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Abstract
Objective The objective of the study was to investigate the
clinical outcome for electroplated telescopic removable dental
prostheses (E-RDPs) with zirconia primary crowns.
Materials and methods Sixty E-RDPs, with primary crowns
manufactured from either cobalt–chromium alloy or zirconia,
were fabricated for 56 participants. Electroplating was used to
produce gold copings directly on the telescopic primary crowns.
These copings were bonded intra-orally to the prosthesis frame-
work. After 36 months, prosthesis survival and number of com-
plications were assessed. Statistical analysis was performed by
the use of Kaplan–Meier modeling and the log-rank test.
Results Survival of the E-RDPs, 96.4% after 3 years, was iden-
tical in both groups. The need for aftercare was high but not
significantly different: technical complications were observed
for 37% and 42.9% of the prostheses for the zirconia and co-
balt–chromium alloy primary crowns, respectively. Fracture of
composite veneer was the most frequent complication (59.1%).
The incidence of fractured abutment teeth, decementation, and
endodontic problems was 7.9% in the zirconia group and 14%
in the control group. The majority of abutment-level complica-
tions were treated restoratively. A significant difference was
found for maximum probing depth at the abutment teeth: In
the zirconia group, it decreased by 0.2 mm, whereas it increased
by 0.8 mm in the control group (p = 0.04).
Conclusions After 3 years of observation, survival of zirconia
E-RDPs was favorable and comparable with that of

established double-crown-retained prostheses. Further studies
must clarify whether there are benefits of zirconia primary
crowns for periodontal health.
Clinical relevance Although these results encourage the use
of zirconia primary crowns, more research is necessary to
reduce the number of complications observed for secondary
telescopic crowns, for example, failure of the veneer.

Keywords Prosthetic dentistry . Removable dental
prostheses . Electroplating . Zirconia . Cobalt–chromium

Introduction

Double-crown attachments have proven successful for reten-
tion of removable dental prostheses (RDPs) [1–3]. They are
characterized by inner, or primary, crowns, which are
cemented to abutment teeth, and secondary crowns, which
are integrated within removable prostheses [4] .
Electroplating, or galvanoforming, can be used to manufac-
ture the secondary crowns [5]. The electroplated copings are
not affected by casting shrinkage and are bonded intra-orally
to the denture framework to optimize Bpassive^ fit, particular-
ly with multiple attachment teeth or implants. Electroplating is
an extensively automated process and does not require special
technical skills [6]. Survival and incidence of complications
are acceptable for electroplated telescopic removable dental
prostheses (E-RDPs) [6].

Primary crowns for E-RDPs can be manufactured from
zirconia by the use of CAD/CAM technology [7]. With zirco-
nia primary crowns, healthy soft tissues and good denture
retention have been observed [7, 8]. Zirconia primary crowns
might, furthermore, improve function as a result of reduced
retention force variability [9] and are of interest to patients
who demand an attachment with tooth-like color when the
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denture is removed [10]. Retention forces for ceramic primary
crowns are stable, even after extensive use [11]. Despite these
advantages, clinical data for zirconia E-RDPs is sparse [12].

This prospective study was therefore designed to evaluate
clinical outcome for zirconia E-RDPs. For comparison, E-
RDPs with conventional, cast, cobalt–chromium primary
crowns were fabricated, i.e., the groups differed with regard
to the material of the primary crowns. More specifically, sur-
vival and the most frequent biological and technical compli-
cations were studied in a randomized clinical study.

Materials and methods

Trial design

This study was approved by the local ethics committee (file
S-451/2005) and was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Participants were ran-
domly assigned to receive E-RDPs with either zirconia prima-
ry crowns (test group) or cast cobalt–chromium alloy primary
crowns (control group). Before preparation of the abutment
teeth, randomization was performed, i.e., the operating clini-
cian opened an envelope containing computer-generated in-
formation about the respective study group.

