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The Influence of Different
Designs, Materials and
Cements on the Success and
Survival Rate of Endocrowns.
A Systematic Review

ABSTRACT

The aim is to evaluate the success and survival rate of endocrowns and the influence of
design, material and cements. A search of clinical trials of endocrowns was performed
using three databases (Medline/PubMed, Scopus, CochraneLibrary), complemented by
a manual search. The search resulted in 2,718 studies, six of which were included for
analysis. The follow-up times were 2-12 years. Feldspathic porcelain was the mate-
rial of choice cemented with different adhesive resin cement systems. Designs varied
significantly. In total, the six studies represented 471 endocrowns. Thirty-six of these
failed. Most common failures were loss of retention and fracture. Due to insufficient
information on timing of events and drop-out, no statistical analysis was performed.
No conclusive correlation between design, material, cement and success or survival of
endocrowns could be established. Signs of differences in survival rates between molar
and premolar endocrowns were noted, with a tendency towards higher survival rates for
molar endocrowns. Feldspathic ceramic endocrowns with adhesive cementation demon-
strate promising clinical performance. These conclusions are however based on a limited
number of studies of comparatively low quality. Further studies are thus needed to verify
the conclusions and to provide guidance in the clinical decision on best choice of materi-
als, design and cements.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Restoring endodontically treated teeth is important in order to provide
sealing and restore function, esthetics and patient satisfaction.”? Com-
pared to restoration of vital teeth, restoration of non-vital teeth is more
challenging since more tooth substance is often removed to gain access
and perform proper cleaning and root canal treatment.2 Some authors
suggest there may be structural differences in non-vital teeth compared
to vital teeth, e.g. that dentin becomes more brittle after elimination of
the pulp.? This particular statement has however been challenged in other
studies.*

Several treatment options exist to restore the endodontically treated
tooth, each with their specific advantages and limitations. Direct resto-
rations, such as composite fillings, may be sufficient if tooth substance
loss is partial. However, indirect restorations in the form of crowns have
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higher short- and medium-term (5 and 10 year) survival rates
than direct restorations.® Teeth restored with a direct restora-
tion after root canal treatment need replacement more fre-
quently compared with indirectly restored teeth, 30.3% and
6.4% respectively after 5 years. When loss of tooth substance
is extensive, a post and core in combination with a crown is
a common treatment. Although this type of restoration has
been proven to be successful in restoring tooth function and
esthetics, there is a major drawback which is further removal
of tooth substance. In addition, endodontically treated teeth
which are restored with posts show increased risk of cata-
strophic failures.” Risk of root fracture may be reduced with
non-metal fiber-posts but these rely on bonding to the tooth
substance which may be problematic.® To avoid posts and
their inherent risks, there is a need for something that can
replace the significant macromechanical retention that the
post provides.

In restorative dentistry, there are three main types of reten-
tion; macromechanical, micromechanical and chemical. Mac-
romechanical retention can be achieved by preparation, e.g.
box, pins and posts. Micromechanical retention can be creat-
ed with adhesive cement locking into etched dentinal tubules
and chemical retention can be achieved by a cement that cre-
ates a middle layer, an interface with boundaries between the
tooth structure and the restoration.® With the aid of adhesive
dentistry, a shift in treatment alternatives toward more con-
servative modalities is possible, and the need for conventional
post and cores could be reduced. Ceramic inlays, onlays, and
endocrowns have been presented as alternative restorations
for endodontically treated teeth, depending on the residual
tooth structure.®

The endocrown technique was initially proposed by Pissis in
1995.'° The term endocrown was however, first described by
Bindl and Mérmann in 1999, and was described as porcelain
crowns fixed to internal surfaces of the pulp chamber of non-
vital teeth by adhesive cementation.” Endocrowns thus ob-
tain macromechanical retention by anchoring to the available
axial walls of the pulp chamber and the use of adhesive resin
cement will add micromechanical and chemical retention."2
The depth of the central cavity and the width of the central
margins varies between studies. It is not known however,
which design is preferable.

