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Retrospective study of glass-ceramic
single tooth restorations after up to
15 years

Introduction: Glass-ceramic single-tooth restorations count among the stan-
dard treatments in dental practice at present owing to their good esthetics,
biocompatibility and survival rates. The aim of this study was to investigate
the occurrence of various long-term complications based on data collected
from a general dental practice.

Material and methods: A retrospective analysis of 1132 posterior single-
tooth restorations made of Empress 2 and IPS e.max ceramic from 251 pa-
tients was performed. The restorations were placed between 2000 and 2015 by
a single dental practitioner in a private general dental practice. The minimum
observation period was 2 years. The patient records were examined for the fol-
lowing complications: fracture, root canal treatment, periodontal compli-
cations, occlusal adjustment procedures to correct occlusal interferences, post-
operative hypersensitivity, secondary caries and decementation. The statistical
analysis was based on the ceramic used (Empress 2 and IPS e.max) and the
type of restoration (inlay, partial crown, or crown).

Results: Twelve of the 769 Empress 2 and 3 of the 363 IPS e.max restorations
failed due to bulk fracture. There was no significant difference between the
materials (p = 0.411). Crowns displayed a significantly higher fracture rate
compared to inlays or partial crowns (p = 0.02 and p = 0.04), irrespective of
material. Empress 2 restorations showed a significantly higher incidence

(3.6 %) of premature occlusal contacts requiring adjustment compared to IPS
e.max restorations (1.4 %) (p = 0.037). No correlation between occlusal adjust-
ment procedures and fracture was observed (p = 0.426). Empress 2 crowns had
a significantly higher probability of decementation (p < 0.001) compared to
Empress 2 inlays or partial crowns. Teeth with IPS e.max restorations exhibited
significantly more postoperative hypersensitivitity (p < 0.001) and required
root canal treatment significantly more frequently (p = 0.041) than teeth with
Empress 2 restorations. Periodontal complications occurred significantly more
often in teeth with IPS e.max crowns than in teeth with IPS e.max inlays or
partial crowns (p = 0.005). The incidence of secondary carious lesions was not
significantly higher neither with respect to material nor type of restoration.

Conclusion: Both glass-ceramic materials are suitable for everyday use in den-
tistry; IPS e.max and Empress 2 restorations demonstrated good long-term
clinical results and an acceptable amount of complications. The most com-
mon complications were postoperative hypersensitivity, fractures and peri-
odontal complications. The number of complications was higher for crowns
than for inlays or partial crowns.
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complications; long-term performance; retrospective; fracture rate

Polyclinic for Dental Prosthetics, Propaedeutics and Materials Science, Rheinische Friedrich-Wilhelms-Universitat Bonn: Kathinka Offer, PD Dr. MSc. Sabine Linsen
Private practice for dentistry: Dr. Alexander Offer, Lilienthaler HeerstraBe 261, 28357 Bremen: Prof. Dr. Philipp Kohorst

Translation from German: Cristian Miron

Citation: Offer K, Linsen S, Kohorst P: Retrospective study of glass-ceramic single tooth restorations after up to 15 years. Dtsch Zahnarztl Z Int 2021; 3: 257-265
Peer-reviewed article: submitted: 28.07.2020, revised version accepted: 30.11.2020

DOl.org/10.3238/dzz-int.2021.0032

© Deutscher Arzteverlag | DZZ International | Deutsche Zahnarztliche Zeitschrift International | 2021; 3 (6)



258

OFFER, LINSEN, KOHORST:

Retrospective study of glass-ceramic single tooth restorations after up to 15 years

1 Introduction

All-ceramic single-tooth restorations
constitute an integral part of the den-
tal treatment spectrum nowadays due
to their good esthetics, biocompati-
bility and very good long-term results
in terms of survival probability [2, 14,
21, 38, 41].

The greatest difficulty lies in their
lack of mechanical stability and
strength, which is determined, in
particular, by the pronounced brittle
fracture properties and the low ten-
sile load-bearing capacity [35]. The
resulting fractures and chipping pres-
ent a major challenge for dental prac-
tice and research. Yet, great progress
has been made in this field in recent
decades. With the introduction of
leucite and lithium disilicate ce-
ramics Empress 1 and 2 at the end of
the 1980s and early 1990s, the slow
crack growth that is especially prob-
lematic for glass-ceramics was signifi-
cantly reduced through the incorpo-
ration of mechanically more stable
leucite and lithium disilicate crystals.

