these reduced layer thicknesses and thus potentially
eliminate one of the main limitations of double crowns, which
is over contouring [29]. Since no major damage to the crowns
was observed, it is unlikely that the thin layer thicknesses had
any effect on the retention forces due to the complete coverage
of the crowns in a tertiary framework and the associated pre-
vention of bending up.

Retention forces have been tested under moist conditions in
previous studies on telescopic crowns. The moist conditions
are necessary to generate hydraulic adhesion between primary
and secondary crowns [30]. Both distilled water [31] and ar-
tificial saliva [32] have been used in previous studies to create
a moist environment. Our preliminary tests showed no

Fig. 4 Change of retention forces for each material combination over
time. “No. of Cycles” refers to the number of insertion–separation cycles;
retention was consecutively tested for 10–10,000 cycles. PA = precious

alloy, NPA = non-precious alloy, PEEK = polyether ether ketone, TI =
titanium, and ZIR = zirconia
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difference between the two media; therefore, we decided to
use distilled water for simplicity. Cyclic loading under wet
conditions enables the formation of negative pressure in the
occlusal gap while loosening the secondary crown. The com-
pensation occurs via a delayed salivary flow (here, distilled
water) in the area of the parallel surfaces between the primary
and secondary crowns. The resulting flow resistance (Hagen–
Poiseuille law) between the contact surfaces increases the ad-
hesion, especially in very thin capillary-like gaps, such as can
be found between the primary and secondary crowns due to
the CAD/CAM milling process [33]. This may explain why
the retention forces in this study are significantly higher than
the 5–10 N described as ideal in the literature, especially con-
sidering that the retention forces in the control group were in a

similar high range. Such comparatively high retention forces
have also been demonstrated in previous in vitro studies on
retention forces under moist conditions [19, 31]. Using the
present telescopic-crown materials under in vivo conditions,
the retention forces should be tested intraorally, and if exceed-
ing the desired forces, manual polishing of the primary
crowns’ outer and/ or secondary crowns’ inner surfaces may
be applied. Furthermore, increasing the offset between prima-
ry and secondary crowns, increasing the taper, or reducing the
length of the retentive portions may represent further options
during the CAD/CAM process to decrease retention forces
[19–21, 32, 34].

All applied materials demonstrated a significant change in
retention force over at least one of the evaluated time intervals.

Table 4 Overview of
significantly different retention
forces between applied material
combinations at specific loading
cycles. PA, precious alloy; NPA,
non-precious alloy; PEEK,
polyether ether ketone, TI, titani-
um; ZIR, zirconia

