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Abstract 

This study utilized the PRISMA 2020 framework alongside the Newcastle-Ottawa Scale (NOS) assessment tool during the 

screening process to conduct a systematic review of the fracture rates of zirconia (ZrO2) ceramic crowns in clinical practice. The 

primary objective was to investigate the factors influencing to the failure of zirconia ceramic crowns. The literature search 

employed targeted keywords including veneered fixed dental prostheses, zirconia, and all-ceramic single crowns. Inclusion 

criteria encompassed randomized controlled trials (RCTs) and cohort studies with a minimum follow-up duration of three years 

and at least 20 cases. Non-clinical reports and those exclusively addressing long-span fixed dental prostheses were excluded 

from the analysis. Of the eleven high-quality reports selected, only three reported crown fracture rates consistent with the 

clinically recommended threshold of 4.4%. To mitigate fractures in ZrO2 ceramic crowns used in dental restorations, precision 

is essential in both research and clinical practice. Multiple factors influence fracture incidence in fixed dental prostheses, 

including ceramic material thickness, connector dimensions, pontic span, type of cementation, and ceramic surface treatment. 

Preventative strategies focus on reducing occlusal overload by narrowing the occlusal table, decreasing cusp inclination, 

modifying load direction, minimizing non-axial forces, and selecting lighter occlusal contacts. Additionally, the integration of 

screw access channels and mechanical circulation in implant-supported prostheses may lower average fracture loads. Lastly, 

ensuring the precise alignment of the screw access channel at the center of the occlusal surface is critical to avoid off-center 

occlusal contacts during subsequent evaluations and measurements. 
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1. Introduction 

The aesthetic properties of dental crowns have shown con-

sistent improvement due to the ongoing development of mod-

ern crown materials. However, the initial iterations of crowns 

were extremely prone to fracturing and had a limited lifespan. 

Over the last two decades, a multitude of novel materials for 

dental crowns, including zirconium dioxide (ZrO2), has been 

formulated and suggested, prompting the initiation of several 

associated clinical trials. Nevertheless, the occurrence of chip-

ping and fracturing in ceramic crowns is frequent, regardless 

of whether they are supported by a natural tooth or an implant. 

Consequently, this study systematically reviewed existing lit-

erature [1] to identify the causative factors of ceramic crown 

failure, employing established methodological frameworks. 

The literature search followed the guidelines outlined in the 

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) [2, 3] and underwent screening using the 

Newcastle–Ottawa Scale (NOS) [4, 5]. The present review fo-

cuses on the examination of factors that contribute to crown 

damage and fracture rates. The findings of this review could 

potentially serve as a valuable resource for the development 

of new ceramic materials suitable for crown construction, and 

also offer guidance for their clinical application. 

2. Clinical Application and Material 

Properties of Dental Crowns 

A crown is a form of dental prosthesis. Dental crowns are a 

type of protective covering used to safeguard the remaining 

natural tooth structure when it has been compromised by large 

cavities, or to protect the tooth structure after root canal treat-

ment, or to address aesthetic defects caused by trauma. The 

Chairside Economical Restoration of Esthetic Ceramics 

(CEREC) is utilized when a natural tooth has a large defect 

that could cause traditional resin to easily fall out [7]. During 

the restoration process, a dentist uses a digital intraoral scan-

ner to capture images of the damaged tooth and to measure the 

size of the cavity. Software is used to create a shape that re-

stores the three-dimensional structure of the tooth, and a cut-

ting machine then grinds a ceramic block into that shape. As 

a result, the cut ceramic piece (endocrown or all-ceramic 

crown) fits almost perfectly into the cavity, restoring the over-

all structure of the tooth. A dental bridge consists of two or 

more connected prosthetic restorations that are used to replace 

missing teeth. When performing connected prosthetic restora-

tions, the healthy teeth on either side of the prosthesis need to 

be prepared so that they can serve as supporting surfaces for 

the dental bridge. When a natural tooth is unable to function 

normally and is therefore removed, a dental implant can be 

used to replace the missing tooth and restore the chewing and 

biting functions of the tooth in that position. In this type of 

implant restoration, there are three components: the implant 

fixture, which is inserted into the jawbone and osseointegrated 

to provide support; the abutment, which connects the crown 

to the implant fixture; and the implant crown [6]. Implants can 

be restored individually or used in pairs or more as supports 

for creating a bridge to replace multiple missing teeth. 

Several decades ago, all dental crowns were made of metal, 

mainly gold or silver. In recent years, dental crowns have 

evolved into two types to meet the aesthetic demands of pa-

tients: veneering crowns (with metal, glass ceramic, or ce-

ramic as the interior layer and porcelain as the exterior layer) 

and monolithic all-ceramic crowns. When designing a dental 

crown, the goal is to combine aesthetics and fracture re-

sistance. Yttria-stabilized tetragonal zirconia polycrystal (Y-

TZP) is a composite material created by adding Y2O3 to zirco-

nia. The purpose of this process is to stabilize the 4% volume 

expansion that occurs when zirconia (ZrO2) shifts from the te-

tragonal phase to the monoclinic phase during high-tempera-

ture sintering and thus to reduce the likelihood of radial cracks 

developing [8, 9]. Y-TZP has higher mechanical strength and 

is less prone to cracking compared with LS2 [10] but also is 

less transparent and thus mainly used in all-ceramic or veneer-

ing crowns and short-span bridges located in the posterior area. 

Common brands of Y-TZP include 3M Lava, Cereon, IPS 

e.max ZirCAD, and IPS e.max Ceram. 

3. Introduction and Selection of Study 

Assessment Tools 

In evidence-based medicine, the scoping literature review 

was conducted using the methodological frameworks identi-

fied in existing literature [1]. The literature search decision-

making process was guided by the updated statement and 

guidelines [2, 3] of the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA). The PRISMA 

guidelines are designed to enhance the transparency and accu-

racy of reporting systematic reviews and meta-analyses. Sys-

tematic reviews and meta-analyses are research methods used 

to synthesize and analyze the results of multiple studies on a 

particular topic, providing a comprehensive overview of the 

available evidence. By adhering to the PRISMA guidelines, 

researchers strive to improve the quality and transparency of 

reporting in systematic reviews and meta-analyses, facilitating 

audiences’ assessment of the reliability of the findings. 