Although great improvements
have been made with regard to the
parameters that influence glass-ce-
ramic materials such as material
properties and luting materials, a
large number of studies do not in-
clude other factors which are in-
volved in the failure process and inci-
dence of complications [12, 13, 31,
36]. It is known that, in addition to
the material’s inherent properties,
dentogenic, patient-related and den-
tist-dependent factors also influence
the survival probability of restora-
tions [5, 22].

The aim of this retrospective
study was to provide a practice-
oriented analysis of the compli-
cations of glass-ceramic inlays, partial
crowns and crowns made of Em-
press 2 and IPS e.max Press. With this
in mind, the incidence of the compli-
cations fracture, decementation, end-
odontic treatment, postoperative hy-
persensitivity, periodontal complica-
tions, occlusal interferences requiring
occlusal adjustment procedures and
secondary caries was investigated in
relation to the type of restoration
(inlay, partial crown, and crown) and
material (Empress 2, IPS e.max). The
null hypothesis stated that the inci-
dence of complications was stochasti-

cally independent of the type of res-
toration (inlay, partial crown, crown)
and material (Empress 2, IPS e.max).

2 Material und methods

2.1 Study design and
complications
The patient collective was selected
from a private general dental prac-
tice. All glass-ceramic single-tooth
restorations made of Empress 2 or IPS
e.max which were placed between
01.01.2000 and 31.12.2015 were in-
cluded in the study. Data was col-
lected retrospectively based on the
procedure’s respective billing code.
The inclusion criteria were: glass-ce-
ramic single-tooth restorations in the
posterior region (first premolar to
third molar) made of the materials
Empress 2 and IPS e.max from Ivoclar
Vivadent, a minimum observation
period of 2 years and a minimum pa-
tient age of 18 years.

The complications fracture, dece-
mentation, postoperative hypersen-
sitivity, secondary caries, premature
occlusal contacts, periodontal com-
plications and root canal treatment
were evaluated according to a yes/no
format. Together with the compli-
cations, the material (IPS e.max and
Empress 2) and the type of restora-
tion (inlay, partial crown and crown)
were also recorded.

The complications were defined as
follows: fracture was defined as chip-
ping of the ceramic which lead to the
restoration’s failure and the sub-
sequent need for a new one. Chipping
that did not require restoration renew-
al was not included in the study.

Root canal treatments after a res-
toration was placed were recorded
regardless of whether restoration
renewal was needed. Periodontal
complications comprised of all the
situations in which the patient
required systematic periodontal ther-
apy in the area of the restored tooth
after the restoration’s placement. Pre-
mature contacts requiring adjust-
ment and postoperative hypersensi-
tivity were recorded up to 4 months
after the restoration was placed.

The recording of secondary caries
ensued when it resulted in restorative
treatment in the form of a new filling
or restoration.
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The study project was registered
by the Ethics Committee of the Uni-
versity of Bonn under number
274/20 and approved on 16.06.2020.

2.2 Treatment procedure

The patients stemmed from a private
general dental practice and all the
treatments were performed by a
single dentist. Likewise, all the resto-
rations were fabricated in the prac-
tice’s dental laboratory by a single
dental technician.

Before the start of treatment, the
dental examination and periodontal
status were recorded and a clinical
functional analysis was completed for
each patient. Depending on the diag-
nosis, conservative treatment, profes-
sional tooth cleaning/periodontal
treatment or functional therapy were
performed as part of the pretreat-
ment. After, prosthetic treatment en-
sued.

The preparation design of inlays
and partial crowns took the size of
the defect into account and made use
of rounded inner edges. Cusps were
included in the preparation design of
partial crowns and rounded, 1 mm
wide shoulder margins were pre-
pared. The marginal design of crowns
was also performed as a 1 mm wide
circular chamfer preparation with
rounded inner edges. Tooth sub-
stance removal was between
1.5-2 mm occlusally and 1.5 mm cir-
cumferentially and the taper was
6-10°. The preparation margin was
positioned supragingivally, equigin-
givally or subgingivally according to
the clinical conditions. Special atten-
tion was given to the preparation of
rounded edges.

A one-step double mix impres-
sion using the double cord technique
was made with the polyether materi-
al Impregum 3M ESPE. Occlusal regis-
tration was performed either in the
maximum intercuspidation or in the
centric condylar position based on
the requirements of each individual
case. The restorations were fabricated
in the Ivocalr EP 600 Combi press
furnace according to the manufac-
turer’s instructions. The enamel was
etched with 30-40 % phosphoric acid
and the restoration was conditioned
for 20 seconds with 5 % hydrofluoric
acid before its cementation. The ce-
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mentation was made using the Syn-
tac Classic adhesive system (Ivoclar
Vivadent) and one of the following
dual-curing adhesive luting materials:
Variolink 2 (Ivoclar Vivadent), RelyX
(3M Espe), G-Cem (GC), Panavia SA
(Kuraray), Tetric Evo Flow (Ivoclar
Vivadent), Filtek Supreme (3M Espe)
or PermaCem (DMG). When the cir-
cumstances permitted, rubber dam
was used during the cementation
procedure. In cases where occlusal
adjustments were needed, this was
performed — after cementation — with
a diamond-coated round or football
bur. Subsequently, the restorations
were polished intraorally with dia-
mond grit ceramic polishers (Komet,
Germany).

