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Abstract

The use of ceramic materials and the computer-aided design/computer-aided manufacturing (CAD/CAM)
technology for the fabrication of complete-coverage restorations has significantly increased in the last
decade. The aim of this study was to evaluate the survival rate of anterior and posterior monolithic and
bilayered lithium disilicate glass-ceramic (LDGC) CAD/CAM crowns, and to identify the types of complica-
tions associated with the main clinical outcomes reported in clinical trials. MEDLINE/PubMed, Embase,
Scopus, Web of Science, Cochrane Library, and ClinicalTrials.gov were searched by 2 independent reviewers
for clinical studies published between 2006 and 2019, following the Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses (PRISMA) statement. The electronic search was supplemented by a hand
search. Quality assessment for the included studies was performed. Qualitative and quantitative data was
extracted from each study. Out of 219 studies, 6 studies that evaluated LDGC CAD/CAM crowns were identi-
fied and used for data extraction. The included studies had 154 participants, who received 204 crowns.

The short- to medium-term survival and success rates were high. Biological complications occurred more
frequently than technical complications. No esthetic complications were reported. This review indicated
that the medium-term survival rate of LDGC CAD/CAM crowns was high. Further multicenter studies with
longer follow-ups and larger sample sizes are needed in order to augment the data already in existence.

Key words: survival, glass-ceramic, prosthodontics, dental porcelain, computer-aided design/computer-
aided manufacturing
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Introduction

The advance of digital dentistry and a high demand
for metal-free restorations have led to rapid evolution
in processing technologies as well as to the develop-
ment of newer restorative materials. Several clinical
studies have demonstrated that all-ceramic crowns,
particularly lithium disilicate glass-ceramic (LDGC),
may be a potentially promising alternative to metal-
based crowns.!=?

Lithium disilicate glass-ceramic materials are avail-
able as pressable (IPS® e.max Press; Ivoclar Vivadent
AG, Schaan, Liechtenstein) and machinable for the
computer-aided design/computer-aided manufactur-
ing (CAD/CAM) processing technology (IPS e.max
CAD; Ivoclar Vivadent). Since it was introduced in
2006, the latter has become widely used because of its
excellent performance both in vitro and in vivo.!%!!
Due to its improved translucency and good mechanical
properties, IPS e.max CAD can be used as a core mate-
rial with the layering technique or as a fully anatomical
restoration.'>!3 Lithium disilicate glass-ceramic mono-
lithic blocks have become the material of choice for
chairside systems due to their high strength and greater
translucency as compared to other ceramic blocks.!*
However, the use of LDGC crows in the bilayered ar-
rangement has not gained popularity due to a weak link
between the core and the veneering porcelain, which
caused pre-mature failure. IPS e.max CAD demon-
strates excellent biomechanical characteristics, as it
exhibits a flexural strength of 360 MPa after complete
crystallization.’> A significant increase in the strength
of the restoration takes place when an adhesive cement
is used rather than a conventional one, as concluded in
an in-vitro study done in 2006.1°

The blocks are manufactured by the continuous
pressure casting of transparent glass ingots to obtain
a defect-free block without pores or pigments. The
blocks are made available for milling in the CAD/CAM
machine in a partially crystallized, ‘soft’ state to mini-
mize the damage to the material caused by the wear
of the milling diamond burs.!” IPS e.max CAD blocks are
composed of 0.2-1.0-micrometer lithium metasilicate

Table 1. Inclusion and exclusion criteria
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crystals (Li,SiO3) (40.0% by volume); blocks in this
state appear blue-violet. These crystals give the mate-
rial favorable processing properties, a moderately high
strength and a high edge stability. After milling, the re-
storation undergoes a 2-stage firing process for <20 min
in order to complete the crystallization process, dur-
ing which lithium disilicate crystals (Li,Si;Os) are
formed, giving the restoration its final shade and the
desired high strength. The resulting ceramic is com-
posed of fine grains of size 1.5 pm and 70.0% of crys-
tals by volume.

Due to its reliable performance, the LDGC material
is indicated for several types of dental restorations,
such as inlays, onlays, veneers, crowns, and implant-
supported crowns.!! Several clinical studies have re-
ported the clinical performance and survival rate
of LDGC CAD/CAM crowns.!” A systematic review
needs to be conducted in order to combine the findings
from these studies and to establish overall conclusions
about their clinical performance. Therefore, the aim
of this systematic review was to evaluate the survival
rate of anterior and posterior monolithic and bilayered
LDGC crowns manufactured with CAD/CAM systems
as well as to identify the types of clinical complications
reported in clinical trials.