PRISMA 2020 is an updated version of the original 

PRISMA guidelines, providing a set of recommendations for 

reporting systematic reviews and meta-analyses. The primary 

goal of PRISMA is to improve the transparency and quality of 

reporting in these types of studies, thereby making it easier for 

audiences. PRISMA 2020 provides a checklist of items to be 

incorporated in the systematic review or meta-analysis report, 

encompassing elements such as the title, abstract, introduction, 

methods, results, discussion, and funding. It also includes a 

flow diagram outlining the process of study selection. The 
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PRISMA Flow Diagram is a crucial element of the PRISMA 

guidelines. It illustrates the flow of information through the 

various phases of a systematic review or meta-analysis, begin-

ning with the identification of records and progressing through 

screening, eligibility assessment, and inclusion of studies in 

the final analysis. The flow diagram is a visual representation 

of the study selection process, enabling audiences to compre-

hend the number of records identified, screened, and included 

or excluded at each stage. 

In addition, numerous nations have established research 

centers within leading universities and institutions to assess 

randomized controlled trials (RCTs) and acquire high-quality 

evidence. The Critical Appraisal Skills Programme (CASP) 

tool for critical appraisal was established in Oxford in 1993 

with the aim of aiding healthcare decision-makers in under-

standing scientific evidence [11]. The CASP article review 

checklist comprises eight categories, including RCTs, system-

atic reviews, and case control studies [12]. The Oxford Centre 

for Evidence-Based Medicine (CEBM) was founded by the 

University of Oxford and introduced the "Levels of Evidence" 

in 1998 [13]. This framework classifies clinical issues into cat-

egories such as diagnosis, prognosis, benefits and harms of in-

terventional treatment, and early diagnosis [14]. The Scottish 

Intercollegiate Guidelines Network (SIGN 50) classifies clin-

ical evidence into high to low categories, ranging from levels 

1++ and 1+ to levels 2− to 4 [15]. The academy also created a 

checklist for six primary categories of articles: systematic re-

views and meta-analyses, RCTs, cohort studies, case control 

studies, studies of diagnostic accuracy, economic evaluation, 

and others [16]. The Joanna Briggs Institute (JBI) in Australia 

has created an evidence-based practice database containing 

full-text literature, with a primary focus on nursing research. 

The database includes five types of articles and has estab-

lished evidence levels for assessing the literature [17]. The 

Jadad Quality Scale was developed in 1996 to evaluate the 

quality of randomized controlled trials (RCTs) and the effec-

tiveness of blinding methods used in RCT studies [18]. The 

updated version, introduced in 2001, includes eight indicators. 

The mentioned indicators evaluate the description of inclusion 

and exclusion criteria, the evaluation and description of ad-

verse reactions, and the explanation of statistical analysis 

methods [19]. However, Hempel and colleagues [20] ob-

served limitations in the Jadad scale and proposed the custom-

ization of specific quality criteria for assessing RCT and non-

RCT articles, tailored to the research topic and field. 

Upon reviewing the developmental history of the aforemen-

tioned scales and the assessed items, it was observed that no 

review tool appropriate for assessing the quality of nonran-

domized studies, such as cohort studies and case–control stud-

ies, was accessible prior to the release of the Newcastle-Ot-

tawa Scale (NOS) in 2009. The NOS was collaboratively de-

veloped through the Delphi process by scholars from Newcas-

tle University in the United Kingdom and the University of 

Ottawa in Canada [5]. Due to variations in the evaluation pro-

cess, NOS utilizes only a single blind test question, which in-

cludes fewer blind test-related inquiries compared to the Jadad 

scale, resulting in a more objective assessment. The NOS con-

sists of three parts: subject selection, comparability, and result 

measurement, with a total of eight questions. Each question 

addresses three or four evaluation criteria. A star is awarded 

for meeting only one or two of these criteria, and if a second 

control factor is present in the question, an additional star is 

awarded. The higher the number of stars awarded, the higher 

the quality of the article. The comparability section requires 

reviewers to assess the primary and secondary control factors 

after reading the article. 

3.1. Identification and Screening of Existing 

Reports 

The study employed the PRISMA Flow Diagram to identify 

pertinent literature and utilized the Newcastle-Ottawa Scale 

(NOS) to screen the literature (Figure 1). This approach was 

designed to achieve a more comprehensive assessment of the 

literature in order to review the statistical findings related to 

the causes and fracture rates of zirconia crowns. The method-

ology employed in the study facilitated a comprehensive eval-

uation of the data, leading to a precise and thorough descrip-

tion of the experimental results, their interpretation, and the 

conclusions drawn from the analysis. 

3.2. Inclusion and Exclusion Criteria for 

Reports 

Several reports evaluating the functional performance of 

ceramic crowns have demonstrated that a chip or fracture rate 

of 4.4% after 5 years of use is considered acceptable [21-23]. 

This indicates that fewer than 1 crown out of 20 could be 

chipped or fractured. If the report includes results for fewer 

than 20 dental crowns, there may be a significant increase in 

the failure rate, ranging from 10% to 30% [24-26], which ex-

ceeds the accepted clinical rate of 4.4%. As a result, articles 

with fewer than 20 crowns were excluded. Scherrer et al. [27] 

proposed the potential application of the Weibull life predic-

tion theory for projecting the longevity of a dental crown be-

yond 5 years, drawing on data collected over a 3-year period. 

Consequently, the inclusion criteria for this review necessi-

tated: (1) a follow-up period exceeding 3 years for cohort stud-

ies or RCTs, (2) a minimum of 20 participants, and (3) explicit 

identification of cohorts in the study or the capacity to segre-

gate the sample into an experimental and a control group. 

Nonclinical research reports, including in vitro bench stud-

ies and animal studies, were excluded from the analysis due to 

the utilization of the NOS tool, which is designed specifically 

for assessing cohort studies. Moreover, long-span bridges 

spanning five or more adjacent fixed dental prostheses (FDPs) 

may impose excessive stress on the abutment and periodontal 

region. This load has the potential to directly induce stress fa-

tigue and bridge fracture, or indirectly result in a fracture in 
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the FDPs [28, 29]. Fractures in ceramic are more prone to oc-

cur in fixed dental prostheses (FDPs) that span more than five 

units. Consequently, the current study omitted articles that ex-

clusively addressed long-span fixed dental prostheses (FDPs); 

however, articles containing information on three-, four-, or 

five-unit FDPs were retained for the review. If the randomized 

controlled trial (RCT) article does not explicitly define the ex-

perimental and control groups, or if the results cannot be dif-

ferentiated by the reviewer between the experimental and con-

trol groups, they will also be omitted from the evaluation. Fi-

nally, articles written in languages other than English and 

those that did not meet the inclusion criteria were also ex-

cluded. The study employed the PRISMA Flow Diagram to 

identify pertinent literature and utilized the Newcastle-Ottawa 

Scale (NOS) to screen the literature. This approach was de-

signed to achieve a more comprehensive assessment of the lit-

erature in order to review the statistical findings related to the 

causes and fracture rates of zirconia crowns. The methodology 

employed in the study facilitated a comprehensive evaluation 

of the data, leading to a precise and thorough description of 

the experimental results, their interpretation, and the conclu-

sions drawn from the analysis. 

