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Abstract: This review aims to report on preparation geometry parameters 

and their relation to crown failures in complete glass-ceramic clinical 

studies. A review of the literature was conducted in MEDLINE/PubMed 

with an additional manual search. The articles were screened through an 

inclusion and exclusion criteria and information regarding the Total 

Occlusal Convergence (TOC) angle and margin design was extracted along 

with its survivability. Nineteen articles were found, three were retrospective 

studies and 16 were prospective. Three articles specified TOC and 16 

articles specified their margin design. Eighty failures were reported but lack 

of information between core and margin design and failures meant the 

relationship was inconclusive. There were a limited number of long-term 

clinical studies assessing glass-ceramic complete crowns. These studies 

provided insufficient information regarding the TOC angles of the prepared 

crowns and its potential effect on the survivability of glass-ceramic crowns. 

Further studies need to be conducted to determine how the TOC and margin 

design can affect the survival rates of glass-ceramic complete crowns. 
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Introduction 

There is a growing interest and demand for all-

ceramic materials as single crown restorations. 

Underlying the crown are the fundamental foundations 

of tooth preparation principles which aim to maximise 

the retention and resistance and in turn, the 

survivability of the resulting crown. The retention 

prevents the dislodgment of the restoration by forces 

parallel to the path of insertion and resistance prevents 

the dislodgement of the restoration by oblique and 

occlusal forces (GPT, 2005). 

Restorations are exposed to a range of masticatory 

forces in the oral environment and as a result, restoration 

fractures and crown loosening are common failures 

observed (Walton et al., 1986; Wiskott et al., 1996; 

Pjetursson et al., 2012). Such failures are often attributed 

many factors including the retention and resistance 

factors of the system. 

The governing geometric parameters contributing the 

retention and resistance in a preparation is namely the 

Total Occlusal Convergence (TOC) angle, the margin 

design and the abutment height. The recommendations for 

these parameters have somewhat remained unchanged 

from conventional metal and metal-ceramic crowns. The 

TOC is recommended to be as small as possible and the 

abutment height is recommended to be as tall as possible 

(with enough spacing for the restoration). 

The TOC angle is the sum angle of the two opposing 

axial walls in the preparation. This geometric feature has 

been long and extensively studied in the literature with early 

laboratory studies. Prothero (1923) indicating a 

convergence angle range of 2-5°C, Jorgensen (1955) 

experimentally found maximum tensile retention at 5°C 

and many others (Kaufman et al., 1961; Tylman, 1965; 

El-Ebrashi et al., 1969) all recommending similar TOC 

values. Later, clinical studies proved this minimal TOC 

angle was hard to achieve (Eames et al., 1978; Mack, 1980; 

Owen, 1986). Ohm and Silness (1978) tested dentistry 

students in their final year and found the TOC angles for 

vital teeth ranged from 19°C to 27°C. Other studies testing 

students and practitioners (Leempoel et al., 1987; 

Nordlander et al., 1988; Noonan and Goldfogel, 1991; 

Annerstedt et al., 1996; Ayad et al., 2005) all reported 

higher convergence angles showing discrepancies between 

recommended and actual values carried out in practice. 
The margin design is the only parameter which is 

material dependent as it directly affects the shape and 
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amount of bulk material. Early designs were based on 

requirements for complete metal or metal-ceramic 

crown restorative materials. The malleable property of 

the metal, especially noble alloys meant the margin 

designs were more forgiving. An excellent fit could be 

achieved by burnishing down the material to the finish 

line with thin feather-edge or bevel-edge margins 

(McLean et al., 1979). Although feather-edge designs 

have been used with stronger and tougher zirconia 

crowns (Schmitt et al., 2010), glass-ceramic restorations 

require thicker margins and only specific shaped chamfers 

and shoulders are indicated (Rosenstiel et al., 2006). 

Gavelis et al. (1981) found a 90° shoulder margin had the 

best seating. Theoretically, for glass-ceramic restorations 

any deviations from the chamfers and shoulders to 

bevel-like margins would compromise the structural 

integrity and introduce uneven force distribution when 

axially loaded, which could lead to a weaker structure 

and ultimately failure originating from the margin. 

