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Abstract

Objectives: This study evaluated the fracture forces of anterior three-unit bridges made from various ceramic CAD/CAM
materials.

Materials and Methods: The investigated materials were Ivoclar Vivadent® IPS e.max® CAD (EM), 3M™ Lava™ Esthetic
Fluorescent Full-Contour Zirconia Disc (LE) and 3M Lava Plus High Translucency Zirconia Disc shaded with Lava Plus Dyeing
Liquid (LP). Wall thickness of the crowns were 1.2mm (EM), 0.8mm (LE), or 0.5mm (LP) with connector cross-sectional areas
of 16mm2 (EM), 12mm2 (LE), or 7mm2 (LP). EM (n=14) bridges were ground using Sirona CEREC® inLab® MC XL. LE and LP
bridges were milled on Sirona inLab®MC X5. Force was applied to the bridge pontic using an Instron 5566® universal testing
machine to determine fracture force. 2-sample-t-tests (p<0.05) were performed for all groups.

Results: Mean fracture force was significantly higher for LE (1789N) and LP (1745N) as compared to EM (1458N). There was
no statistically significant difference of mean fracture forces between LE and LP. Zirconia bridges made from LE and LP with
thinner wall thicknesses and lower cross-sectional connector areas compared to EM showed higher fracture forces.
Conclusion: Within the confines of this study, zirconia bridges offer higher mechanical properties and therefore allow more
tissue preserving tooth preparation.

Clinical Relevance: The clinical relevance of using novel zirconia ceramic materials is tissue preserving tooth preparation and

o

the materials’ performance with its minimum design requirements in regard to fracture forces of bridges.

Keywords: Glass ceramic; CAD/CAM; Lithium disilicate; Zirconia; Occlusal force

Abbreviations: EM: Emax; LP: Lava Plus; LE: Lava
Esthetic; CAD/CAM: Computer-Aided Design and Computer-
Aided Manufacturing; FPDs: Fixed Partial Dentures.

Introduction

As modern dentistry is transitioning toward chair-
side production along with Computer-Aided Design and
Computer-Aided Manufacturing (CAD/CAM), a market for
restorative materials that have lower failure rates, more
natural-looking profiles, and minimal tooth preparation
requirement is surging. CAD/CAM technology, incorporating
intraoral digital scanning, prosthetic design software,
in-office milling machines, and post processing sinter
furnaces, all in a digital data domain, has become a big part
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of restorative dentistry as its influence has been steadily
increasing in the past 20 years with a much higher capability
to improve patient care quality [1,2]. This digital transition is
further evidentin dental education as one study reports CAD/
CAM technology is part of the teaching curriculum in 93% of
US dental schools that participated in the digital dentistry
survey study [3]. Most well-known CAD/CAM systems may
be Chairside Economical Restoration of Esthetic Ceramics
or CEREC system first developed in the mid 1980’s and
steadily improved since [4]. One of the biggest advantages
of CAD/CAM dentistry is multi-visit indirect restorations
procedures such as crowns and fixed partial dentures (FPDs)
can turn into one-visit chairside procedures. This represents
a significant paradigm shift from traditional laboratory
based ‘analog dentistry’ to digital dentistry that replaces
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laboratory personnel’s role with in office milling machines
or more robust fabrication units at the offsite laboratory [5].
Recent studies have suggested that intraoral scanned models
produce more precise accuracy in digital domain while fitting
of prosthetics steadily improves as does the chairside milling
technology [4].

One ofthe mainissues with digitally produced prosthetics
is degree of fitting precision from mismatch between digitally
created dimension transformed to milled prosthetics. One
study implicated the imprecision from digital domain to
physical milling transformation stems from different types
of ceramic blocks sintered from different micro-sized and
shaped ceramic powders [6]. CAD/CAM technology offers
increased material selection options for the clinicians,
however, this new availability of technology offers clinicians
in the position of making on the opportunity to choose
more optimal materials, in terms of precision, strength and
esthetics [6,7]. CAD/CAM dentistry offers various materials
choices from resin composites, polycrystalline ceramics,
glass-ceramics and even resin-ceramic based materials
to meet the restorative dentistry requirements in terms
of mechanical strength, biocompatibility and esthetics
replicability [2,8,9].

One limitation is that it cannot mill multilayered ceramic
prosthetics capable of providing strength and superior
esthetics. Two main ceramics used for CAD/CAM milling
are glass ceramics, lithium disilicate and polycrystalline
based zirconia blocks. In terms of strength, polycrystalline
ceramics such as zirconia show highest fracture strength at
900sMPa’s, while glass ceramics such as lithium disilicate
show highest fracture strengths around the mid 300sMPa’s
[10]. Translucency is a key parameter for esthetics and it is
related to the level of crystallinity and the thickness, which
dictates the strength of the prosthetics. Zirconia provides
superior strength but lacks in esthetics, mainly due to
its lack of translucency [11]. It is a preferred ceramic in
posterior prosthetics where strength over esthetics is a key
clinical preference. On the other hand, due to its relatively
high strength and excellent light-optical properties, lithium
disilicate continues to be one of the most popular glass-
ceramic materials used in the fabrication of dental crowns
and bridges. However, where lithium disilicate falls short is
in its tooth preparation design properties which demands
removal of more enamel and dentin when compared to
newer CAD/CAM ceramic restoration materials.

