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Purpose: The aim of this systematic literature review was to investigate the survival rates
of teeth, implants, and double crown-retained removable dental prostheses (RDPs).
Materials and Methods: A systematic review of the literature published from January
1973 through May 2010 was conducted using electronic databases and hand-searching
to assess the clinical outcomes of teeth, implants, and double crown-retained RDPs.
Results: This review yielded 512 articles, which were narrowed down to 11. The
included studies demonstrated tooth survival rates between 60.6% and 95.3% after

an observation period of 4 to 10 years. The survival rates of RDPs supported by teeth
ranged between 90.0% and 95.1% after 4 and 5.3 years, respectively. The survival rates
of implants supporting prostheses in the mandible were between 97% and 100% after
an observation period between 3 and 10.4 years. The survival rates of implant-retained
RDPs in the mandible ranged between 95% and 100% after 9 and 10.4 years. Teeth
and implants supporting prostheses in the maxilla, as well as the RDPs themselves,
demonstrated a survival rate of 100% after 3.2 years. Conclusion: The current literature
does not provide sufficient information regarding the long-term outcome of double
crown-retained RDPs. Further studies based on a higher level of evidence are needed
to validate the outcomes of this treatment modality. Int J Prosthodont 2011;,24:109-117.

Tooth loss is associated with limitations regard-
ing esthetics, function, comfort, and quality of life
and may lead to nutrition and weight problems, emo-
tional disturbances, and neuromuscular alterations.
Consequently, the remaining teeth may suffer over-
load; approximal, mesial, or distal drift; elongation; or
abrasion.

Partially edentulous arches can be restored with
tooth-, implant-, or tooth and implant-supported
double crown-retained removable dental prostheses
(RDPs). They guarantee easy accessibility for den-
tal hygiene and the possibility of extraoral repair.2-8
Disadvantages include loss of retention, food impac-
tion, and caries.2"8
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Double crown-retained RDPs are mainly used in
Germany, Sweden, and Japan.>® This type of pros-
thetic treatment is characterized by a hybrid form
of fixed and removable dental prostheses: An inner
crown or primary crown is permanently cemented or
fixed to the abutment tooth or implant, and a con-
gruent outer crown or secondary crown is rigidly an-
chored in the detachable prosthesis.'® Depending on
the retention mechanism, double crowns can be sub-
divided into telescopic crowns, conical crowns, and
double crowns with additional modifications."

The telescopic crown (composed of a high precious
metal alloy) was first introduced by Béttger in 1961.12
It has a parallel design and uses the friction of the
opposing surfaces of the inner and outer crowns for
retention. Bottger suggested using retention pins to
increase retention if a non-precious metal alloy was
used. Telescopic crowns can be either rigid or nonrigid.
Rigid telescopic crowns have a defined end position,
meaning that these crowns do not allow further verti-
cal movement under load. Nonrigid telescopic crowns,
also known as resilient telescopic crowns, have no
defined apical end position, meaning that they allow a
certain amount of vertical movement under load. It was
thought that nonrigid crowns better distribute forces to
the mucosal rest areas than rigid crowns.'®
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Conical crowns were introduced by Kérber in
1968." They have a tapered design, which creates
friction at the end position. A taper of 6 degrees is
recommended to achieve a retention force between 5
and 10 N when using high precious alloys."

The Marburg double crown system, first described
by Lehmann and Gente in 1988, uses additional pre-
fabricated elements (TC-Snap System, Si-tec) to im-
prove the retention of telescopic crowns.

Each of the three different types of double crown
systems can be employed to support either a remov-
able dental prosthesis or an overdenture prosthesis.'®
Indications for using double crown-retained RDPs
are arches with few remaining teeth, implants, or
both.'31718 Double crowns are contraindicated when
the clinical crown of the abutment tooth is too short
(< 3 mm) or the patient has a low level of compliance,
shows insufficient oral hygiene, or finds a removable
prosthesis unacceptable.'

The purpose of this review was to investigate the
survival rates of teeth, implants, and double crown-
retained RDPs.