It has been reported that stresses accumulated at the inter-
faces of different materials with different elasticity moduli,
may cause increased risk of root fracture.’ This risk could be
reduced in endocrown restorations as endocrowns are sug-
gested to be made of ceramic materials which have lower
elastic moduli than the metals normally used for post and
cores. Etchable porcelains and glass-ceramics are favored
materials for endocrowns.’ However, it is not known whether
porcelains or glass-ceramics show different long-term results.
The success of endocrowns may also be affected by the type
of bonding agent and cement.”
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Endocrowns are suggested as a conservative alternative to
restore root-canal treated teeth. However, the influence of
factors such as different designs, materials and cements used,
are not yet clear. To provide answers on the influence of these
factors on success, survival and complication rates of restora-
tions as well as teeth, a systematic review is warranted. The
aim of this study is to systematically review the literature on
endocrowns and evaluate their success and survival rate and
how different designs, materials and cements affect the suc-
cess of endocrowns.

MATERIAL AND METHODS

The addressed questions for the current review were:
1.  What is the success and survival rate of endocrowns?

2. How does different designs, materials and cements af-
fect the success of endocrowns?

DEFINITIONS

Endocrown: a crown fixed to the internal surface of the pulp
chamber of nonvital teeth."

Success: the restoration has remained in function without
any need of repair/adjustment during the observation period.

Survival: the crown remaining in situ with modification dur-
ing the observation period.

Failure: The restoration has been removed.

SEARCH STRATEGY

Three bibliographic databases; PubMed (MEDLINE),
Cochrane and Scopus, were used. Furthermore, the reference
sections of included studies identified in the search of biblio-
graphic databases were hand-searched, and reference lists of
related meta-analyses and reviews were screened. The search
strategy based on PICO with search terms and inclusion- and
exclusion criteria are shown in Table 1.

The screening was done by two independent reviewers
(WH, EP). Publications were selected based on the inclusion
and exclusion criteria (Table 1) through the titles and, when
at least one author found one study interesting, it was read
in abstract. Abstracts where reviewers grading differed, were
discussed and were either selected for full-text reading or ex-
cluded. Articles that did not have an abstract available went
directly to full-text. The full-texts were read independently
and disagreements regarding inclusion and exclusion were
resolved through discussion, based on the set criteria. In the
case of articles where content was unclear, the corresponding
authors were contacted. Depending on the information ac-
quired, the article was reevaluated and a decision was made
on whether to include or exclude. In case of articles with re-
peated follow-up data, only the most recent publication was
included.
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Table 1. Search strategy and inclusion and exclusion criteria

(((tendocrown) OR endo crown) OR

Search endodontic crown) OR adhesive

strategy endodontic crown) OR ((“Tooth,
Nonvital"[Mesh]) AND “Crowns"[Mesh])

Population Endodontically treated teeth

Intervention Endocrown

Comparison Design, material of endocrown and cement
Outcome Success and survival rate
English
Clinical trial
. Treatment with endocrown
Inclusion o .
eTE Minimum follow-up time of 1 year
Studies with a minimum of 10 patients
Types of endocrown material
and cements clearly stated
In vitro studies
Exclusion Case reports
criteria

Restoring endodontically treated
teeth with other than endocrown

RESULTS
STUDY SELECTION

The search of databases resulted in 3,472 potential articles.
After removing duplicates, 2,718 articles were left. Out of
those articles, 170 relevant abstracts were identified. Based
on abstract reading, 71 potentially relevant articles were iden-
tified for full-text reading. After application of inclusion and
exclusion criteria, 64 articles were excluded for different rea-
sons, leaving 7 articles for analysis. Appendix 1.

One study was excluded at this stage as full-text analysis re-
vealed that the same sample was used in another included
study from the same author.'® Consequently, 6 studies were
included for final analysis.”"'”?' (Figure 1.)

DESCRIPTIVE ANALYSIS
Study set-up

No randomized clinical trials were identified, although three
studies had a control group (no matched groups).”# Three
of the included studies were prospective and three were ret-
rospective. Three of the included studies were conducted in
a university setting, two in a private dental office, one study
lacked information on setting. The publication dates ranged
from 1999 to 2017. A total of 471 endocrowns were reported.
All endocrowns were placed on molars and premolars except
one study (Belleflamme et al) that included canine crowns in
2 cases."” Follow-up time ranged from 2 to 12 years. (Table 2.)