4. Results of Systematic Review- The 

Incidence and Etiology of Crown 

Chips and Fractures 

The current investigation employed the keywords "ve-

neered fixed dental prostheses," "zirconia (ZrO2)," and "all-

ceramic single crowns," as identified by Spitznagel et al. [30] 

in their systematic review. The current investigation presents 

the term "endo-crown" and its associated terms "in-lay," "on-

lay," and "over-lay," which denote a form of crown frequently 

employed for specific repair subsequent to endodontic therapy. 

A search was conducted on electronic academic databases 

including PubMed, Elsevier, and Google Scholar, without uti-

lizing the Boolean logic algorithm, resulting in the retrieval of 

2635 records. The articles encompassed reports of randomized 

controlled trials (RCTs), cohort studies, short-term and multi-

year case series, and bench research. After the elimination of 

77 duplicate records and 13 articles with no full text available, 

two reviewers independently employed the NOS tool to eval-

uate the full text of 2545 records based on the inclusion crite-

ria (refer to PRISMA Figure 1). Subsequently, it was deter-

mined that 88 full-text records satisfied the inclusion and ex-

clusion criteria and were deemed suitable for methodological 

evaluation, whereas the remaining 2545 were excluded. 

Some of the candidate articles appeared to classify experi-

mental or control groups according to dental implants, abut-

ments, or FDPs. However, they included crowns made from 

three different materials, leading to the exclusion of these 

long-term follow-up articles. Although a study conducted and 

published by Konstantinidis et al. [32] did not meet the review 

criteria (as the FDPs investigated in that study had four to six 

units), we adopted their definition of control and experimental 

groups. In their study, the crown bonded to the implant (im-

plant-retained crown) was designated as the experimental 

crown, while the crown bonded to the tooth (tooth-retained 

crown) was considered the control crown. This definition was 

utilized for all articles that did not explicitly specify experi-

mental and control groups. The objective of this study was to 

broaden the range of articles eligible for inclusion. Following 

discussions between the primary and secondary reviewers, ev-

idence of low-to-moderate quality, rated below six stars, was 

subsequently excluded. In the end, 11 articles receiving rat-

ings of 7-9 stars were included in the final analysis (Table 1). 

In the process of selecting control factors for each candidate 

article, it was determined that the most commonly utilized 

control factors included a minimum ceramic thickness at the 

occlusal surface of 1.5–2.0 mm [24, 33, 35], good periodontal 

health [24, 31], and the absence of evident bruxism [9, 34] 

(Table 2). Regrettably, despite the presence of 11 candidate 

articles following our final review (refer to Table 1), upon 

reevaluation using the same keywords, it was observed that 

these articles did not exhibit entirely consistent control factors. 

Consequently, we encountered difficulty in integrating these 

articles for the purpose of creating a forest plot or conducting 

a meta-analysis. 

 
Figure 1. This study employed a systematic review following the 

PRISMA 2000 guidelines. 

Esquivel-Upshaw et al. [33, 37] conducted a 5-year RCT to 

investigate the clinical survival of three-unit implant-sup-

ported fixed dental prostheses (FDPs). The study compared (i) 

veneered ceramic–ceramic (CC) FDPs, which consisted of 

pressable fluorapatite glass ceramic (IPS ZirPress, Ivoclar Vi-

vadent, Schaan, Liechtenstein) veneered on Yttria-stabilized 

tetragonal zirconia polycrystals (Y-TZP) (IPS e.max ZirCAD, 
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Ivoclar Vivadent, Schaan, Liechtenstein), with (ii) control ve-

neered metal–ceramic (MC) FDPs, comprising Pd–Au–Ag al-

loy (Capricorn, Ivoclar Vivadent, Schaan, Liechtenstein) ve-

neered on glass–ceramic (IPS InLine POM, Ivoclar Vivadent, 

Schaan, Liechtenstein). The 3- and 5-year follow-up results 

were published in 2014 and 2020, respectively. A total of 68 

patients initially took part in the clinical study. The results at 

the 3-year mark indicated that fractures were initiated from the 

occlusal surface, and no pores were observed where stresses 

could have localized beneath the surface. A total of 7 fractures 

occurred in the MC FDPs, resulting in a fracture rate of 14.6%, 

while 6 fractures occurred in the CC FDPs, also resulting in a 

fracture rate of 14.6% (Table 3). Upon analysis, it was found 

that the distribution of fractures varied based on the veneer 

thickness (mm), radius of curvature of gingival embrasure 

(mm), and connector height (mm) as defined by Esquivel-

Upshaw et al. [37]. It was observed that multiple fractures oc-

curred for each primary and secondary factor. The most ad-

verse condition observed was a 1.5 mm thickness of CC ve-

neer with a gingival embrasure radius of curvature of 0.75 mm, 

which resulted in 10 instances of fracture. At the conclusion 

of the 5-year follow-up, a total of 129 FDPs from 96 partici-

pants (with no participant having more than two FDPs) were 

examined, comprising 65 CCs and 64 MCs. A veneer fracture 

was identified in 27 FDPs (CC and MC fracture rates of 24.6% 

and 17.2%, respectively, as shown in Table 3). An examina-

tion of all the fracture samples indicated that the majority of 

the fractures originated from the occlusal surface. The fracture 

stress of CC FDPs was determined to be 37 ± 12 MPa, while 

that of MC FDPs was 44 ± 12 MPa. The researchers proposed 

a theory that a fracture of a posterior fixed all-ceramic resto-

ration may result from various factors, such as insufficient 

prosthesis design, poor quality of porcelain layering, a mis-

match in the coefficient of thermal expansion or cooling 

schedule between ZrO2 and the veneer material, or an intraoral 

loading orientation. 