Materials and Methods
Search Strategy and Study Selection

A PubMed (Medline) search was conducted for ar-
ticles published in the dental literature from January
1973 to May 2010 using the following search terms
in simple or multiple conjunctions: “double crowns,”
“RDPs,” “teeth,” and “implants.” The bibliographies
of all full-text articles and related reviews select-
ed from the electronic search were also screened.
Furthermore, manual searching was applied to the
following journals from 1989 to May 2010: Clinical Oral
Investigations, Deutsche Zahnérztliche Zeitschrift,
European Journal of Prosthodontics and Restorative
Dentistry, International Journal of Periodontics
& Restorative Dentistry, International Journal of
Prosthodontics, Journal of Prosthetic Dentistry, and
Journal of Prosthodontics. Since double crown-
retained RDPs were introduced in German-speaking
countries and are mainly fabricated in such countries,
the vast majority of studies identified were in German.
For this reason, the keywords used for the literature
search were translated into German as well.

Studies were screened based on the following
inclusion criteria: clinical studies, mean follow-up
time of 3 years, randomized controlled trials (RCTs)
and prospective and retrospective studies, cumula-
tive survival rates given, papers reporting details on
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the attachment system, and publications available in
German or English. The exclusion criteria consisted
of: case reports, in vitro studies, publications compar-
ing different attachment systems but not presenting
separate survival rates, patient records only, dupli-
cate studies on the same patient population, stud-
ies reporting on maxillofacial prostheses, no data
on number of patients, no survival rates of teeth and
implants, and publications presenting success rates
only (Table 1).

Titles and abstracts were initially screened inde-
pendently by two reviewers for inclusion in the re-
view. The full text of all studies of possible relevance
was then obtained for independent assessment by
the same reviewers. Any disagreement was resolved
via discussion. Where resolution was not possible, a
third reviewer was consulted. All studies meeting the
inclusion criteria underwent validity assessment and
data extraction. Reasons for exclusion were recorded
(Table 2).

Data Extraction

The included studies provided information on the
survival rates of teeth or implants as well as double
crown-retained RDPs. Tooth or implant survival was
defined as not needing extraction at the time of ex-
amination. Tooth or implant failure was defined as lost
or hopeless teeth or implants. Survival of the double
crown-retained RDPs was defined as being in func-
tion at the time of examination; failure was defined
as no longer in function (eg, framework fracture,
abutment or implant losses). Data extraction was
performed independently by two reviewers using a
standardized form.

Results
General Outcomes

The initial database search yielded 453 articles, and
the manual search revealed another 59 titles. After
an interreviewer discussion, 49 full-text articles were
screened according to the inclusion and exclusion
criteria. Finally, 11 studies were included (Figs 1 and
2).

No RCTs were identified. All selected studies were
published in the last 17 years, with the majority pub-
lished after 2000 (Table 1).

Because of the heterogeneity in the design of the
different studies, it was not possible to perform a sta-
tistical analysis of the data obtained.
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Table 1

Results of the Literature Search

Database

Hits

Relevant
hits

Included studies

Excluded studies

PubMed

Medline

334

119

Manual search and references 59

24

24

4:

Krennmair et al?°
Krennmair et al?!
Weischer and Mohr??

Wostmann et al®®

7.

Coca et al**

Heckmann et al?®

Mock et al?

Nickenig et al?®

Nickenig and Kerschbaum?’
Rehmann et al?®

Stark and Schrenker®

20:

Beschnidt et al?®

Dittmann and Rammelsberg®®
Eitner et al®'

Hoffmann et al®?

Hultén et al®

Igarashi and Goto*
Kaufmann et al®

Landes et al**

Longoni et al®®

Mengel et al®

Mengel et al*’

Molin et al®®

Nickenig et al*®
Piwowarczyk et al*®
Wagner and Kern*!

Weng and Richter*?

Wenz et al*

Wenz and Lehmann**
Widbom et al*®

Yamauchi and Kawano*®

1:

Zafiropoulos and Hoffmann*’
17:

Bergman et al®

Behr et al*8

Eisenburger and Tschernitschek*®
Eisenburger et al®®

Gernet et al®!

Heners and Walther'®
Henrich and Kerschbaum®?
Hofmann and Ludwig®
Kern and Wagner®*
Poggeler®®

Rehmann et al®®

Rehmann et al®’

Rehmann et al®®

Ross et al®®

Saito et al®®

Studer et al®!

