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PURPOSE. To assess the clinical performance of monolithic CAD-CAM lithium 
disilicate glass-ceramic (LDGC) crowns and metal-ceramic (MC) crowns provided 
by predoctoral students. This study also assessed the effects of patient and 
provider-related factors on their clinical performance as well as patient 
preference for these types of crowns. MATERIALS AND METHODS. Twenty-five 
patients who received 50 crowns (25 LDGC CAD-CAM and 25 MC) provided by 
predoctoral students were retrospectively examined. LDGC CAD-CAM crowns 
were milled in-house using the CEREC Bluecam system and cemented with either 
RelyX Unicem or Calibra Esthetic resin cements. MC crowns were cemented with 
RelyX Unicem cement. Clinical assessment of the crowns and the supporting 
periodontal structures were performed following the modified California Dental 
Association (CDA) criteria. Patients’ preference was recorded using a visual 
analog scale (VAS). The results were statistically analyzed using log-rank test, 
Pearson Chi-squared test and Kaplan-Meier survival analysis. RESULTS. Twelve 
complications were observed in the MC crown group (9-esthetic, 2-technical and 
1-biological). In comparison, 2 complications in the LDGC CAD-CAM crown group 
were observed (1-technical and 1-esthetic). The 6-year cumulative survival rates 
for MC crowns and LDGC CAD-CAM were 90.8% and 96%, respectively, whereas 
the success rates were 83.4% and 96%, respectively. Overall, patients preferred 
the esthetic outcomes of LDGC CAD-CAM crowns over MC crowns. CONCLUSION. 
The high survival and success rates, low number of complications, and the high 
level of patients’ acceptance of monolithic LDGC CAD-CAM crowns lend them well 
as predictable and viable alternatives to the “gold standard” MC crowns. [J Adv 
Prosthodont 2023;15:44-54]
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INTRODUCTION

Glass-ceramic materials with high translucency have 
been developed to overcome the esthetic challeng-
es of metal-based crowns and to satisfy patients’ de-
mands. In 2006, computer-aided design-computer 
aided manufacturing (CAD-CAM) lithium disilicate 
glass-ceramic (LDGC) crowns (IPS e.max CAD; Ivoclar 
Vivadent, Schaan, Liechtenstein) became commer-
cially available. Currently, it has become one of the 
most commonly used glass-ceramic materials for sin-
gle crowns due to its excellent esthetic and mechan-
ical properties.1,2 The material is available in a com-
plete range of shades and in three different levels of 
translucency (high translucency, medium opacity, 
and low translucency) for optimum color matching.3 
Low translucency LDGC material (IPS e.max CAD LT; 
Ivoclar Vivadent, Schaan, Liechtenstein) was found 
to be significantly more translucent than zirconia at 
thicknesses of 0.5 and 1.0 mm.4

Since IPS e.max CAD can be milled as thin as 1 
mm, it is indicated for cases with limited space and 
is considered to require a minimally invasive tooth 
preparation. As a result, it preserves natural tooth 
structure and ultimately decreases the incidence of 
loss of vitality complications in young patients.5-7 An 
additional advantage of monolithic LDGC CAD-CAM 
crowns is the absence of veneering porcelain, which 
in turn minimizes the risk of chipping which may oc-
cur with a bi-layered arrangement.8 Furthermore, 
marginal adaptation of IPS e.max CAD was found to 
be significantly better than that of metal-ceramic (MC) 
crown (27 μm vs. 57 μm).9 Clinical studies involving 
an observation period of 2 to10 years, evaluated the 
clinical performance of LDGC CAD-CAM crowns and 
demonstrated high survival rates between 83.5% and 
100%.10-15

The extensive and increasing demand for LDGC 
crowns is supported by their numerous advantages, 
the patients’ desire for having highly esthetic crowns, 
and its reasonable cost. LDGC CAD-CAM crowns have 
been extensively used as an alternative to MC crowns. 
Nevertheless, MC crowns are considered to be the 
gold standard for restoration of single teeth due to 
their long-term longevity and good mechanical and 
biological properties.16-18 However, their esthetic 

qualities still present a challenge due to the presence 
of the underlying metal framework causing greying of 
gingival tissue and subsequent inferior optical prop-
erties. In addition, the literature reported that porce-
lain chipping was the most common complication in 
MC crowns with a rate of 2.6% after 5 years.19 

Several clinical studies and systematic reviews have 
been conducted to assess the clinical performance 
of all-ceramic and MC crowns, but none have statis-
tically compared the clinical performance of LDGC 
CAD-CAM versus MC crowns.19-23 Therefore, the aims 
of this retrospective study were to assess the clini-
cal performance of posterior LDGC CAD-CAM and MC 
crowns and to evaluate the effects of patient’s gen-
der, age, oral hygiene condition, location of tooth in 
the mouth, pulp condition (vital vs. endodontical-
ly-treated), type of cement used, nature of opposing 
dentition, and type of provider on their clinical per-
formance.

In addition, to examine the patient’s preference for 
monolithic LDGC CAD-CAM crowns compared to MC 
crowns.