2.3 Statistical analysis

The statistical analysis and graphical
representations were made using the
SPSS software for Windows, version
24.0 (SPSS Inc., U.S.A.). The data were
evaluated descriptively and expressed
as percentages and absolute numbers
in order to express the incidence
of complications comparatively be-
tween the restoration types (inlay,
partial crown, crown) and between
the materials (Empress 2, IPS e.max).
The chi-square test and the Fisher
exact test, in the case of low
numbers, were applied in order to
compare the incidence of compli-
cations among the restoration types
(inlay, partial crown, crown) and ma-
terials (Empress 2, IPS e.max). The ef-
fect of adjustment procedures on the
survival of glass-ceramic single-tooth
restorations was investigated using
Kaplan-Meier analyzes and the sig-
nificance was determined using the
log rank test. Differences between the
groups were determined as being sig-
nificant at p < 0.05.

3 Results
A total of 1132 restorations from
251 patients were evaluated. The mean
observation period was 6.5 + 3.3 years.
Overall, 363 restorations were
made of IPS e.max and 769 of Em-
press 2. The mean ages of patients
with Empress 2 and IPS e.max resto-
rations were 46.6 (+ 10.31) and 51.46
(+ 12.29) years, respectively. The
number of restorations placed in
male and female patients was 455
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Figure 1 Kaplan-Meier diagram showing the survival probability of restorations which
did and did not require occlusal adjustment procedures due to premature contacts.

and 677, respectively. The total of
1132 restorations consisted of 331
crowns (Empress 2 n =215, IPS
emax n = 116), 487 partial crowns
(Empress 2 n =315 IPS e.max
n=172) and 314 inlays (Empress 2
n =239, IPS e.max n = 75). Before the
start of treatment, 1065 vital and 65
avital abutment teeth were present. A
list of the data is found in Tables 1
and 2.

3.1 Fracture

Over the course of the observation
period, 15 restorations failed due to
fracture. Twelve (1.6 %) were made of
Empress 2 and 3 (0.8 %) of IPS e.max.
The fracture rate between Empress 2
and IPS e.max restorations is not sig-
nificantly different (p = 0.411).

With respect to the type of resto-
ration, 10 crowns (3 IPS e.max, 7 Em-
press 2) and 5 partial crowns made of
Empress 2 fractured. Crowns made of
Empress 2 and IPS e.max fractured
significantly more frequently
(p <0.04 and p <0.02) than partial
crowns and inlays made of the same
material (see Tables 1 and 2).

Furthermore, only one out of
33 restorations needing adjustment
due to premature contacts fractured.
This corresponds to a survival prob-
ability of 97.0 % in the group with
adjustment procedures and 98.7 % in

the group without. The p value of
0.426 indicates that the differences
between the two groups are not sig-
nificant (Fig. 1).

3.2 Root canal treatment
Altogether, 18 (1.6 %) of the
1132 teeth underwent root canal
treatment after the restoration was
placed. FEight (0.7 %) restorations
were made of IPS emax and 10
(0.9 %) of Empress 2. The difference
between the materials is statistically
significant at p = 0.041 (see Tables 1
and 2).

In comparing the different types
of restorations, no significant differ-
ence with regard to the need for root
canal treatment existed, neither for
Empress 2 nor for IPS e.max.

3.3 Decementation

Nine of the 769 Empress 2 (1.2 %)
and none of the 363 IPS e.max resto-
rations became loose. No statistically
significant difference between the
materials existed (see Tables 1
and 2).

In terms of the type of restoration,
only crowns made of Empress 2 be-
came loose (p < 0.001).

3.4 Periodontal complications
Periodontal deterioration subsequent
to restoration placement with the
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need for systematic periodontal ther-
apy was observed for 8 out of 769

all restora-
tions
and 5 out of 363 teeth with Empress
%
769 67.9

0,
“--- 2 and IPS e.max restorations, respec-
2.1

Yo

Number of 1199 10 263 32, tively. .No statistically significa.nt
treatments correlation between the material
(p=0.766) and periodontal deterio-
ration was seen.