Table 1. Results of Newcastle–Ottawa Scale quality assessment of selected studies. 

Article Resources 

Selection 

Comparabi

lity of 

cohorts on 

the basis of 

the design 

or analysis 
1) 

Outcome 

Tot

al 

Sco

re 
Represen

tativeness 

of the 

exposed 

cohort 

Selection 

of the non 

exposed 

cohort 

Ascertain

ment of 

exposure 

Demonstr

ation that 

outcome 

of 

interest 

was not 

present at 

start of 

study 

a) study 

controls * 

b) study 

controls 

for any 

additional 

factor 

Assessme

nt of 

outcome 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

(≥ 

3years) 

Adequac

y of 

follow up 

of 

cohorts 

Esquivel-pshaw et 

al. [33] 
   -     8 

Sailer et al. [34]         9 

Nicolaisen et al. [35]         9 

Naenni et al. [36]         9 

Esquivel-Upshaw et 

al. [37] 
   -     8 

Pelaez et al. [31]    -     8 

Gardell et al. [24]         9 

Sulaiman et al. [38]     -    7 

De Angelis et al. 

[37] 
        9 

Monaco et al. [40]     -    7 
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Article Resources 

Selection 

Comparabi

lity of 

cohorts on 

the basis of 

the design 

or analysis 
1) 

Outcome 

Tot

al 

Sco

re 
Represen

tativeness 

of the 

exposed 

cohort 

Selection 

of the non 

exposed 

cohort 

Ascertain

ment of 

exposure 

Demonstr

ation that 

outcome 

of 

interest 

was not 

present at 

start of 

study 

a) study 

controls * 

b) study 

controls 

for any 

additional 

factor 

Assessme

nt of 

outcome 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

(≥ 

3years) 

Adequac

y of 

follow up 

of 

cohorts 

Güncü et al. [41]         9 

Table 2. First control factor or other control factors for each study. 

Authors and year of arti-

cle publication 
First control factor or other control factors 

Esquivel-Upshaw et al. 

[33] (2020) 

(1) Control veneer ceramic thickness, connector radius of curvature, and connector height. 

(2) The absence of active caries, periodontal disease, or the depth of periodontal pockets should not exceed 

4 mm. 

(3) The participant exhibits a deficiency of at least three teeth in the posterior region. 

Sailer et al. [34] (2018) 

(1) The participant does not have periodontal disease and shows no apparent signs of bruxism. 

(2) The same treatment procedures are used for both types of FDPs after the clinical procedures for metal–

ceramic reconstructions. 

Nicolaisen et al. [35] 

(2016) 

(1) The need to replace the second molar or the first molar. 

(2) Medium to large dental fillings in teeth neighboring edentulous areas. 

(3) The vertical dimensions of the treatment site allow for a 2 mm reduction in bite while maintaining a 

height of 4 mm. 

(4) Bleeding should not occur during periodontal probing, and the depth of periodontal pockets should not 

exceed 4 mm. 

Naenni et al. [36] (2015) 

(1) The participants were periodontally healthy, as indicated by plaque indices and bleeding on probing be-

low 20%. 

(2) There are no apparent signs or symptoms of bruxism or clenching. 

(3) The abutment teeth is in need of reconstruction. 

(4) Inadequate remaining tooth structure. 

Esquivel-Upshaw et al. 

[37] (2014) 

(1) The absence of active caries, periodontal disease, or the depth of periodontal pockets should not exceed 

4 mm. 

(2) The participant exhibits a deficiency of at least three teeth in the posterior region. 

(3) The presence of sufficient bone height (>6 mm) and width in the intended implant sites is essential. 

(4) The interocclusal distance should be sufficient to accommodate the prosthesis, with a minimum of 6 

mm. 

(5) The combined thickness of the core framework and veneer ceramic is 2.0 mm. 

Pelaez et al. [31] (2012) (1) There is no high incidence of dental caries, no active periodontal disease, and no bruxism. 
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Authors and year of arti-

cle publication 
First control factor or other control factors 

(2) Vital abutments or abutments with sufficient endodontic treatment; the abutments had not been previ-

ously fitted with crowns. 

(3) Abutments free of periodontal disease, exhibiting no evidence of bone resorption or periapical pathol-

ogy. 

(4) The occlusion is stable, and the dentition in the opposing arch is natural. 

Gardell et al. [24] (2021) 

(1) Absence of high caries activity or active destructive periodontal disease. 

(2) There is no documented history of recurrent fractures in dental fillings or other restorations. 

(3) The tooth was prepared with an occlusal reduction of 1.5 to 2.0 mm, an axial reduction of 1.5 mm, and a 

cervical shape featuring a 120° chamfer with a depth of 1.0 mm. 

Sulaiman et al. [38] (2020) - 

De Angelis et al. [39] 

(2020) 

(1) Participants must be edentulous for at least 4 months and aged over 18 years. 

(2) The full-mouth bleeding score is less than 15%. 

(3) Absence of temporomandibular disorders, bruxism, clenching, or periodontal disease. 

(4) Non-alcoholism and smoking fewer than 10 cigarettes per day. 

(5) The software sets the tightness of interproximal and occlusal contacts at 25 μm. 

Monaco et al. [40] (2017) - 

Güncü et al. [41] (2016) 

(1) Loss of upper or lower premolar or molar in one quadrant, with a need for crown fabrication for the 

symmetrical vital or devital tooth in the same jaw. 

(2) There are no contraindications for implant treatment. 

(3) Low caries prevalence and natural dentition of opposing teeth. 

(4) There is no evidence of active bone resorption, furcation involvement, or periapical pathology. 

(5) The ZrO2 framework should have a thickness of at least 0.5 mm, while the veneer thickness layer 

should range from 1.0 to 2.0 mm. 

Table 3. Crown chipping or fracture rates for each group in high-quality article. 