MATERIALS AND METHODS

The present retrospective study was registered 
at ClinicalTrials.gov (Identifier: NCT03921307) on 
04/19/2019. The study protocol was approved by the 
Research Ethics Board at the University of Toronto 
(No. 33291). The study included participants who had 
posterior monolithic LDGC CAD-CAM and MC crowns 
placed in opposing quadrants of their mouths at the 
same time at the Faculty of Dentistry for at least 6 
years. A recruitment letter was mailed to 30 qualified 
individuals, followed by telephone calls. Of the 30 
qualified patients, 25 patients agreed to participate 
in the study, 2 patients were not interested and 3 pa-
tients did not respond. 

The crowns were prepared and cemented by fi-
nal year predoctoral students who were either reg-
ular Doctor of Dental Surgery (DDS) or Internation-
ally-trained Dentists (ITD) in the DDS program at the 
Faculty of Dentistry, University of Toronto. The ITDs 
have prior clinical experience, whereas the DDS stu-
dents haven’t. The inclusion criteria involved the fol-
lowing: indication for a posterior crown, successful 

J Adv Prosthodont 2023;15:44-54Six-year clinical performance of lithium disilicate glass-ceramic CAD-CAM versus 
metal-ceramic crowns



46 https://jap.or.kr

The Journal of Advanced Prosthodontics

endodontic treatment, adequate post/core seal and 
healthy periodontal condition. 

Tooth preparation for LDGC CAD-CAM crowns were 
carried out according to specific criteria and accord-
ing to the manufacturer’s recommendations as fol-
lows: 1.0 mm axial reduction with a shoulder fin-
ish-line, rounded line angles and 1.5 mm occlusal 
reduction.13,15 Tooth preparations for MC crowns were 
carried out as follows: 1.2 mm bucco/proximal reduc-
tion, 0.7 mm proximo/lingual reduction, rounded line 
angles and 1.5 mm occlusal reduction with an addi-
tional 0.5 mm in the functional cusp area.24 Shade 
was selected by the operator and patient using VITA 
shade guide (VITA 3D Master; Vita Zahnfabrik, Bad 
Säckingen, Germany). The selection was confirmed 
by the instructor.

Impressions for both groups were taken with light-
body and medium-body polyvinyl siloxane materi-
als (Aquasil; Dentsply Sirona, Milford, DE, USA) using 
a custom fabricated tray. For the CAD-CAM crowns, 
stone dies were sprayed with CEREC Optispray (Siro-
na Dental Systems, Bensheim, Germany) and then 
scanned with an intra oral digital scanner (CEREC 
Bluecam; Dentsply Sirona, Charlotte, NC, USA). 
Crowns were milled by an experienced technician 
with a CEREC MC machine (CEREC software 4.0.3; 
Dentsply Sirona, Charlotte, NC, USA) in-house us-
ing IPS e.max CAD blocks (Ivoclar Vivadent, Schaan, 
Liechtenstein). The IPS e.max CAD blocks comprise 
0.2-µm to 1-µm lithium metasilicate crystals (Li2SiO3) 
with 40% crystals by volume. After milling, the crown 
undergoes a two-stage firing process for 20 - 25 min-
utes in order to complete the crystallization process. 
During the course of this process, lithium disilicate 
crystals (Li2Si2O5) are formed and contribute to the fi-
nal shade and desired strength. The resulting ceramic 
is composed of fine-grains, 1.5 µm in size and a 70% 
crystal composition by volume.

For the MC crowns, high noble alloys (Argedent 54; 
The Argen Corporation, San Diego, CA, USA) were 
used. The alloy composed of Au 54.2%, Pd 31.0%, Ag 
4.8%, In 9.0%, Ga 0.9% and Ru 0.1%. MC framework 
was manufactured using lost wax technique with a 
minimum thickness of 0.3 mm. Subsequently, met-
al cores were partially veneered with fine-structured 
feldspar ceramic (VITA VM 13; Vita Zahnfabrik, Bad 

Säckingen, Germany). LDGC CAD-CAM crowns were 
cemented with dual-cure self-adhesive universal 
resin cement (RelyX Unicem; 3M ESPE, St. Paul, MN, 
USA) and with dual-cure resin cement (Calibra Esthet-
ic; Dentsply Sirona, Milford, DE, USA). All MC crowns 
were cemented with RelyX Unicem resin cement.

Cementation procedure for Calibra Esthetic resin 
cement are as follows:

1. �Internal surface of the crown was etched with 
9.6% hydrofluoric acid (Porcelain Etch Gel; Pulp-
dent, Watertown, MA, USA) for 15 seconds, and 
then rinsed and dried. 

2. �Silane agent (Monobond Plus; Ivoclar Vivadent, 
Schaan, Liechtenstein) was applied to the etched 
internal surface and air dried.

3. �Prepared teeth were etched with 38% phosphoric 
acid, rinsed with water and gently air dried.

4. �Bonding agent (Prime&Bond NT; Dentsply Sirona, 
Milford, DE, USA) was applied to the tooth and to 
the internal surface of the crown and cured for 10 
seconds.

5. �Dual-cure resin cement (Calibra Esthetic; Dentsp-
ly Sirona, Milford, DE, USA) was applied to the in-
ternal surface of the crown and light cured with a 
light-emitting diode light-polymerizing unit for 10 
seconds to easily remove excess cement. Then, 
each surface was light-cured for 20 seconds.