Participants

Consecutive patients visiting the Department of Prosthodontics
at Heidelberg University Hospital with a need for partial denture
treatment were assessed for eligibility. The predefined inclusion
criteria were minimum age 18 years, number of abutment teeth
between 2 and 6, and ability to give written informed consent.
Exclusion criteria were proved allergies to the dentalmaterials to
be used and patient’s wish for implant-supported restorations.
Fifty-six patients were enrolled in this trial. Four participants
(test group 3, control group 1) received prostheses in both max-
illa and mandible, resulting in manufacture of a total of 60 E-
RDPs (30 in each study group). As reported elsewhere [12],
main baseline characteristics were balanced: in both groups,
most participants were female (test group 27 participants, 10

male, 17 female; control group 29 participants, 6 male, 23 fe-
male). At the time the prostheses were integrated, the mean age
was 61 years (SD 9.5 years; range 44–76 years). In both groups,
more E-RDPs were inserted in the maxilla (test group 19 in
maxilla, 11 in mandible; control group 20 in maxilla, 10 in
mandible). The mean number of abutment teeth per denture
was four (test group 114/30 = 3.8; control group 129/
30 = 4.3). Most patients were Kennedy class I (test group 22;
control group 21). Fewer cases were Kennedy class II (test
group 6, control group 5) and class III (test group 2, control
group 4). Follow-ups were scheduled 6, 12, 24, and 36 months
after denture insertion.

Clinical procedure

Participants were treated either during student courses, under
supervision by experienced resident dentists or by the resident
dentists themselves. A routine procedure described by Weigl
et al. was used for E-RDP manufacture [11]. The abutment teeth
were prepared and conventional impressions were taken
(Impregum; 3M Espe, Bad Seefeld, Germany). In the dental
laboratory, type IV gypsum models were produced. These
models were digitized to manufacture the zirconia primary
crowns (Procera Forte; Nobel Biocare, Göteborg, Sweden). The
datasets were transferred to Nobel Biocare for milling of a coping
with the Procera system (Fig. 1). After a clinical try-in session, the
copings were finished in the dental laboratory on the master cast.

The cobalt–chromium primary crowns (Remanium 2000+;
Dentaurum, Ispringen, Germany) were made by the use of the
lost-wax technique. Both primary crown types were
manufactured with a 1° taper. The thickness of the zirconia
primary crowns was set to a minimum of 0.7 mm; the cobalt–
chromium crowns were 0.5 mm thick. In both groups,
electroplated secondary crowns were produced (AGC Micro
Plus; Wieland Dental, Pforzheim, Germany) and bonded intra-
orally to the frameworks by the use of AGC Cem (Wieland
Dental, Pforzheim, Germany) to guarantee passive fit. Before
cementation of the primary crowns, the prepared teeth were
thoroughly cleaned with H202. The cobalt–chromium primary
crowns were preconditioned with sandblasting in the dental lab-
oratory (alumina, 50 μm, 2 bar). The zirconia primary crowns

Fig. 1 Zirconia primary crowns
and E-RDP after 3 years of
service
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were not sandblasted. Non-adhesive, conventional cementation
with glass-ionomer cement (Ketac Cem, 3M Espe) was chosen.
Standardized procedures were used for clinical and laboratory
stages of denture manufacture. All participating clinical opera-
tors, dental laboratories, and investigators were repeatedly re-
calibrated by the principal investigator (T.S.).

Study endpoints

The baseline examination was performed after primary
crown cementation. Between these dates, there was a mean
time of 17.2 days (SD 3.3) in the study group and of 17.2
(SD 2.9) in the control group. The period of RDP fabrica-
tion reached from January 2009 to June 2013. After the
participants had completed the scheduled 36-months fol-
low-up, trial data were analyzed to assess prosthesis sur-
vival, defined as the number of prostheses still in use with-
out any need for replacement. During the follow-up exam-
inations, technical and biological complications had been
recorded by the use of standardized assessment sheets.
Abutment-level complications (attachment tooth fractures,
decementation, and endodontic problems) and prosthesis-
level complications (denture base fractures, veneering fail-
ures, and need for relining) were recorded. It was decided
to reline the prostheses when a denture base misfit was
observed and confirmed with a silicone impression mate-
rial. To assess periodontal health, a periodontal probe with
a millimeter scale was used. Probing was performed on the

mesial and distal aspect of all abutment teeth. The maxi-
mum probing depth was analyzed, computing mean values
for the groups and comparing these means.

Statistical analysis was performed with SPSS Statistics 22
(IBM, Armonk, NY, USA). Kaplan–Meier modelingwas used
to analyze prosthesis survival. Two-sample t test and the log-
rank test were used to detect possible inter-group differences.
The level of significance was set at 0.05.

