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Abstract
Objectives This study aimed to survey dentists in Germany to identify their favored materials for the fabrication of tooth-
supported single crowns (SCs) depending on the location of the abutment teeth and the preparation margin.
Materials andmethods The survey included questions regarding demographic characteristics of dentists/their dental practice and
preferred restorative materials for the fabrication of SCs for abutment teeth 16, 11, 34, and 36 with either supra- or subgingival
preparation margins.
Results Between August 2019 and February 2020, 721 dentists participated in the survey; responses from 33 dentists were
excluded from data analysis because the dentists did not work in Germany or provided less than one fixed dental prosthesis/
month. Dentists favored ceramic materials independent of the location of the abutment tooth and preparation margin (56.6–
92.2%). CAD/CAM resin composites or full metals were preferred by only a few participants. A significantly higher proportion
of dentists recommended porcelain fused to metal for subgingival preparation margins than for supragingival margins (p <
0.001). Characteristics of dentists/dental practices influenced a single scenario (11 subgingival) that was dependent on the
dentist’s time since graduation. When asked to specify the ceramic materials, numerous participants wrote a free response
(5.7–7.8%) or did not answer (0.7–4.8%).
Conclusions Dentists in Germany selected restorative materials for SCs depending on the clinical scenario. Since numerous
dentists did not specify the ceramic materials, postgraduate information and education might help to extend expertise.
Clinical relevance The results of this survey provide insight into the favored materials of dentists for the fabrication of tooth-
supported SCs.
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Introduction

Dentists providing restorative and prosthetic treatment are
confrontedwith a vast and steadily increasing variety of dental
materials that are available on the market. Precious and base
metal alloys have been available for decades. Consequently,
evidence-based statements can be given regarding their long-
term performance in fixed prosthodontics [1]. However, while

fixed prosthetic restorations fabricated from alloys are still the
standard treatment option in the posterior dentition in formal-
ities of German national health care insurance companies,
these restorations do not meet the patients’ expectations asso-
ciated with favorable esthetic appearances. While partial or
complete veneering of alloy restorations (i.e., porcelain fused
to metal, PFM) can relevantly improve esthetic appearance,
shortcomings such as gray shimmering or complications such
as chipping of the veneer are frequently described [2, 3]. With
regard to this aspect, the use of tooth-colored materials might
be helpful to overcome some of these problems. However,
especially for recently introducedmaterials such as translucent
zirconia, resin composites, or some lithium-X-silicate ce-
ramics [4] fabricated with computer-aided design/computer-
aided manufacturing (CAD/CAM) techniques, clinical out-
comes in view of quality and longevity are sparse or missing
[5, 6]. Moreover, current and future advances in digital den-
tistry can lead to the implementation of novel fabrication
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techniques and materials in daily dental practice that might
serve as easy-to-use tooth-colored alternatives in fixed pros-
thodontics [7–9].

The restorative materials that are currently available on
the market feature a wide range of mechanical properties
that have an impact on the indication spectrum, adequate
preparation design, and appropriate luting methods.
Regarding the selection of the materials, it might be helpful
to rely on results from randomized controlled clinical trials
(RCTs). A recent review by the Cochrane Review Group
emphasized that only a few RCTs are available for com-
parisons between metal-free and metal-based restorations,
concluding that there is no evidence regarding the superi-
ority of any of these materials. As a consequence, the au-
thors suggested that dentists should base their decisions on
their clinical experience, the individual circumstances, and
the opinion of the patient [10]. In comparison to the results
presented by the Cochrane Review Group, another re-
search group included a wider range of study designs in a
systematic review on the survival and complication rates of
ceramic or metal-ceramic single crowns (SC). The authors
concluded that SCs fabricated from ceramics showed sim-
ilar survival rates as PFMs, yet layered zirconia SCs were
more prone to technical complications such as chipping of
the veneer [2].