Cementation procedure for RelyX Unicem resin ce-
ment are as follows: 

After cleaning the prepared tooth and the fitting 
surface of the crown, the dual-cure self-adhesive uni-
versal resin cement (RelyX Unicem; 3M ESPE, St. Paul, 
MN, USA) was placed inside the crown. After seating, 
initial polymerization was initiated with a light-emit-
ting diode light-polymerizing unit for 2 seconds to 
remove excess cement. Then, each surface was light-
cured for 20 seconds.

The following steps were followed in order to evalu-
ate the crowns for each patient:

1. �Informed consent was properly discussed and 
documented with all patients.

2. �Patients were asked if they experienced any pain 
or sensitivity since the crown insertion. 

3. �Patient self-assessment using a visual analog 
scale (VAS) questionnaire (range 0 - 100 mm) was 
implemented. Patients were asked to record their 
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preferences for both crowns regarding the fol-
lowing parameters: crown color, crown shape, 
quality of proximal contacts (presence of food 
impaction next to the crown), chewing ability and 
overall satisfaction. In addition, the evaluators 
recorded their own observations for crown color, 
shape, and quality of proximal contacts (assessed 
visually as well as with dental floss). 

4. �A series of intraoral photographs were taken. 
These included frontal/buccal views of the crown 
and adjacent teeth, as well as occlusal views.

5. �Radiographic examination (periapical and bite-
wing radiographs) for each crown was conducted.

The clinical evaluation was conducted by two cali-
brated and independent evaluators (a graduate stu-
dent and a faculty member) who were not involved in 
the treatment procedures. The inter-rater reliability 
was calculated using kappa (κ) statistics. The abut-
ment teeth and the contralateral teeth were assessed 
clinically and radiographically for the following pa-
rameters: presence of inflammation, pocket depth 
(PD) and bleeding on probing (BoP),25,26 presence of 
excess cement, presence of recurrent caries at the 
margins, presence of periapical infection and tooth 
fracture. 

A comprehensive assessment of the crowns was 
carried out following the modified California dental 
association (CDA) criteria.27 The complications asso-
ciated with crowns were classified into three cate-
gories: 1) biological, including recurrent caries, end-
odontic problems and tooth facture; 2) technical, 
including marginal integrity, chipping, presence of 
crack lines, crown fracture, open contacts, and loss 
of retention; and 3) esthetics, including surface tex-
ture, color match, contour quality and marginal dis-
coloration. Marginal adaptation and presence of sec-
ondary caries were examined visually with a sharp 
explorer and with the aid of bitewing radiographs. 
Marginal discoloration was assessed visually after 
air-drying. The location of crown margins (supragingi-
val, equigingival or subgingival) was also recorded in 
order to assess the association between periodontal 
health and the marginal location. 

The clinical performance of crowns was assessed 
based on success and survival rates. Primary out-
comes were the survival rate and time to event. The 

secondary outcome was the success rate. Success 
was recorded for crowns that were present without 
core fracture, porcelain fracture, caries, periodontal 
inflammation or endodontic signs and symptoms. 
Survival was defined as the crown having remained 
in-situ with or without modification over the entire 
observation period.28

Descriptive statistics were computed with SPSS 
25.0 software (IBM Corp, Armonk, NY, USA). Each me-
chanical, biological and esthetic complication was 
considered as a statistical event. The level of signif-
icance for all tests was α = 0.05. The McNemar Chi-
square test for paired proportions and t-test were 
used in order to assess the prevalence and severity of 
PD and BoP. Pearson Chi-square test was used to as-
sess the association between location of margins and 
periodontal condition. Kaplan-Meier survival analysis 
was performed to calculate the survival and success 
probabilities of crowns. The log-rank (Mantel-Cox) 
test was used to calculate the effect of several pa-
tient-based and operator-based factors on the sur-
vival rate, whereas the Pearson Chi-square test was 
used to calculate the effect of the same factors on the 
success rate. The Wilcoxon signed-rank test was used 
to assess patients’ and operators’ preferences for the 
two crown types. The level of agreement between pa-
tients and evaluators was assessed using intra-class 
correlation coefficient (ICC). 

RESULTS

Twenty-five patients (7 males and 18 females) with 
a mean age of 57.8 years (median ± SD = 63 ± 15.36 
years) were examined according to the previously 
described protocol, with a total number of 25 LDGC 
CAD-CAM and 25 MC crowns for a follow-up period of 
up to 6 years. The inter-rater agreement for crowns 
evaluation was almost perfect (κ = 0.95). According 
to the split-mouth design, one LDGC CAD-CAM crown 
and one MC crown were inserted in the same arch for 
each patient (Fig. 1). The distribution of examined 
crowns is summarized in Table 1.

The presence of recurrent caries was observed in 
one MC crown and was regarded as a failure. One pa-
tient in each group reported post-operative sensitivity 
for up to two months. No other biological complica-
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tions were observed. One case with an open mar-
gin was observed in each group, and one case with 
a marginal overhang was observed in the MC group. 
Open margins were considered as a failure. One MC 
crown debonded after 3 months. No fractures were 
observed for any crown in both groups throughout 
the observation period. 