Results

Prosthesis survival

Fifty-four E-RDPs (Fig. 2) were re-assessed after 36 months,
i.e., 90% (54/60). Six E-RDPs were not re-examined because
of the following:

& Four patients (two in each study group) did not attend their
re-examination session, despite several attempts to ar-
range an appointment.

& One zirconia E-RDP failed during manufacture, because of
zirconia fracture, and the participant did not wish to continue
participating in the study and withdrew consent. The failure
occurred during a try-in session and not during clinical use.

& One other prosthesis was replaced after 24 months (con-
trol group), because the patient was dissatisfied with the
esthetics of the denture.

Allocation

Allocated to study group (zirconia):

n = 30

Received allocated intervention: n = 29

Did not receive allocated intervention:

n = 1 (due to zirconia failure)

Allocated to control group (cast metal):

n = 30

Received allocated intervention: n = 30

24 months follow-up

Lost to follow-up:

n = 2

(no response to re-examination invitation)

Did not receive allocated intervention: 

n = 1 (due to zirconia failure)

Lost to follow-up:

n = 2

(no response to re-examination invitation)

Replacement of allocated intervention: 

n = 1 (due to dissatisfaction with esthetics)

36 months follow-up

Lost to follow-up:

n = 2

(no response to re-examination invitation)

Did not receive allocated intervention: 

n = 1 (due to zirconia failure)

Lost to follow-up:

n = 2

(no response to re-examination invitation)

Replacement of allocated intervention: 

n = 1 (due to dissatisfaction with esthetics)

N = 56 participants,

in need of 60 RDPs

Fig. 2 Patient flow diagram
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One E-RDP failure was observed in each group (54
participants were still under risk) and two participants
did not attend re-examination. As a result, cumulative
prosthesis survival was 96.4% (27/28) after 36 months
in both test and control groups.

Abutment-level complications

Maximum probing depth at baseline was 3.7 mm (SD
1.4 mm) in the test group and 4.1 mm (SD 1.4 mm) in the
control group (p = 0.2). After 36 months, probing depth de-
creased slightly in the test group (3.5 mm, SD 1.1 mm) where-
as it increased in the control group (4.9 mm, SD 2.6 mm)
(p = 0.01). In the test group, maximum probing depth de-
creased by 0.2 mm (SD 1.4 mm), whereas it increased by
0.8 (SD 2.1 mm) in the control group (p = 0.04). This differ-
ence was statistically significant.

Abutment-level complications, i.e., fractured abutment
teeth, decementation, and endodontic problems, were evalu-
ated relative to the total number of abutment teeth (test group
114; control group 129) and the number of prostheses. In each
study groups, 27 E-RDPs were compared (because of one
prosthesis failure and two absent patients in each group, see
above). Relative to the total number of abutments, the inci-
dence of complications was 7.9% (9/114) in the test group and
14% (18/129) in the control group. Six complications oc-
curred in the test group (incidence 6/27 = 22.2%) and 11 in
the control group (incidence 11/27 = 40.7%). The difference
between abutment-level complication-free survival in the
groups was not statistically significant (log-rank test,

p = 0.192, Fig. 3). The distribution of the abutment complica-
tions is listed in Table 1.

In both groups, most complications were treated
restoratively; extractions were usually unnecessary. In five cases
(5/17 = 29.4%), abutments needed extraction, whereas in 12
cases, the complications were managed by the use of restorative
procedures only. In all cases of abutment tooth extraction, the
RDPs could be preserved, because support and retention were
acceptable with the remaining abutment teeth.

Prosthesis-level complications

Denture base and framework fracture, veneer failure, need for
relining, and failure of the electroplated structures were de-
fined as technical complications at the prosthesis level. Again,
27 E-RDPs were compared in each group. One additional
complication was observed for a patient who later did not
attend the 36-month recall. This complication was neverthe-
less included in the analysis (resulting in 28 E-RDPs in the
control group). Technical complications occurred in 10 cases
in the test group (incidence of complications 10/27 = 37%)
and in 12 cases in the control group (incidence of complica-
tions 12/28 = 42.9%). The difference between prosthesis-level
complication-free survival in the groups was not statistically
significant (log-rank test, p = 0.531, Fig. 4). Table 2 shows the
most frequent technical complication with E-RDPs was fail-
ure of the secondary crown veneer (13/22 = 59.1%). In addi-
tion, for one zirconia E-RDP, fracture of two primary crowns
was observed. This fracture occurred during trepanation of the
abutment teeth in order to perform root canal treatment.