First au-

thor 

No. failures of 

experimental 

group (E) 

Sample size 

of experi-

mental group 

Chip-

ping or 

fracture 

rate (%) 

No. fail-

ures of 

control 

group (C) 

Sample 

size of 

control 

group 

Chipping 

or frac-

ture rate 

(%) 

Materials and usage of dental 

crowns 

Esquivel 

[33] 
16 65 24.6 11 64 17.2 

E- IPS ZirPress on IPS e.max 

ZirCAD / Veneered FDP 

C-PdAuAg alloy on IPS INLine 

POM/ Veneered FDP 

Sailer [34] 11 29 37.9 8 24 33.3 

E- Cercon-Ceram-S on Ceron 

/Veneered FDP 

C- Duceram-Plus on gold-alloy 

/Veneered FDP 

Nicolaisen 

[35] 
5 17 29.4 3 17 17.6 

E- Vita VM9 on BeCe® CAD 

Zirkon+/ Veneered FDP 

C- Vita VM13 on AuPt Alloy 

/Veneered FDP 

Naenni [36] 8 18 44.4 4 18 22.2 

E- IPS e.max ZirPress on IPS 

e.max ZirCAD / Veneered FDP 

C- (1) IPS e.max Ceram 

ZirLiner, (2) IPS e.max Ceram 

Margin, (3) IPS e.max Ceram 
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First au-

thor 

No. failures of 

experimental 

group (E) 

Sample size 

of experi-

mental group 

Chip-

ping or 

fracture 

rate (%) 

No. fail-

ures of 

control 

group (C) 

Sample 

size of 

control 

group 

Chipping 

or frac-

ture rate 

(%) 

Materials and usage of dental 

crowns 

Dentin, (4) Enamel on IPS 

e.max ZirCAD/ Veneed FDP 

Esquivel 

[37] 
6 41 14.6 7 48 14.6 

E- IPS ZirPress on IPS e.max 

ZirCAD / Veneered FDP 

C- PdAuAg alloy on IPS INLine 

POM / Veneered FDP 

Pelaez [31] 2 20 10.0 0 20 0.0 

E- Lava Ceram on Lava/ 

Veneered FDP 

C- Vita VM13 on CoCr 

alloy/Veneered FDP 

Gardell* 

[24] 
0 29 0.0 0 30 0.0 

T- IPS e.max Ceram on IPS 

e.max CAD / posterior crown 

C- Lava 3M / posterior crown 

Sulaiman* 

[38] 
416 77411 0.54 849 30036 2.83 

E-ZrO2 / monolithic single 

crown 

C-ZrO2 on ZrO2 / layered single 

crown 

Sulaiman* 

[38] 
320 16437 1.95 252 13060 1.93 

E-ZrO2 / monolithic FDP 

C-ZrO2 on ZrO2 / layered FDP 

Sulaiman* 

[38] 
72 5854 1.23 433 20712 2.09 

E-ZrO2 / monolithic anterior 

restoration 

C-ZrO2 on ZrO2 / layered 

anterior restoration 

Sulaiman* 

[38] 
664 87994 0.75 668 22384 2.98 

E-ZrO2 / monolithic posterior 

restoration 

C-ZrO2 on ZrO2 / layered 

posterior restoration 

De Angelis* 

[39] 
0 19 0.0 0 19 0.0 

E-IPS e.max CAD/ implant-

supported monolithic single 

crown 

C-inCoris TZI/ implant-

supported monolithic single 

crown 

Monaco 

[40] 
2 40 5.0 3 45 6.7 

E- PoM on d.SIGN 91/veneered 

single crown 

C-ZirPress on ZirCad/veneered 

single crown 

Güncü [41] 2 24 8.3 1 24 4.2 

E-Vita VM9 on Lava/implant-

supported crown 

C- Vita VM9 on Lava/nature 

tooth-supported crown 

 

Utilizing the modified USPHS criteria, Sailer et al. [34] car-

ried out a 10-year RCT to examine the rates of technical and 

biological complications in three-to-five-unit CC FDPs (Cer-

con-Ceram-S, DeguDent, veneered on Zirconia, Cercon, 
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DeguDent) and MC FDPs (Duceram-Plus, DeguDent, ve-

neered on gold-alloy, DeguDent U, DeguDent). After exclud-

ing data related to patients who had discontinued, a total of 44 

patients with 53 FDPs (29 CC and 24 MC FDPs) were availa-

ble for analysis. The statistical findings indicated that there 

was no significant difference in the prevalence of minor chip-

ping (Bravo level) at 10 years between the CC and MC FDPs, 

with rates of 37.9% and 33.3% respectively. Nevertheless, a 

significant fracture of the veneering ceramic at the Charlie 

level was exclusively observed in CC FDPs, with a prevalence 

of 13.8%. Up to the 10-year follow-up, two CC FDPs were 

found to have a fracture of the core framework, while none of 

the MC FDPs showed a main fracture. The fracture rates were 

5.9% and 0%, respectively. The results of Pearson's chi-

squared test showed no significant association between occlu-

sal wear or roughness and the occurrence of veneer ceramic 

chipping in the CC FDPs. Sailer et al. [34] discovered that the 

internal discrepancy within the CC FDP framework, encom-

passing the neck, axial, and occlusal regions, was notably 

greater than that within the MC FDP framework. Conse-

quently, they deduced that the CAD database was insufficient 

for generating an appropriate anatomical foundation to sup-

port the veneering ceramic framework. Optimizing the soft-

ware parameters through alignment with the core framework 

and veneering ceramics of each brand has the potential to en-

hance the resistance to chipping and marginal secondary car-

ies in CC FDPs. 

Nicolaisen et al. [35] conducted a RCT to compare the 3-

year clinical outcomes of 17 MC FDPs (Vita VM13, VITA 

Zahnfabrik) veneered on Au–Pt alloy (BioPontoStar, BE-GO) 

and 17 all-ceramic FDPs (CC FDPs; Vita VM9, VITA 

Zahnfabrik) veneered on Zirconia (BeCe CAD Zirkon+, 

BEGO) for the replacement of a posterior tooth. The veneer-

ing ceramic exhibited an average thickness ranging from 1.0 

to 1.5 mm on the axial walls and 1.5 to 2.0 mm occlusally. 

Chipping of the ceramic veneer was observed in three cases 

within the MC FDP group and in five cases within the CC FDP 

group, resulting in chipping rates of 17.6% and 29.4%, respec-

tively. The researchers reached the conclusion that the rup-

tures in the CC FDP were attributed to deficiencies in the ve-

neer layering process or a discrepancy in the thermal expan-

sion coefficients between the framework material and veneer-

ing ceramic. This discrepancy would have led to the creation 

of voids at the interface between the framework and veneering 

ceramic during the sintering process, resulting in inadequate 

support for the ceramic veneer and ultimately causing prema-

ture failure. 