The manufacturer suggests a margin width of at least 

1.0-1.5 mm with smooth internal lines to reduce 

potential for crack propagation. 

Survivability of crowns cannot be exclusively 

attributed to a single factor as the factors affecting the 

survivability of glass-ceramic single crowns are 

multifaceted. It is suggested that core design plays an 

important role in survivability, although the extent of this is 

still unknown (Goodacre et al., 2001; Rekow et al., 2011). 

Preparation geometry parameters have been universally 

accepted as factors that affect retention and resistance 

and may contribute to the clinical longevity of a single 

crown. This review aims to report on preparation 

geometry parameters and their relation to crown failures 

in complete glass-ceramic clinical studies. 

Materials and Methods 

An electronic search of MEDLINE and PubMed 

was conducted in February 2013 to identify the 

clinical performance of glass-ceramic crowns in 

relation to the TOC and margin design published 

between 1986 and January 2013 with the following 

expanded search terms: 

 

“glass ceramic” AND “margin design” 

“glass ceramic” AND “crown preparations” 

“glass ceramic” AND “margin failure” 

 

An additional manual search was conducted 

through the literature to identify clinical trials that 

may not have been listed on MEDLINE/PubMed. The 

articles were chosen according to the inclusion and 

exclusion criteria in Table 1. 

Table 1. Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

English language Case reports, in vivo studies 

Prospective or retrospective Studies only on PFM, metals, 

clinical study focused inlays, onlays, veneers, partial 

on all-ceramic crowns crowns, bridges, Fixed Partial 

 Dentures (FPD) 

Studies using leucite Animal studies 

or lithium disilicate 

ceramic reinforced 

 
The keyword search yielded an accumulative 483 

articles from which titles, abstract and some full texts 
were screened according to the inclusion and exclusion 
criteria in Table 1. Seventeen articles were chosen and a 
further manual search was conducted on the references 
of these articles to identify any other articles that did not 
turn up on the initial MEDLINE/PubMed search. From 
this a further two articles were found bringing the 
combined total to 19 articles chosen. 
Failure rate was calculated by dividing the total 

number of failed crowns by the total crown exposure 
time in years. A 95% Confidence Interval (CI) was 
calculated for the failure rate. A five year projection was 
made by multiplying the failure rate by five. 

Results 

This review shows the current published clinical 
studies of glass-ceramic complete crowns (leucite and 
lithium disilicate reinforced) report a 92% or higher 
survivability. There were 16 prospective studies and three 
retrospective studies. The total number of crowns was 
2095 from cumulative data reported from all 19 studies. 
There were 1082 anterior teeth and 1013 posterior teeth. 
Three clinical studies reported a range of TOC angles 
(Fradeani and Aquilano, 1997; Fradeani and Redemagni, 
2002; Gehrt et al., 2013) while most articles specified the 
margin design used except for two articles (Sjogren et al., 
1999; Mansour et al., 2008) and one stated 
“manufacturer’s instructions” (Reich et al., 2010) (Table 2). 

Failures 

Consolidating the data from all clinical studies 

included in this review, glass-ceramic complete crowns 

had a failure rate of 1.10% (95% CI = 1.097-1.102%). 

This equates to a projected 5 year failure rate of 5.49%. 

The anterior failure rate was 0.96% and posterior 

failure rate was 1.25%. 

Removing studies with mean follow up values of less 

than 36 (months), the glass-ceramic complete crowns 

had a failure rate of 0.84% (95% CI = 0.75-0.93%). The 

revised failure rates were 0.71and 0.99% for anterior and 

posterior respectively (P = 0.30). 