Fig. 3 Technical complications
at abutment level in both study
groups. The mean number of
abutment teeth and their
distribution were comparable at
baseline. After 36 months, the
difference between the study
groups was not statistically
significant. All abutment
complications were included in
this Kaplan–Meier analysis,
irrespective of subsequent therapy
(extraction or restoration)
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Discussion

In this randomized trial, we observed identical, favorable sur-
vival for E-RDPs with cobalt–chromium alloy and zirconia
primary crowns after 3 years. Zirconia E-RDPs were as suc-
cessful as established cobalt–chromium E-RDPs for treatment
of patients with reduced dentition, although a need for inten-
sive aftercare and treatment of complications was observed,
stressing the need for further research and development in this
field of prosthodontics.

In previous studies, zirconia E-RDP attachments were pre-
dominantly tested in vitro, with promising results. Beuer et al.
compared zirconia and gold primary crowns [13]: for zirconia,
retention force when a 0° taper was used exceeded that in the
gold control group. For long abutment teeth and a 2° taper,
zirconia was also described as a viable alternative to cast gold.

Bayer et al. showed that retentive force changed less for zir-
conia primary crowns than for a gold control group; it was
assumed this would be beneficial in clinical use [14]. This
finding was supported by Turp et al., who observed more
predictable and less excursive retention force for zirconia pri-
mary crowns [15].

Despite the multitude of in vitro investigations, as far as the
authors are aware, clinical use of zirconia primary crowns has
not previously been investigated in a randomized clinical trial.
Our comparison is relevant because digital manufacture of
removable appliances is currently attracting attention
[16–18]. RDPs account for up to 29% of prosthetic restora-
tions in Western society [19], with double crowns being a
frequently used mode of attachment. Zirconia primary crowns
are an important stage in the digitization of RDP production;
their manufacture introduced digital procedures into

Table 1 Distribution of technical
complications at abutment level Test group Control group

Number of prostheses
affected

Need for
extractiona

Number of prostheses
affected

Need for
extractiona

Fractured abutment 1 1

Decemented primary
crown

0 4

Endodontic problem 2 2 1

Multiple
complicationsb

3 2 4 2

Total 6 2 11 3

a Reasons for extraction: failure of endodontic treatment, non-restorable subcrestal tooth fracture
b Combination of the complications mentioned above

Fig. 4 Technical complications
at the prosthesis level in both
study groups. After 36 months,
the difference between the study
groups was not statistically
significant
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fabrication of partial dentures. In this investigation, cobalt–
chromium alloy was chosen for the control group.
Combining primary crowns made of cobalt–chromium alloy
with electroplated secondary crowns is a well-established
therapy [20, 21]. As a result of lower cost and favorable me-
chanical properties, cobalt–chromium is of more interest than
gold alloys in dental practice.

The main baseline characteristics of the study groups were
balanced. In this context, it was particularly important that the
number and distribution of abutment teeth were similar, to
enable comparison. We have previously reported on oral
health-related quality of life, which had not been significantly
different between the groups at baseline [12], and similar to
results from other cross-sectional studies [22]. This implies
that the study groups were comparable with other populations.
The university setting of this study must be emphasized, how-
ever, and selection and operator bias cannot, therefore, be
excluded: the treatments were performed by several dentists
with different operating experience. In particular, at the begin-
ning of the investigation, several zirconia primary crowns
fractured during fabrication. For one patient, several zirconia
primary crowns failed during a clinical try-in session.
Subsequently, the thickness of the zirconia primary crowns
was set to a minimum of 0.7 mm, and not 0.5 mm as previ-
ously; this terminated fracture problems. This meant, howev-
er, that zirconia primary crowns were fabricated thicker than
their cobalt–chromium counterparts. This must be kept in
mind, because it might affect the esthetics and substance re-
moval from the abutment teeth.

