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Abstract
Purpose: The purpose of this article is to evaluate patient satisfaction with dentures retained by ceramic primary and 
electroplated secondary conical double crowns (CEP), thus extending the coverage of the current literature in this field. 
 
Materialsand methods: A total of 74 patients who had been treated with CEPbetween 1998 and 2013 were surveyed.Param-
eters like overall satisfaction, handling, wearing comfort and functional aspects get evaluated. Accordingto the location of 
the dentures, the patients were divided into three patient groups.

Results: The statistical analysis showed no significant influence of the location of the prosthesis (maxilla/mandible) on the 
parameters examined. The patient evaluations showed a high level of patient satisfaction with their prostheses. 

Conclusion: Based on the results obtained, CEP for oral rehabilitation can be recommended from the dentist’s and the pa-
tient’s point of view if a clinical indication exists. 

Abbreviations: MX : maxilla; MD: mandible; MX+MD: maxilla and mandible; VAS: visual analogue scale; CEP: denture 
retained by ceramic primary and electroplated secondary conical double crowns according to the Weigl protocol (ceramic/
electroplated double-crown prosthesis); OHRQoL: oral health-related quality of life.
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Introduction
	
	 Treatment protocols and manufacturing methods 
are a major focus in scientific research aimed at evaluating 
and continuously improving dental treatment methods. Of-
ten, however, the perspective studied is that of the dentist, 
while the effect of the treatment on the patient and the ensu-
ing changes have rarely been examined.

	 More recently, however, interest in patients’ overall 
satisfaction and quality of life following dental procedures has 
increased. In this context, Montero et al. reviewed the impact 
of dental treatment on patients’ oral health-related quality of 
life (OHRQoL). They found that the more negative the pre-
treatment impairment had been felt, the more pronounced 
were the perceived improvements in OHRQoL after dental 
rehabilitation [15].

	 In addition, Tan et al. and Gerritsen et al. demon-
strated that the number and location of lost teeth also influ-
enced OHRQoL [13, 19]. Thus, the loss of many or even all 
teeth may restrict chewing comfort, esthetics, and speech 
function [22]. Especially in edentulous patients, implants sup-
porting a dental prosthesis can improve patient satisfaction, 
chewing comfort, and the associated quality of life [2, 4, 6, 20].
Preciado et al. found that the extent to which patient satisfac-
tion and OHRQoL are improved by implant-supported pros-
theses depended on the retention mechanism used [17]. Awad 
et al. and Sánchez-Siles et al. reported that prostheses with bar 
attachments significantly improved OHRQoL compared to 
conventional prostheses [3, 18]. Ellis et al. and Ceruti et al. 
reported that a similar improvement can be achieved with ball 
retainers and with magnets [8,11]. With a reduced number of 
2 to 6 abutments, prostheses retained by telescope crowns also 
significantly improved OHRQoL [14].

	 The studies referred to thus examined and described 
the correlations between patient satisfaction with different 
overdenture retention systems. No reports, however, have 
been published on patient satisfaction with prostheses re-
tained by ceramic primary and electroplated secondary coni-
cal double crowns (CEP). Here, the manufacturing process 
allows a gap of 5µm between primary and secondary crown. 
In contact with saliva, the tribological effect facilitates the re-
tention of these dentures. 

	 The purpose of the present article has been to evalu-
ate the effect of these CEP on patient satisfaction, thus extend-
ing the coverage of the current literature in this field.

Materials and Methods

	 To determine eligibility, 74 patients were interviewed 
who had received a total of 87 CEPs according to the Weigl 
protocol [23] at the Department of Prosthodontics, School 
of Dentistry, Goethe University Frankfurt am Main, between 
1998 and 2013.

	 In contrast to a double crown reatined denture with 
a conical or telescopic crown design, these dentures do not 
exhibit friction between its primary and secondary crowns. 
The manufacturing process allows a gap of 5 µm between the 
primary and secondary crowns that serves as a capillary gap. 
In contact with saliva, this gap facilitates cohesive forces and 
steady retention of the denture. Thus, the retention principle 
is tribological in nature, with surfaces interacting in relative 
motion. Thereby there’s no need for friction adjustments or 
even a loss or change in retention is expected during the life-
time of the denture. Furthermore another advantage of the 
conical electroplated dentures is owed to the design and mate-
rial selection of the primary crowns. Here, the use of zirconia 
for primary crown production reduces the demasking effect.

	 The evaluated dentures were tooth-, implant and 
tooth-implant- supported without any support of the mucosa. 
The overall number amounts 403abutments (145 teeth, 258 
implants). The mean number shows 5,7 abutments in the up-
per jaw and 3,9 abutments in the lower jaw. Furthermore 48 
(14 MX, 34 MD) prostheses were implant-supported, 22 (12 
MX, 10 MD) tooth-supported and 17 (9 MX, 8 MD)combined 
tooth-and implant supported.