In recent years, the National Dental Practice-Based
ResearchNetwork (PBRN) Collaborative Group has surveyed
dentists in the United States (US). Among others, the topics of
interest included the frequency of specific dental procedures,
general health aspects in dentistry, and questionnaires related
to tooth-supported SCs [11–13]. Regarding the selection of
materials for fabricating SCs in the anterior area, the study
identified that lithium disilicate (54%), layered zirconia
(17%), and glass ceramics (13%) were favored by the partic-
ipating dentists. For posterior SCs, monolithic zirconia (32%),
PFM (31%), and lithium disilicate ceramics (21%) were pre-
ferred. The authors concluded that the selection of the mate-
rials was significantly associated with the individual charac-
teristics of the participating dentists and their patients [12].

In comparison to the US, guidelines of the German national
health care insurance companies compile minimum standards
for both the type of restoration and the restorative material
depending on the individual clinical setting. One of these
companies has shared data for scientific purposes over the last
years [14], yet only general information can be retrieved from
that database. Specific but relevant aspects of prosthetic res-
torations, such as the type of materials or the individual clin-
ical situation (i.e., marginal preparation design), were not doc-
umented in detail. Thus, no valid estimation regarding the
preferred materials of dentists in Germany for the fabrication
of SCs is possible from that dataset. Moreover, it is unclear
whether these preferences depend on the individual character-
istics of the dentist, the dental practice, or the patient.

Thus, the aim of this study was to survey dentists in
Germany to identify their favored materials for the fabrication
of tooth-supported SCs depending on the location of the abut-
ment teeth and the preparation margin. The working hypoth-
esis was that dentists in Germany recommend the same mate-
rials for the fabrication of SCs independent of the individual
clinical scenario, the characteristics of the dentists, or their
dental practice.

Materials and methods

Questionnaire design and pretesting of the
questionnaire

The questionnaire was developed by a team of three experi-
enced dentists and a statistical data manager. Some features of
a survey that had been conducted by the National Dental
PBRN investigating the material selection for tooth-
supported SCs of US dentists were included [12]. The project
was run under the title “Versorgungskompass Festsitzender
Zahngetragener Zahnersatz”. Concepts and questionnaire
were reviewed by the Executive Board of the German
Society for Prosthodontics and Dental Materials Science
(DGPro), and revisions were made by the authors.

One part of the questionnaire aimed to gather data regard-
ing the demographic characteristics of the participating den-
tists, such as their age group, sex, area of expertise, and years
since graduation. Another part of the questionnaire focused on
characteristics of their dental practice, including the first digit
of the postal code and the number of inhabitants in the village/
city in which the dental practice/university was located.
Moreover, the participants were asked to indicate whether
they provided at least one single-unit or multi-unit fixed dental
prosthesis/month.

Regarding the preference of materials for the fabrication of
SCs, the questionnaire provided four potential locations of
abutment teeth, including teeth (according to the FDI) 16,
11, 34, and 36 (A), as well as a description of the individual
preparation margin (supra- or subgingival) (B). Each combi-
nation of tooth and preparation margin was addressed in a
single question (Table 1), resulting in an overall total of eight
questions formulated as the following: “What kind of material
do you usually recommend for a permanent tooth-supported
single crown located on abutment tooth (A) and with a (B)
preparation margin?”. Participating dentists were able to
choose between full metal, PFM, ceramic, and CAD/CAM
resin composite. Moreover, it was possible to give a free-
response answer. If ceramics were selected, another question
was required, asking the participant to specify the ceramic
material from the following: feldspathic/leucite-reinforced
glass ceramic, lithium disilicate ceramic, zirconia-reinforced
lithium silicate ceramic, monolithic zirconia ceramic, or
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layered zirconia ceramic. Again, a free-response answer was
allowed. Apart from the questions focusing on SCs, the survey
included other aspects addressing the material choice for a
multi-unit fixed dental prosthesis, cementation, and the
intraoral repair of chipping, which will be described else-
where. The survey was designed to be completed within a
maximum time frame of 7 min [15] and was available online
(SurveyMonkey, San Mateo, CA, USA) or as a paper-based
version provided on demand.

In August 2018, pretesting of the questionnaire was per-
formed to investigate the practicability of the survey. Ten
participants (mean age 34 years, range 26–52 years, 50% fe-
male) including both dentists working in private practices
(50.0%) and in a university setting (50.0%) were recruited.
The think-aloud strategy was used to identify problems while
completing the questionnaire. As a result of the pretesting, the
coloring of important aspects of the survey, such as the abut-
ment tooth and preparation margin, was revised, and free-
response answers were allowed where appropriate (as men-
tioned in the paragraph above).

