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Abstract

Objectives The purpose of this study was to evaluate the
clinical performance of removable dental prostheses (RDP)
supported by either electroplated (EP-RDP) or cast (C-RDP)
double crowns.

Material and methods Fifty-four participants received a total
of 60 RDP. Two hundred and seventeen abutment teeth were
provided with double crowns. The participants were randomly
assigned to two groups (EP-RDP or C-RDP). Re-evaluations
took place after 6 months and then once a year up to 6 years.
Primary endpoint was survival time for RDP and abutment
teeth; secondary endpoints were failure of facing,
decementation of primary crown, and post-prosthetic end-
odontic treatment. 7, U, and chi-squared tests were used to
assess the homogeneity of the EP-RDP and C-RDP groups.
Survival differences were analyzed with log-rank tests and
Cox regression models; secondary endpoints were assessed by
the use of logistic regression.

Results Six-year survival was 77 % for EP-RDP and 97 % for
C-RDP. Cumulative survival of abutment teeth was 85 % for
EP-RDP and 91 % for C-RDP; differences between survivals
in the two groups did not reach statistical significance. Sur-
vival of abutment teeth depended on tooth vitality. Failures of
facings, decementations, or post-prosthetic endodontic treat-
ments were not different between groups.
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Conclusions To identify possible differences between differ-
ent double crown systems, longer follow-up periods and/or
larger numbers of patients are needed.

Clinical relevance Survival of teeth supporting double
crown-retained RDP is affected by their vitality. Clinical per-
formance was acceptable for both RDP supported by
electroplated or cast double crowns.
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Introduction

Double crown-retained removable dental prostheses (RDP)
have been clinically proven to be a successful treatment option
in the prosthetic dentistry [1-16]. The versatility and advan-
tages of double crown retainers for RDP have recently been
emphasized once again [17]. In spite of the increasing use of
dental implants, double crown-retained RDP are still a rea-
sonable alternative to fixed dental prostheses for the rehabil-
itation of partially edentulous patients, particularly with regard
to combined tooth- and implant-borne RDP.

The manufacture of double crowns by casting requires
highly skilled dental technicians, however. In the 1990s, the
fabrication of electroplated double crown systems, with cast
primary crowns and electroplated secondary crowns, was
described for the first time [18, 19]. In 2000, Weigl et al.
reported on the clinical use of double crown-retained RDP
with all-ceramic primary crowns in combination with second-
ary crowns made of electroplated gold [20, 21].

The fabrication of electroplated secondary crowns, a large-
ly automated process (so-called electroplating or
electroforming), does not require special technical skills and
ensures optimum fit between primary and secondary crowns.
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In contrast with cast double crowns, electroplated double
crown systems depend, predominantly, on the principle of
hydraulic adhesion resulting from the film of saliva between
primary and secondary crowns and seem to have favorable
tribological properties [20, 22]. Recent in vitro studies have
dealt with retentive force measurements and the wear behavior
of electroplated double crown systems [23-26]. One study
reported slightly lower retentive forces for electroplated dou-
ble crowns than for cast double crowns [26], whereas another
study found the opposite [24]. Factors affecting retentive force
measured in vivo were the material of the primary crowns,
abutment height, the taper, and the number of wear cycles
[23-26].

Numerous reports are available on the survival of RDP,
survival of abutment teeth, and complications of cast double
crown-retained RDP [1-16]. The current dental literature,
however, does not provide sufficient information about the
clinical performance of RDP retained by electroplated double
crown systems. Randomized clinical trials are lacking.

The objectives of this prospective, randomized clinical trial
were to quantify and compare the clinical performance of cast
double crown-retained RDP (C-RDP) and electroplated dou-
ble crown-retained RDP (EP-RDP). We investigated the sur-
vival of the RDP, survival of the abutment teeth, and common
technical and biological complications in both groups after
6 years of clinical use. We have already reported the oral
health-related quality of life (OHRQoL) of the participants
during the first year after treatment; we found that OHRQoL
was not significantly different [27]. The clinical performance
of'these prostheses after being worn for 3 years was also found
to be comparable [28].