Six marginal discolorations were observed in the 
MC crowns group (Fig. 2). Three color mismatches 
were observed in the MC group while one case was 
reported in the LDGC CAD-CAM group. Neither group 
presented with deterioration in periodontal health 
compared to the baseline and to the contralateral 
teeth. Detailed information of each complication is 
presented in Table 2. 

Of the 14 complications encountered, 3 crowns 
were considered as failures and were included in the 
survival analysis (1 open margin in the LDGC CAD-
CAM group, 1 open margin and 1 recurrent caries in 
the MC group). The cumulative Kaplan-Meier surviv-
al rate was 96% (95% CI = 92.3% to 99.8%) for LDGC 
CAD-CAM crowns, and 90.8% (95% CI = 85.3% to 
96.5%) for MC crowns after 6 years (Fig. 3A). Log-rank 
test revealed that there was no statistically signifi-
cant difference in the survival of both crown groups 
(P = .563). Patient’s attributes such as age and gender 
had no significant influence on survival rate of all the 
crowns. Periodontal condition, tooth type (premolar 

Table 1. Distribution of all the lithium disilicate glass-ceramic and metal ceramic crowns by location, type of provider, tooth 
vitality and type of cement used

Group Count Tooth 
location Premolar Molar DDS ITD Vital Non-vital RelyX 

Cement
Calibra 
Cement

LDGC CAD 25 (50.0)
Maxilla 9 (36.0) 11 (44.0) 12 (48.0) 8 (32.0) 9 (36.0) 11 (44.0) 15 (60.0) 5 (20.0)
Mandible 3 (12.0) 2 (8.0) 5 (20.0) 0 (0.0) 0 (0.0) 5 (20.0) 3 (12.0) 2 (8.0)

MC 25 (50.0)
Maxilla 9 (36.0) 11 (44.0) 17 (68.0) 3 (12.0) 6 (24.0) 14 (56.0) 20 (80.0) 0 (0.0)
Mandible 3 (12.0) 2 (8.0) 5 (20.0) 0 (0.0) 1 (4.0) 4 (16.0) 5 (20.0) 0 (0.0)

Total 50 (100.0) 24 (48.0) 26 (52.0) 39 (78.0) 11 (22.0) 16 (32.0) 34 (68.0) 43 (86.0) 7 (14.0)
Values are presented as n (%).
RelyX Cement = dual-cure self-adhesive universal resin cement (RelyX Unicem; 3M ESPE, St. Paul, MN, USA). Calibra Cement = dual-cure resin cement (Calibra 
Esthetic; Dentsply Sirona, Milford, DE, USA). DDS = Doctor of Dental Surgery students. ITD = Internationally-trained dentists in the DDS program.
LDGC CAD: lithium disilicate glass-ceramic CAD-CAM, MC: Metal ceramic.

Fig. 1. Occlusal view of the maxillary right first molar lith-
ium disilicate glass-ceramic crown and maxillary left first 
molar metal ceramic crown at the 6-year recall visit. 

Fig. 2. Esthetic evaluation after 6 years 
for one patient with lithium disilicate 
glass-ceramic crown on the right side 
and metal ceramic crown on the left 
side. (A) Maxillary right second pre-
molar lithium disilicate glass-ceramic 
crown with no marginal discoloration. 
(B) Marginal discoloration related to 
the maxillary left second premolar 
metal ceramic crown.

A B
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Table 2. Biological, technical, and esthetic complications observed in the lithium disilicate glass-ceramic and metal ceramic 
groups

Type of Complication N (%) Tooth* Vitality Status Time (months) Outcome
Biological

Recurrent caries
LDGC CAD-CAM 0 --- --- --- -----
MC 1 (4.0) 36 Non-vital 51.0 Failed

Technical
Open margin

LDGC CAD-CAM 1 (4.0) 25 Vital 36.0 Failed
MC 1 (4.0) 14 Non-vital 48.0 Failed

Debonding
LDGC CAD-CAM 0 --- --- --- -----
MC 1 (4.0) 16 Vital 3.0 Survived

Esthetic
Color mismatch

LDGC CAD-CAM 1 (4.0) 25 Vital 36.0 Survived

MC 3 (12.0)
14
26
46

Non-vital
Non-vital
Non-vital

75.0
77.0
45.0

Survived
Survived
Survived

Marginal discoloration
LDGC CAD-CAM 0 --- --- --- -----

MC 6 (24.0)

15
15
16
25
25
26

Vital
Vital

Non-vital
Non-vital
Non-vital
Non-vital

70.0
69.0
72.0
73.0
49.0
77.0

Survived
Survived
Survived
Survived
Survived
Survived

Total

LDGC CAD-CAM Technical = 1 (4.0)
Esthetic = 1 (4.0)

2-Vital
0-Non-vital

1-Failed
1-Survived

MC
Biological = 1 (4.0)
Technical = 2 (8.0)
Esthetic = 9 (36.0)

3-Vital
9-Non-vital

2-Failed
10-Survived

*Tooth number according to the Federation Dentaire Internationale (FDI) numbering system.

or molar), tooth location (maxilla vs. mandible), vital-
ity status, type of cement, nature of opposing teeth 
and provider’s clinical experience (DDS vs. ITD) had 
no effect on the survival rate. 

