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Table 1. Monolithic and layered lithium disilicate (e.max) single crown and fixed partial denture fracture rates up to 7.5 years (January 2010 to July
2017)

e.max Restorations Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Crown 27346 262 0.96*4 11683 171 1.26°4
FPD 3337 122 3.66>8 1382 39 2.82%8
Veneer 2170 25 1.15%4 2488 30 12124
Onlay 3345 33 0.99 - - -
Total units 36198 442 1.22 15553 240 1.54

FPD, fixed partial denture. Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among
groups in same column (P<.05).

Table 2. Monolithic and layered zirconia single crown and fixed partial denture fracture rates up to 7.5 years (January 2010 to July 2017)

Zirconia Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Crown 77411 416 0.542A 30036 849 2.83%A
FPD 16437 320 1.95%8 13060 252 19328
Total units 93848 736 0.78 43096 1101 2.55

FPD, fixed partial denture. Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among
groups in same column (P<.05).

Table 3. Monolithic and layered zirconia anterior and posterior restoration fracture rates up to 7.5 years (January 2010 to July 2017)

Zirconia Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Anterior 5854 72 1.2324 20712 433 2.09°4
Posterior 87994 664 0.75® 22384 668 2.98°8
Total units 93848 736 0.78 43096 1101 255

Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among groups in same column

(P<.05).
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Fracture rate of 188695 lithium disilicate and zirconia ceramic &
restorations after up to 7.5 years of clinical service: A dental
laboratory survey

Taiseer A. Sulaiman, BDS, PhD,? Aous A. Abdulmajeed, BDS, PhD,” Alex Delgado, DDS MS, and
Terence E. Donovan, DDS®

ABSTRACT

Statement of problem. The use of ceramic materials has increased significantly because of high esthetic demands, low costs, and ease of
fabrication. Long-term, clinically based evidence is scarce, and laboratory studies have limited relevance in determining clinical durability.

Purpose. The purpose of this dental laboratory survey was to evaluate the fracture rate of layered and monolithic lithium disilicate and
zirconia single crowns and fixed partial dentures after up to 7.5 years of clinical service.

Material and methods. Two commercial dental laboratories with a database system that was able to track the number of remakes because of
fracture only were identified. Lithium disilicate restorations (monolithic and layered) were categorized according to restoration type (single
crown, fixed partial denture, veneer, and onlay). Zirconia restorations (monolithic and layered) were categorized according to type (single
crown, fixed partial denture) and then into anterior or posterior restoration. Restoration remakes due to poor fit, shade, or marginal
integrity were excluded from the evaluation. Data were analyzed, and statistical significance was evaluated with chi-square tests (0=.05).

Results. A total of 188695 (51751 lithium disilicate and 136 944 zirconia) restorations were included in the analysis, with an overall fracture
rate of 1.35%. Lithium disilicate monolithic single crowns had a fracture rate of 0.96%, which was significantly lower than that of layered single
crowns at 1.26% (P<.05). When the different types of lithium disilicate restorations were compared, fixed partial denture (monolithic and
layered) fracture rates were significantly higher than those of single crowns (P<.001). Monolithic zirconia single crowns (0.54%) fractured
at a lower rate than layered zirconia single crowns (2.83%) and monolithic fixed partial dentures (1.83%) (P<.001), while layered single
crowns (2.83%) had a higher fracture rate than that of layered fixed partial dentures (1.93%) (P<.001). Monolithic anterior and posterior
zirconia restorations fractured at a lower rate than layered anterior and posterior zirconia restorations (P<.05). Posterior monolithic
zirconia restorations fractured at a lower rate than anterior restorations, while posterior layered zirconia restorations fractured at a higher
rate than anterior zirconia restorations (P<.05).

Conclusions. Within the 7.5-year period, restorations fabricated with lithium disilicate and zirconia restorations had relatively low fracture
rates. Monolithic restorations fractured at a lower rate than layered restorations. (J Prosthet Dent 2020;123:807-10)

Ceramic materials, especially lithium disilicate and zir-
conia, are being used extensively for the fabrication of
crowns and fixed partial dentures (FPDs). In the past,
the performance of ceramic crowns and FPDs was
limited by premature fracture failure."* In 1991,
Scharer® proposed that clinicians should demand 3- to

5-year data from independent clinical trials, indicating a
survival rate of 95%, before adopting a new ceramic
material. While these criteria are arbitrary, they seem to
provide appropriate protection. However, properly
conducted clinical trials are both expensive and time-
consuming, and it takes approximately 10 years after
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Clinical Implications

Two of the most common indirect ceramic systems
used by clinicians show relatively low fracture rates
after up to 7.5 years of clinical service.

product inception before a 5-year clinical trial will reach
publication.”