Materials and methods

Fifty-four participants requiring RDP with at least two, up to a
maximum of six, abutment teeth provided with double crowns
were included in the study. All participants gave informed
consent. The university’s review board approved the study
(ethical approval no. 074/2003). Patients’ ages ranged from 38
to 80 years (mean age 64, SD=9); 34 (63.3 %) of the patients
were male. The participants were randomly assigned to two
study groups (C-RDP and EP-RDP). Six participants received
RDP in both jaws, which resulted in a total of 60 RDP (n=30
RDP in each group). Two dental laboratories fabricated the
prostheses (n=30 prostheses and n=15 for both C-RDP and
EP-RDP in each laboratory) by dental technicians with more
than 5 years of experience in both of the fabrication techniques
used in the study. Two hundred and seventeen abutment teeth
were provided with double crowns (135 anterior teeth (inci-
sors and canines), 58 premolars, and 24 molars).
Manufacturing of the two different double crown systems
has already been explained in detail in a previous paper [28].
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Therefore, only the most important aspects of the study design
should be outlined. In the C-RDP group, the primary and
secondary crowns were made of precious metal alloy (Bio
Portadur; Wieland, Pforzheim, Germany); they were conven-
tionally cast by the use of the lost wax technique and had a
conical design with 6° milling. In the EP-RDP group, the
primary crowns were also fabricated by casting with precious
metal alloy (Bio Portadur; Wieland, Pforzheim, Germany),
but in contrast, the secondary crowns were made by
electroplating with 0° milling (99.9 % gold, Goldbath 6607
AGC; Wieland, Pforzheim, Germany). With a composite
resin-luting agent (AGC Cem; Wieland, Pforzheim, Germa-
ny), the electroplated secondary crowns were luted to a
CoCrMo framework (Remanium GM 800; Dentaurum,
Ispringen, Germany). In both groups, the buccal and/or occlu-
sal surfaces of the secondary crowns were faced with veneer-
ing composites (Sinfony; 3M ESPE, Signum; Heraeus Kulzer,
Hanau, Germany) by the use of the Rocatec universal bonding
system (3M ESPE, Seefeld, Germany). In both groups, the
primary crowns were luted to the abutment teeth by the use of
a glass ionomer-luting cement (Ketac Cem Aplicap; 3M
ESPE). Figure 1 illustrates the two different double crown
systems by a schematic diagram.

Five calibrated dentists performed clinical evaluations by
the use of a written case record file according to the following
criteria: (1) failure (=renewal) or survival of RDP, (2) failure
(=extraction) or survival of abutment teeth, (3) loss or fracture
of facing with a need for repair, (4) loss of cementation of
primary crown, or (5) need for post-prosthetic endodontic
treatment. Baseline measurement was 1 week after incorpora-
tion of the RDP; this was followed by re-evaluation after 6, 12,
24, 36, 48, 60, and 72 months (6 years).

Statistical analysis

T, U, and chi-squared tests were used to assess the significance
of differences between the characteristics of patients in the EP-
RDP and C-RDP groups. Survival differences were

Secondary crown made by
casting (precious metal alloy)

)

Secondary crown made by
electroplating (gold)

{/ O

// Composite resin
luting agent

CoCrMo-
framework

Abutment tooth with
primary crown
(precious metal alloy)

Abutment tooth with
primary crown
(precious metal alloy)

Fig. 1 Schematic diagrams of the two different double crown systems
used in the present study. Double crown with electroplated secondary

crown (EP-RDP, right) and double crown with cast secondary crown (C-
RDP, left)



Clin Oral Invest (2015) 19:1129-1136

1131

investigated by the use of log-rank tests and Cox proportional
regression models; secondary data were assessed by logistic
regression. Calculations were performed by the use of SAS
version 9.2.

Results

Table 1 shows some characteristics of patients and RDP in the
two study groups. The EP-RDP and C-RDP groups were
similar regarding age, restored arch, and number, vitality,
and mobility of abutment teeth. The percentage of male pa-
tients was 77 % in the EP-RDP and 50 % in the C-RDP group
(»p=0.03). The position of abutment teeth, i.c., the proportion
of anterior teeth, premolars, and molars, and the mean values
of maximal probing depth differed significantly between the
two study groups (p<0.001, Table 1).

At 6-year recall (72 months+4 weeks), 32 of 54 partici-
pants and 34 of 60 RDP were re-evaluated. Eleven partici-
pants (with 14 RDP) were lost to follow-up, three participants
(with four RDP) had died, and eight RDP of eight participants
failed.