Total 15 1.3 12 1.6 3 08  0.411 In the case of IPS e.max restora-
ARG 10 0.9 7 33 3 26 _ tions, crowns showed periodontal
complications significantly more fre-
quently (p=0.005) than partial
Inlays 0 0 0 0 0 0 _ crowns or inlays made of the same
material (see Tables 1 and 2).

Partial crowns 5 0.4 5 1.6

o
o
|

Root canal treatment

Total 18 1.6 8 0.7 10 0.9  0.041 3.5 Secondary caries

Eight of the 769 Empress 2 and none
of the 363 IPS e.max restorations de-
Partial crowns 8 0.7 5 1.6 3 1.7 veloped secondary carious lesions
during the observation period.

Crowns 8 0.7 3 1.4 5 4.3

Inlays 2 0.2 0 0 2 2.7 . .
Neither the comparison of ma-
trias mor the comparison of restora
Total 9 0.8 9 0.8 0 0 0.041 tion type showed statistically signifi-
cant differences (p>0.061) (see
Crowns 9 1.2 9 4.2 o 0 Tables 1 and 2).
Partial crowns 0 0 0 0 0 0
3.6 Premature contacts
Inlays 0 0 0 0 0 0 requiring adjustment

Periodontal complications Empress 2 restorations required oc-
clusal adjustment procedures signifi-

Total 13 1.1 8 0.7 5 0.4  0.766 cantly more frequently (p = 0.037)
Crowns 6 0.5 1 0.5 5 43 than IPS e.max restorations (28 of
B 5 . 5 G . . 769 versus 5 of 363).
artial crowns : The type of restoration, on the
Inlays 0 0 2 0.8 0 0 other hand, had no significant in-
. fluence on the need for occlusal ad-
Secondary caries )
justment procedures (see Tables 1 and
Total 8 0.7 8 0.7 0 0 0.061 2).
Crowns 2 0.1 2 0.9 0 0 .
3.7 Postoperative
Partial crowns 3 0.3 3 1 0 0 hypersensitivity
Inlays 3 0.3 3 13 0 0 Postoperative hypersensitivity oc-
curred significantly more frequently
Occlusal adjustment procedures in teeth with IPS e.max restorations
Total 33 2.9 28 2.4 5 0.5  0.037 (p=0.001) compared to teeth with
Empress 2 restorations (49 out of
Crowns 13 1.1 8 3.7 4 3.6

363 restorations versus 23 out of
Partial crowns 16 1.4 15 4.8 1 0.6 769 restorations).
IPS e.max crowns exhibited a

Inlays > 0.4 > 2.1 0 0 higher risk of postoperative hyper-

Postoperative hypersensitivity sensitivity than partial crowns and
Total 72 6.3 23 2 49 43 0.000 inlays in this study (see Tables 1
and 2).
Crowns 39 3.4 7 33 32 27,6
Partial crowns 24 2.1 10 3.2 14 8 4 Discussion

The incidence of complications was
Inlays 9 0.8 6 2.5 3 4 evaluated as a function of material

Table 1 Complications consisting of fractures, root canal treatment, decementation, and the type of restoration. The re-

periodontal complications, secondary caries, occlusal interferences and postoperative sults can serve as a decision-making
hvpersensitivity for Empress 2— und IPS e.max restorations aid for the dental practitioner when
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selecting the material and type of res-
toration.

4.1 Fracture

There were no significant differences
between the fracture rates of Empress
2 and IPS e.max restorations in this
study. However, significant differ-
ences between the restoration types
were seen (p < 0.04). Crowns made
of both materials showed a signifi-
cantly higher probability of frac-
turing than inlays or partial crowns.
A possible explanation for this may
be the increase in defects per area;
with increasing restoration size, the
microcracks and pores responsible for
failure also increase [35].

Furthermore, in vitro studies have
shown that partial crown prepara-
tions have a very favorable stress dis-
tribution pattern under load [7]. This
may, in combination with the pre-
dominantly enamel limited prepara-
tion [34], explain the significantly
better fracture rates of partial crowns
and inlays.

In addition to the inherent de-
fects of the material, sufficient ma-
terial layer thickness and the adhe-
sive bond, the correct preparation
also has a fundamental influence on
the clinical success of glass-ceramic
restorations [11, 19, 33]. Due to the
retrospective study approach, it is not
possible to track the material layer
thicknesses and whether the prepara-
tion was appropriate for the material.
An incorrect, possibly too angular,
preparation and/or too little tooth
substance removal for glass-ceramic
crowns may also explain their in-
creased fracture rates compared to
partial crowns and inlays.

