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Abstract
Objective. To verify the hypotheses that treatment with double-crown-retained removable partial dentures (RPDs) improves
oral health-related quality-of life (OHRQoL) over a 36-month period and that the performance of RPDs retained by use of
electroplated double crowns (EP-RPDs) was different to that of RPDs retained by use of cast double crowns (C-RPDs).
Materials and methods. Fifty-four patients (mean age = 64 years, 63% men) were recruited and randomly assigned to
C-RPD or EP-RPD. OHRQoL was assessed pre-treatment, post-treatment and 6, 12, 24 and 36 months after insertion, by use
of the oral health impact profile (OHIP). An unweighted total score was calculated (OHIP-SUM). A two-level hierarchical
model was used for statistical analysis. First-level units were the measurements on the six occasions; second-level units were the
patients. Results. Improvement of OHRQoL was observed in both groups after treatment (t = 7.27, p < 0.001). Whereas a
treatment–material interaction indicated that treatment with EP-RPDs resulted in greater immediate improvement of
OHRQoL, a time–material interaction indicated that long-term improvement was greater for C-RPDs. Conclusions.
Treatment with EP-RPDs and C-RPDs improved OHRQoL initially. Over a period of 36 months the effect was significant.
The treatment is, therefore, a promising therapeutic option. The cast conical design seems to have advantages with regard to
long-term OHRQoL.
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Introduction

In prosthetic dentistry, removable partial dentures
(RPDs) are regarded as an important treatment
option for rehabilitation of partially edentulous
patients. Guidelines for this treatment option have
been published [1]. The mechanism of retention can
be technically simple and inexpensive, for example
clasps, or more technically complicated and expen-
sive, for example double-crown systems. In clinical
studies both have been proved to be reliable treatment
options in prosthetic dentistry [2–8].
The fabrication of double crowns by casting can be

challenging and requires highly skilled dental techni-
cians. Fabrication of electroplated double-crown sys-
tems with cast primary crowns and electroplated
secondary crowns, by use of a largely automated
process, was described for the first time in the

1990s [9,10]. Later, use of double-crown-retained
RPDs with full ceramic primary crowns in combina-
tion with secondary crowns made of electroplated
gold was reported [11,12]. Electroplated secondary
crowns ensure optimum fit between primary and
secondary crowns. They exploit, predominantly, the
principle of hydraulic adhesion resulting from the film
of saliva between the primary and secondary crowns,
and seem to have favourable tribological properties
[11,13]. In-vitro studies dealing with retentive force
measurements and the wear behaviour of electro-
plated double-crown systems reported slightly lower
retentive forces for electroplated double crowns than
for cast double crowns [14], whereas another study
found the opposite [15]. Electroplated telescopic
double-crown systems showed more homogenous
retention forces and are, therefore, believed to be
more comfortable for the patient to wear, because
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of the stress-free fit which results from automated
fabrication of the secondary crown by use of the
electroplating process [12,14].
According to the current dental literature, however,

little is known about how the patient’s self-perceived
oral health-related quality-of-life (OHRQoL) varies
with different RPD designs or double-crown systems.
This is an important concern, because in the provision
of healthcare there has been a change in emphasis
from a disease-centred biomedical approach to a bio-
psychosocial approach [16]. Improvement of self-
perceived health and of quality-of-life related to health
should, therefore, be the objectives of therapy [17].
Different treatment options should, therefore, be eval-
uated to assess not only clinical performance but also
oral health-related quality-of-life (OHRQoL). Results
for the patients in this investigation up to 1 year after
treatment have already been reported. It was demon-
strated that the OHRQoL of both groups improved
over a 1-year period. The difference between the two
systems was not significant, however [18].
In this paper we report the development of OHR-

QoL in the two groups over a longer period—
36 months. In addition, because this was not dis-
cussed in the previous publication, the effect of the
different treatments on OHRQoL, describing the
effect on OHRQoL between pre-therapy and base-
line, is also evaluated. It was hypothesized that: (i) the
treatment and developments over time would result in
improvement of OHRQoL and (ii) this would be
different for the two groups.

Materials and methods

Patients and RPDs

This investigation was independently reviewed and
approved by the ethics board of the University Hos-
pital Heidelberg (code number: 074/2003). Fifty-four
patients asking for RPDs and with at least two abut-
ment teeth (up to a maximum of six abutment teeth)
were recruited for the study. They received written
information about the study and signed an informed
consent form. The patients’ ages ranged from 38–
80 years (mean age = 64.4; SD = 9); 63.3% of the
patients were men.
Participants were assigned to the two study groups

by simple randomization, by use of computer-
generated random numbers; the patients were aware
of the treatment group to which they were assigned.
A study leader was responsible for randomization,
enrolment of the participants and assignment of the
participants to intervention.
Six of the 54 participants received treatment with

RPDs in both jaws; this resulted in fabrication of a
total of 60 RPDs (n = 30 RPDs in each group).
Participants receiving two dentures were assigned
to one group. The RPDs were made in two dental

laboratories (n = 30 dentures and n = 15 for C-RPD
and EP-RPD, respectively, per laboratory).