Guidelines and recruitment of participants

Between August 2019 and February 2020, dentists were re-
cruited to voluntarily participate in the survey. In order to
reach as many of the 72,592 dentists (45.2% female, mean
age = 48.7 years) working in Germany as possible [16], ad-
vertisements were placed in various German dental journals,
such as Zahnärztliche Mitteilungen, DZZ, Quintessenz
Deutschland, or ZWR. A newsletter issued by the DGPro
was e-mailed several times to invite members of society to
participate in the survey. The German Dental Association
(BZÄK) supported the survey and asked the chambers of
the 16 federal states to display access to the survey on their
local websites. Moreover, hand-outs with information about
the survey were distributed at various German dental
conferences.

Information about data protection was included at the be-
ginning of the survey and could be obtained via file download
or paper-based platforms from the authors. The local Ethical
Committee approved the investigation (156-19-ek).

Table 1 Structure of the questionnaire investigating the favored materials for the fabrication of single crowns

Sequence Question Predefined answers
(only one answer allowed)

1 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 16with
a supragingival preparation margin?

• Full metal
• PFM
• Ceramic
• CAD/CAM resin composite
• Free response answer:___

2 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 11with
a supragingival preparation margin?

3 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 34with
a supragingival preparation margin?

4 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 36with
a subgingival preparation margin?

5 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 16with
a subgingival preparation margin?

6 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 11with
a subgingival preparation margin?

7 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 34with
a subgingival preparation margin?

8 What kind of material do you usually recommend for a permanent
tooth-supported single crown located on abutment tooth 36with
a subgingival preparation margin?

Additional that occured each
time when ceramic was
chosen

What kind of ceramic do you recommend (tooth XX, xxgingival
preparation margin)?

• Feldspathic/leucite-reinforced glass ceramic
• Lithium disilicate ceramic
• Zirconia-reinforced lithium silicate ceramic
• Monolithic zirconia ceramic
• Layered zirconia ceramic
• Or material/brand name:__

Tooth location according to the FDI scheme
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Statistical analyses

Power analyses were based on an overall of 72,592 dentists
working in Germany, a margin error of 5%, and a 95% con-
fidence interval and revealed a number of 383 participants.
However, to compare differences of 10% between groups by
using a power of 90%, a number of 532 participants was
determined. The data analysis (SPSS 24, IBM, Armonk,
NY, USA) was carried out assuming a significance level of
p < 0.050. Data were only included if the participants had
agreed to provide at least one single crown or multi-unit fixed
dental prosthesis (FDP) per month. Besides, dentists who did
not work in Germany were excluded prior to statistical analy-
sis. Descriptive data were used to present frequencies and
counts of given answers. For group comparisons, the partici-
pants who graduated within the last 15 years were placed in a
group.Moreover, data of dentists whoworked in a village/city

counting up to 20,000 inhabitants were summarized. For com-
parisons of material choice and characteristics of the dentists/
dental practice, the following parameters were chosen as ref-
erences: sex, time since graduation, and the number of inhab-
itants. Significances were determined using chi-square tests.

Results

Demographic data of the dentists participating in the
survey

During a 6-month period, a total of 721 dentists participated in
the survey. Six of these 721 dentists stated they were currently
not working in Germany, and 27 indicated that they provided
less than one single crown or multi-unit FDP per month. The
answers of the remaining 688 participants (41.6% female)

Fig. 1 Participation of dentists
sorted by postal code as
percentage (N = 491, no answer =
197)
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were included in the data analysis. One third of the partici-
pants were younger than 40 years, and approximately 50%
were between 40 and 59 years old. According to the postal
codes, dentists from all parts of Germany participated in the
survey (Fig. 1), and the vast majority declared that they
worked predominantly in the fields of conservative or pros-
thetic dentistry (91.5%). More information on demographic
characteristics of the current survey is available in Table 2.