The results found in literature
correspond to those presented here
with respect to the fracture rates of
IPS e.max restorations [23], while the
results on the fracture rates of Em-
press 2 restorations are significantly
lower in this study compared to
those reported in literature [12]. For
example, a 10-year study on the sur-
vival probability of IPS e.max restora-
tions by Malament et al [23] showed
a fracture rate of 0.3 %. However, in
addition to single-tooth restorations,
the study included three-unit bridges
and one-wing adhesive bridges. No
differentiation was made between the

e e e e
0.0

Partial
crown

Total fractures 10 0.9 5 0.4 0 4

Empress 2 7 3.3 5 1.6 0 0.0 0.020
IPS e.max 3 2.6 0 0.0 0 0.0 0.040
Total root canal

treatments 8 0.7 8 0.7 2 0.2

Empress 2 3 1.4 5 1.6 0 0.0 0.158
IPS e.max 5 4.3 3 1.7 2 2.7 0.042
Total

decementations 9 0.8 0 0.0 0 0.0

Empress 2 9 4.2 0 0.0 0 0.0 0.000
IPS e.max 0 0.0 0 0.0 0 0.0 -
Total periodontal

complications 6 0.5 5 0.4 2 0.2

Empress 2 1 0.5 5 1.6 2 0.8 0.427
IPS e.max 5 4.3 0 0.0 0 0.0 0.005
Total secondary

caries 2 0.1 3 0.3 3 0.3

Empress 2 2 0.9 3 1.0 3 1.3 0.925
IPS e.max 0 0.0 0 0.0 0 0.0 -
Total occlusal

adjustment

procedures 13 1.1 16 1.4 5 0.4

Empress 2 8 3.7 15 4.8 5 2.1 0.251
IPS e.max 4 3.6 1 0.6 0 0.0 0.064
Total postoper-

ative hypersen-

sitivity 39 3.4 24 2.1 9 0.8 0.870
Empress 2 7 33 10 3.2 6 2.5 0.000
IPS e.max 32 27.6 14 8.1 3 4.0 :

Table 2 Separation of complications between the restoration types for Empress 2 and

IPS e.max.

various types of restorations in terms
of the fracture rates.

The fracture rate of 0.8 % of Em-
press 2 restorations was significantly
lower in the present study compared
to the values between 1% and
15.6 % reported in literature [8, 10].
However, it should be taken into ac-
count that the study design varied
considerably. In a prospective 12-year
study by Frankenberger et al [12], for
example, a fracture rate of 12.5 % for
Empress 2 inlays and onlays was
seen. However, in their study, in ad-
dition to the fracture rates, the in-
fluence of different luting materials
was investigated as well. It was found
that restorations fractured more fre-
quently when they were cemented
with a light-curing adhesive luting
material compared to a dual-curing
luting material [12]. However, the
fracture rates were determined inde-

pendently of the luting material [12].
Since only dual-curing luting materi-
als were used in the current study,
this may be a possible reason for
the better results. In a retrospective
11-year long study by Fradeani et al.
[10] on the fracture rate of leucite-re-
inforced glass-ceramic crowns, a frac-
ture rate of 15.6 % was reported for
posterior restorations over the study
period. Only crowns were investi-
gated in their study. However, the re-
sults in this current study suggest
that significant differences exist in
the survival rates of different single-
tooth restorations (inlays, partial
crowns and crowns). Since this study
determined that crowns fractured sig-
nificantly more frequently than par-
tial crowns or inlays, and Fradeani
et al. [10] exclusively investigated
crowns, this may explain the con-
siderably lower values.
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A meta-analysis by El-Mowaty et
al. [8] investigating the survival prob-
abilities and long-term clinical per-
formance of Empress 2 restorations
showed slightly lower survival rates
for Empress 2 crowns (ranging from
92 % to 99 % after 3-3.5 years) com-
pared to inlays and partial crowns
(ranging from 91 % and 96 % after
4.5-7 years). These results correspond
most closely to the results of the cur-
rent study.

In literature, it has been reported
that, in addition to the degradation (or
corrosion) of silicate ceramic materials,
adjustment procedures with the as-
sociated development of new crack
nuclei are often responsible for the
failure of a restoration [19]. However,
literature on this topic is inconsistent:
in a study by Ludovichetti et al. [20],
no negative influence on the fracture
strength of IPS e.max and Lava Ulti-
mate (Vita Enamic) samples was found
after grinding and polishing proce-
dures, even after mechanical aging. In
contrast, Schmitter at al. [29] demon-
strated a reduced fracture strength
(560.6 + 233.3 N vs. 535.5 £ 128.0 N)
for zirconia crowns in the anterior re-
gion after incisal adjustment proce-
dures. This could not be confirmed in
the current study. The survival prob-
ability of restorations that underwent
adjustment procedures was 97.0 %
compared to 98.7 % for restorations
that did not undergo adjustment pro-
cedures (p =0.426). Further clinical
studies on this topic are needed to
draw definitive conclusions.