Number of loading cycles Material combination 1 Material combination 2 p value

10 PA/PA NPA/NPA < 0.0001

PA/PA PEEK/PEEK 0.009

PA/PA ZIR/PEEK < 0.0001

NPA/NPA NPA/PEEK 0.0002

NPA/NPA PEEK/PEEK < 0.0001

NPA/NPA TI/PEEK 0.0007

NPA/NPA ZIR/PEEK < 0.0001

NPA/PEEK ZIR/PEEK 0.006

PEEK/PEEK ZIR/PEEK 0.004

TI/PEEK ZIR/PEEK 0.0007

1000 PA/PA NPA/NPA 0.003

PA/PA ZIR/PEEK 0.004

NPA/NPA NPA/PEEK < 0.0001

NPA/NPA PEEK/PEEK 0.0007

NPA/NPA TI/PEEK 0.03

NPA/NPA ZIR/PEEK < 0.0001

NPA/PEEK TI/PEEK 0.01

PEEK/PEEK ZIR/PEEK 0.009

TI/PEEK ZIR/PEEK 0.0005

5000 PA/PA NPA/NPA 0.006

PA/PA ZIR/PEEK 0.045

NPA/NPA NPA/PEEK < 0.0001

NPA/NPA ZIR/PEEK 0.0001

NPA/PEEK PEEK/PEEK 0.003

NPA/PEEK TI/PEEK 0.0007

PEEK/PEEK ZIR/PEEK 0.002

TI/PEEK ZIR/PEEK 0.01

10,000 PA/PA NPA/NPA 0.002

NPA/NPA NPA/PEEK < 0.0001

NPA/NPA PEEK/PEEK 0.045

NPA/NPA ZIR/PEEK 0.005

NPA/PEEK PEEK/PEEK 0.0001

NPA/PEEK TI/PEEK 0.003
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However, after ten simulated years of denture insertion and
removal, no significant changes in retention forces relative to
baseline were observed in groups 2 (TI/PEEK), 4 (NPA/
PEEK), 5 (NPA/NPA), and 6 (PA/PA). The retention forces
in group 1 (ZI/PEEK) increased constantly and significantly
over the entire study period, whereas the retention forces in
group 3 (PEEK/PEEK) increased only during the first five
simulated years, remaining constant thereafter. The only two
groups that demonstrated significantly higher retention forces
after 10 years were those which did not include a metal alloy
primary crown. In general, an increase in retention forces is
often seen in the early stages of testing various retentive ele-
ments for prostheses. This is attributed to initial plastic defor-
mation and an increase in surface roughness [21, 35]. The
outer surfaces of the primary crowns and the inner surfaces
of the secondary crowns are prone to elastically reversible
deformations and plastically irreversible deformations during
insertion, removal, and chewing movements. Consequently, a
possible explanation for these developments of the retention
forces could be material-specific deformation or wear. In gen-
eral, it can be assumed that an increase in roughness leads to
an increase in retention force. In addition, the mechanical
adaptation of the primary and secondary crowns at their inter-
faces may play a role in the increase [31]. However, this in-
crease in retention force only continues until a critical limit of
plastic deformation of at least one of the two crowns is
reached. If this limit is exceeded, this leads to a decrease in
the retention force since the interface between the primary and
secondary crowns is no longer congruent and the desired static
friction can no longer occur. The fact that the two groups in
which retention forces increased were among the groups with
the lowest relative weight loss supports the theory that

material wear in these groups did not reach the critical limit
to precipitate a decrease in retention force.

At the beginning (10 cycles) and at the end of the cyclic
connections and disconnections (10,000 cycles), significantly
different retention forces between most of the material groups
were observed, which was also demonstrated in a previous
study applying similar material combinations [31].
Comparing the evolution of retention forces, no significant
differences between the control group and group 2 (TI/
PEEK, 4 (NPA/PEEK) or 6 (NPA/NPA) were found, which
means that all groups including at least one metal part dem-
onstrated similar retention behavior. Since the material com-
bination PA/PA has been shown to be reliable, it seems ad-
vantageous to retain at least one metallic component in any
possible material combination for telescopic crowns.
Creating an optimum surface morphology using CAD (in
addition to the precision of the milling process), the select-
ed fit parameters, ideal tools, and the milling path strategy
are decisive [15]. An improved fit with a consequently
narrower joint gap between the primary and secondary
crowns may be achieved using digital fabrication technol-
ogies. However, the knowledge regarding how an in-
creased fit between primary and secondary crowns using
different materials affects the development of retention
forces, as well as the wear resistance, is very limited. Our
results show that both the retention behavior and the wear
were very different despite the standardized design of the
primary and secondary crowns. The consequences of this
could be that for each material combination, the optimal
design must be separately determined and that earlier re-
sults on precious metal telescopic crowns cannot simply be
transferred to these new material combinations.

Table 5 Overview of differences
in the weight loss of primary and
secondary crowns comparing all
applied materials. PA, precious
alloy; NPA, non-precious alloy;
PEEK, polyether ether ketone; TI,
titanium; ZIR, zirconia

Material combination 1 Material combination 2 p value

“Primary”

p value

“Secondary”