Materials for SCs with supragingival preparation
margins

Independent of the location of the abutment tooth, ceramic
was the treatment option that was most favored by the partic-
ipating dentists (74.8–92.2%), followed by PFMs (5.6–
18.3%) (Tables 3 and 4, Fig. 2a). Full metal was chosen with
a frequency of 3.5–4.4% for tooth 16 or tooth 36. The selec-
tion of CAD/CAM resin composites as the favorite option
reached a maximum of 2.0% for tooth 16. Of those dentists
who selected ceramics (Table 5), lithium-X-silicate ceramics
were the most favored option (46.0–59.7%) for each of the
four abutment teeth, followed by layered zirconia in the ante-
rior area (teeth 11, 34) and monolithic zirconia for molars.

Materials for SCs with subgingival preparation
margins

In a setting with subgingival preparation margins, ceramics
were preferred by 59.2–85.0% of the participating dentists
(Tables 3 and 4, Fig. 2b), followed by PFM (13.3–36.5%).
In molars, full metal SCs were recommended by 4.8–5.2% of
the participants. CAD/CAM resin composites were rated as
the favored treatment option with a range between 0.7 and
1.1%. Participants who selected ceramics (Table 5) ranked
lithium-X-silicate and layered zirconia ceramics as their fa-
vored ceramics for anterior teeth and monolithic zirconia for
posterior teeth.

Characteristics of dentists/dental practice, prepara-
tion margin, and material choice

The survey revealed that the time since graduation statistically
significantly influenced the choice of materials for fabrication
of a single crown for tooth 11 with a subgingival preparation
margin (Table 3). Dentists who graduated within the last
15 years tended to recommend fewer SCs fabricated from
PFM than dentists who graduated more than 15 years ago.
For sex-related comparisons, no statistically significant differ-
ences in material selection were observed. No statistically sig-
nificant differences in material selection were identified in
group comparisons categorized by the number of inhabitants
of the village/city in which the dental practice/university was
located.

Dentists more frequently choose PFMs for scenarios in-
volving subgingival preparation margins compared to the ma-
terial chosen for supragingival preparations (all p < 0.001,
Tables 3 and 4).

Regarding ceramics, 5.7–7.8% of the participants wrote a
free-response answer instead of making a choice from the
given ceramic classification; up to 4.8% did not specify the
ceramic (Fig. 3).

Discussion

T h e r e s u l t s o f t h e c u r r e n t s u r v e y e n t i t l e d
“Versorgungskompass Festsitzender Zahngetragener
Zahnersatz” revealed that ceramic materials are favored by
dentists in Germany for the fabrication of SCs, which was
independent of the location of the abutment tooth and prepa-
ration margin. Only a few participants favored CAD/CAM
resin composites or full metals. However, in scenarios with
subgingival preparation designs, we observed that participat-
ing dentists preferred PFMs more frequently than in settings

Table 2 Information on demographic properties of the participating
dentists

Total Count Percentage

Overall 688

Sex 503

Female 209 41.6

Male 294 58.4

Age in years 504

20–29 47 9.3

30–39 142 28.2

40–49 113 22.4

50–59 118 23.4

60+ 84 16.7

Years since graduation 503

< 5 years 59 11.7

5–15 years 160 31.8

> 15 years 284 56.5

Location of dental practice (inhabitants) 501

< 5000 50 10.0

5000–20,000 122 24.4

20,000–100,000 121 24.2

> 100,000 208 41.5

Area of expertise 403

Conservative dentistrya 204 50.6

Prosthodontics 165 40.9

Others 34 8.5

Missing data due to incomplete questionnaires
a Umbrella term for dentists working in the fields of preventive dentistry
and cariology
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with supragingival preparation margins. Sex, the time since
graduation, and the number of inhabitants of the village/city
the dental practice/university was located did not influence the
dentists’ preferences except for a single scenario (11
subgingival), which revealed a dependency on the time since
graduation. Consequently, the working hypothesis of this in-
vestigation can be partially rejected, as characteristics of the

participating dentists had—at least for one specific clinical
scenario—an impact on the material recommendations.