Wenz et al®?
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Table 2 Excluded Studies and Exclusion Criteria

Reason for exclusion

Case report
Beschnidt et al?®
Hoffmann et al®?
Longoni et al®®
Mengel et al®’
Yamauchi and Kawano*®
Zafiropoulos and Hoffmann*’
Patients records only
Gernet et al®!
Wenz et al®?
Same patient population
Poggeler®® (same as Coca et al**)
Rehmann et al®® (same as Wostmann et al?)
Rehmann et al® (same as Wostmann et al?®)
Rehmann et al®® (same as Wostmann et al?®)

Survival rates for telescopic crowns and
other attachments not separate

Behr et al*®

Henrich and Kerschbaum®?
Kern and Wagner®*
Nickenig et al®®

Ross et al®®

Studer et al®"

Wagner and Kern*'

No cumulative survival rates for teeth, implants, or
prostheses

Bergman et al®

Dittmann and Rammelsberg®®
Eisenburger and Tschernitschek*?
Eisenburger et al®®

Eitner et al®!

Heners and Walther'®
Hofmann and Ludwig®
Hultén et al®

Kaufmann et al®

Molin et al*®

Piwowarczyk et al*®

Saito et al®

Weng and Richter?

Widbom et al*

Zygoma implants used
Landes et al**
Success rates only
Mengel et al®®
Wenz and Lehmann**
Wenz et al*®
No data on number of patients

Igarashi and Goto*

References and
handsearch: 59 titles

Electronic search:
453 titles

Selected by both reviewers| |Selected by both reviewers
_after discussion: 25 titles after discussion: 24 titles

Full text screened for inclusion/
exclusion criteria: 49 titles

38 studies excluded

Studies included: 11 titles
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| Included studies: 11 |

I
‘Study design Observation period

RCT: 0 Upto4y:3
Prospective .
studies: 4 5t09y:6
Retrospective .
studies: 7 Upto9y:2

Fig 1 (left) Search strategy and results.

Fig 2 (above) Dissection of search outcomes.
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Table 3 Survival Rates of Teeth and RDPs

Survival rate

Study  Observation No. of No. of RDP design Teeth RDP
Study design period (y) patients teeth (no) (%) (%)
Nickenig et al?® RS 5 39 — Tc (45) 88 —
Nickenig and Kerschbaum?” RS 5 85 402 Tc (105) 95 —

8 81
Stark and Schrenker® PS 6 68 258 Tc (68) 90 —
Coca et al? RS 7-8 92 236 Tc (106) Maxilla: 68 —
Mandible: 73
Rehmann et al?8 RS 4 84 168 Tc (84) 90 90
Mock et al? PS 10 92 299 Tec (105) Maxilla: 83.5 —
Mandible: 60.6
Wéstmann et al® RS 5.3 463 1,758 Tc (554) 95.3 95.1
RS = retrospective study; PS = prospective study; Tc = telescopic crowns.
Table 4 Survival Rates of Implants and RDPs
Survival rate
Study  Observation  No. of No. of RDP design Implants RDPs
Study design period (y) patients  implants Implants (no) (%) (%)
Weischer and Mohr?? RS 9 24 111 Frialit 2, IMZ, Tc (24) 97 95
Branemark Mandible
Heckmann et al® PS 10.4 23 46 ITI Tc (23) 100 100
Mandible, R
Krennmair et al?' PS 3 12 24 Camlog Tc (12) 100 100
Mandible, R

RS = retrospective study; PS = prospective study; Tc = telescopic crowns; R = resilient telescopic crowns.

Survival Rates

Teeth and Tooth-Supported Double Crown-
Retained RDPs. The literature search yielded seven
studies that presented data on the longevity of teeth
supporting double crown-retained RDPs. Two pro-
spective and five retrospective studies were found
with observation periods between 4 and 10 years. A
total of 923 subjects with a mean age at baseline rang-
ing from 43.4 to 62.0 years were examined clinically,2?”
and more than 3,121 teeth with telescopic crowns were
assessed. The survival rates are shown in Table 3.
Only two retrospective studies provided informa-
tion about the survival rate of telescopic crown-
retained RDPs. The mean age of the patients at base-
line ranged from 43.4 to 58.8 years.?®28 The survival
rates after 4 and 5.3 years are presented in Table 3.
Implants and Implant-Supported Double
Crown-Retained RDPs. The survival rates of im-
plants and implant-supported double crown-retained
RDPs were assessed in two prospective studies and
one retrospective study, with observation periods

between 3 and 10.4 years (Table 4).22225 A total of
59 subjects with a mean age at baseline ranging from
63.2 to 74.1 years were examined.?"?® One hundred
eighty-one implants with mainly internal connec-
tions were used to support the prostheses. The in-
ner crowns were either cement- or screw-retained.
To increase retention, one study presented data using
an additional attachment system.?' The RDPs were
mainly retained by nonrigid telescopic crowns. The
outcomes are presented in Table 4.