All fourteen complications (Table 2) were consid-
ered in order to estimate the success rate. After 6 
years, overall success rate was 96% (95% CI = 92.3% 
to 99.8%) for LDGC CAD-CAM crowns and 83.4% (95 CI 
= 77.2% to 89.8%) for MC crowns (Fig. 3B). Chi-square 
test showed that all patient and operator attributes 
had no significant effect on the success rates of both 
crown groups. 

Mean values of patient’s response (VAS question-
naire) for both crown groups were analyzed (Table 
3). Statistically, the results showed that LDGC CAD-
CAM crowns were rated significantly higher than MC 
crowns in the following domains: color (90.0% vs. 
80.7%, P = .016), chewing ability (96.2% vs. 93.6%, P 
= .021), and overall rating (91.0% vs. 85.7%, P = .035) 
(Fig. 4A). Evaluators rated the color and shape higher 
in the LDGC CAD-CAM group. No significant difference 
was found between the two crown groups regarding 
the quality of proximal contacts (P  = .337) (Fig. 4B). 
The intra-class coefficient correlation analysis be-
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tween patients and evaluators showed fair agreement 
for the crowns’ color (0.43), shape (0.48) and quality 
of proximal contacts (0.40).

DISCUSSION

The split-mouth study design was introduced by 
Ramfjord et al .,29 in an effort to decrease much of the 
inter-subject variability present in the whole-mouth 
design, while increasing the power of the study.30 In 
addition, this design considerably reduces the dif-
ferences between subjects from different treatment 
groups by establishing ‘within-patient’ comparisons, 
rather than ‘between-patients’ comparisons.31

After a follow-up period of 6 years, the cumulative 
survival rate of LDGC CAD-CAM crowns (96.0%) was 
higher than MC crowns (90.8%). Findings of the pres-
ent study are in agreement with those of two previous 
studies that lasted 24 and 42-months and reported a 

100% survival rate of LDGC CAD-CAM crowns.12,14 For 
MC crowns, a survival rate of 90.8%, which is similar 
to what was found in the present study, was report-
ed by Reitemeier et al .17 However, it is lower than a 
5-year survival rate of 95.7% reported by Sailer et al .19 
in a systematic review. Nevertheless, the sample size 
in the latter study was much larger and this may have 
affected the overall survival rate. In the present study, 
the sample size was fairly small, and therefore, find-
ings of the present study must be interpreted with 
caution.

In the present study, there was one recurrent car-
ies case in the MC group. This represented 4% of 
the sample and was higher than rates reported in 
other studies on MC crowns.19,32,33 No loss of vitali-
ty for teeth with MC crowns was observed. This dif-
fered from other studies reporting rates between 1.8 
to 16%.19,34,35 No loss of vitality for LDGC CAD-CAM 
groups was observed in the present study. This also 

Fig. 3. (A) Kaplan-Meier survival analysis of 
lithium disilicate glass-ceramic and metal 
ceramic crowns at 6 years. (B) Kaplan-Mei-
er success probabilities of ithium disilicate 
glass-ceramic and metal ceramic crowns at 
6 years.
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Table 3. Patients' and evaluators' preference for lithium disilicate glass-ceramic and metal ceramic crowns recorded with 
visual analogue scale; mean differences calculated with Wilcoxon Signed Rank test

Patient Evaluator

Criteria Crown 
system

Mean 
(SE)

95% CI
Lower      Upper Median

Wilcoxon
Signed 
Ranks

Mean 
(SE)

95% CI
Lower       Upper Median

Wilcoxon
Signed 
Ranks

ICC
(95% CI)