Design

The designs of endocrowns were mainly with pulp chamber
extension but with varying depth. Two studies (Bernhart et al
and Fages et al) mentioned a minimum depth of internal cav-
ity axial walls of 2 mm and a circular butt margin (shoulder)
width of 2 mm."®2° One study (Bindl and Mérmann) made the
axial wall depth 1-4 mm and the shoulder 1-1.2 mm." The
other studies did not mention specific measurements. (Table
2)

Materials

Four studies used milled feldspathic ceramic blocks. Bindl
and Mérmann used other ceramic materials in addition to
feldspathic ceramic; In-Ceram Alumina and In-Ceram Spi-
nell.” Belleflamme et al used three different materials; lith-
ium disilicate glass-ceramic in a majority of the cases, some
polymer-infiltrated ceramic network and a few restorations of
indirect composite."” (Table 2.)

Cements

All six included studies used adhesive resin cements. Three
studies (Belleflamme et al, Bernhart et al and Otto et al) 171821
used dual-curing adhesive resin cements, while three studies
(Bindl and Mdrmann, Bindl et al and Fages et al) used light-
curing adhesive resin cements."'%2 With the In-Ceram Alu-
mina and Spinell endocrowns, a self-curing adhesive resin ce-
ment was used." (Table 2.)

OUTCOME

Thirty-six out of the 471 endocrowns were lost, i.e. 7.6%. The
most common failure among the included studies was loss
of retention of the endocrown. Eighteen (6 premolar and 12
molars) out of 471 endocrowns (3.8%) lost retention. In most
cases, debonding occurred between the resin luting material
and dentin. Seven endocrowns out of 471 (1.5%) fractured;
four feldspathic porcelain endocrowns, and three cases
where the material was not stated. Two of the fractures were
minor chipping, the others were complete crown fractures.
Biological failure happened in eight cases (1.7%). Five cases
were periodontitis, two recurrent caries and one osteitis. In
addition, two vertical root fractures occurred. (Table 2.)

Success and survival rate as reported in the different
studies

The reported survival rate of endocrowns ranged from
68.8% to 99.9%. This wide range is largely due to a difference
between molars and premolars in two studies.”?' In one
study premolar and molar survival rate was 68.8% and 87.1%
respectively, after 5 years follow-up.” In another study, the
molar survival rate was 90.5% while premolars survival rate
decreases to 75% after 12 years follow-up.?' Success rates
were only presented in two studies (Belleflamme et al and
Fages et al) as 89.9% and 99.8% respectively.'2° (Table 2.)

cesesetettseieeeeseseeeeseseseese TheSuccessand Survival Rate of Endocrowns...
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Design, material and cementation

This analysis is based on five papers as one paper did not
provide enough information to answer the research question:
Belleflamme et al investigated three different materials and
did not clarify in which material each failure occurred.”

When it comes to the design of endocrowns, some includ-
ed studies recommend the retentive cavity depth and the
shoulder width to be minimum 2 mm each.'®° However,
there was no mention of whether different depths affected
the outcome. Most restorations were made of feldspathic
ceramic (Vitablocks Mark II, Vita Zahnfabrik, Bad Sackingen,
Germany) with CAD/CAM system. One study used glass infil-
trated alumina (In-ceram Alumina and In-Ceram Spinell)."” No
failures occurred in this group of six restorations. Adhesive
resin cements was the bonding material for all included stud-
ies. Debonding occurred between the cement and the tooth
substance.

DISCUSSION
DISCUSSION ON METHODOLOGY

The search strategy was selected to be broad to include all
possible relevant articles. Three databases were used. The
language restriction may however have prevented finding
some eligible studies. Considering the limited amount of stud-
ies identified, inclusion of case reports could have added data.
On the other hand, the fact that two reviewers independently
searched and applied the inclusion and exclusion criteria is
a strength that may minimize selection bias.?? The minimum
follow-up time was set as one year since shorter follow-up is
less likely to reliably assess clinical outcome. Most reviews
perform a quality assessment of the included studies. No such
assessment was performed in the present review as only few
studies with a large degree of heterogeneity were identified.
Strict assessment with high quality demands would have re-
sulted in no included studies. No statistical analysis was per-
formed due to the heterogeneity of the studies. The present
paper should thus be viewed as a descriptive review.

DISCUSSION ON RESULTS

As a limited number of studies with a large degree of het-
erogeneity were included, the results should be interpreted
carefully.