Probing depth at the abutment teeth developed significantly
different in the two study groups. While maximum probing
depth decreased by 0.2 mm in the zirconia group after
36 months, it increased by 0.8 in the control group. The evi-
dence from the present study suggests that the use of zirconia
primary crowns might be more beneficial for periodontal
health than the use of cobalt–chromium primary crowns.
Possible reasons might be the high biocompatibility [23] and
low-microbiological colonization [24] of zirconia. Several
limitations to this finding must be addressed: probing forces

were not standardized with force gauges. This might have led
to an inter-operator bias. Furthermore, only the maximum
probing depth was assessed, which has been measured at only
two sides of the abutment teeth. Therefore, this result must be
interpreted with care. In future studies, it must be evaluated in
more detail, using additional and more specific periodontal
parameters. However, this interesting result has clinical rele-
vance and might be the basis for further research in the bio-
logical effects of zirconia primary crowns.

With regard to prosthesis survival, favorable results were
obtained for zirconia E-RDPs after mid-term periods of obser-
vation. In the literature, survival of E-RDPs with cast primary
crowns have been reported to be 93.3% after 3 years [6]. This
confirms the results obtained for the control group in our in-
vestigation and thus the validity of the study. Stober et al.
reported survival of 100% after 3 years for conventional con-
ical, double-crown-retained RPDs without electroplating and
with cast primary crowns [6]. Wöstmann et al. reported sur-
vival of 95.1% after 5 years for cast telescopic crown-retained
RDPs, without electroplating [2]. Schwindling et al. reported
survival of 93.8% after 7 years for cast double-crown-retained
prostheses [1]. Taken together, survival reported in this study
seems to be in the range previously reported for electroplated
and conventional RDPs.

Despite favorable survival, there was a need for intensive
aftercare for all E-RDPs. Complications occurred for 37% of
the zirconia E-RDPs prostheses, even though some of the
complications (for example, the need for relining) might be
interpreted more as regular aftercare than as a Bcomplication.^
In accordance with literature reports, composite veneer was a
major weakness, accounting for 59.1% of the technical com-
plications. Hahnel et al. reported veneer failure for 27.9% of
retrospectively examined conventional conical crown-
retained dentures [25]. In another retrospective analysis,
Wöstmann et al. found 26.9% of telescopic crown-retained
RDPs needed facing repairs [2]. The use of electroplating
requires increased space in the region of the attachment tooth
(for primary crown, electroplated coping, CoCr framework,
and composite veneering). It can be speculated that in

Table 2 Distribution of technical
complications at the prosthesis
level. Veneer failure was the most
frequent complication for E-
RDPs

Test group Control group
Number of prostheses affected Number of prostheses affected

Denture base fracture 3 2

Veneer failure 5 5

Need for relining 1 2

Failure of electroplated structures 0 1

Combination of complications:

Veneer failure and primary crown fracture 1

Need for relining and veneer failure 1

Denture base fracture and veneer failure 1

Total 10 12
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borderline cases, less attention was paid to the minimum
thickness of the composite veneer, which might have in-
creased the risk of veneer failure. With regard to abutment-
level complications, there was a tendency towards increased
complications in the control group (11 cases, compared with
six in the study group), although the difference was not statis-
tically significant. In several cases (Table 1), multiple combi-
nations occurred, for example, endodontic problems and sub-
sequent abutment fractures. It can be speculated that E-RDP
abutment teeth which received root canal treatment after den-
ture integration might have had a tendency to fracture. This is
supported by Stober et al., who previously revealed the risk of
failure for non-vital abutments to be significantly higher than
that for vital teeth (hazard ratio 2.29) [26].

More research is necessary to reduce the high incidence of
complications. Nevertheless, the complications were not asso-
ciated with the use of zirconia primary crowns, but with ve-
neer chipping, denture base fracture, or decementation. It has,
however, been calculated that cost per failure for clasp-
retained prostheses is more than twice as high as that for
double-crown systems [27]. Zirconia has many advantages,
for example, tooth-like color, the good mechanical properties,
high biocompatibility [23], and low microbiological coloniza-
tion [24]. It is plausible that this might have led to the decrease
in probing depth in this trial, whereas mean probing depth
increased in the control group. Zirconia is, therefore, an inter-
esting and highly promising material for RDP treatment.

Conclusion

This randomized trial of zirconia E-RDPs found survival was
favorable after 36 months of observation and identical with
that for E-RDPs with cast cobalt–chromium primary crowns.
No statistically significant difference between complications
in the two study groups was found. It remains a challenge of
future research to develop new combinations of material or
treatment rationales to limit the need for repair of E-RDP.
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