The results of current study sug-
gest that there is a relationship be-
tween fracture rate and restoration
size. Since crowns fractured signifi-
cantly more frequently than inlays
and partial crowns, it is advisable to
perform a risk analysis prior to pros-
thetic planning and material selec-
tion in order to be able to set the
course for a more durable restoration
in good time. Since the reasons for a
fracture cannot be understood in de-
tail retrospectively, the adherence to
material thickness is once again em-
phasized.

4.2 Root canal treatment

In this study, root canal treatment
was performed significantly more fre-
quently (p = 0.045) on teeth with IPS

e.max restorations than on teeth
with Empress 2 restorations. No sig-
nificant difference was determined
when differentiating between the res-
toration types inlay, partial crown
and crown.

A limited amount of literature
exists regarding endodontic compli-
cations for glass-ceramic restorations.
Failure rates due to endodontic com-
plications are reported to be between
0.2 % and 2 % for IPS e.max restora-
tions [17, 30] and these are thus
slightly lower than in current study.

The degree of tooth substance
destruction and the proximity of the
defect to the dental pulp before resto-
ration were not recorded in this
study. Since a correlation to the re-
storative material is rather improb-
able, it would be useful for future
studies to consider other influencing
factors such as the extent of the de-
fect, the indications for restorative
treatment, the etching and adhesive
system used and the luting material.

Despite significant differences be-
tween the materials, both Empress 2
as well as IPS e.max restorations dis-
play a low risk of requiring root canal
retreatment.

4.3 Decementation

In the present study, 9 Empress 2
crowns and no IPS e.max restorations
became loose. The difference be-
tween the types of restorations was
statistically significant for Empress 2
restorations (p =0.001), whereas
there was no significant difference
with respect to material. Crowns
made of Empress 2 loosened signifi-
cantly more frequently than partial
crowns or inlays made of the same
material.

In literature, few comparable
studies exist so far. In a study by van
den Breemer et al. [41], 2 of 73
(1.2 %) lithium disilicate restorations
became loose over a period of
15 years. Thereby, loosening was the
third most frequent failure cause after
fracture and secondary caries. In a
systematic literature review, van den
Breemer et al. [40] also showed that
the bond strength of glass-ceramic
restorations is significantly lower
when the bond is purely in dentin
compared to the bond in
enamel. Since the dentin wound is
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greatest when crowns are prepared
and it further decreases from the par-
tial crown to the inlay, this may po-
tentially explain the higher decemen-
tation rates of Empress 2 crowns that
were determined in this study.

Likewise, the decementation of
Empress 2 restorations has only been
discussed in a few studies to date.
This may be due to the fact that the
loosening of a restoration — with its
possible recementation - was not
considered a failure, and thus, re-
mains unspecified in a large number
of studies.

Teichmann et al. [37] reported a
decementation rate of 6.9 % after
10 years in a prospective study on the
complication and survival rates of li-
thium disilicate restorations. These
results are considerably higher than
the values of 1.1 % after 15 years de-
termined in the present study. In
their study, Teichmann et al. in-
cluded both conventionally and ad-
hesively cemented restorations. In
the current study, dual-curing adhe-
sive luting materials were exclusively
used to cement the restorations. This
may be a reason for the different re-
sults. Studies have demonstrated re-
peatedly that the shear, tensile and
bond strengths of adhesive luting
materials are significantly superior to
those of conventional luting cements
[3, 4, 24, 26, 40]. Given that the dece-
mentation rates of conventionally
cemented glass-ceramic restorations
differ significantly from adhesively
luted cements [25], this can explain
the different results.

The results of the current study
suggest that, apart from the in-
fluences described in literature re-
garding surface conditioning, the
luting material applied and the re-
maining tooth substance [25, 40], the
shape of the restoration can also have
an influence on decementation of
the restoration.

However, since the position of
the crown margin (supragingival or
subgingival) was not recorded in this
study, and given that its position has
a significant influence on the likeli-
hood of absolute moisture control,
and consequently on the possibility
of errors occuring during adhesive ce-
mentation, it is advisable to integrate
it in future studies.
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4.4 Periodontal problems

Five of 111 teeth which were treated
with IPS e.max crowns showed peri-
odontal complications. Teeth with
partial crowns and inlays made of
the same material were not affected.
Crowns therefore exhibited peri-
odontal complications significantly
more frequently (p = 0.005) than in-
lays or partial crowns.