An alternative approach to clinical trials has been the
use of dental laboratory surveys of fractured ceramic
restorations.” ® Such surveys provide clinicians with
relatively accurate and timely information to help guide
them in their choice of ceramic materials. Successful use
of these surveys requires 3 assumptions: that the sur-
veyed dental laboratories provide a 5-year warranty and
will replace fractured ceramic restorations free of charge;
that patients with fractured restorations will return to the
treating dentist; and that the treating dentist will take
advantage of the warranty and remake the fractured
restoration with the original laboratory.

Contemporary dental laboratories have excellent
computer-based records to track returns, and access to
these data provides timely feedback on the clinical per-
formance of the restorations they provide. Previous labo-
ratory surveys*® have provided information on the
fracture rates of lithium disilicate restorations up to 4 years
after placement and zirconia-based restorations up to 5
years of service. In general, these surveys have demon-
strated relatively low fracture rates well below those
advocated by Scharer. The purpose of the present study
was to determine fracture rates of lithium disilicate and
zirconia-based restorations up to 7.5 years after placement.

MATERIAL AND METHODS

The data used in this study were collected from 2 major
dental laboratories that offered a warranty service (remake
of the restoration) at no additional cost after up to 5 years.
The data were gathered for a period of 7.5 years between
January 2010 and July 2017. Only restorations that failed
due to catastrophic failure (fracture) were included, while
restorations that failed because of poor contour, shade
match, or marginal fit were excluded. The database sys-
tems of these laboratories allowed for identifying the
number and type of failed (fractured) restorations that
were returned to the laboratory for a remake. The res-
torations included were cemented on natural teeth, and
implant-supported restorations were excluded. The
brand of lithium disilicate restorations was IPS
e.max (Ivoclar Vivadent AG), and the brands of zirconia
restorations were Bruxzir (Glidewell Laboratories), Ka-
tana HT (Kuraray Noritake), Zirlux (Henry Schein, Inc),
and Zenostar (Ivoclar Vivadent AG). The data were
categorized into lithium disilicate and zirconia
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restorations. The lithium disilicate restorations were clas-
sified into monolithic and layered restorations, and the
restorations included complete-coverage single crowns,
fixed dental prostheses (FPDs), veneers, and onlays. The
zirconia restorations were also classified into monolithic
and layered restorations, and the restorations included
single crowns and FPDs that were further classified into
anterior and posterior. The fracture rates of the restora-
tions according to the location of the restoration (anterior
versus posterior), type of restoration (crown versus FDP),
and fabrication method (monolithic versus layered) were
compared and analyzed with chi-squared test (0=.05).

RESULTS

A total of 188695 lithium disilicate and zirconia restora-
tions were analyzed with an overall fracture rate of 1.35%
over a 7.5-year period. Of these, 51 751 were lithium dis-
ilicate restorations, of which 36 198 were monolithic res-
torations (crowns, FPDs, veneers, and onlays) and 15553
were layered restorations (crowns, FPDs, and veneers)
(Table 1). The monolithic crowns had a fracture rate of
0.96%, which was significantly lower than that for the
layered crowns (1.26%) (P<.05). No significant difference
was found between the monolithic (3.66%) and the
layered (2.82%) FPDs regarding the fracture rate (P=.151).
The same was observed for the monolithic veneers (1.15%)
compared with the layered veneers (1.21%), for which no
difference in the fracture rate was observed (P=.866). Only
monolithic onlays were placed with a fracture rate of
0.99%. When the different types of restorations (crowns,
FPDs, veneers, and onlays) were compared, the fracture
rates of the monolithic and layered FPDs were signifi-
cantly higher than those of the others (P<.001).