Common modes of failure include fracture, core 

fractures, break in cement, de-cementation and chipping. 
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Table 2. Clinical studies involving the survivability of glass-ceramic single crown restorations 
    Mean 

    follow up No. of   Period Total occlusal Margin 
Material Study Year Survivability (months) crowns Anterior Posterior (years) convergence design 

IPS empress Malament et al. (2003) 2003 99.90% 60.00 607.00 358.00 249.00 10.40    Chamfer/shoulder 1.2-1.5mm 

 Sorensen et al. (1998) 1998 99.00% 36.00 75.00 47.00 28.00 3.00  Shoulder 
 Fradeani and Aquilano (1997) 1997 99.00% 37.00 144.00 101.00 43.00 3.00 5-10 90° shoulder 1.2-1.5mm 

  Fradeani and Redemagni (2002) 2002 95.20% 78.00 125.00 93.00 32.00 11.00 5-10 90° shoulder 1.2-1.5mm  
  Studer et al. (1998) 1998 95.00% 61.00 142.00 67.00 75.00 2.00  90° shoulder 

  Lehner et al. (1997) 1997 95.00% 20.00 78.00 41.00 37.00 2.00  90° shoulder 1.0-1.2mm  
  Gemalmaz and Ergin (2002) 2002 94 -95% 24.50 37.00 21.00 16.00 2.00  Shoulder 1.2 - 1.5mm  

 Sjogren et al. (1999) 1999 92.00% 43.20 110.00 43.00 67.00 3.50  
IPS empress II Suputtamongkol et al. (2008) 2008 100.00% 12.00 30.00 0.00 30.00 1.00   Shoulder/chamfer 1mm 

 Marquardt and Strub (2006) 2006 100.00% 60.00 27.00 0.00 27.00 5.00  Chamfer 1.2mm 
  Taskonak and Sertgoz (2006) 2006 100.00% 24.00 20.00 12.00 8.00 2.00  Shoulder 1.5mm 
  Valenti and Valenti (2009) 2009 95.50% 59.00 261.00 101.00 160.00 10.00  90° shoulder 

 Toksavul and Toman (2007) 2007 95.00% 58.00 79.00 56.00 23.00 5.00  Shoulder 1-1.3mm 
 Mansour et al. (2008) 2008 93.90% 25.30 82.00 60.00 22.00 1.50 

IPS e.max CAD Fasbinder et al. (2010) 2010 100.00% 14.00 62.00 0.00 62.00 2.00   Shoulder  
 Reich et al. (2010) 2010 97.40% 14.00 41.00 0.00 41.00 2.00  Manufacturer’s instructions 

 Reich and Schierz (2013) 2012 96.30% 51.00 41.00  0.00 41 .00 4.60   Shoulder/chamfer 1mm 
IPS e.max press Etman and Woolford (2010) 2010 96.60% 36.00 30.00 0.00 30.00 3.00  Chamfer 0.8-1mm  

 Gehrt et al. (2013) 2013 94.80% 79.50 104.00 82.00 22.00 8.00 6-15 Shoulder/chamfer 1mm 
 Mean  96.92% 41.71 110.26 60.12 55.88 3.92 

 Standard deviation  2.54 21.47 133.58 85.31 60.75 2.93 
 Minimum  92.00% 12.00 20.00 0.00 8.00 1.00 

 Median  96.45% 37.00 78.00 43.00 32.00 3.00 
 Maximum  100.00% 79.50 607.00 358.00 249.00 11.00 

 

 
 
Fig. 1. Type of margin design Vs mean failure (%) rate per year 

 

Total Occlusal Convergence 

Three articles reported the TOC used for the 

preparation of their crowns, however all three articles 

reported a range (Fradeani and Aquilano, 1997; 

Fradeani and Redemagni, 2002; Gehrt et al., 2013). 

These studies account for 373 crowns or 17.80% of 

the overall sample size. The associated failures 

account for 20 failures or 25% of overall failures. 

Sample size was considered to be too small because of 

the lack of information on TOC. Consequently, the 

relationship between TOC angle and survival could 

not be determined. 

Margin Design 

Information regarding margin design was given for 

all except two studies. The mean failure rate per year 

was grouped for the different margins specified (Fig. 1). 

There were ten studies that specified a shoulder or a 

90° shoulder design and the mean failure for this 

group was 1.07% per year. Two studies specified 

using only a chamfer design and the mean failure rate 

for this group was 0.56%. The remaining studies 

reported a shoulder/chamfer design indicating the 

samples in the study had margin designs of both, did 

not specify their margin designs, or just cited 

manufacturer’s recommendations. 