Color

LDGC 
CAD

90.00 
(2.28) 85.09 94.51 91.00

P = .016

82.24 
(2.36) 77.35 87.13 84.00

P = .002 0.43
(0.01 – 0.67)MC 80.72 

(3.37) 73.75 87.69 84.00 70.52 
(2.11) 66.16 74.88 71.00

Shape

LDGC 
CAD

93.08 
(2.09) 88.76 97.40 97.00

P = .118

94.72 
(1.04) 92.56 96.88 96.00

P < .001 0.48
(-0.71 – 0.49)MC 89.96 

(2.13) 85.56 94.36 93.00 79.92 
(2.52) 74.70 85.14 82.00

Proximal 
contact

LDGC 
CAD

90.48 
(2.69) 84.91 96.05 95.00

P = .337

90.44 
(2.63) 85.01 95.87 96.00

P = .581 0.40
(-1.13 – 0.61)MC 90.28 

(1.86) 86.43 94.13 92.00 90.32 
(2.25) 85.66 94.98 94.00

Chewing 
ability

LDGC 
CAD

96.28 
(0.90) 94.41 98.15 97.00

P = .021 NA NA NA NA NA NA
MC 93.60 

(1.23) 91.06 96.14 96.00

Overall

LDGC 
CAD

91.00 
(1.90) 87.08 94.92 94.00

P = .035

82.60 
(2.35) 77.74 87.46 85.00

P < .001 0.29
(-0.13 – 0.58)MC 85.72 

(2.28) 81.00 90.44 89.00 71.56 
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Fig. 4. Patients’ and evaluators’ satisfaction
with both crown groups recorded with visual
analog scale (VAS). (A) Patient outcomes: 
lithium disilicate glass-ceramic and metal 
ceramic crowns recorded with VAS. Box plots 
represent median, 25th and 75th percentiles, 
minimum and maximum values. (B) Evalua-
tor outcomes: lithium disilicate glass-ceram-
ic and metal ceramic crowns recorded with 
VAS. Box plots represent mean, 25th and 
75th percentiles, and minimum and maxi-
mum values.
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differed from previous studies on chairside LDGC 
CAD-CAM crowns, where the reported loss of vitality 
was the most frequent biological complication occur-
ring in the first two years with rates ranging from 4.9% 
to 6.7%.11,13,15 These results are in line with previous 
studies confirming that CAD-CAM crown preparations 
are more conservative and, as a result, may cause less 
pulpal trauma.6,7 In the present study, the LDGC CAD-
CAM group performed biologically better than the MC 
group with no recurrent caries. These findings are in 
accordance with the findings of a systematic review 
that evaluated all-ceramic and MC crowns for a peri-
od of 5 years.19

While assessing the technical complications, one 
open margin was found in each group. This counted 
as a failure as it may lead to crown replacement. One 
MC crown was debonded after 3 months which was in 
agreement with previous studies reporting a loss of 
retention rate between 2.0% to 2.9%.32,34 The crown 
and tooth were intact and the crown was re-cement-
ed with RelyX Unicem resin cement. No debonding 
was observed in the LDGC CAD-CAM group with either 
cements. No porcelain chipping was observed in ei-
ther group in spite of the fact that reports in the liter-
ature indicated that porcelain chipping was the most 
frequent technical complication for MC crowns with 
a rate of 1.8 to 3%.19,32,33 In contrast, monolithic LDGC 
CAD-CAM crowns were not associated with porcelain 
chipping potentially due to the absence of veneering 
porcelain.12,14,15 Overall, findings in the present study 
suggests that monolithic LDGC CAD-CAM crowns are 
strong and reliable even when they are provided by 
novice predoctoral students. This finding was con-
firmed in previous studies.36-38

With regards to the esthetic assessment of both 
groups, the MC crowns presented with more esthetic 
complications than LDGC CAD-CAM crowns (36% vs. 
4%). Crown marginal discoloration and gingival dis-
coloration of subgingival margins were reported only 
with the MC group. This finding may be related to the 
type of cement as all MC crowns were cemented with 
RelyX Unicem resin cement. Self-adhesive resin ce-
ment was associated with marginal discoloration and 
deterioration in marginal adaptation after 3 years 39 
and 4 years 40 due to resin cement wear as well as pa-
tient-related factors (e.g. level of oral hygiene, diet, 

and smoking). In addition, some elemental content 
of MC crown alloys were related to marginal discolor-
ation.41 However, no crown was replaced due to poor 
esthetics. In contrast, esthetic properties of LDGC 
crowns remained excellent and patients were very 
satisfied with the esthetic appearance as described in 
this study and other reports.15,42 No marginal discol-
oration was observed in this study for either cements 
(RelyX Unicem and Calibra Esthetic resin cements) 
when used with LDGC CAD-CAM crowns. Currently, 
the new materials and fabrication techniques dramat-
ically improve marginal accuracy. It has been report-
ed that the average marginal discrepancies of CAD-
CAM restorations range from 35 to 71 microns, which 
is well within the acceptable marginal gap of less than 
120 microns.9,43,44 Minimal marginal gap will reduce 
the incidence of recurrent caries and marginal dis-
coloration of all crowns. However, the results of this 
study suggest that RelyX Unicem and Calibra Esthetic 
resin cements can be safely used with LDGC CAD-CAM 
restorations.

The limitations of our study include the limited 
number of participants and a relatively short observa-
tional period. More clinical studies with larger sample 
sizes and longer observational periods are needed 
to examine the long-term success of LDGC CAD-CAM 
crowns and the effect of different factors on their lon-
gevity.

CONCLUSION

Based on the findings of this retrospective clinical 
study, LDGC CAD-CAM crowns performed better than 
MC crowns over a period of 6 years with higher sur-
vival rates (96.0% for LDGC CAD-CAM vs. 90.8% for MC 
crowns) and success rates (96.0% for LDGC CAD-CAM 
vs. 83.4% for MC crowns). No porcelain chipping or 
fractures were observed for either crown types. 

Esthetic outcomes of monolithic LDGC CAD-CAM 
crowns were significantly superior to MC crowns. Pa-
tients preferred monolithic LDGC CAD-CAM crowns 
over MC crowns. 

Crowns fabricated with LDGC material using CAD-
CAM technology could be considered as a viable and 
effective alternative to MC crowns.

https://doi.org/10.4047/jap.2023.15.1.44



https://jap.or.kr 53

REFERENCES

	 1.	 Li RW, Chow TW, Matinlinna JP. Ceramic dental bio-
materials and CAD/CAM technology: state of the art. J 
Prosthodont Res 2014;58:208-16. 