Loss of retention

Loss of retention occurred in 3.8% of endocrowns. This is
high when compared to single crowns after 5-years. Sailer et
al found a loss of retention rate among feldspathic crowns
to be 0.6%, and 0.2% among lithium-disilicate crowns which
was similar to metal-ceramic crowns (0,1%).22 In most cases,
debonding occurred between the cement and dentin which
suggests that the weak part was the luting agent/dentin

interface. Bonding to dentin has known limitations.?* In
addition, high modulus of elasticity of a ceramic material
could transfer uncushioned chewing loads to the interface
between luting cement and dentin, producing detrimental
stress.®>The debonding could also be explained by insufficient
macroretention. Stabilization through the pulpal chamber
walls was less than 2 mm in some studies, while the depth of
the cavity has been advocated to extend to at least 3 mm.%* A
laboratory study showed that under oblique loading, molar
endocrowns provided higher fracture resistance than glass
fiber post-retained conventional crowns.?’ The height of
retentive part of the endocrowns in that study was between
3.7 and 5mm.

Fracture

The fractures that occurred could be due to limitations in
physical properties of the ceramic material, and/or the design
of the preparation, e.g. inadequate ceramics layer thickness,
unfavorable stress orientation or intensity.?® Framework frac-
ture has been shown to be a common failure among felds-
pathic single crowns. A 5-year fracture rate of 6.7% has been
reported, compared to 0.03% for metal-ceramic crowns in the
same study.?® The reason could also be related to the cemen-
tation. If there is insufficient adhesion between restoration
and dentin/enamel the brittle ceramic will not be properly
supported with increased risk of mechanical failure.?>*® One
in-vitro study concludes that bonded ceramic endocrowns ex-
hibit a significantly greater fracture resistance than the classic
crown supported with posts and cores.*

Biological failures

Varying types of biological failures were reported. Biological
complications are generally multifactorial and patient-related
factors are likely to be more important than whether the res-
toration is a classic crown design or endocrown design.

Outcome

The clinical performance of endocrowns is comparable to
other ceramic single tooth restorations. A study by Sailer et
al, calculated a 5-year survival rate of feldspathic/silica-based
ceramic single crown of 90.7%.% The higher failure rate of
endocrowns on premolars than on molars could be due to
the smaller surface area available for chemical and micro-
mechanical retention in premolars. No conclusive correlation
between the design, material, cement and the failures and
success rate of endocrown could however be established, as
no randomized controlled clinical trials comparing designs,
materials and/or cements were identified.

Endocrowns have the advantage of less need for removal
of sound tissue compared to other techniques, in addition
to reduced chair time and dental laboratory work needed
when post-and-core is excluded.” However, due to the
limited number of trials with a large degree of heterogeneity,
the optimal design, choice of material and cement could
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not be determined. Randomized clinical trials comparing
endocrowns of different designs, materials and cements as
well as comparing endocrowns with conventional crowns and
post and core treatment are needed. The presence of control
groups, and randomization between groups, is preferable as
it limits the risk of selection bias. In the meantime, using a
design with a minimum of 2 mm retentive pulp cavity design,
etchable glass-based ceramics and an adhesive resin cement
system is recommended.

CONCLUSION

The main finding of this review is the limited number of
available trials evaluating endocrowns - as well as the limited
quality and high risk of bias in the available papers. Within the
limitations of this systematic review, some preliminary con-
clusions of possible relevance for the dental community may
be suggested:

* endocrown restorations made from feldspathic ceram-
ic, with a retentive cavity depth into the pulp chamber
of 1-4 mm and a shoulder preparation width of 1-2 mm,
cemented with adhesive resin cement, shows potential
as a treatment alternative to restore endodontically
treated teeth.

* a higher survival rate is found for molar than premolar
endocrowns.

Further studies are needed to verify these findings and to
provide guidance in the clinical decision on best choice of ma-
terials, design and cements.
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4 Bitter K, Meyer-Lueckel H, Fotiadis N, et al. Influence of endodontic treatment, post insertion, and Crown after
ceramic restoration on the fracture resistance of maxillary premolars. Int Endod J., 2010; 43:469-477.  composite on access
Bitter K, Noetzel J, Stamm O, et al. Randomized clinical trial comparing the effects
. . S - No post, Crown
5 of post placement on failure rate of postendodontic restorations: preliminary and core build-u
results of a mean period of 32 months. J Endod., 2009; 35:1477-1482. P
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