Different double-crown systems

In the EP-RPD group, the primary crowns (0� mill-
ing) were fabricated by casting with noble alloy (Bio
Portadur; Wieland, Pforzheim, Germany). The sec-
ondary crowns were made by electroplating (Gold-
bath 6607 AGC; Wieland). The secondary crowns
were luted to a CoCrMo framework (Remanium GM
800; Dentaurum, Ispringen, Germany) by use of a
composite luting agent (AGC Cem; Wieland), which
achieved passive fit. In the C-RPD group the primary
and secondary crowns were made by casting (lost wax
technique) with noble alloy (Bio Portadur; Wieland)
and had a conical design with 6� milling. Two exam-
ples of RPD incorporated in this study are shown
in Figure 1.

OHRQoL measurements

OHRQoL was measured by use of the Oral Health
Impact Profile (OHIP) [19], because the OHIP is the
only validated instrument in German for measuring
OHRQoL in a not only geriatric collective. The mea-
surements took place before treatment, 1 week after
incorporation of the RPDs (post-treatment) and after
6, 12, 24 and 36 months. The German version of the
OHIP consists of seven sub-scales containing 49 items
plus four extra German-specific items (53 items) [20].
A simple summary score, OHIP-SUM (responses:
never = 0, hardly ever = 1, occasionally = 2,
often = 3, very often = 4), with a range from 0, indicating
good self-perceived oral health, up to amaximumof 212,
was calculated and interpreted as an overview of OHR-
QoL. OHIPwasmeasured by use of a self-administered
questionnaire but was checked subsequently by a
clinician to ensure no data were missing.

Statistics

OHIP-SUM served as the dependent variable; vari-
ables used as predictors were: treatment (pre-treatment
vs post-treatment), time (pre-treatment, post-treat-
ment, 6, 12, 24 and 36 months after), double-crown

Figure 1. Two examples of partial RPD incorporated in this study.
RPD supported by electroplated double crowns (EP-RPD, left);
RPD supported by cast double crowns (C-RPD, right).
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system (EP-RPDs vs C-RPDs), age, gender, position
(maxilla vs mandible) and Kennedy classification for
partially edentulous arches (class I, II or III).
To investigate the change in OHIP, a two-level

hierarchical model was used, with a total of
n = 318 measurements on six occasions on the first
level and n = 53 patients on the second level [21]. On
the first level, OHIP-SUM for measurement occasion
(i) for person (j) was predicted on the basis of treat-
ment; the interaction between treatment, double-
crown material and time was:
OHIP-SUMij = b0j + b1 treatmentij + b2 treatmentij

* materialij + b3j timeij + eij
On the second level, the OHIP-SUM intercept was

predicted on the basis of double-crown material, age,
gender, position and Kennedy classification:
b0j = g00 + g01 materialj + g02 agej + g03

genderj + g04 positionj + g05 kennedyj + y0j
The slope of the plot of OHIP-SUM against time

was predicted on the basis of the double-crown
material:
b3j = g30 + g31 materialj + y3j
All variables were estimated by using the restricted

maximum likelihood estimator (REML) implemen-
ted in PROC MIXED (SAS 9.2). The level of prob-
ability for statistical significance was set at a = 0.05.

Results

The two study groups showed no statistically signif-
icant differences regarding patients’ age, the restored
arch or the number, vitality and mobility of abutment
teeth. There were more male patients in the EP-RPD
group (76.7%) than in the C-RPD group (50%). The
position of abutment teeth, i.e. the proportion of
anterior teeth, premolars and molars, also differed
significantly between the two study groups (Table I).

OHIP data were available for all patients (54)
before treatment and 1 week after treatment. After
6, 12, 24 and 36 months, 53, 53, 52 and 50 patients,
respectively, could be re-evaluated. Because the
OHIP scores from one patient were judged to be
outliers (z >3.00), this patient’s data were excluded
from analysis.
Figure 2 shows the development of the OHIP-SUM

for both groups separately for every measurement
point. After treatment, a general decrease in OHIP-
SUM is apparent; this is indicative of a general
improvement of OHRQoL.
The model variables are shown in Table II.

A significant effect was observed for treatment, i.e.

Table I. Characteristics of patients and RPDs in the two study groups.

Characteristic C-RPDs EP-RPDs Statistical test p

Age 65.5 (SD 8.9) 63.6 (SD 9.1) T 0.37

Gender 50.0% male 76.7% male Chi-squared 0.03

Restored arch
Maxilla
Mandible

56.7%
43.3%

56.7%
43.3%

Chi-squared 1.00

Number of abutment teeth 3.7 (SD 1.1) 3.5 (SD 1.3) U 0.38

Position of abutment teeth
Anteriors
Premolars
Molars

58.0%
25.9%
16.1%

66.7%
27.6%
5.7%

Chi-squared < 0.001

Vitality of abutment teeth 75.9% vital 75.2% vital Chi-squared 1.00

Mobility of abutment teeth
Grade 0
Grade 1
Grades 2 and 3

55.4%
38.4%
6.2%

67.6%
22.9%
9.5%

U 0.13
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Figure 2. Development of OHIP-SUM scores (means) for both
study groups.
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OHIP-SUM decreased after treatment (t = 7.27,
p < 0.001). There was also a treatment–material
interaction, indicating that treatment with EP-
RPDs resulted in a larger immediate improvement
of OHRQoL (t = �3.13, p < 0.003). There was also a
marginally significant effect of double crown material
on the slope of the plot of OHIP-SUM against time,
indicative of further improvement of OHRQoL in the
period after treatment with C-RPDs (t = 1.91,
p = 0.058).