No significant differences existed
between the Empress 2 and IPS e.max
materials.

These results are concordant with
recent literature. Ababnaeh et al. [1]
determined that Class II restorations
exhibited the highest probing depths
as well as the highest plaque in-
dex, Class V restorations showed the
highest attachment loss and crowns
displayed the highest gingival index
in the area of the restoration margin.
All of these restorations have the
preparation margin localized near the
cementoenamel junction, free gingi-
va and subgingival area in common.

In the present study, other in-
fluencing factors such as the applied
luting material, the adhesive system,
the position and integrity of the
crown margin and the plaque index
were not included. Due to the retro-
spective design, these factors could
not be obtained from the patient re-
cords with the necessary consistency
and methodology which is required
for clear evaluation. In the current
study, only the need for systemic
periodontal therapy was considered
a criterion for periodontal compli-
cations. Further information such as
the PSI, the plaque index, the attach-
ment level or the position and integ-
rity of the crown margin can be help-
ful in order to include and differen-
tially consider the multifactorial in-
fluences that can lead to damage.

Nevertheless, ceramic restorations
generally show a high biocompatibil-
ity and are described as being very
well tolerated periodontally [1]. This
is reflected in this study. Hence, peri-
odontal treatment was required in
only 1 % of all Empress 2 and 1.4 %
of all IPS e.max restorations.

4.5 Secondary caries

Secondary caries required treatment
in 1 % of all Empress 2 restorations
and in none of the IPS e.max restora-

tions. They therefore represent the
rarest complication. No statistically
significant differences existed be-
tween the materials, Empress 2 and
IPS e.max, and the various types of
restorations.

In various meta-analyses [8, 39],
secondary caries represented the
most frequent complication of glass-
ceramic restorations.

Since sociodemographic factors
are known to influence caries preva-
lence [6, 16], they may possibly rep-
resent a cause for the discrepancy in
results between literature and this
study. The patient collective in this
study stemmed from a private dental
practice; a more sociodemographi-
cally diverse patient collective would
be desirable in future studies. In addi-
tion, the collection of patients’
plaque indices and oral hygiene hab-
its could potentially provide in-
formation about patient-related in-
fluencing factors.

4.6 Premature occlusal
contacts

There was a significant difference
(p=0.037) with regard to the pre-
mature occlusal contacts between
Empress 2 (3.6 %) and IPS e.max
(1.4 %). No differences existed with
regard to the type of restoration.

In literature, the occlusal fit of IPS
e.max restorations is rated as being
very good [9]. Comparable studies for
Empress 2 restorations are not avail-
able in literature.

It should be taken into account
that the number of placed restora-
tions has an influence on the need
for premature occlusal contacts to be
adjusted. In patients that required oc-
clusal adjustments, an average of
8.8 restorations were placed, whereas
in patients without the need for
occlusal adjustments, an average of
only 4.5 were placed. This indicates
that, in addition to the material, the
number of restorations can also have
an influence on occlusal interfer-
ences.

An increased number of restora-
tions is also indicated in the case of
changes in the occlusion. The sagit-
tal and vertical rehabilitation of the
occlusion comprises of many inter-
mediary steps which can contribute
to cumulative occlusal defects. In

this study, all patients who received
glass-ceramic restorations due to a
change in occlusion were pretreated
with a splint. Bite registration was
performed in the centric condylar
position.

The causes for the reconstruction
of the occlusion and tooth hard sub-
stance can be manifold; parafunc-
tional abrasions and erosions repre-
sent a widespread indication. This
should be considered given that pa-
tients, who already showed parafunc-
tions before therapy, can also react
more sensitively to disturbances in
occlusion after.

In this study, 3 of the 7 patients
with occlusal dysfunctions displayed
signs of severe bruxism in the form of
myopathy as well as occlusal wear
facets not concordant with age, while
another 2 of 7 patients displayed
moderate bruxism. Only 2 patients
showed no symptoms which would
be indicative of this parafunction.
Thus, in further studies, the connec-
tion between the indication for reha-
bilitation, the number of restorations
and bruxism activity together with
the occurrence of posttherapeutic oc-
clusal interferences should also be in-
vestigated.

As discussed previously under the
heading “4.1. Fracture” in this study,
increased fracture rates could not be
determined after occlusal adjust-
ments were performed.