Naenni et al. [36] adhered to the modified USPHS criteria 

and carried out a RCT to evaluate three-unit posterior FDPs; 

the average follow-up period was 36 months. In the initial 

clinical trial, 20 participants were recruited into both the ex-

perimental group, which involved a Y-TZP ZrO2 framework 

(IPS e.max ZirCAD, Ivoclar Vivadent AG) veneered with 

pressed ceramic (IPS e.max ZirPress Ivoclar Vivadent AG), 

and the control group, which involved a Y-TZP ZrO2 frame-

work (IPS e.max ZirCAD, Ivoclar Vivadent AG) veneered 

with layered veneering ceramic (IPS e.max Ceram ZirLiner 

coated on the framework surface, after which IPS e.max Ce-

ram Margin, IPS e.max Ceram Dentin, and Enamel were ap-

plied in layers onto the framework) (Table 3). The RCT 

spanned a duration of 3 years, with 36 patients (18 in each of 

the experimental and control groups) successfully completing 

the entire trial. The researchers noted comparable chipping 

outcomes after 3 years in the Y-TZP ZrO2 FDPs with pressed 

and layered veneering ceramic. However, the incidence of ce-

ramic veneer chipping varied between the control group (n = 

4; chipping rate = 22.2%) and the experimental group (n = 8; 

chipping rate = 44.4%). The authors documented that short-

span posterior FDPs with a framework composed of Yttria-

stabilized tetragonal zirconia polycrystals (Y-TZP ZrO2) ex-

hibited a comparable survival rate after 3 years to those re-

ported in other studies. They concluded that Y-TZP ZrO2 is a 

highly suitable and reliable material for FDP frameworks. The 

authors also highlighted that in the experimental group, the 

ceramics were uniformly pressed onto the ZrO2 framework. 

Although chips did occur, they were limited to the surface of 

the veneering ceramic, which can be polished and repaired. 

This is in contrast to occurring at the interface between the 

framework and the veneering ceramic, which would necessi-

tate rebuilding the three-unit FDP. 

In their RCT with an average follow-up period of 50 ± 2.4 

months, Pelaez et al. [31] conducted a comparison of the sur-

vival rates, as well as the biological and technical complica-

tions, between three-unit metal-ceramic (MC) posterior fixed 

dental prostheses (FDPs) [Co-Cr alloy (Heraenium Pw, 

Heraeus Kulzer) veneered by VITA VM13 (VITA Zahnfabrik; 

n = 20)] and FDPs with an all-ceramic [CC, ZrO2 framework 

(Lava, 3M) veneered with Lava Ceram (3M ESPE); n=20]. 

The researchers concluded that both forms of FDP exhibited 

satisfactory functionality. Following the RCT, it was noted 

that minor chipping of the veneering ceramic occurred in two 

of the CC FDPs, resulting in a chipping rate of 10%. Con-

versely, the MC group did not record any cases of chipping or 

fracture, as detailed in Table 3. According to the researchers, 

the main limitation of all-ceramic restorations compared to 

MC-based restorations is the decreased fracture resistance of 

CC FDPs, especially when located in the posterior region, 

where the connector is most vulnerable. After conducting a 

literature review, Pelaez provided multiple explanations for 

the vulnerability of ZrO2 restorations to chipping. These in-

cluded the differences in thermal expansion coefficients be-

tween the veneer and the zirconia framework. The elastic 

strength of ceramic veneers is non-adjustable. When MC-

based restorations are subjected to pressure from bruxism or 

chewing, they may be vulnerable to metal penetration. Plastic 

deformation occurs as a means of redistributing pressure. In 

contrast, ceramic-ceramic (CC) restorations demonstrate low 

elasticity, leading to restricted dispersion of pressure and de-
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formation by the ceramic veneers. The ceramic facing is defi-

cient in sufficient support. The bracket should be designed an-

atomically to offer sufficient support for the veneering ce-

ramic and to minimize the risk of veneer chipping. The bond 

strength between the veneer ceramic and the ZrO2 framework 

is not sufficiently high. In such cases, the use of appropriate 

adhesives and advanced bonding methods has the potential to 

improve the bonding strength between the ceramic veneer and 

framework. 

To our knowledge, the investigation carried out by Gardell 

et al. [24] stands as the sole randomized controlled trial (RCT) 

that has executed double-blind testing to evaluate the clinical 

efficacy of lithium disilicate–based (LS2; IPS e.max CAD) 

and zirconium dioxide–based (ZrO2; Lava 3M ESPE) ceramic 

crowns in posterior dentition. The dentist conducting the RCT 

was unaware of which of the two crown materials the patient 

was receiving. Laboratory forms containing pre-randomized 

codes representing one of the two materials were utilized. In 

order to conduct a double-blind test, Gardell et al. imple-

mented specific controls to ensure that the two materials, LS2 

and ZrO2, had identical occlusal clearances ranging from 1.5 

to 2.0 mm. In total, 43 patients underwent the placement of 59 

crowns and were randomly allocated to either the LS2 group 

(n = 29) or the ZrO2 group (n = 30). Subsequently, their 

crowns were cemented using resin cement. The study included 

a three-year follow-up period with a mean duration of 40 

months, during which the performance of the crowns was as-

sessed using the modified CDA protocol. The researchers ob-

served no instances of chipping or fractures in any of the 

crowns, resulting in a fracture rate of 0.0%. It was believed 

that in a double-blind RCT, each step must be executed with 

great precision. Consequently, the two clinicians and dental 

technicians involved in the project carried out two process cal-

ibrations prior to the commencement of the project. While 

dentists typically choose materials based on their preferences, 

ZrO2 is commonly used for lower occlusal spaces. However, 

it is important to note that ZrO2 is significantly less translucent 

than LS2, making it relatively easy to distinguish between the 

two materials with the naked eye. Nevertheless, Gardell et al. 

[24] employed a blind selection process for the materials pro-

vided to the dentist, meaning that the dentist did not have the 

option to choose based on personal preferences. As a result, 

the experimental outcomes were deemed impartial. 