Teeth, Implants, and Tooth and Implant-
Supported Double Crown-Retained RDPs. Only
one retrospective study provided information regarding
the longevity of teeth, implants, and telescopic crown-
retained RDPs.2’ The clinical examination included 22
subjects with a mean age at baseline of 63.7 years. All
implants had internal connections and were placed by
means of a conventional protocol. The 22 telescopic
crown-retained RDPs were fabricated with an addition-
al attachment system to increase retention. All patients
participated in a strict recall program. The survival rates
of teeth, implants, and RDPs are shown in Table 5.
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Table 5 Survival Rates of Teeth, Implants, and RDPs

Survival rate

Study Observation No.of No.of No. of RDP design
Study design  period (y) patients teeth implants Implants (no) Teeth (%) Implants (%) RDPs (%)
Krennmair et al? RS 3.2 22 48 60 Frialit-2 Tc (22) 100 100 100
Xive Maxilla
Camlog
root-line

RS = retrospective study; Tc = telescopic crowns.

Discussion

Despite that the double crown attachment system is
costly, technique-sensitive, and even considered an
overtreament by some clinicians, it is used regularly
in some parts of the world whenever an RDP is indi-
cated. Advocates of using such an attachment system
tout its advantages and predictability over conven-
tional RDPs.

In the present review, the survival rates of tooth-
supported double crown-retained RDPs were 90.0%
and 95.1% after 4 and 5.3 years, respectively.?328
Studies have shown that conventional RDPs, ie,
clasp-retained dentures combined with crowns, have
survival rates between 40% and 84% after 5 years, as
well as 20% and 59% after 10 years.?3%4 No survival
rates of (crowned) teeth supporting clasp-retained
RDPs are available. Although the reported survival
rates for the double crown system seem to be high-
er than those for conventional RDPs, the evidence is
weak. The majority of the studies on (tooth-supported)
double crown-retained RDPs had a retrospective de-
sign. Because of an insufficient number of studies,
as well as heterogeneity in study design, a statisti-
cal analysis of the data was not possible. Therefore,
the current systematic review evaluated the reliability
of each treatment modality according to the num-
ber and quality of relevant studies identified. Hence,
there is no evidence that clasp-, (semi-) precision
attachment-, or bar-retained RDPs provide better
clinical long-term data than double crown-retained
prostheses_26,49,50,60,61,63—70

When compared with simple clasp-retained RDPs,
double crown-retained dentures provide the advan-
tage of good patient acceptance,”’ the possibility of
extension after tooth extraction,’? the compensation
of nonparallel tooth axes,’? and better functional-
ity.”1343 However, teeth restored with double crowns
tend to have an overcontoured design.?! The great re-
duction of tooth substance (1 to 1.2 mm labially), the
higher risk of root canal treatment,'® the increased
costs,”® the potential difficulties at the beginning be-
cause of the patient’s handling of the device,’® and
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the challenging technical production’? are all dis-
advantages of double crown-retained RDPs. This
might be the reason why clasp-retained prostheses
are more commonly used worldwide compared with
double crown-retained dentures.

Several authors have assessed factors that
might influence the survival rate of teeth support-
ing double crown-retained RDPs. These factors in-
cluded the type of double crown system, as well as
the number, position, and biologic aspects of the
teeth,24518.23,30.38,40435074 |n g retrospective clinical
study, 385 abutment teeth were provided with either
conical, rigid, or nonrigid telescopic crowns. After a
mean service time of 6.3 years, the authors reported
that the design of the double crowns had no signifi-
cant impact on survival rate.®® Since no additional
data are available, no information can be given re-
garding the influence of double crown type on the
survival rates of teeth supporting double crown-
retained RDPs. Furthermore, several authors agreed
that survival rates of teeth in severely reduced denti-
tions differ significantly from those in dentitions with
more than three remaining teeth.24518.235074 |n g ret-
rospective longitudinal study, it was shown that the
5-year survival rate of double crown-retained RDPs
was dependent on the number of abutment teeth.®
This is in agreement with another study that indicated
that having only a few abutment teeth (one to three
abutments) and large extensions is less favorable
with regard to the distribution of loading forces and
is a predictor of early failure.® It seems that three or
more teeth supporting double crown-retained den-
tures can have a positive impact on the survival rate
of teeth. In contrast, data reported in another clini-
cal study showed the reverse.*® More studies (RCTs)
are needed to validate the higher tooth survival rate
for double crown-retained RDPs when supported by
three or more teeth.