Material and methods

This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.!®

Eligibility criteria

A PICOS question was used to identify studies in this
review: P (population) — patients who received ceramic
crowns; I (intervention) — crowns made of glass ceramic;
C (comparison) — not applicable in this study; O (out-
comes) — survival rate and type of complication; S (study
type) — randomized controlled trials (RCTs) and clinical
follow-up studies. The inclusion and exclusion criteria are
listed in Table 1.

Inclusion - articles published in peer-reviewed journals

— studies with a follow-up of <12 months
Exclusion - studies based on chart reviews and interviews

— reports on FPDs

- clinical studies including RCTs, prospective and retrospective cohort studies

criteria - studies that included patients examined clinically with a minimum follow-up of 2 years
- studies that report on the clinical performance of tooth-supported crowns

— in vitro studies, reviews, case reports, and studies not published as full articles

criteria — studies that report on the clinical performance of different all-ceramic materials, such as zirconia
— studies that report on the clinical performance of implant-supported LDGC crowns

RCT - randomized clinical trial; LDGC - lithium disilicate glass-ceramic; FPD - fixed partial denture.
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Information sources and search strategy

Several electronic databases, including MEDLINE/
PubMed, Embase, Scopus, Web of Science, and Cochrane
Library were searched to identify clinical trials performed
to evaluate the clinical performance of LGDC crowns
fabricated with CAD/CAM systems. The search was car-
ried out from January 2006 (the year in which IPS e.max
CAD was introduced) until June 2019, and it was limit-
ed to human studies and the English language only. The
search was extended to find unpublished and ongoing

Appendix 1. Search strategy

PubMed

1 lithium disilicate.mp. (578)

2 Crowns/ (15475)
Dental Restoration Failure/ (7474)
dental restoration, permanent/ or inlays/ (22529)
“glass ceramic*’mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword
heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1811)

6 ‘“crown*'mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword
heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (36366)

7 (dental adj2 restor*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word,
keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]
(30249)

8 ‘clinical performance”mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word,
keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]
(6738)

9 failuremp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword
heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (740680)

10 successmp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword
heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (212925)

11 survivalmp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword
heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms] (1003959)

12 treatment outcome.mp. or exp Treatment Outcome/ (909585)

13 exp Dental Porcelain/ (10050)

14 Lithium Compounds/ (2759)

15 1or5or13or14(13806)

16 3or8or9or10or11or12(2470226)

17 longevity.mp. (35015)

18 “all ceramic”mp. (1712)

19 16 0r 17 (2495410)

20 150r 18 (14260)

21 "CAD CAM"mp. (2268)

22 exp Computer-Aided Design/ (16406)

23 21 0r22(16808)

24 2ordor6or7(63551)

25 19and 20 and 24 (1829)

26 23 and 25 (401)

27 limit 26 to (clinical study or clinical trial, all or clinical trial, phase i or
clinical trial, phase ii or clinical trial, phase iii or clinical trial, phase
iv or clinical trial or controlled clinical trial or multicenter study or
pragmatic clinical trial or randomized controlled trial) (56)

o~ W
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clinical trials using ClinicalTrials.gov (www.clinicaltrials.
gov). The search strategies defined for the databases de-
scribed above are listed in Appendix 1. The appropriate
search terms for the electronic search were key words,
Medical Subject Headings (MeSH) and subject headings.
The electronic search was further supplemented by the
manual search of 4 different journals: The International
Journal of Prosthodontics, Journal of Prosthodontics, Jour-
nal of Prosthetic Dentistry, and Journal of Esthetic and Re-
storative Dentistry.