	 2.	 Zarone F, Ferrari M, Mangano FG, Leone R, Sorrentino 
R. “Digitally Oriented Materials”: focus on lithium dis-
ilicate ceramics. Int J Dent 2016;2016:9840594. 

	 3.	 Reich S. Tooth-colored CAD/CAM monolithic resto-
rations. Int J Comput Dent 2015;18:131-46. 

	 4.	 Harada K, Raigrodski AJ, Chung KH, Flinn BD, Dogan 
S, Mancl LA. A comparative evaluation of the translu-
cency of zirconias and lithium disilicate for monolith-
ic restorations. J Prosthet Dent 2016;116:257-63. 

	 5.	 Guess PC, Zavanelli RA, Silva NR, Bonfante EA, Coel-
ho PG, Thompson VP. Monolithic CAD/CAM lithium di-
silicate versus veneered Y-TZP crowns: comparison of 
failure modes and reliability after fatigue. Int J Prost-
hodont 2010;23:434-42. 

	 6.	 Otto T, Mörmann WH. Clinical performance of chair-
side CAD/CAM feldspathic ceramic posterior shoulder 
crowns and endocrowns up to 12 years. Int J Comput 
Dent 2015;18:147-61. 

	 7.	 Nejatidanesh F, Amjadi M, Akouchekian M, Savabi O. 
Clinical performance of CEREC AC Bluecam conserva-
tive ceramic restorations after five years-A retrospec-
tive study. J Dent 2015;43:1076-82. 

	 8.	 Sulaiman TA, Delgado AJ, Donovan TE. Survival rate 
of lithium disilicate restorations at 4 years: A retro-
spective study. J Prosthet Dent 2015;114:364-6.

	 9.	 Freire Y, Gonzalo E, Lopez-Suarez C, Suarez MJ. The 
marginal fit of CAD/CAM monolithic ceramic and met-
al-ceramic crowns. J Prosthodont 2019;28:299-304.

10.	 Fasbinder DJ, Dennison JB, Heys D, Neiva G. A clini-
cal evaluation of chairside lithium disilicate CAD/CAM 
crowns: a two-year report. J Am Dent Assoc 2010;141: 
Suppl 2:10S-4S. 

11.	 Reich S, Fischer S, Sobotta B, Klapper HU, Gozdows-
ki S. A preliminary study on the short-term efficacy of 
chairside computer-aided design/computer-assisted 
manufacturing- generated posterior lithium disilicate 
crowns. Int J Prosthodont 2010;23:214-6. 

12.	 Cortellini D, Canale A. Bonding lithium disilicate ce-
ramic to feather-edge tooth preparations: a minimally 
invasive treatment concept. J Adhes Dent 2012;14:7-
10. 

13.	 Seydler B, Schmitter M. Clinical performance of two 
different CAD/CAM-fabricated ceramic crowns: 2-Year 
results. J Prosthet Dent 2015;114:212-6. 

14.	 Akın A, Toksavul S, Toman M. Clinical marginal and in-
ternal adaptation of maxillary anterior single all-ce-
ramic crowns and 2-year randomized controlled clini-
cal trial. J Prosthodont 2015;24:345-50. 

15.	 Rauch A, Reich S, Dalchau L, Schierz O. Clinical surviv-
al of chair-side generated monolithic lithium disilicate 
crowns:10-year results. Clin Oral Investig 2018;22: 
1763-9. 

16.	 Näpänkangas R, Raustia A. Twenty-year follow-up of 
metal-ceramic single crowns: a retrospective study. 
Int J Prosthodont 2008;21:307-11. 

17.	 Reitemeier B, Hänsel K, Kastner C, Walter MH. Met-
al-ceramic failure in noble metal crowns: 7-year re-
sults of a prospective clinical trial in private practices. 
Int J Prosthodont 2006;19:397-9. 

18.	 Walton TR. A 10-year longitudinal study of fixed prost-
hodontics: clinical characteristics and outcome of 
single-unit metal-ceramic crowns. Int J Prosthodont 
1999;12:519-26. 

19.	 Sailer I, Makarov NA, Thoma DS, Zwahlen M, Pjeturs-
son BE. All-ceramic or metal-ceramic tooth-supported 
fixed dental prostheses (FDPs)? A systematic review 
of the survival and complication rates. Part I: Single 
crowns (SCs). Dent Mater 2015;31:603-23. 

20.	 Rinke S, Kramer K, Bürgers R, Roediger M. A prac-
tice-based clinical evaluation of the survival and suc-
cess of metal-ceramic and zirconia molar crowns: 
5-year results. J Oral Rehabil 2016;43:136-44. 

21.	 Pelaez J, Cogolludo PG, Serrano B, Serrano JF, Suarez 
MJ. A four-year prospective clinical evaluation of zir-
conia and metal-ceramic posterior fixed dental pros-
theses. Int J Prosthodont 2012;25:451-8. 

22.	 Sailer I, Gottnerb J, Kanelb S, Hammerle CH. Ran-
domized controlled clinical trial of zirconia-ceramic 
and metal-ceramic posterior fixed dental prostheses: 
a 3-year follow-up. Int J Prosthodont 2009;22:553-60.