	 Exclusion criteria were non-consent, malignant 
disease, and severe mental illness. In addition, acute dental 
treatment needs also precluded participation in the study. In-
clusion criteria for the study were patient consent, prior oral 
rehabilitation with a CEP according to the Weigl protocol dur-
ing the above-mentioned period, and compliance with annual 
follow-up evaluations at the Department of Prosthodontics.
As part of a prior regular follow-up examination in 2014, pa-
tients had been informed about the project orally and received 
a questionnaire after having agreed to participate in the study.
Based on this questionnaire, various parameters were evalu-
ated that had an influence on the OHRQoL and patients’ sat-
isfaction with their prostheses. As has been common practice 
in comparable studies, visual analog scales (VAS) were used 
for the evaluation [1, 9, 12, 16].
	
	 The evaluation comprised the parameters Overall 
satisfaction, Handling, Retention, Wearing comfort, Esthet-
ics, Chewing function, Stability, Sense of security, and Speech 
function as related to the CEP studied. The VAS used were 
100 mm in length, with values ranging from 0 to 100 (1 mm = 
1%), where 0 denotes the “lowest” or “worst” limit and 100 the 
“highest” or “best” limit for the respective parameter. In addi-
tion, categorical questions were asked that could be answered 
“no,” “neither-nor,” or “yes.” These were used to elicit patient 
responses for the parameters General problems, Changes 
since delivery, and Movement during chewing and speaking.

	 Once the patients had completed the evaluation, 
the investigator analyzed the questionnaires. The quantita-
tive (VAS) results were tested using the Shapiro-Wilk test in 
order to examine possible signficiant differences for normal 
distribution. These data were then subjected to an analysis of 
variance. Fisher’s exact test was used to evaluate the categori-
cal results. The level of significance was set at p ≤ 0.05. The cal-
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culations were made using the IBM SPSS Statistics 24 software 
package (SPSS, Chicago, IL, USA).

	 The study had previously been approved by the com-
petent Ethics Commission.

Results
	
	 Of the 74 patients who had consented to participate 
in the study and received and completed the questionnaire, 
22 patients wore a maxillary prosthesis, 39 wore a mandibular 
prosthesis, and 13 wore prostheses in both jaws, for a total of 
87 prostheses evaluated. This resulted in three patient groups 
with prostheses in the maxilla and mandible (MX+MD) a 
prosthesis in the maxilla only (MX only), and a prosthesis in 
the mandible only (MD only).

There were 36 male and 38 female participants.

	 Table 1 presents an overview of the VAS scores. Fig-
ure 1 illustrates the results for the Overall satisfaction param-
eter.

	 For the parameters considered, analyses of variance 
yielded no significant differences between the three patient 
groups regarding the location of the prosthesis (MX+MD, MX 
only, MD only).Categorical questions were asked for Gener-
al problems, Changes since delivery, and Movement during 
chewing and speaking. The overall assessment of these param-
eters is based on the responses within the three patient groups 
(MX+MD, MX only, MD only) The answer “no” was chosen 
by 61 patients each for General problems and Changes since 
delivery and by 67 patients for Movement during chewing and 
speaking. The answer “neither-nor” was chosen by 12 patients 
for General problems, by 11 patients for Changes since de-
livery and by 67 patients for Movement during chewing and 
speaking. An affirmative “yes” answer was given by 1 patient 
for General problems and by 2 patients each for Changes since 
delivery and patients Movement during chewing and speak-
ing.

	 Table 2 presents an overview of the responses to the 
categorical questions. Fisher’s exact test yielded values of p> 
0.05 within the patient groups and hence no significant in-
fluence of the location of the prosthesis on the occurrence of 
General problems, Changes since delivery, or Movement dur-
ing chewing and speaking.
 
Discussion

	 The evaluation of the results showed that there was 
no statistically significant influence of the location of the pros-
theses (MX+MD, MX only, MD only) on any of the parame-
ters. When considering the results, it should be noted that the 
patients were not interviewed after a defined period following 
delivery of the prostheses, resulting in different wearing times. 

Figure 1: Assessment of general satisfaction.

Furthermore, the nature of the abutments was not linked to 
the evaluations. In addition, unlike other studies of patient 
satisfaction, the present one featured no control group, which 
should be viewed critically; nevertheless, the cases examined 
here can easily be aligned with those in other studies [4, 5, 21]. 
The method of surveying and evaluating patients using a visual 
analog scale (VAS) has been commonly used in other studies 
to assess patient satisfaction and to assess various parameters 
9, 10, 12, 16.