Embase

1 lithium disilicate.mp. (667)

2 ‘“glass ceramic*'mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (2087)

3 “‘crown*'mp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (55906)

4 (dental adj2 restor*).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate
term word] (6613)

5 ‘clinical performance’mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate
term word] (9743)

6 failuremp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (1388858)

7 successmp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (354138)

8 survivalmp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word] (1535084)

9 treatment outcome.mp. or exp Treatment Outcome/ (1472690)

10 CAD CAM.mp. or exp Computer-Aided Design/ (24107)

11 exp Dental Porcelain/ (1768)

12 longevity.mp. (43666)

13 “all ceramic”mp. (1874)

14 exp tooth crown/ (20916)

15 exp dental restoration/ (59432)

16 exp lithium derivative/ (4817)

17 1or2or1lor13(5184)

18 5S5or6or7or8or9ori2(4066948)

19 (“emax”or‘e.max”).mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term
word] (4898)

20 170r19(9613)

21 160r20(14287)

22 3or4orl14or15(110597)

23 10and 18 and 20 and 22 (266)

24 limit 23 to (clinical trial or randomized controlled trial or controlled
clinical trial or multicenter study or phase 1 clinical trial or phase 2
clinical trial or phase 3 clinical trial or phase 4 clinical trial) (36)

Scopus

((TITLE-ABS-KEY (“lithium disilicate”) OR TITLE-ABS-KEY (“glass ceramic*")
OR TITLE-ABS-KEY (“dental ceramic*”))) AND ((TITLE-ABS-KEY (“crown*")))
AND ( (TITLE-ABS-KEY (“clinical performance”) OR TITLE-ABS-KEY ( failure )
OR TITLE-ABS-KEY (success) OR TITLE-ABS-KEY (longevity ) OR TITLE-ABS-
KEY (survival ) )) AND (TITLE-ABS-KEY (“CAD CAM")) AND ( LIMIT-TO
(DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re"))
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Web of Science

Topic: (“lithium disilicate”) OR Topic: (“lithium disilicate”) OR Topic: (“glass
ceramic*’) OR Topic: (“dental ceramic*”) AND Topic: (‘crown*") AND
Topic: (“clinical performance”) OR Topic: (“failure”) OR Topic: (“success”)
OR Topic: ("longevity”) OR Topic: (“survival”) AND Topic: (“CAD CAM")

#1 14,889

TOPIC: (“lithium disilicate”) OR TOPIC: (“glass ceramic*") OR TOPIC: (“dental
ceramic*”)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All
years

#2 128,987

TOPIC: (“crown*”)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All
years

#3 2,180,903

TOPIC: (“clinical performance”) OR TOPIC: (“failure”) OR TOPIC: (“success”)
OR TOPIC: (“longevity”) OR TOPIC: (“survival”)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All
years

#4 5877

TOPIC: ("CAD CAM")

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All

years

#5 77

#4 AND #3 AND #2 AND #1

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All
years

#7 76

#4 AND #3 AND #2 AND #1

Refined by: DOCUMENT TYPES: ( ARTICLE OR REVIEW)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All
years

Cochrane Library
#1 “lithium disilicate”ti,ab,kw (word variations have been searched)
#2 MeSH descriptor: [Crowns] explode all trees
#3 MeSH descriptor: [Dental Restoration Failure] explode all trees
#4 MeSH descriptor: [Dental Restoration, Permanent] explode all trees
#5 MeSH descriptor: [Inlays] explode all trees
#6 “glass ceramic*"ti,ab,kw
#7 "crown®"ti,ab,kw
#8 “inlay*"ti,ab,kw
#9 “onlay*"ti,ab,kw

#10 “clinical performance”ti,ab,kw

#11 “failure”ti,ab,kw

#12 "success”:ti,abkw

#13 “survival”ti,ab,kw

#14 “longevity"ti,abkw

#15 "treatment outcome*”:ti,ab,kw

#16 MeSH descriptor: [Treatment Outcome] explode all trees

#17 "CAD CAM"ti,ab,kw

#18 MeSH descriptor: [Dental Porcelain] explode all trees

#19 #1 or #6 or #18

#20 #2 or #7 or #8 or #9

#21 #3 or #10 or #11 or #12 or #13 or #14

#22 #17 and #19 and #20 and #21

Study selection

The electronic search was conducted systematically by
2 independent investigators at multiple stages. The 1* stage
involved screening the relevant titles after removing
duplicated studies; any disagreements were resolved
through a discussion. At the 2™ stage, the abstracts of the
selected titles were independently analyzed and any dis-
agreements were resolved through a discussion. At the fi-
nal stage, the full texts of the studies of possible relevance
were obtained. The manual search of the references of the
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selected articles was performed to supplement the elec-
tronic search. The inter-reviewer agreement of 0.86 was
calculated using Cohen’s kappa coefficient at the title and
abstract stages.