Janine Tiu et al. / Current Research in Dentistry 2014, 5 (2): 10.16 

DOI: 10.3844/crdsp.2014.10.16 

 

13 

Discussion 

In this review, a small number of short and long-term 

clinical studies were found in the literature, all reporting 

survival rates upwards of 92%, which provides a positive 

indication of the performance of glass-ceramics. The 

inclusion and exclusion criteria of this study yielded 19 

clinical studies for glass-ceramic single crowns of which 

three were retrospective studies (Fradeani and Aquilano, 

1997; Sjogren et al., 1999; Valenti and Valenti, 2009) and 

remainder being prospective studies. However, none were 

randomised controlled trials. 
The observation length is an important indication 

providing credible information on the survivability. 

Only six of the studies reported results for five years or 

more. Many clinical reviews reject short-term clinical 

studies (less than two or three years) as it could be 

argued that such short-term results are too short to 

make conclusive determinations regarding the 

survivability of a material. There is however, a scarcity 

of long-term clinical studies for glass-ceramic complete 

crowns. Similar reviews of all-ceramic crowns 

(Pjetursson et al., 2007; Wang et al., 2012) have a 

minimum follow-up period of at least 36 months to be 

included in the review. For this reason, in this review, 

another failure rate was calculated excluding studies 

with mean follow-up periods of less than 36 mon. This 

excluded seven of the studies and the failure rate was 

adjusted to 0.84%. The five-year projection for the 

adjusted failure rate is 4.20%. 

Four studies reported 100% survivability in this 

revised review period (Marquardt and Strub, 2006; 

Taskonak and Sertgoz, 2006; Suputtamongkol et al., 2008; 

Fasbinder et al., 2010). However if short observation 

periods of less than 36 month was an exclusion 

criterion, three of the studies would have been 

excluded. Although the remaining study by 

(Marquardt and Strub, 2006) had a very small sample 

size of only 27 posterior crowns. 

The two studies recording information from general 

practices that were not related to the authors were 

Sjogren et al. (1999) with 92% survivability and 

Mansour et al. (2008) with 93.9% survivability. They 

reported the lowest survivability percentages and were 

conducted for short periods (less than five years). 

Sjogren et al. (1999) reported seven fractured crowns 

that failed between one to four years. One crown 

loosened nine months after luting which was 

recemented and later fractured; one had a minor 

fracture; two had endodontic problems; and the others 

were unspecified but needed to be replaced. The study 

by (Mansour et al., 2008) was a retrospective study on 

general practices and did not specify the nature and exact 

site of each fracture. Notably, these two studies were also 

the same two studies that did not report margin designs. 

This may be explained as the crowns were prepared by 

different clinicians in different general practices. 

Reported failures included microleakage of cement, 

breakage in the resin cement, marginal chipping and 

occlusal and core fractures (Fradeani and Aquilano, 

1997; Lehner et al., 1997; Sorensen et al., 1998; 

Fradeani and Redemagni, 2002; Gemalmaz and Ergin, 

2002; Mansour et al., 2008; Valenti and Valenti, 2009; 

Reich and Schierz, 2013). Crack initiation in the luting 

agent due to mechanical failure is likely to initiate at the 

marginal area and possibly induce debonding of the 

restoration as it propagates (Bowley et al., 2012). Crack 

initiation can also occur below the occlusal surface of a 

posterior crown especially when the gap to be filled by 

the cement is substantial and resin shrinkage occurs upon 

curing (Kelly, 1999). Convergence angle is said to be an 

important factor in assisting the debonding of the 

restoration (Bowley et al., 2012). Furthermore, as 

debonding occurs in the luting agent, the flexural 

properties of the restoration material become a defining 

factor as masticatory forces are occlusally exerted 

(Sornsuwan and Swain, 2012). This may be an 

explanation for the failures initiated occlusally. 
This study included leucite-reinforced and lithium 

disilicate glass-ceramics. Because of the limited 
number of studies on complete crowns in glass-
ceramics, the type of material was disregarded when 
calculating fracture rates. Instead, the studies were 
pooled to give a more credible result for glass-ceramics 
in general. Further long-term well-designed studies are 
necessary in order to establish significant differences 
between both glass-ceramics in question. 
Margin design influences the thickness and 

geometry of the restoration in the marginal area and 

can affect the glass-ceramic surface, introducing 

micro-cracks and flaws which is a possible 

explanation for marginal chipping and core fractures. 