Over the whole 72-month period, eight RDP failed, so the
overall cumulative survival was 87 %. In the EP-RDP group,
7 of 30 RDP (23 %) failed and had to be replaced. In one case,
technical defects (loss of retention and loss of facings) were
the reason for replacement. The other EP-RDP had to be
replaced because of loss of the abutment teeth, mostly because
of caries and/or periodontal problems. Only one failure (3 %)
occurred in the C-RDP group because caries resulted in tooth
loss. The resulting cumulative survival was 77 % for EP-RDP

and 97 % for C-RDP; this difference was not statistically
significant (p=0.06, HR=7.27, 95 % CI1 0.89 to 59).

With regard to abutment teeth, median survival of extracted
teecth was 39 months. In the EP-RDP group, 16 of 105 abut-
ment teeth (15 %) were lost. The reasons were caries (n=8),
periodontal disease (n=3), tooth fracture (n=1), and trauma
(n=4). Ten of 112 teeth (9 %) had to be extracted in the C-
RDP group because of caries (n=7), periodontal disease (n=
1), and endodontic disease (n=2). The resulting cumulative
survival of abutment teeth after 72 months was 85 % in the
EP-RDP group and 91 % in the C-RDP group. This difference
was not statistically significant (p=0.16, HR=1.77, 95 % CI
0.80 to 3.89). The risk of failure was higher for nonvital
abutments than for vital teeth (p=0.04, HR=2.29, 95 % CI
1.05 to 4.98). Age or gender of patient and the number, arch,
position, and mobility of abutment teeth had no effect on
survival (Table 2, with probability values from multiple Cox
regression, and Figs. 2 and 3 with probability values from log-
rank tests).

Sixty-three (29 %) losses or fractures of facings
needed repair. The number of veneer failures was al-
most the same in the EP-RDP (n=33) and C-RDP (n=
30) groups (p=0.45, OR=1.25, 95 % CI 0.70 to 2.25).
The number of abutment teeth in the RDP significantly
increased the risk of veneer failure (»<0.001, OR=1.63,
95 % CI 1.24 to 2.13, Table 3).

In both groups, 10 decementations of primary crowns
occurred (overall incidence 9 %). Loss of cementation was
not different between the study groups (p=0.88, OR=1.07,
95 % C1 0.43 to 2.69, Table 4). All primary crowns that were
lost could be luted again. Other investigated patient and abut-
ment tooth characteristics had no effect on decementation.

Table 1 Characteristics of pa-

tients and removable partial den- Characteristic C-RDP EP-RDP Statistical test p
tal prostheses in the two study
groups Age 65.5 (SD 8.9) 63.6 (SD9.1) T 0.37
Gender 50.0 % male 76.7 % male Chi-squared 0.03
Restored arch
Maxilla 56.7 % 56.7 %
Mandible 433 % 433 % Chi-squared 1.00
Number of abutment teeth 3.7(SD L.1) 3.5(SD 1.3) U 0.38
Position of abutment teeth
Anterior 58.0 % 66.7 %
Premolar 259 % 27.6 % Chi-squared <0.001
Molars 16.1 % 57 %
Vitality of abutment teeth 75.9 % vital 75.2 % vital Chi-squared 1.00
Mobility of abutment teeth
Grade 0 554 % 67.6 %
Grade 1 384 % 22.9 % U 0.13
Grade 2/3 6.2 % 9.5 %
Mean values of maximal probing depth 3.7 mm 3.1 mm U <0.001
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Table 2 Baseline characteristics of patients and removable partial dental prostheses and results from multiple Cox regression models

Characteristic Level, median (range) Number of teeth Number of lost teeth p HR (95 % CI)
Study group C-RDP 112 10 0.16 Reference
EP-RDP 105 16 1.77 (0.80 to 3.89)
Age Median 65 (38 to 80) 217 26 0.16 1.04 (0.99 to 1.10)
Gender Male 142 16 0.74 Reference
Female 75 10 1.15 (0.52 to 2.53)
Arch Maxilla 130 14 0.58 Reference
Mandible 87 12 1.24 (0.57 to 2.69)
Number of abutment teeth Median 4 (2 to 6) 217 26 0.30 0.83 (0.59 to 1.18)
Position of abutment teeth Anterior 135 13 0.46 Reference
Premolar 58 9 1.64 (0.70 to 3.83)
Molar 24 4 1.62 (0.53 to 4.97)
Vitality of abutment teeth Nonvital 53 11 0.04 2.29 (1.05 to 4.98)
Vital 164 15 Reference
Mobility of abutment teeth Median 0 (0 to 3) 217 26 0.93 1.03 (0.57 to 1.84)