Quality assessment in individual studies

The quality assessment of the selected studies was carried
out according to the methods described by Hayashi et al.l”
Each study was evaluated following 26 criteria and a per-
centage value was calculated, representing the quality
of the study (Appendix 2).

Appendix 2. Quality assessment criteria according to the methods described
by Hayashi et al."”

T

1 Isthe hypothesis / aim / objective of the study clearly described?
Is the setting of the study or the source of the subjects described?
Is the distribution of the study population by age or gender described?
Are the inclusion criteria stated?

Are the exclusion criteria stated?

o W N

Are the kinds of treatment well described?

Are the main outcomes to be measured clearly described
in the Introduction or Methods section?

8 Isthe sample size stated?
9  Was the sample size justified?
10  Was the concurrent control group used?
11 Was random allocation to treatment used?
12 Was the method of random allocation given?
13 Was the blind assessment of the outcome carried out?
14 Was there more than 1 examiner for outcome assessment?
15 Was the examiner calibration carried out?
16 Are the statistical methods described?
17 Is the participation/follow-up rate stated?
18 Was the participation/follow-up rate greater than 80%?
19  Are the non-participants/subjects lost to follow-up described?
20  Are the main findings of the study clearly described?

Are the results stated in absolute numbers when feasible
(e.g., 10/20, not 50%)?

22 Are confidence intervals given?

21

23 Are any important adverse events reported?
24 Are any conclusions stated?

25 Was this a prospective study?

26 Was the ethical approval obtained?

Data collection

The following qualitative data was extracted from the
definitive list: author(s), year of publication, type of study,
study setting, number of operators providing the crowns,
number of evaluators and their independency, report-
ed follow-up period, assessment criteria used for each
study, tooth type (anterior or posterior), type of crown
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(monolithic vs layered), and method of fabrication (chair-
side vs laboratory). The following quantitative data was
extracted: number of patients, drop-out rate, participants’
age range, number of crowns, number of crowns made
in the university setting vs private practice or both, con-
dition of the restored teeth (vital vs non-vital), location
of the crowns (anterior, premolar or molar), type of ce-
ment, number of complications, type of complications
— biological (caries, pulpal involvement, tooth fracture),
technical (framework fracture, chipping, debonding) or
esthetic (color mismatch, marginal discoloration) — and
success and survival rates.

In this review, success was defined as crowns that were
present without core fracture, porcelain fracture, caries,
periodontal inflammation, or endodontic signs and symp-
toms.?® Survival was defined as crowns having remained
in situ, with or without modification during the entire pe-
riod of observation; these were referred to as “survived

219 articles identified
through electronic databases:
MEDLINE/PubMed (n = 56)
Embase (n = 36)
Scopus (n = 50)

Web of Science (n =77)
Cochrane Library (n = 0)
Clinical Trials.gov (n = 0)

Identification

!

Records after
removing duplicates (n = 174)

!

Screening

Records screened (n = 62)

!

Full-text articles assessed
by database searching (n = 12)
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crowns”?! After the data had been collected, no meta-
analysis was performed due to qualitative differences
across the studies and insufficient data.

Results

Study selection

The primary electronic search resulted in a total num-
ber of 219 studies. After eliminating duplicates, and
screening the studies at the title and abstract levels,
12 studies were carried forward for full-text assessment
from the electronic search and 1 article from hand search-
ing. Out of these 13 studies, 7 studies were excluded, and
the remaining 6 studies were included and used for data
extraction. The process of identifying eligible articles is
described in Fig. 1.

> Records excluded after

title screening (n = 112)

> Records excluded after
abstract screening (n = 50)

Hand searching (n = 1)

Eligibility

|-

Full-text articles assessed
for eligibility (n = 13)

Articles excluded with reasons (n =7)
* Batson et al. — a follow-up of <2 years

° Brandt et al. and Collares et al.
— inability to extract data

|-

Included

Studies included for data extraction,
qualitative and quantitative synthesis (n = 6)

Fig. 1. Flowchart of the study selection process

* Nejatidanesh et al. and Silva et al.
- a different material used

* Beier et al. — the material used
was not specified

¢ Huah et al. — no follow-up
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Appendix 3. Results of the quality assessment of the included studies

Items assessed according to Appendix 2 Percentage
of ‘yes’

answers
llﬂnnnnl [%]
X X X X X X X

Fasbinder et al.!
o1 - - - - - X S X X X X X - X X X X 654
i 3

gg;tze”'”' and@anale® v v X X X X X - X X X - - - X - - - X X - X X X - 654

;‘Sﬁ'er andschmitter v % % X X X X X X X X - - - X - - — X X - X X X X 73.1
8

ZAg'{; el X X X X X X X X X X X - — X X X X X - X X - X X X X 846

Rauch et al®

018 X X X X X X X X X X X X X X X X X - X X X X X X X X 9.2

Aziz et al®

oo X X X X X X X X X - — — X X X X X - X X X X X X - X 808

X —answer'yes!.