	 The data showed prosthesis retention at levels of 87.96 
± 19.3 %, 90.36 ± 16.88 %, and 89.79±12.68 % for the MX+MD, 
MX only, and MD only patient groups, respectively. Consider-
ing that the evaluated prostheses had ben in situ for between 
18 months and 16 years at the time of the survey, this result un-
derlines the good and consistent retention of the CEP. This fa-
vorable result was made possible by the functional principle of 
the CEP, which facilitates the creation of capillary forces within 
the narrow gap between the primary and secondary crowns. 
Due to the absence of frictional surfaces and frictional forces, 
in contrast to conventional double-crown systems, no reten-
tion losses occur; according to Cepa et al., such retention losses 
have a negative impact on patient satisfaction with double-
crowned prostheses [7]. The high and stable retention of the 
CEP according to Weigl has also been confirmed by Bayer et 
al., who showed a more stable and more reliable retention with 
zirconia primary crowns than with primary crowns made of 
precious alloys [13,25]. In addition, Weigl et al. found no signs 
of wear with a combination of a zirconia primary crownand an 
electroplated secondary crown, which underlines the durabil-
ity of the materials and the associated high and stable retention 
[14].

	 The durability of the retention is also manifested in 
the results for the changes since delivery parameter. Here, only 
2.7% of patients had noted any changes; 82.4% had not. This 
was accompanied by high scores for Wearing comfort and 
Speech function. Although there was no statistical significance, 
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these parameters show less favorable scores for patients with 
both maxillary and mandibular prostheses. This can also be 
due to the greater treatment effort and complexity and a great-
er need for follow-up care than in patients with prostheses in 
only one jaw.

	 Chewing function also received high scores. Here, 
too, less favorable scores were obtained for patients with both 
maxillary and mandibular prostheses. The reason for this 
could be that the need for a simultaneous rehabilitation of 
the maxilla and mandible is associated with a complete loss 
of denture support zones. In these cases, the practitioner must 
obtain a new jaw relation record, which can result in a new 
bite situation that also influences the chewing function.

	 In addition, the evaluations showed that the han-
dling of the prostheses was rated as good, despite the strong 
denture retention. The underlying functional principle of the 
CEP provides for a steady and uniform insertion and removal 
force, which may explain the favorable Handling scores. This 
is supported by the results for General problems, which also 
includes the evaluation of problems involved in inserting and 
removing the prosthesis. Here, 61 of the 74 patients reported 
no problems.Only one patient examined general problems 
after incorporation of the denture. Here, the removal of the 
prostesis was describedas difficult. The remaining number of 
12 patients classified this question as not evaluable.  
	

Parameter MX MD MX+MD 
VAS scores in % n = 22 n = 39 n = 13
Overall satisfaction 87.77± 13.59 89.79 ± 9.81 87.88 ± 14.89
Handling 92.9± 7.47 90.85 ± 8.62 90.12 ± 14.4
Retention 90.36± 16.88 89.79 ± 12.68 87.96 ± 19.33
Wearing comfort 94.77± 7.11 90.95 ± 9.48 86.42 ± 17.79
Esthetics 94 ± 6.32 88.36 ± 13.09 86.15 ± 16.42
Chewing function 88.5 ± 15.72 90.23 ± 8.93 82.23 ± 22.53
Stability 90.54± 14.02 87.44 ± 13.22 79.42 ± 26.36
Perception of security 92.54± 12.11 91.026 ± 7.34 85.08 ± 22.14
Speech function 90.23± 12.72 91.21 ± 9.76 84.38 ± 20.66

 
Table 1. Overview of the VAS scores

Parameter no MX+MD – MX only 
– MD only

neither MX+MD – MX 
only – MD only

yes MX+MD – MX 
only – MD only

General prob-
lems

61 10 / 19 / 32 12 3 / 3 / 6  1 0 / 0 / 1

Changes since 
delivery

61 11 / 17 / 33 11 1 / 5 / 5  2 1 / 0 / 1

Movement dur-
ing chewing and 
speaking

67 12 / 19 / 36 5 0 / 3 / 2  2 1 / 0 / 1

 
Table 2: Overview of the responses to the categorical questions

Sense of security was evaluated at 85.08 ± 22.14 %, 92.54 ± 
12.11 %, and 91.03 ± 7.34 % for the MX+MD, MX only, and 
MD only patient groups, respectively. These results show that 
the patients feel safe with their prostheses, which is further 
supported by the results for Movement during chewing and 
speaking, where 2 patients gave an affirmative response. A 
negative response for Movement during chewing and speaking 
was proffered by 90.5%, which highlights the good and secure 
fit of the prostheses.

	 The favorable results for the mentioned parameters 
were reflected by the uniformly high scores for Overall sat-
isfaction, which were 87.88 %, 87.77% and 89.79 % for the 
MX+MD, MX only, and MD only patient groups, respectively. 
This is supported by a study by Grossmann et al., who also de-
scribed a high level of overall satisfaction with double-crown 
prostheses [14].

	 The results obtained in the present study agree very 
well with the existing literature and show high levels of patient 
satisfaction with their CEP. This satisfaction is based on high 
retention, ease of handling, a high sense of security, and a low 
susceptibility to changes since delivery and general problems. 
There is no significant correlation between the results and the 
location of the prostheses. Thus, dentures retained by ceramic 
primary and electroplated secondary conical double crowns 
can be recommended for oral rehabilitationin the maxilla and 
mandible or both, from the dentist’s as well as from the pa-
tient’s point of view, if a clinical indication exists.
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