C-RDP cast double crown-retained removable dental prosthesis, EP-RDP electroplated double crown-retained removable dental prosthesis, AR hazard
ratio, CI confidence interval, p probability value from the multiple Cox regression model

Eighteen abutment teeth (11 %) needed post-prosthetic
endodontic treatment: 10 in the EP-RDP group and 8 in the
C-RDP group. The root canal filling of one nonvital abutment
tooth had to be revised. The study group had no effect on the
incidence of post-prosthetic endodontic treatment (p=0.53,
OR=1.37, 95 % CI 0.52 to 3.61, Table 5).

Discussion

Overall, the 6-year cumulative survival of RDP (87 %) in
the present study is in good agreement with literature data.
One recently published review found that survival of
tooth-supported double crown-retained prostheses was be-
tween 67 and 99 % after 6 to 10 years of observation
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Fig. 2 Survival plots for abutment teeth according to study group (prob-
ability value from a log-rank test=0.15). The number of teeth at risk is
indicated below the plots
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[16]. Regarding the two study groups, cumulative survival
was 77 % for EP-RDP and 97 % for C-RDP. Although
the difference between the two groups did not reach the
5 % level of statistical significance, these preliminary
findings may reflect better clinical performance of C-
RDP. It was not, unfortunately, possible to calculate the
size of the treatment groups during study planning because
no clinical data were available for electroplated double
crowns. Power analysis was therefore performed subse-
quently. Assuming that cumulative survival in the two
groups investigated (77 and 97 %) also applies to other
studies, 43 independent prostheses should be followed up
per group for at least 6 years to validate these findings
with 80 % statistical power (type I error probability 5 %,
uncorrected chi-squared statistic).
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Fig. 3 Survival plots for abutment teeth according to tooth vitality
(probability value from a log-rank test=0.03). The number of teeth at
risk is indicated below the plots
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Table 3 Odds ratios for partial and total facing loss of double crowns after 6 years according to study group and several patient and tooth characteristics

Characteristic Level, median (range) Number of teeth Number of lost facings p OR (95 % CI)
Study group C-RDP 112 30 0.45 Reference
EP-RDP 105 33 1.25(0.70 to 2.25)
Age Median 65 (38 to 80) 217 63 0.31 0.98 (0.95 to 1.02)
Gender Male 142 43 0.58 Reference
Female 75 20 0.84 (0.45 to 1.56)
Arch Maxilla 130 43 0.11 Reference
Mandible 87 20 0.60 (0.33 to 1.12)
Number of abutment teeth Median 4 (2 to 6) 217 63 0.0004 1.63 (1.24 to 2.13)*
Position of abutment teeth Anterior 135 47 0.06 Reference
Premolar 58 11 0.44 (0.21 t0 0.92)
Molar 24 5 0.49 (0.17 to 1.40)
Vitality of abutment teeth Nonvital 53 16 0.83 1.07 (0.55 t0 2.12)
Vital 164 46 Reference
Mobility of abutment teeth Median 0 (0 to 3) 217 63 0.22 1.32 (0.85 to 2.04)

C-RDP cast double crown-retained removable dental prosthesis, EP-RDP electroplated double crown-retained removable dental prosthesis, OR odds
ratio, CI confidence interval, p probability value from the multiple Cox regression model

# Corresponding values when the within-patient dependence was considered by including a random patient effect in the logistic regression model (p=

0.03, OR=1.63, 95 % CI 1.06 to 2.49)

It is important to mention here that the present survival
rates must be interpreted with caution because only one RDP
failure was directly correlated with the double crowns. All
other failures were caused by loss of abutment teeth because
of caries, periodontitis, fracture, and trauma, biological fail-
ures which possibly were not related to abutment type. Fur-
thermore, it should be remembered that replacement of RDP
after abutment tooth loss is always a joint—dentist and

patient—decision on a case-by-case basis, according to the
number and condition of the residual dentition.