Table 2. Characteristics of the included studies

Method Observation

et | S of | oreromn cpersers | evaumors | Period | el
fabrication [months]

;z;;t())inderetalﬂ prospective university chairside  monolithic  posterior 1 indepindent 24 mUoS<|jDiE§d
gg;tzellini aud Canel” prospective  private practice  laboratory  monolithic  posterior 1 t:;;;:gf 42 NR
;g){cgler and Schmitter* prospective  private practice  chairside  monolithic  posterior 1 t:sesrz:g? 26 USPHS
/;(l;;nset ar RCT university laboratory layered anterior 1 in dep;n - 24 mUC;dPiEEd
58*? Stals prospective pril\jgti\e/e[;iiaté/‘gce chairside monolithic  posterior 4 in depgn dent 120 muzcgjgzd
';gifget a2 retrospective university chairside monolithic  posterior st(jtl;netr?lts in depin o 48 m(é(gf;ed

USPHS - United States Public Health Service; CDA - California Dental Association; NR — not reported.

Table 3. Quantitative data extracted from the included studies

: Drop-out Age range Location Treated at the Treated in private
No. of patients No. of crowns o .
[%] [years] of the crowns university practice
. A=0 23 23 0
1
;gﬂ%'”der etal. 43/42 23 NR P=20
M =42 39 39 0
. 3
Cortellini and Canale NR NR 20-61 NR 23 0 3
2012
Seydler and Schmitter* A=0
2o>1/5 30 NR 35-58 P=0 30 0 30
M =30
A=15
8
Qg'{‘sew" 15 0 18-64 P=0 15 15 0
M=0
A=0
5
Eg:’;h etal. 34/26 235 262-738 P=8 34 20 14
M =26
) A=0
9
é\g'fget el 32 0 29-79 P=22 40 40 0
M=18

A - anterior teeth; P — premolar teeth; M — molar teeth; NR - not reported.
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Results of quality assessment

According to the criteria of quality assessment, the
studies in this review involved results ranging from 65.4%
to 96.2% (Appendix 3).

Data collection and the characteristics
of the studies

The included studies were published between 2010
and 2019. Five studies evaluated LDGC CAD/CAM
crowns prospectively,13->8 1 study was an RCT?® and
1 — a retrospective study.” Of the studies presenting
results derived from the same sample, only the most
recent study was included.>>7 Five studies report-
ed on the clinical performance of posterior mono-
lithic LDGC CAD/CAM crowns**>9 and 1 study, by
Akin et al., reported on anterior layered crowns.® Four
studies used the chairside technique'**>° and 2 used
the laboratory method of fabrication.>® The charac-
teristics of the studies are presented in Table 2. The
quantitative data related to the clinical performance
of LDGC CAD/CAM (IPS e.max CAD) crowns are
presented in Table 3.

In the included studies, a total of 204 crowns were in-
serted in 154 patients and evaluated for a period rang-
ing from 2 to 10 years. A total of 9 participants were
lost to follow-up from all the studies combined. All
the studies reported the number of participants who
received LDGC CAD/CAM crowns and the location
of the crowns (anterior, premolar or molar) except the
study by Cortellini and Canale.? Two studies reported
the distribution of the crowns in the maxilla or the
mandible.*? Using the pooled data, it was found that
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there was a total of 14 complications in 204 crowns
that had been placed, representing a complication rate
of 6.9% (Table 4). Nine crowns were considered as
failed and 5 were considered as survived. There were
more biological (n = 10) than technical complications
(n = 4). The most common biological failure reported
was an endodontic complication (n = 5), followed by
secondary caries (n = 4) and tooth fracture (#n = 1). In
Rauch et al’s study, the tooth extracted due to an api-
cal infection was counted as an endodontic complica-
tion and the tooth fractured due to caries was counted
as a recurrent caries complication.® Four technical
complications were reported — 1 debonding, 1 crown
fracture and 2 open margins. The most frequently re-
ported complications occurred in the molar teeth, but
it was not possible to determine whether there was any
particular predilection for failure in the maxilla vs the
mandible, as there was not enough information avail-
able to make a definitive conclusion. No esthetic com-
plications such as color mismatch or marginal discolo-
ration were reported.