23.	 Heintze SD, Rousson V. Survival of zirconia- and met-
al-supported fixed dental prostheses: a systematic re-
view. Int J Prosthodont 2010;23:493-502. 

24.	 Shillingburg HT, Sather DA, Wilson EL, Cain JR, Mitch-
ell DL, Blanco LJ, Kessler JC. Fundamentals of fixed 
prosthodontics. 4th ed. Chicago: Quintessence Pub-
lishing Co; 2012. p. 95. 131-48, 149-64.

J Adv Prosthodont 2023;15:44-54Six-year clinical performance of lithium disilicate glass-ceramic CAD-CAM versus 
metal-ceramic crowns



54 https://jap.or.kr

The Journal of Advanced Prosthodontics

25.	 Lang NP, Adler R, Joss A, Nyman S. Absence of bleed-
ing on probing. An indicator of periodontal stability. J 
Clin Periodontol 1990;17:714-21.

26.	 Lang NP, Joss A, Tonetti MS. Monitoring disease 
during supportive periodontal treatment by bleeding 
on probing. Periodontol 2000 1996;12:44-8. 

27.	 California Dental Association. Guidelines for the as-
sessment of clinical quality and professional perfor-
mance. 3rd ed. Sacramento, CA; California Dental As-
sociation, 1995.

28.	 Pjetursson BE, Sailer I, Zwahlen M, Hämmerle CH. A 
systematic review of the survival and complication 
rates of all-ceramic and metal-ceramic reconstruc-
tions after an observation period of at least 3 years. 
Part I: Single crowns. Clin Oral Implants Res 2007;18: 
Suppl 3:73-85. 

29.	 Ramfjord SP, Nissle RR, Shick RA, Cooper H Jr. Sub-
gingival curettage versus surgical elimination of peri-
odontal pockets. J Periodontol 1968;39:167-75. 

30.	 Lesaffre E, Philstrom B, Needleman I, Worthington H. 
The design and analysis of split-mouth studies: what 
statisticians and clinicians should know. Stat Med 
2009;28:3470-82.

31.	 Hujoel PP, DeRouen TA. Validity issues in split-mouth 
trials. J Clin Periodontol 1992;19:625-7. 

32.	 Behr M, Zeman F, Baitinger T, Galler J, Koller M, Han-
del G, Rosentritt M. The clinical performance of por-
celain-fused-to-metal precious alloy single crowns: 
chipping, recurrent caries, periodontitis, and loss of 
retention. Int J Prosthodont 2014;27:153-60. 

33.	 Walton TR. The up to 25-year survival and clinical per-
formance of 2,340 high gold-based metal-ceramic sin-
gle crowns. Int J Prosthodont 2013;26:151-60. 

34.	 Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY. 
Clinical complications in fixed prosthodontics. J Pros-
thet Dent 2003;90:31-41. 

35.	 Cheung GS, Lai SC, Ng RP. Fate of vital pulps beneath 
a metal-ceramic crown or a bridge retainer. Int Endod 
J 2005;38:521-30. 

36.	 Silva NR, Bonfante EA, Martins LM, Valverde GB, 
Thompson VP, Ferencz JL, Coelho PG. Reliability of re-
duced-thickness and thinly veneered lithium disili-
cate crowns. J Dent Res 2012;91:305-10. 

37.	 Belli R, Petschelt A, Hofner B, Hajtó J, Scherrer SS, 
Lohbauer U. Fracture Rates and Lifetime Estima-
tions of CAD/CAM All-ceramic Restorations. J Dent Res 

2016;95:67-73. 
38.	 Valenti M, Valenti A. Retrospective survival analysis of 

110 lithium disilicate crowns with feather-edge mar-
ginal preparation. Int J Esthet Dent 2015;10:246-57. 

39.	 Federlin M, Hiller KA, Schmalz G. Effect of selective 
enamel etching on clinical performance of CAD/CAM 
partial ceramic crowns luted with a self-adhesive res-
in cement. Clin Oral Investig 2014;18:1975-84. 

40.	 Peumans M, Voet M, De Munck J, Van Landuyt K, Van 
Ende A, Van Meerbeek B. Four-year clinical evaluation 
of a self-adhesive luting agent for ceramic inlays. Clin 
Oral Investig 2013;17:739-50. 

41.	 Reitemeier B, Hänsel K, Walter MH, Kastner C, Touten-
burg H. Effect of posterior crown margin placement 
on gingival health. J Prosthet Dent 2002;87:167-72. 

42.	 Toman M, Toksavul S. Clinical evaluation of 121 lithi-
um disilicate all-ceramic crowns up to 9 years. Quin-
tessence Int 2015;46:189-97. 

43.	 da Costa JB, Pelogia F, Hagedorn B, Ferracane JL. 
Evaluation of different methods of optical impression 
making on the marginal gap of onlays created with 
CEREC 3D. Oper Dent 2010;35:324-9. 

44.	 Baig MR, Tan KB, Nicholls JI. Evaluation of the margin-
al fit of a zirconia ceramic computer-aided machined 
(CAM) crown system. J Prosthet Dent 2010;104:216-
27.

https://doi.org/10.4047/jap.2023.15.1.44