In the meantime, only shoulders and chamfers were 

mentioned as margin designs for glass-ceramic 

clinical studies and bevel or knife-edge preparations 

were not utilised. Two articles used chamfers 

(Marquardt and Strub, 2006; Etman and Woolford, 2010), 

while the majority used shoulders or a combination of 

shoulders and chamfers. Chamfers were shown to have 

significantly weaker strength values than shoulder 

preparations (Doyle et al., 1990; Friedlander et al., 1990) 

but this report finds the failure rate of chamfer designs 

almost half that of shoulder designs. Because the 

chamfer group only had two studies, it is too small to 

be conclusive. Although Bernal et al. (1993) found 

that when etched and bonded with resin cement, 

chamfers should not be significantly different than 

shoulders. There is a lack of information regarding the 

abutment height and TOC angles recorded in the 

studies mentioned above. Three articles reported TOC 

but even then, only a range of values were recorded to 
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encompass all the preparations. Studies measuring TOC 

angles in non-controlled environments show that while 

most clinicians acknowledge the need to have a small 

TOC, but the recommended TOC angles are not routinely 

being prepared (Goodacre et al., 2001). Prothero (1923) 

showed that retention at 10° was only half of those at 5°. 

As the angle increases there is a higher chance of crown 

displacement when under masticatory forces. The 

displacement causes tensile stress in the margin and luting 

agent. The degree of displacement increases with 

increasing taper angles augmenting the chances of 

debonding (Bowley et al., 2012). No studies to the 

authors’ knowledge have clinically tested the role of TOC 

angle with survival rates. Although discrepancies are 

acknowledged between recommendations and tapers 

produced in general practices, it may be that this 

discrepancy is often overlooked as literature promotes the 

role of the increasing strength of dental (resin) cements. 

Furthermore, as many of the studies were prospective 

studies conducted in university settings under specialists’ 

observations, the angle of convergence produced may 

not have depicted the kind of preparations produced by 

general practitioners in a general practice. Because the 

TOC plays a vital role in the retention and resistance of a 

crown, the resulting repercussions of significant 

deviations from the recommended values in clinical 

studies is still unknown. 

The lack of information regarding the TOC and 

margin design in clinical studies can be attributed to 

the variability and complexity of measuring different 

parameters. There is an inherent lack of standardised 

methodology regarding the capturing of this 

information. In literature the TOC is commonly 

shown to be measured by projecting silhouettes of 

prepared dies (Ohm and Silness, 1978; Nordlander et al., 

1988; Ayad et al., 2005), photocopies (Noonan and 

Goldfogel, 1991), photographs (Leempoel et al., 

1987), or creating a digital cross sectioned image 

(Annerstedt et al., 1996; Oilo et al., 2003; Güth et al., 

2013). Time consuming methods of measuring TOC 

can deter clinicians from accurately recording the 

TOC. This means the recording of design parameters 

for clinical studies is often neglected. 

There is a multitude of variables that affect the 

survival percentages in clinical studies. The report by 

Anusavice (2012) highlighted the need for more 

specific information to be included in clinical studies 

regarding failures. The possibility for more information 

regarding the TOC and margin design could help correlate 

its role with the resulting etiology of failures. 

The author’s propose the implementation of a 

measuring system integrated into CAD software for data 

collection. This provides the potential for future clinical 

studies to include specific TOC and margin designs of 

each preparation; and also providing for future 

understanding of the effects of TOC and margin design 

on the survivability of complete crowns. 

Conclusion 

It was evident that the geometry of the initial tooth 

preparation plays a vital role in retention and resistance 

of single crown restorations. However, no clinical 

studies to date have focused on this topic. Although 

many studies report margin designs and even fewer 

report TOC angles, it was impossible from the 

information provided in these reports to ascertain their 

effects on the restorations clinical survivability. 

Further studies need to be conducted to determine 

how TOC angles and margin design influences the 

survival rates of glass-ceramic complete crowns. 
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