The data of the current study suggest that the influence
on preferences for the material selection of SCs are differ-
ent between German and US dentists as the latter are more
likely to base decisions on their own characteristics or
those of their dental practice [12]. Nonetheless, ceramics

Fig. 2 Frequency of favored
materials for a supragingival and
b subgingival preparation
margins depending on the
location of the abutment tooth
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were favored in both nations, followed by PFMs. The US
survey comprised a clinical scenario that also included the
fabrication of an SC for abutment tooth 11. The participat-
ing US dentists favored lithium disilicate as the restorative
material, followed by layered zirconia and classical glass
ceramics. In contrast to the US study, the current survey
further distinguished between a supra- and subgingival lo-
cation of the preparation margin. For supragingival prepa-
ration margins, the results of our survey were similar to the
results from the US as lithium-X-silicate was recommend-
ed by most of the participants. However, for the scenario
with subgingival preparation margins, the proportion of
participants who preferred PFM increased compared to
the material of choice for supragingival preparation mar-
gins. Both the US and the current survey included a setting
that required the selection of an SC material for abutment
tooth 36. German dentists recommended lithium-X-silicate
ceramics (supragingival preparation margin) and monolith-
ic zirconia, as well as PFM (subgingival preparation mar-
gin), whereas US dentists favored predominantly mono-
lithic zirconia, followed by PFM and lithium disilicate.
The authors assume that in scenarios in which moisture is
difficult to control and clinical access and the view are
limited, dentists tend to use materials that can be inserted
using conventional cementation methods. Moreover, it
might be possible that dentists are not aware or do not rely
on the fact that lithium disilicate or zirconia ceramics are
approved for conventional cementation techniques in most
clinical situations. Although all materials offered in the
questionnaire were indicated for SCs in the given location
of the abutment tooth or preparation margin, these results
also assume that in technically complicated settings, es-
thetic aspects are estimated to be less important than easy
handling and evidence. Nonetheless, the data of the current
survey suggest that the application of monolithic zirconia
is widely established for molar restorations, although evi-
dence on the long-term performance and survival, as well
as that on the effects on the masticatory system, is still
sparse.

Surprisingly, some of the participating dentists did not com-
plete the questions about specific ceramics. However, numer-
ous dentists entered a free answer, such as the manufacturer or
the trade name. This result might be due to the high fluctuation
rates of tooth-colored materials on the dental market [17] and
might indicate confusion over existing classifications.
Nonetheless, it is important that dentists are informed about
the differences between ceramics as this knowledge is relevant
when choosing the correct cementation method or indications
of the material. These considerations might also explain the few
recommendations of CAD/CAM resin composites or polymer-
infiltrated ceramic-network materials in the present survey.
Regarding their composition and structure, these materials are
highly complex and require careful handling in strictTa
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accordance with the guidelines issued by the manufacturer. The
vast number of different materials that are available on the
German market might also produce uncertainties and confu-
sion, which indicates that improved postgraduate education
might be required, for instance, by overview articles in the
German language or utilizing more detailed curricula.

The limitations of this study include the number of clinical
scenarios that were offered to the participants. It might have
been interesting to elucidate potential differences in restor-
ative approaches for the lower incisors, equigingival prepara-
tion margins, or patients with parafunctional activities.
Moreover, it would have been interesting to introduce clinical
scenarios with different layer thickness of the SCs as this
parameter might also influence the choice of tooth-colored
materials. However, the estimated time required for comple-
tion of the survey was set to a maximum of 7 min to ensure
that a high percentage of participants completed the survey
[15]. Nevertheless, the scenarios in the survey covered both
esthetically (11, 34) and technically challenging settings (mo-
lars). Despite all our efforts, questions were more frequently
left uncompleted at the end of the survey. Even though an
easy-to-use drop-down menu was employed to answer, e.g.,
the area of expertise, solely half of the participants completed
the question (58.6%).

One percent of the dentists working in Germany responded
to the survey, and postal codes indicated a similar percentage
of participating dentists from all parts of the country.
Moreover, sex- and age-related characteristics of the

participants were similar to the overall demographics of den-
tists in Germany. Nonetheless, for an entirely representative
approach, it would have been best to directly address each
dentist in Germany, e.g., by e-mail or letter service to ensure
that every dentist was invited to take part in the survey and to
calculate an actual rate for non-respondents.

The results suggest that dentists selected their restorative
materials depending on the individual clinical scenario.
Nevertheless, improvements in postgraduate information and
education might help to extend the expertise for newly intro-
duced tooth-colored materials.
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