Discussion

In cross-sectional studies, different OHRQoL has
been observed among patients with different prosthe-
ses, for example RPDs compared with fixed partial
dentures [22,23] or complete dentures compared
with RPDs [24]. Comparative studies have revealed
differences relating to OHRQoL for implant-
supported and conventional complete dentures [25–
27]. Furthermore, in a randomized controlled trial
and a pilot study comparing RPDs and fixed partial
dentures among patients with shortened dental arches
it was shown that both treatment options improved
satisfaction and QoL, but significant differences
between the treatment options could not be observed
[28,29]. However, the effect on OHRQoL and on
patient satisfaction of minor differences in the design
of prosthetic restorations is covered only superficially
in the current literature. In this context, partial
removable dentures are of special interest, because

of the many different technical possibilities in the
design of such dentures.
In accordance with other findings [18,30], we

showed a positive effect of treatment with RPDs,
both C-RPDs and EP-RPDs, on OHRQoL. This
was true not only for the effect of treatment, but
also, markedly, for a time period of 36 months.
Therefore, study hypothesis (i) could be accepted.
The analysis also showed that there were differences
between the groups with regard to estimated improve-
ment, which led to acceptance of hypothesis (ii). The
effect of treatment was lower for C-RPD initially, but
the development over time was marginally better
(p = 0.058). This could be seen to be consistent
with the findings of the 1-year results [18], describing
a trend (p = 0.15) toward greater improvement of
OHRQoL with time for C-RPD. Therefore, both
treatment options could improve OHRQoL, with
advantages for C-RPD.
In this regard, the differences between OHIP-SUM

scores for EP-RPDs and C-RPDs should be inter-
preted not only statistically but also clinically.
A minimum important difference of six OHIP units
using the OHIP questionnaire with 49 items was
described by John et al. [31]. Therefore, the differ-
ences in our study after 24 months (seven OHIP
units) and after 36 months (15 OHIP units) could
be regarded as clinically meaningful. One possible
explanation of this finding may be the clinical perfor-
mance of the RPDs used in this study. However, as
described elsewhere, survival differences (RPDs and

Table II. Results from statistical analysis by use of a two-level hierarchical model. The fixed effects at level 1 describe the change of OHIP over
time and the fixed effects at level 2 describe OHIP differences among patients. The random effect variances describe the unexplained variance
components.

Variable
Reference
category Estimate

Estimated
variance t z df p

Level 1 fixed effects

Treatment b1 Before treatment 38.26 7.27 51 < 0.001

Treatment–material interaction b2 C-RPD �23.03 �3.13 51 0.003

Level 2 fixed effects

Intercept g00 37.77 1.81 46 0.077

Material g01 C-RPD 4.41 0.63 46 0.532

Age g02 �0.26 �0.95 46 0.345

Gender g03 Male �1.03 �0.19 46 0.850

Position g04 Maxilla �2.43 �0.45 46 0.562

Kennedy g05 Kennedy class I 5.28 0.52 46 0.607

Kennedy g05 Kennedy class II �0.95 �0.09 46 0.929

Time–slope g10 �0.02 �0.11 253 0.914

Material on time–slope g11 C-RPD �0.42 �1.91 253 0.058

Random effects

Intercept y0j 338.61 3.45 < 0.001

Time y1j 0 0

Residual eij 465.29 11.03 < 0.001
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abutment teeth) between the two study groups did not
reach statistical significance after 36 months [32].
Another, more plausible, explanation is that patients
with EP-RPDs rated the retention and the aesthetic
appearance of their dentures lower after wearing them
for 1 year [18].
The strength of this study is the prospective and

randomized study design with two quite homogenous
study groups. Furthermore, recall periods for all
patients were homogenous and the response was
acceptable.
Nevertheless, it should be considered that other

variables which were not evaluated, such as distribu-
tion of abutment teeth and/or the dental status in the
opposite jaw with different number of occluding teeth,
could be of importance for OHRQoL. Another factor
to bear in mind is that various experiences of the
participants with RPDs before the actual treatment
might have an impact on the results.
A limitation is that, because of the limited number

of patients, the general applicability of the findings
might be questioned. Furthermore, a longer period
than 36 months is needed to furnish substantial evi-
dence of the superiority of one of these systems.

Summary and conclusion

Treatment with double-crown-retained RPDs with
cast double crowns (C-RPDs) and electroplated dou-
ble crowns (EP-RPDs) initially improved OHRQoL.
Over a period of 36 months the improvement was
significant, so both C-RPDs and EP-RPDs are prom-
ising therapeutic options to improve OHRQoL.
Within the limitations of this study, cast double
crowns with conical design seem to have advantages
with regard to OHRQoL.
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