4.7 Postoperative
hypersensitivity

Postoperative hypersensitivity was

observed significantly more fre-

quently for IPS e.max restorations, es-

pecially crowns, than for Empress 2

restorations.

In literature, similar results have
been reported for Empress 2 restora-
tions. In 2010, Van Dijeken et al. [42]
described that persistent hypersensi-
tivity lasted 2-4 weeks for 3 % of the
restorations, while Krdmer et al. [18]
reported hypersensitivity in 4 % of
Empress 2 inlays up to 4 years after
placement. The restorations were ad-
hesively cemented in both studies
(Van Dijeken: three 3-step etch-and-
rinse systems and two 2-step etch-
and-rinse systems, Krdmer: EBS
Multi/Compolute [3M Espe] and Syn-
tac/Variolink II).
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Comparable studies are lacking
for lithium disilicate ceramics. In a
prospective 10-year study on three-
unit bridges with a lithium disilicate
ceramic framework, Sola-Ruiz et al.
[32] determined reversible postoper-
ative hypersensitivity in 14.3 % of
cases. This would be consistent with
the result obtained in this study.

Even if various causes for post-
operative hypersensitivity exist, such
as increased thermal conductivity of
the restorative material or prepara-
tion close to the pulp, postoperative
hypersensitivity is currently believed
to be primarily associated with adhe-
sive restorations or adhesive restora-
tive materials.

The reason for this — according to
the hydrodynamic theory of Brann-
strom and Atstrom [15] — has to do
with intratubular fluid movements
which arise due to small gaps be-
tween dentin and composite. If the
dentinal canals are not completely
sealed by the applied bonding sys-
tem, dentinal fluid can leak out and
cause irritation of the A-3 fibers dur-
ing occlusal loading.

The use of dual-curing adhesives
and phosphoric acid is considered
another risk factor for the occurrence
of postoperative hypersensitivity
[15]. However, since both phosphoric
acid as well as dual-curing adhesive
luting materials (Variolink II [Ivoclar
Vivadent], G-Cem [GC], RelyX [3M
Espe], Tetric EvoFlow [Ivoclar Viva-
dent], Panavia SA Cement [Kuraray],
G-Cem [GC], Filtek Supreme [3M
Espe], PermaCem [DMG]) were used
to condition the tooth hard sub-
stance and cement the restorations
for both types of restorative materials
(IPS e.max and Empress 2) in this
study, the significant differences with
regard to hypersensitivity cannot be
explained by this.

The cause for the differences be-
tween the types of restorations could
be related to the size and depth of
the dentin wound. Though the size
of the dentin wound is greatest for
crown preparation, it decreases pro-
gressively from partial crown to inlay.
This is also reflected in the deter-
mined values.

Nevertheless, this does not ex-
plain the difference between the ma-
terials because no significant differ-

ences for Empress 2 restorations with
3.3% of crowns, 3.2 % of partial
crowns and 2.5 % of inlays were de-
termined.

Since both Empress 2 and IPS
e.max restorations showed very good
results in terms of their biocompati-
bility, chemical resistance, cytotoxic-
ity and sensitization potential in vari-
ous studies [2, 27, 28], the toxicologi-
cal properties inherent in the materi-
al appear unlikely to be the cause of
postoperative hypersensitivity. There
were no significant differences be-
tween Empress 2 and IPS e.max resto-
rations with regard to the distribu-
tion of restoration type, patient age
or gender; this may explain the in-
creased hypersensitivity of IPS e.max
restorations.

Due to the retrospective study de-
sign, it is no longer possible to thor-
oughly trace the differences with re-
gard to the etching and adhesive sys-
tems applied. This may be a possible
reason for the increased hypersensi-
tivity of IPS e.max restorations.

5 Conclusions

In summary, both Empress 2 and IPS
restorations showed good
clinical results and an acceptable
level of complications in daily dental
practice. Occlusal adjustments do not
appear to increase the fracture rate of
glass-ceramic restorations. Decreased
bonding to the enamel surface, how-
ever, increases the risk of fracture,
decementation, periodontal compli-
cations and postoperative hypersensi-
tivity.

Postoperative  hypersensitivity,
root canal treatment and periodontal
complications occurred significantly
more frequently for IPS e.max than
for Empress 2 restorations in this
study.

Given the proven, very good toxi-
cological properties of both ceramics
[2, 27, 28], the results of this study
suggest that further studies on glass-
ceramic restorations should be con-
ducted to explore factors which were
not investigated in this study. These
studies should consider factors such
as the close proximity to the pulp
and subgingival localization of resto-
rations, as well as, the etching and
adhesive systems or luting materials
applied.
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