The survival rate reported by Fasbinder et al.,! Cor-
tellini and Canale,® and Akin et al.® was 100.0%, as no
complications were reported over a follow-up period
of 2-3.5 years. In Seydler and Schmitter’s study, the
survival rate was stipulated from the survival curve
analysis (93.3%), as they counted the 2 endodontic com-
plications as failed rather than survived crowns after
2 years.* Rauch et al. reported a survival rate of 85.3%
after 10 years.” Except for the studies performed by
Rauch et al.?> and Aziz et al.,’ none of the others actu-
ally reported the overall success rates. The succes rates
presented in Table 3 were calculated as the percentage
of crowns without complications.

Non-vital No. Success rate | Survival rate

of complications [%] [%]

NR NR Multilink® Automix; Ivoclar Vivadent AG 0 100.0 100.0
NR NR experimental cement; Ivoclar Vivadent AG 2 94.9 100.0
NR NR Multilink Automix; Ivoclar Vivadent AG, Variolink® Veneer; Ivoclar Vivadent AG 0 100.0 100.0
14 16 Multilink Automix; Ivoclar Vivadent AG 2 933 933
NR NR Variolink II; lvoclar Vivadent AG 0 100.0 100.0
17 17 Multilink Sprint; Ivoclar Vivadent AG 9 735 85.3
7 33 RelyX® Unicem; 3M ESPE, Calibra® Universal; Dentsply Sirona 3 92.5 95.0
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Table 4. Summary of all complications reported for LDGC computer-aided design/computer-aided manufacturing (CAD/CAM) crowns

Category Period

Seydler and Schmitter* endodontic complication biological failed
2015 endodontic complication biological 12 failed
endodontic complication biological at baseline survived
endodontic complication biological 13.2 survived
recurrent caries biological 24 failed
recurrent caries biological 48 survived
Sgl{l;h ciall tooth extraction due to an apical infection biological 72 failed
tooth fracture due to recurrent caries biological 72 failed
tooth fracture biological 84 failed
debonded crown technical 24 survived
crown fracture technical 336 failed
recurrent caries biological 24 survived
ZAgi]det al? open margin technical 30 failed
open margin technical 37 failed
: D : e
whether there were any differences in the occurrence
Discussion of complications when comparing the restorations placed

The present study aimed at establishing scientific evi-
dence regarding the efficacy of LDGC CAD/CAM crowns.
Only published clinical trials were included. Conference
abstracts and studies published by the manufacturer were
excluded, because it was not possible to extract the re-
quired data from them. The sample size was relatively
small for all the included studies. However, since they
were mostly prospective clinical trials, the known diffi-
culty of recruiting more patients and maintaining a low
drop-out rate are always a limitation inherent to this type
of study.

There was no significant association between the inci-
dences of failure and the type of cement. This could be
explained by a reliable bond that could be achieved with
resin cements. The group of crowns cemented with an ex-
perimental cement in Fasbinder et al’s study was excluded
from the analysis, since the cement was withdrawn from
the market, and therefore, findings with this particular
cement would be irrelevant to the main goals of this in-
vestigation.!

None of the included studies reported any association
between the incidence of complications and the tooth
type (premolar vs molar). In fact, the location of the
crowns (premolars vs molars) was not correlated with
failure or success in most investigations with the excep-
tion of 1 study, where it was stated that most complica-
tions occurred in the molar teeth.> Unfortunately, this
report did not provide enough data for our investigation
to make meaningful conclusions regarding the impact
of this factor.” Moreover, none of the studies reported

in the maxilla vs the mandible. Similarly, there was no evi-
dent statement whether the setting in which the crowns
were placed (university vs private practice) had an impact
on survival. There were no evident differences that could
be found regarding the survival of the crowns placed on
vital or non-vital teeth. This particular issue was not even
reported in the studies included in our review.