A total of 136944 monolithic and layered zirconia
crowns and FPDs were included in the present study
(Table 2). Monolithic zirconia crowns (0.54%) had a
lower fracture rate than that of layered crowns (2.83%)
(P<.05). However, no difference was observed for FPDs
(monolithic or layered) (P=.632). Moreover, the mono-
lithic crowns (0.54%) had a lower fracture rate than the
monolithic FPDs (1.95%) (P<.001); the layered crowns
(2.83%) had a higher fracture rate than the layered FPDs
(1.93%) (P<.001) (Table 2).

Anterior layered restorations had a higher fracture
rate (2.09%) than anterior monolithic restorations
(1.23%), and layered posterior restorations had a fracture
rate of 2.98% compared with 0.75% for monolithic res-
torations (P<.001). When anterior and posterior (mono-
lithic) restorations were compared, the posterior
restorations had a significantly lower fracture rate than
the anterior restorations (P<.001), while for layered zir-
conia, the posterior restorations had a significantly higher
fracture rate (P<.001) than anterior layered zirconia res-
torations (Table 3).

Sulaiman et al
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Table 1. Monolithic and layered lithium disilicate (e.max) single crown and fixed partial denture fracture rates up to 7.5 years (January 2010 to July

2017)
e.max Restorations Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Crown 27346 262 0.96™* 11683 171 1.26°*
FPD 3337 122 3.66*° 1382 39 2.82°8
Veneer 2170 25 1.15%4 2488 30 121°4
Onlay 3345 33 0.99 - - -
Total units 36198 442 1.22 15553 240 1.54

FPD, fixed partial denture. Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among

groups in same column (P<.05).

Table 2. Monolithic and layered zirconia single crown and fixed partial denture fracture rates up to 7.5 years (January 2010 to July 2017)

Zirconia Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Crown 77411 416 0.54*A 30036 849 2.83°A
FPD 16437 320 1.95%8 13060 252 1.93%8
Total units 93848 736 0.78 43096 1101 255

FPD, fixed partial denture. Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among

groups in same column (P<.05).

Table 3. Monolithic and layered zirconia anterior and posterior restoration fracture rates up to 7.5 years (January 2010 to July 2017)

Zirconia Monolithic Units Fractured % Fracture Layered Units Fractured % Fracture
Anterior 5854 72 1.23%A 20712 433 2.0954
Posterior 87994 664 0.75%8 22384 668 2,988
Total units 93848 736 0.78 43096 1101 2.55

Different lowercase letters indicate significant differences among groups in same row (P<.05). Different uppercase letters indicate significant differences among groups in same column

(P<.05).

DISCUSSION

Assessing the fracture rates of lithium disilicate and zir-
conia ceramic restorations from data from dental labo-
ratories can provide useful information in a short time.
This could be important if a popular ceramic system was
failing prematurely from fracture. The time required to
collect and analyze the data was a few months. This can
be valuable to researchers and manufacturers to address
concerns of a recently introduced ceramic system.
Moreover, the unfortunate circumstances of declined
clinical trials nowadays enhances the value of the current
methodology to determine if there is a major issue con-
cerning a popular ceramic system.

This approach does not replace the need for ran-
domized clinical trials. However, it may be considered as
an early indicator of the performance of a recently
introduced ceramic system. Contemporary ceramics have
been marketed and adopted by clinicians in large
numbers with limited clinical evidence of their success.
Clinical trials are usually selective concerning the type of
patients recruited, the quality of clinicians conducting the
research, and the overall clinical environment, which may
lead to favorable outcomes. Data from dental laboratories
represent a wide range of clinicians performing restor-
ative procedures on a wide range of patients.

Some ceramic restorations may have had minor
chipping that was smoothed and polished, which would

Sulaiman et al

not show up as a failure in the present study as these
restorations were not remade by the laboratory. As a
result, the failure rate would be underreported compared
with clinical trials. The laboratories included in the data-
selection process provided a 5-year warranty, which
should incentivize the clinician to return a fractured
restoration to be remade at no charge as opposed to
having another laboratory provide the remake. However,
the nature or reason for fracture was not
recorded because the restoration was under warranty
regardless of the cause of fracture. Reasons for fracture
maybe the thickness of the ceramic material, connector
area dimensions, and pontic span of the fixed prosthesis;
type of cement; and treatment of the ceramic surface
before luting. Such information, if reported, would have
provided valuable guidance as to the cause of fracture.
The overall fracture rate (1.35%) for both lithium
disilicate and zirconia restorations (crowns and FPDs)
was relatively low up to 7.5 years, well within Scharer’s
criteria.” Generally, crowns fractured 3 times less than
FPDs, and monolithic restorations fractured less than
layered restorations for both ceramic types. Zirconia
FPDs fractured less than lithium disilicate FPDs, con-
firming the selection of zirconia material for FPDs over
lithium disilicate, and required less tooth reduction and
connector dimensions than lithium disilicate FPDs. These
findings are consistent with those of clinical studies