Sulaiman et al. [38, 42] carried out a retrospective study that 

spanned several years and consisted of two stages. The study 

entailed gathering data on the usage of monolithic and layered 

ZrO2 crowns from two prominent dental laboratories that spe-

cialize in ceramic crown fabrication. The researchers moni-

tored the frequency of crown remakes resulting from fractures 

since 2009. The findings from the first phase (2009–2014), 

which included 21,340 crowns, were released in 2015. The re-

searchers carried out a comparative analysis of single crowns 

(SCs), veneered crowns, FDPs, and restorations made from 

ZrO2 ceramics (Bruxzir from Glidewell Laboratories, Katana 

HT from Kuraray Noritake, Zirlux from Henry Schein, and 

Zenostar from Ivoclar Vivadent AG; n = 136,944) and LS2 

ceramic-glass (IPS e.max; n = 51,751). The results of the sec-

ond phase (2010–2017) were published in 2020, covering 

188,695 cases. Throughout the 7.5-year data collection period, 

the researchers noted relatively low fracture rates in restora-

tions made from LS2 or ZrO2 ceramic materials. Furthermore, 

a lower fracture rate was observed in monolithic restorations 

in comparison to layered restorations, as depicted in Table 3. 

The fracture rate observed in the survey was relatively low, 

significantly lower than the criteria outlined by Schärer in 

1996 [43]. Schärer suggested that the survival rate of all-ce-

ramic crowns over a 3- to 5-year period was 95%, with a cor-

responding fracture rate of 5%. 

Sulaiman et al. [38, 42] carried out a retrospective investi-

gation, enrolling a total of 77,411 monolithic ZrO2 single 

crowns (SCs), and observed 416 fractures, resulting in a frac-

ture rate of 0.54%. The observed rate was lower than the frac-

ture rates of layered ZrO2 SCs (2.83%) and monolithic FDPs 

(1.95%). The fracture rate in layered SCs (2.83%) was higher 

than that in layered FDPs (1.93%). In contrast, the fracture 

rates in monolithic anterior and posterior ZrO2-based restora-

tions were lower (1.23% and 0.75%, respectively) than those 

in layered anterior and posterior ZrO2-based restorations 

(2.09% and 2.98%, respectively). Posterior monolithic ZrO2 

restorations showed a reduced probability of fracturing in 

comparison to anterior restorations, whereas posterior layered 

ZrO2 restorations indicated an increased likelihood of fractur-

ing compared to anterior ZrO2 restorations. Sulaiman et al. [38] 

indicated that the fractures could have resulted from various 

factors such as the thickness of the ceramic material, con-

nector dimensions, or pontic span of the FDP; the type of ce-

ment used; or the treatment of the ceramic surface prior to lut-

ing. The ZrO2 ceramic utilized in the evaluated FDPs in the 

study contains 3 mol% yttria and exhibits a bending strength 

ranging from 1000 to 1200 MPa, surpassing that of the newly 

developed 5 mol% yttria cubic zirconia with a translucent ef-

fect, which has a bending strength of 400 to 600 MPa. Hence, 

in order to reduce the likelihood of fracture in fixed dental 

prostheses (FDPs) over an extended period, dentists might 

consider specifying the necessary composition or brand of yt-

trium oxide during the fabrication of dental crowns and FDPs. 

The researchers observed a decrease in fracture rates in ZrO2 

FDPs compared to those made with LS2. Additionally, ZrO2 

FDPs required less tooth reduction and had smaller connector 

dimensions in comparison to FDPs made with LS2. The re-

sults of this study corroborated the findings of previous re-

searchers, indicating that a fixed dental prosthesis (FDP) con-

structed from ZrO2 exhibits a longer lifespan (5–10 years) 

compared to an FDP made from LS2. 

De Angelis et al. [39] carried out a 3-year cross-sectional 

retrospective study to compare the clinical outcomes of two 

types of implant-supported monolithic crowns utilized for the 

replacement of a single missing posterior tooth: LS2 (IPS 

e.max; n = 19) and ZrO2 (inCoris TZI; Dentsply Sirona; n = 

19). A subsequent examination identified a minor chip in an 

http://www.sciencepg.com/journal/ijdm


International Journal of Dental Medicine http://www.sciencepg.com/journal/ijdm 

 

11 

LS2 crown at 23 months, which could be readily remedied. 

No additional crowns sustained damage throughout the entire 

duration of the follow-up period. Consequently, we deter-

mined that the ultimate fracture rate in both the experimental 

and control groups was zero. De Angelis et al. [39] concluded 

that the risk of ceramic crown fracture in dental implant resto-

rations can be minimized by avoiding occlusal overloading. 

This can be achieved through measures such as narrowing the 

occlusal table, reducing cusp inclination, correcting the load 

direction, minimizing non-axial loads, and ensuring light oc-

clusal contact. Furthermore, Mallmann et al. [44] documented 

that the mean fracture load is reduced for three-unit implant-

supported FDPs when screw access channels and mechanical 

circulation are employed, irrespective of the material utilized 

for the crown's framework. Consequently, in their retrospec-

tive study, De Angelis et al. positioned the screw entry chan-

nel as near to the center of the occlusal surface as feasible. 

Monaco et al. [40] carried out a 5-year RCT with an average 

follow-up period of 65.7 months. The trial involved the use of 

a single crown made of a reduced gold ceramic alloy (d.SIGN 

91, Ivoclar Vivadent). A total of 40 teeth were veneered with 

overpressing ceramic (PoM, Ivoclar Vivadent; ZirPress, Ivo-

clar Vivadent), while 45 teeth were veneered with ZrO2 (Zir-

Cad, Ivoclar Vivadent; CC) using pressable ceramic (ZirPress; 

Ivoclar Vivadent) and then implanted into the patient's premo-

lars or molars. The study compared the service lives and clin-

ical behaviors of these two types of dental crowns. The sur-

vival rate of the restorations was assessed using modified 

USPHS standards. It was observed that one CC crown experi-

enced a core fracture, while one MC crown failed due to root 

fracture. Chip fractures were identified in the veneer ceramic 

of two MC crowns (chipping rate = 5.0%) and three CC 

crowns (6.7%). The researchers reached the conclusion that 

the 5-year survival rates of ZrO2-based and metal-based single 

crowns were comparable. No substantial disparities were ob-

served in the aesthetic, functional, or biological results be-

tween the two groups. Therefore, the researchers reached the 

conclusion that crowns based on ZrO2, fabricated using over-

pressing veneer technology, can serve as an effective alterna-

tive to metal-based restorations for treating posterior teeth. 