Estimates of cumulative survival of abutment teeth in this
study are also very similar to those in previous reports [15,
16]. In the two reviews already cited, survival of teeth
supporting double crown-retained RDP ranged from 61 to
95 % after 4 to 10 years of observation [15] and from 83 to
97 % after an observation period of 3 to 6 years [16]. Nearly

Table 4 Odds ratios for decementation of primary crowns after 6 years according to study group and several patient and tooth characteristics

Characteristic Level, median (range) Number of teeth Number of loss p OR (95 % CI)
of cementations
Study group C-RDP 112 10 0.88 Reference
EP-RDP 105 10 1.07 (0.43 to 2.69)
Age Median 65 (38 to 80) 217 20 0.66 1.01 (0.96 to 1.07)
Gender Male 142 10 0.13 Reference
Female 75 10 2.03 (0.81 t0 5.12)
Arch Maxilla 130 11 0.64 Reference
Mandible 87 9 1.25(0.49 to 3.15)
Number of abutment teeth Median 4 (2 to 6) 217 20 0.99 1.00 (0.67 to 1.47)
Position of abutment teeth Anteriors 135 10 0.35 Reference
Premolars 58 6 1.44 (0.50 to 4.17)
Molars 24 2.50 (0.72 to 8.74)
Vitality of abutment teeth Nonvital 53 0.95 1.04 (0.36 to 3.00)
Vital 164 15 Reference
Mobility of abutment teeth Median 0 (0 to 3) 217 20 0.57 1.22 (0.62 to 2.37)

C-RDP cast double crown-retained removable dental prosthesis, EP-RDP electroplated double crown-retained removable dental prosthesis, OR odds
ratio, CI confidence interval, p probability value from the multiple Cox regression model
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Table 5 Odds ratios for endodontic treatment of abutment teeth after 6 years according to study group and various patient and tooth characteristics

Characteristic Level, median (range) Number of teeth Number of endodontic treatments P OR (95 % CI)
Study group C-RDP 112 8 0.53 Reference
EP-RDP 105 10 1.37 (0.52 to 3.61)
Age Median 65 (38 to 80) 217 18 0.78 0.99 (0.94 to 1.05)
Gender Male 142 11 0.69 Reference
Female 75 7 1.23 (0.46 to 3.31)
Arch Maxilla 130 11 091 Reference
Mandible 87 7 0.95 (0.35 to 2.55)
Number of abutment teeth Median 4 (2 to 6) 217 18 0.82 0.95 (0.63 to 1.44)
Position of abutment teeth Anteriors 135 14 0.38 Reference
Premolars 58 3 0.47 (0.13to 1.71)
Molars 24 0.38 (0.05 to 3.00)
Vitality of abutment teeth Nonvital 53 1 0.09 0.17 (0.02 to 1.28)
Vital 164 17 Reference
Mobility of abutment teeth Median 0 (0 to 3) 217 18 0.84 1.08 (0.52 to 2.22)

C-RDP cast double crown-retained removable dental prosthesis, EP-RDP electroplated double crown-retained removable dental prosthesis, OR odds
ratio, CI confidence interval, p probability value from the multiple Cox regression model

all of the factors used to interpret the survival of RDP apply to
the abutment teeth also. Previous long-term studies [4, 8, 9,
14] and the results of this study showed that abutment tooth
loss was not correlated with the type of abutment; the most
common reasons for tooth loss were biological complications,
for example periodontal disease, caries, and tooth fracture.
The lower cumulative survival of abutment teeth in the EP-
RDP group (85 %) than in the C-RDP group (91 %)—without
reaching statistical significance—may be correlated with the
larger number of males in the EP-RDP group. At least two
previous studies have reported lower survival of teeth with
double crowns in male patients [10, 14], although in our study,
gender did not affect survival.