THE JOURNAL OF PROSTHETIC DENTISTRY
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discouraging the selection of lithium disilicate for FPDs
because of a poor survival rate compared with crowns in
the medium term of 5 to 10 years.”

Dental zirconia is now available with different yttria
concentrations. The zirconia material for FPDs evaluated
in this study was 3 mol% yttria, which has a higher
flexural strength (1000 to 1200 MPa) than the more
recent and translucent 5 mol% yttria cubic zirconia,
which has a flexural strength of 400 to 600 MPa.'® Cli-
nicians should specify the optimal type of zirconia with
the work authorization. Communication with clinicians
and dental technicians suggests an early high fracture
rate for 5 mol% zirconia FPDs. This translucent zirconia
has cubic rather than tetragonal crystals. Therefore, the
phase transformation responsible for inhibiting crack
propagation does not occur, resulting in lower strength.'’

Monolithic lithium disilicate crowns, veneers, and
onlays displayed low fracture rates of around 1%
compared with around 1.2% for their layered counter-
parts. This is consistent with clinical studies that rec-
ommended lithium disilicate as a reliable ceramic
material for single units.” Lithium disilicate ceramics, in
their pressed and milled versions, have been increasingly
used because of their desirable mechanical and optical
properties. The ability of lithium disilicate restorations to
adhesively bond to tooth structure has played an integral
part in the success of this ceramic. It is now common
clinical practice to restore teeth with missing cusps with a
lithium disilicate onlay or partial coverage restoration,
preserving tooth structure and restoring the tooth with a
ceramic that is durable and esthetically pleasing. The low
fracture rate of lithium disilicate onlays (33/3345) sup-
ports this clinical application.

The fracture rate of layered zirconia restorations
(crowns 2.83% and FPDs 1.93%) was lower than a pre-
viously reported 5-year fracture rate (3.25% and 3.47%).°
This improvement is likely related to improved fabrica-
tion protocols, including optimizing the substructure
design to support the veneering porcelain and a reduced
cooling rate during sintering.'' It is unfortunate that
layered zirconia restorations were not marketed after
these processing protocols had been developed as it
would have saved time and money for both the clinician
and the patient and avoided the plague of porcelain
chipping on layered zirconia restorations.

Collecting prospective clinical data from randomized
clinical trials, the highest rank of clinically based evi-
dence, can be time- and labor-intensive. Dental labora-
tory data can scrutinize a large sample size and provide
useful information in a short time. Belli et al® analyzed
the fracture rate of 34911 milled ceramic restorations
obtained from a milling center over a 3.5-year period.
They reported an overall fracture rate of 1.4%. Lithium
disilicate FPDs had higher fracture rates than zirconia-
based FPDs, and layered restorations (crowns and
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FPDs) had higher fracture rates than monolithic resto-
rations. The conclusion of this study was consistent with
the present one that restorations fabricated from lithium
disilicate and zirconia ceramic material have relatively
low fracture rates and have promising clinical outcomes
when clinical and technical details are meticulously
followed.

CONCLUSIONS

Based on the findings of this dental laboratory survey, the
following conclusions were drawn:

1. Contemporary lithium disilicate and zirconia ce-
ramics in their monolithic and layered forms dis-
played low fracture rates up to the medium term of
7.5 years. Layered restorations had higher fracture
rates than monolithic restorations.

2. Zirconia FPDs displayed a lower fracture rate than
lithium disilicate FPDs, confirming the use of zir-
conia for FPDs over lithium disilicate.

3. The retrospective analysis of data from dental lab-
oratories can provide valuable and rapid information
to clinicians, researchers, and manufacturers.
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