PA/PA NPA/NPA < 0.0001 < 0.0001

PA/PA NPA/PEEK 1 0.12

PA/PA PEEK/PEEK < 0.0001 0.001

PA/PA TI/PEEK < 0.0001 < 0.0001

PA/PA ZIR/PEEK < 0.0001 0.001

NPA/NPA NPA/PEEK 0.014 < 0.0001

NPA/NPA PEEK/PEEK 0.053 0.005

NPA/NPA TI/PEEK 0.66 0.02

NPA/NPA ZIR/PEEK 0.06 0.91

NP/PEEK PEEK/PEEK 0.008 0.0001

NP/PEEK TI/PEEK 0.01 < 0.0001

NPA/PEEK ZIR/PEEK 0.008 < 0.0001

NPA/PEEK TI/PEEK 0.48 0.54

PEEK/PEEK ZIR/PEEK 0.53 0.02

TI/PEEK ZIR/PEEK 0.55 0.04
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Wear of the secondary and especially primary telescopic
crowns presents a major challenge for clinicians. While sec-
ondary crowns may be replaced with relative ease, replacing
primary crowns on teeth requires the destruction of the crown,
which is accompanied by potential damage to the remaining
tooth structure. Therefore, one of the main requirements for
double-crown systems is to choose a wear-resistant material,
especially for the primary, but also for the secondary telescop-
ic crown. In terms of wear resistance, the material combina-
tions NPA/NPA, ZIR/PEEK, PEEK/PEEK, and TI/PEEK
demonstrated more favorable outcomes relative to the control
group. While ZIR/PEEK and PEEK/PEEK showed a constant
increase in retention forces, the evolution of retention forces in

the material combinations TI/PEEK and NPA/NPA were sim-
ilar to the control group and may therefore be recommended
for clinical application. The suitability of these material com-
binations has already been demonstrated in previous in vitro
studies, with two (NPA/NPA) or four telescopic crowns (TI/
PEEK) per denture, respectively [9, 31]. Although a signifi-
cant decrease of retention forces (36.17%) has been reported
for casted NPA/NPA telescopic crowns after simulated 10
years of use, a recent in vitro study demonstrated a significant-
ly lower loss of retention in milled compared to casted NPA/
NPA double crowns, confirming the results of the present
study [18]. The difference between the casted and milled
groups was mainly attributed to the higher accuracy and the

Fig. 5 a Relative weight loss (%)
in primary crowns in all applied
material combinations; PA =
precious alloy, NPA = non-
precious alloy, PEEK = polyether
ether ketone, TI = titanium, and
ZIR = zirconia. Alphabetic su-
perscripts indicate significant dif-
ferences between the groups. b
Relative weight loss (%) in sec-
ondary crowns in all applied ma-
terial combinations; PA = pre-
cious alloy, NPA = non-precious
alloy, PEEK = polyether ether
ketone, TI = titanium, and ZIR =
zirconia. Alphabetic superscripts
indicate significant differences
between the groups
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lower surface roughness of the milled group [18]. Thematerial
combination NPA/NPA has also been evaluated in a retro-
spective clinical study and while the authors of that study
did not observe a difference in denture survival, the abutment
survival rate was significantly higher in the control group
using PA/PA telescopic crowns [36]. However, the
manufacturing technique of the NPA/NPA crowns has not
been reported in that specific study.

Future in vitro studies should evaluate the effects of various
designs, such as the taper or the gap size between primary and
secondary crowns milled from promising, wear-resistant ma-
terial combinations, e.g., TI/PEEK. The evolution of retention
forces in such studies should be evaluated in a clinically more
relevant setup with four telescopic crowns in a strategically
beneficial distribution across the jaw. Furthermore, in addition
to retention forces, other potential problems, such as the ce-
mentation of these new materials or the development of sur-
face roughness due to wear and associated plaque adhesive-
ness, need to be investigated [18, 37]. The results of those
in vitro studies should be completed by in vivo studies focus-
ing specifically on abutment survival.

Conclusion

The materials used for milling primary and secondary tele-
scopic crowns have an effect on the absolute retention forces,
the evolution of retention forces over time, and the resistance
to wear, even if the same crown design is chosen. The material
combinations titanium/PEEK and non-precious alloy/non-
precious alloy can be recommended for future research. The
evolution of retention forces with these combinations was
comparable to precious alloy/precious alloy telescopic
crowns, but the wear was even smaller. The existing knowl-
edge regarding telescopic crowns consisting of precious metal
alloy primary and secondary crowns cannot be directly trans-
ferred to other material combinations, even if the same design
is used for crown fabrication.
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