None of the included studies compared the clinical
outcome of LDGC crowns to the “gold standard’, that be-
ing metal-ceramic crowns. In the study by Cortellini and
Canale, LDGC CAD/CAM crowns (n = 23) were com-
pared to 212 pressed crowns for a period of 42 months.?
No complication was reported for the CAD/CAM group
and only 1 crown fractured in the pressed group after
3 years.? In the study conducted by Seydler and Schmit-
ter, the performance of 30 monolithic LDGC CAD/CAM
crowns was compared to 30 veneered zirconia crowns.*
The number of biological complications was similar for
both groups; 2 endodontic complications occurred in
each. No technical complications such as fracture, chip-
ping or cracks were noted for either group after 2 years
of follow-up.*

This systematic review demonstrated that biological
complications occurred more often than technical com-
plications. The need for endodontic treatment after the
cementation of crowns can be attributed to the over-
reduction of the natural tooth structure, especially in young
patients, in addition to continuous pulpal trauma. The in-
cidence of recurrent secondary caries could not be linked
to the status of oral hygiene due to insufficient informa-
tion, but could be related to an increased marginal gap
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in all-ceramic crowns. Akin et al. compared the marginal
and internal adaptation of 15 LDGC CAD/CAM crowns to
15 heat-pressed LDGC crowns (IPS. e.max Press, Ivoclar
Vivadent AG); there was no statistically significant differ-
ence between the 2 fabrication techniques.® The median
marginal gap for the CAD/CAM group was within the
clinically acceptable range (132.2 um), but it was reported
as low as 71.0 um. Also, no recurrent caries was detected
in their study due to a small sample size and a short obser-
vation time of 2 years, which was not sufficient for cari-
ous lesions to develop.® Caries at the crown margin was
reported in 1 study, and occurred in 2 teeth.” The mean
marginal gap measured in that study was 81.0 pm, but the
actual marginal gap in the crowns affected by recurrent
caries was not disclosed, and therefore, it was not possible
to make any solid conclusions regarding the contribution
of the marginal gap to the occurrence of recurrent caries.”
Although such a marginal gap is considered to be within
the clinically acceptable range, it might be concluded that
even within this range, secondary caries could be de-
tected if a good oral hygiene level was not maintained.?
However, LDGC crowns demonstrated similar recurrent
caries rate and fewer endodontic problems as compared
to metal-ceramic crowns after 5 years, and it could be as-
sumed that the level of oral hygiene was most likely the
same in both study populations.?®

With regard to technical complications, 1 fracture and
1 case of debonding occurred in the same study.> The
authors reported that the crown fractured due to the in-
sufficient occlusal reduction of the lower second molar,
whereas the other crown debonded due to inadequate re-
tention, as the tooth height was <3.0 mm.> These techni-
cal complications could likely have been avoided had the
manufacturer’s recommendations been followed care-
fully. No crown chipping was reported due to the absence
of veneering porcelain in monolithic crowns, which is
usually associated with this type of complication. Even
in the case of the layered crowns evaluated in 1 study,
there was no chipping or fracture after 2 years.® However,
this could be attributed to a short-term follow-up and to
the location of the crowns in the anterior region, where
the occlusal forces are minimal.® Two crowns provided
by dental students presented with open margins.” No
esthetic complications were reported. The color match
of LDGC CAD/CAM crowns was rated as being good to
excellent in all studies, and the patients were very satisfied
with the esthetic appearance of the crowns.

Apart from the clinical findings reported here, this re-
view also showed that there was a limited number of stu-
dies with relatively small sample sizes that focused on the
clinical performance of LDGC CAD/CAM crowns. There
is a need for clinical trials evaluating both fabrication
techniques (chairside and laboratory) with larger sample
sizes, longer follow-up times and blinded evaluators. This
is highly important, as it will considerably enrich the cur-
rently available data and will help to identify with more
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confidence the clinical performance of LDGC crowns
fabricated using both methods of manufacturing. It is
also recommended that, in order to provide more useful
data, studies should be designed to include the distribu-
tion of complications with regard to the tooth type, tooth
location, tooth condition (vital or non-vital), study setting
(university and/or private practice), and the experience
level of the operator(s).

Conclusions

Based on the findings and within the limitations of this
systematic review, it can be concluded that the short- to
medium-term survival rate of LDGC CAD/CAM crowns
was high (from 93.3% to 100%). Biological complications
were the most frequently reported sequelae and mostly
occurred in the first 2 years after the cementation of the
crowns, regardless of the type of cement used.
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