Furthermore, the influence of the location of sup-
porting teeth on the survival rate of double crown-
retained prostheses seems to be controversial as
well. One study reported that the survival rate of
teeth used for double crown-retained RDPs in the
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maxilla is lower than that in the mandible (maxilla:
68%, mandible: 73% [after 7 to 8 years]).?* In contrast,
another study showed a survival rate of 83.5% for the
maxilla and 60.6% for the mandible after 10 years.?
Furthermore, one study showed that posterior abut-
ment teeth (13.6%) have a significantly higher risk of
tooth loss compared to anterior ones (5.3%) after an
observation period of 5 years.3® Again, more studies
looking at the influence of the location on the survival
rate of tooth-supported double crown-retained RDPs
are needed.

The influence of root canal treatment on the sur-
vival rate of teeth supporting double crown-retained
prostheses is also controversial. In a retrospective
clinical study, significantly higher failure rates were
reported for teeth with root canal treatment (20%)
compared to vital teeth (5.7%) after an observation
period of 6.3 years.3° Another study indicated a great-
er risk for failure when root-filled teeth were used to
support conical crown-retained RDPs.3® However,
no statistical analysis was performed in this specific
study. In another prospective study, the fracture and
extraction rates for nonvital teeth were shown to be
twice as high as those for vital ones supporting tele-
scopic crown-retained RDPs after an observation pe-
riod of 3 years.”® Conversely, one retrospective study
reported a higher failure rate for vital teeth (60%) than
nonvital ones (40%).4° Similarly, the authors did not
carry out a statistical analysis of the data or provide
reasons why the findings for vital teeth were worse. It
can be concluded that nonvital but successfully treat-
ed teeth yield high survival rates, generally over 90%,
after 10 years,’® and therefore can be used as abut-
ments for double crown-retained dentures. Although
the survival rates of endodontically treated teeth are
reported to be less than those for vital teeth in most
studies, the current evidence is obviously weak. To
provide more information about this issue, it is nec-
essary to conduct well-designed comparative long-
term studies.

Good oral hygiene is a prerequisite for the long-
term success of dental restorations.?82324 For dou-
ble crown-retained dental prostheses, it was shown
that the risk of loss of function was 5.3 times lower for
patients enrolled in a recall program with professional
prophylaxis.?®

In cases of improper distribution of abutment teeth,
implants can be placed to increase the number of
abutments and improve their distribution. Prostheses
can be retained or supported by splinted or unsplint-
ed implants. It was reported in an RCT that implants
of mandibular overdentures had an excellent prog-
nosis irrespective of the attachment system used.””
This is in agreement with the findings of a systematic

literature review assessing the influence of attach-
ment systems on the survival rate of implants used
to retain or support prostheses in the maxilla or man-
dible.”® This systematic literature review revealed
three double crown studies on implants placed in the
mandible, showing survival rates between 97% and
100% after 3 to 10.4 years.?"?22% The authors reported
that implant failures were a result of peri-implantitis
and occlusal overload. The survival rates of double
crown-retained RDPs placed in the mandible using
implants for support were between 95% and 100%
after an observation period between 9 and 10.4 years
(see Table 4).212225 |n one study, a patient was unable
to adapt to his restoration and did not wear his pros-
thesis. Unfortunately, no data were found on implants
or double crowns used in the maxilla. Since no RCTs
reporting the survival rates of implant-retained or
implant-supported double crown-retained RDPs ex-
ist, no information can be given concerning the long-
term outcomes.

Unfortunately, the use of implants as additional re-
tainers for RDPs in partially edentulous patients has
rarely been discussed in the literature.3379-83 This
systematic review revealed a combined survival rate
of abutments and double crown-retained RDPs in the
maxilla of 100% after a mean observation period of
3.2 years.?’ No data for the mandible is available at
present. While long-term data is missing, the suc-
cess of implant and tooth-supported double crown-
retained dentures needs further investigation.

Conclusion

The present data does not provide sufficient infor-
mation on the long-term outcome of double crown-
retained RDPs. Further studies based on a higher
level of evidence (RCTs) are needed to validate the
outcomes of this treatment modality.
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