In agreement with previous reports [10, 12, 14, 29, 30], the
significant effect of tooth vitality on survival of abutment teeth
for double crown-retained RDP was, again, confirmed in our
investigation. For example, probability of survival of 94 % for
vital abutment teeth and 80 % for nonvital abutment teeth
supporting removable partial dental prostheses, after a mean
observation period of 6 years, has previously been reported
[12]. It has, furthermore, been shown that failure risk is larger
for posterior than for anterior teeth supporting double crown-
retained RDP [12]. We have already reported the results for
this group of patients after observation for 3 years. In this
previous report, we found the risk of failure to be higher for
premolars and molars than for anterior teeth [28]; this differ-
ence was not replicated after 6 years of follow-up, however.

In this study, 29 % of the double crowns needed at least one
repair of the facing; the type of double crown had no effect on
failure of facings. This finding is within the ranges reported in
the literature [2, 3, 5, 11], which show that facings are among
the main weaknesses of double crown-retained RDP.

@ Springer

Another frequent technical complication described in the
literature is decementation of the primary crowns of double
crown-retained RDP [3, 8, 11, 13, 16]. Previous clinical
investigations have reported decementations between 11 and
26 % [1, 3, 11, 13, 14]. All in all, in the present study, loss of
cementation during 6 years of observation was rare and some-
what lower than in the literature; no significant difference
between C-RDP and EP-RDP was observed. This result may
be caused by the tooth preparation technique and the conse-
quent use of glass ionomer cement for luting the primary
crowns. Another factor affecting loss of cementation may be
the retention forces between the primary and secondary
crowns. In clinical use, retentive forces of manually fabricat-
ed, cast double crowns are somewhat unpredictable [20, 21];
increased retention may result in a higher rate of
decementation of primary crowns. With electroplated double
crowns, on the other hand, ease of handling without unpre-
dictable increase or decrease in retentive forces could be
expected [20, 21]. Clinical experiences obtained from the
present study confirm the aforementioned statements.

In this study, 11 % of the vital abutment teeth needed post-
prosthetic endodontic treatment during the observation period
of 6 years; the type of double crown had no effect. This
finding is in good agreement with literature data reporting a
risk of post-prosthetic endodontic treatment of 6 % after
5 years [6], 5—6 % after 4 years [8], and 82—-87 % after 10 years
[13]. Endodontic treatment of abutment teeth may become
necessary if tooth preparation causes pulp damages. Accord-
ing to Murray et al., the remaining dentin thickness of 0.5 mm
or greater is necessary to avoid pulp injury [31]. Removal of
enamel and dentin during tooth preparation should, therefore,
be as low as possible. Both double crown systems used in the
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present study need comparable space, and removal of enamel
and dentin is nearly equal. Considering the risk of pulp
damage caused by tooth preparation, the use of clasp-
retained RDP could be a reasonable alternative to dou-
ble crown-retained RDP. Natural appearance and simi-
larity to natural teeth are, however, important reasons
for choosing or refusing prosthodontic treatment [32];
for this reason, double crowns with facings are advan-
tageous for patients asking for RDP.

The strengths of this study are the prospective, randomized
design with two rather homogenous study groups; the fact that
only two dental laboratories, with experienced and highly
skilled dental technicians, were involved in prosthesis fabri-
cation; and that all clinical evaluations were performed by
calibrated dentists only. The weaknesses are the relatively
small number of participants and events, which limited the
statistical power, and dropout of 26 % (participants) and 30 %
(prostheses) after 6 years, although these were taken into
account in the statistical analysis. Furthermore, it should be
noted that it is nearly impossible to devise a truly comparative
clinical study for these two double crown systems because
many other factors (tooth position, tooth conditions, length of
prostheses saddles) are highly variable.

It should be taken into account that the treatments
were performed by several dentists with different oper-
ating experiences. Therefore, bias of the results cannot
be excluded, and the results should be interpreted with
caution, bearing in mind that nonsignificant results do
not imply the absence of an effect. Multicenter studies
which involve more participants and longer follow-up
periods may be reasonable in future investigations. Pa-
tients from dental offices should be included to avoid
selection bias. Longer follow-up observation of the pa-
tients will show if the clinical performance of C-RDP
and EP-RDP remains similar over time.

Conclusions

Survival of teeth supporting double crown-retained RDP is
affected by their vitality. Clinical performance is acceptable
for both RDP supported by electroplated or cast double
crowns; RDP retained by electroplated double crowns tend
to result in lower survival rates. Longer follow-up periods and
larger numbers of patients are needed to identify possible
differences between different double crown systems.
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