Furthermore, the researchers observed that ceramic chipping 

of the metal-based veneers took place in the marginal crest of 

the occlusion area. This occurrence may be attributed to the 

lack of supportive porcelain veneers in teeth subjected to 

greater masticatory forces or to internal defects introduced 

during occlusal adjustment. Monaco et al. also concluded that 

the adhesion between the ZrO2 framework and porcelain ve-

neers exhibited greater strength compared to the cohesive 

strength of the porcelain itself. Consequently, enhancing the 

strength of the veneering porcelain may decrease the likeli-

hood of chipping. 

Due to the absence of a periodontal ligament surrounding 

dental implants, stress is directly transmitted to the bone, po-

tentially resulting in greater occlusal stress on a single im-

plant-supported crown compared to a single tooth-supported 

crown. The enduring stability of ZrO2 and its potential suita-

bility as a substitute for alloy crowns in dental implant systems 

are subjects that merit sustained investigation. Güncü et al. [41] 

conducted a comparative analysis of the 4-year clinical out-

comes of implant-supported (Astra Tech Ossesospeed im-

plants; Astra Tech AB, Mölndal, Sweden; n = 24) and natural-

tooth-supported (n = 24) single-veneer ZrO2 crowns (LAVA, 

3M ESPE, veneered with Vita VM9 from Vita Zahnfabrik, 

Bad Säckingen) in the posterior region. The study also in-

cluded a CDA quality index assessment. The 4-year clinical 

follow-up study demonstrated comparable restorative and per-

iodontal outcomes between the ZrO2 crowns supported by nat-

ural teeth and those supported by implants. Non-repairable co-

hesive failure of an implant-supported porcelain veneer was 

observed in one maxillary molar at the 2-year follow-up and 

in one mandibular molar at the 4-year follow-up. A similar 

failure of a tooth-supported veneer was noted in one mandib-

ular molar at the 3-year follow-up. None of the patients in 

whom these failures occurred exhibited bruxism or had a ce-

ramic restoration on the opposing tooth. Güncü et al. [41] con-

cluded that while veneering porcelain can offer aesthetic ben-

efits at a thickness of 1.0–2.0 mm, its fracture toughness is 8 

times lower than that of general ZrO2, which may be a primary 

factor contributing to fractures. In cases where aesthetics is 

not the primary consideration for a patient, monolithic ZrO2 

crowns may be chosen for restorations in the molar region. 

Güncü et al. proposed that investigating the correlation be-

tween the thickness of veneer porcelain and fracture strength 

under applied tensile stress is necessary for designing core 

frameworks that are more appropriate and for minimizing the 

risk of chipping. 

As previously indicated, the current investigation identified 

11 high-quality research reports through the application of the 

NOS review criteria. Based on the mid- to long-term follow-

up results (follow-up of ≥3 years; Table 3) of these articles, it 

was observed that the fracture rate in 10 of them exceeded the 

post-2010 clinical recommendation of 4.4% or the 5% thresh-

old recommended by Schärer in 1996, irrespective of the 

crown's material or usage. Despite the ongoing development 

of new ceramic materials, there seems to be no improvement 

in the outcomes of clinical use. The fracture rates in both the 

experimental and control groups were lower than 4.4% in only 

three articles, as indicated in Table 3. Furthermore, it was ob-

served that a higher number of crowns included in the clinical 

follow-up corresponded to a lower fracture rate, as evidenced 

in the extensive studies conducted by Sulaiman et al. [38]. We 

utilized 4.4% as a significant threshold and compiled an over-

view of the factors contributing to crown fracture in each arti-

cle, as well as the proposed remedies or potential future direc-

tions for development as suggested by each author. The rec-

ommendations outlined in this paragraph were derived from 

articles that reported fracture rates lower than 4.4%: 

When conducting a randomized controlled trial (RCT) or 

retrospective study, it is essential to ensure precision at every 
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step. Prior to commencing the project, members of the re-

search group are required to conduct multistep calibrations 

[24]. Sulaiman et al. [38] have documented those fractures 

may arise due to various factors such as the thickness of the 

ceramic material, connector dimensions, pontic span of the 

fixed dental prosthesis (FDP), type of cement used, or the sur-

face treatment of the ceramic prior to luting. The potential for 

ceramic crown fracture can be mitigated through measures 

such as minimizing occlusal overloading, including narrowing 

the occlusal table, decreasing cusp inclination, adjusting the 

load direction, reducing non-axial loads, and employing 

lighter occlusal contact in dental implant restorations [39]. Ir-

respective of the crown framework material, the average frac-

ture load can be reduced by employing screw access channels 

and mechanical circulation of the implant-supported fixed 

dental prosthesis (FDP) [39]. The screw entry channel should 

be positioned as closely to the center of the occlusal surface 

as feasible, and any off-center occlusal contact should be 

avoided during subsequent examinations and measurements 

[39]. 

In the majority of articles that reported a fracture rate ex-

ceeding 4.4%, it was determined that computer-aided design 

(CAD) libraries were inadequate for generating anatomically 

supported frameworks suitable for FDPs with ceramic veneers 

[31, 34]. If the thermal expansion coefficient and fracture 

toughness value of the framework material do not align with 

those of the veneer ceramic, a gap will develop at the frame-

work–veneer interface [31, 33, 35, 37]. Finally, inadequate 

support for the ceramic veneer in the area may result in prem-

ature crown failure following an extended period of normal 

chewing [31, 35]. 

5. Conclusions 

The global popularity of dental crowns made of ceramic 

materials is on the rise due to the aging population. Conse-

quently, the durability of ceramic crowns has garnered atten-

tion as a subject of research. This study employed the 

PRISMA process and incorporated the Newcastle-Ottawa 

Scale (NOS) to conduct a review of reports focusing on frac-

tures of zirconia ceramic crowns. The study revealed that this 

review method facilitates the acquisition of high-quality arti-

cles while considering primary and secondary control factors. 

Moreover, even if certain articles do not primarily address the 

topic of crown fracture, it is feasible to locate the requisite 

supporting data within the complete text of the article and its 

statistical charts. 

The article suggests that the thickness of the ceramic mate-

rial and the compatibility of materials between the implant and 

the abutment, as well as between the veneer ceramic and the 

framework material, are identified as the primary factors con-

tributing to ceramic crown fractures. Hence, in future material 

development, it is imperative to create ceramic materials that 

are thinner than existing dental crowns and possess enhanced 

resistance to fracture. Simultaneously, our focus is on control-

ling the expansion coefficient of Zirconia, and veneer ceram-

ics as part of our development efforts. 
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