Two of the most important materials selection criteria
for clinicians are: (1) strength capable of withstanding
occlusal forces from cyclical loadings, and (2) esthetics
compatibility to adjacent natural dentitions. In a 2017
study by Theelke, et al. [12], mechanical properties of glass-
ceramics and novel zirconia ceramics were compared and a
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zirconia product was found to have greater flexural strength
supporting its indication for crown and bridge restorations.
Depending on the mechanical properties and restoration
location (anterior/posterior), different design guidelines
have been proposed by the manufacturers. Amount of
abutment reduction does affect fracture strength of ceramic
prosthetics and it is important for clinicians to adapt their
clinical operation based on the prosthetic material types
they select [13]. It has been found that the high strength of
novel zirconia ceramic materials is reflected in a decreased
minimum wall thickness and connector cross sectional area
as compared to materials with lower strength per each
material’s IFU. The clinical relevance of using novel zirconia
ceramic materials is tissue preserving tooth preparation
and the materials’ performance with its minimum design
requirements in regard to fracture forces of bridges.

In this study, we aimed to measure the fracture forces of
anterior three-unit bridges made from various ceramic CAD/
CAM materials according to design recommendations.
Materials tested and compared are all monolithic ceramics:
a) Lithium disilicate,

b) Zirconia with improved translucency with UV
fluorescence and

c) Zirconia chemically treated to ‘layer’ additional shading
chemicals as a part of post milling process.

Since each material has different strength properties,
3-unit bridge preparations required different minimum
crown and connector thicknesses per group based on the
design recommendations. From measuring and comparing
forces required to fracture these specifically dimensioned
3-unit bridges, our goal was to provide practical clinical
guidance to the dental clinicians on how to choose the right
CAD/CAM ceramic material for their cases to achieve (1)
required prosthetics strength, (2) maximum esthetics, and
(3) optimal minimum amount of tooth reduction.

Materials and Methods

Anterior 3-unit bridges are manufactured by CAD/CAM
workflows to fit on a standardized fracture force test setup
as shown in Figure 1. The ceramic materials to be tested
are (a) lithium disilicate - Ivoclar Vivadent® IPS e.max®
CAD (Ivoclar Vivadent Inc., Amherst, NY) (EM), (b) zirconia
with improved translucency with UV fluorescence-3MTM
LavaTM Esthetic Fluorescent Full-Contour Zirconia Disc
(3M, St. Paul, MN) (LE), and (c) zirconia chemically treated to
‘layer’ additional shading chemicals as a part of post milling
process-3MTM LavaTM Plus High Translucency Zirconia
Disc shaded with Lava Plus Dyeing Liquid (3M, St. Paul,
MN) (LP). Wall thickness of the crowns were 1.2mm (EM),
0.8mm (LE), or 0.5mm (LP) with connector cross-sectional
areas of 16mm?2 (EM), 12mm?2 (LE), or 7mm?2 (LP) as shown
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in Figure 2. EM (n=14) bridges were ground using Sirona
CEREC® inLab® MC XL (Dentsply Sirona, Charlotte, NC). LE
(n=15) and LP (n=12) bridges were milled on Sirona inLab®
MC X5 (Dentsply Sirona, Charlotte, NC). All restorations were
heat-treated based on the manufacturers’ instructions using
an lIvoclar Vivadent Programat® EP5000G2 furnace for
crystallization (Ivoclar Vivadent Inc., Amherst, NY) (EM) or
3M Lava Furnace 200 for final sintering (3M, St. Paul, MN)
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(LE, LP). Complete summary of sample descriptions are
presented in Table 1. All restorations were cemented on
tooth shaped abutments made from a composite material to
simulate dentin. Force was applied to the bridge pontic using
an Instron 5566® universal testing machine to determine
fracture force. 2-tailed-t-tests (p<0.05) have been performed
for all groups.

-

Figure 1: CAD/CAM designed anterior 3-unit bridge for a standardized fracture force test setup.

J

16mm? (EM), 12mm? (LE), or 7mm? (LP).

Figure 2: Wall thickness of the crowns were 1.2mm (EM), 0.8mm (LE), or 0.5mm (LP) with connector cross- sectional areas of

J

. Designation/Type of Milled | Connector Cross- - .
Materials/Manufacturer Ceramic Thickness | sectional Area Post milling processing
3M Lava™ Esthetic Fluorescent (LE) / Zirconia with 3M Lava Furnace 200 for
. e . 0.8mm 12mm? ) . :
Full-Contour Zirconia Disc improved translucency final sintering
3M Lava™ Plus High Translucency ) )
Zirconia Disc shaded with Lava (LP) /ercor.ua_l capable 0.5mm 7mm? M Laya Fu?nace.: 200 for
) L of staining final sintering
Plus Dyeing Liquid
Ivoclar Vivadent Programat®
Ivoclar Vivadent® IPS e.max® CAD | (EM) /Lithium disilicate 1.2mm 16mm? EP5000G2 furnace for
crystallization

Table 1: Tested materials with fabricated thickness dimensions and post milling processing method.
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Results

Mechanical testing results are presented in Table 2 and
Figure 3. Mean fracture forces measured were 1789N for LE
and 1745N for LP and 1458N for EM as shown in Table 2. The
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differences in fracture forces of EM versus LE and EM versus
LP were both found to have p < 0.05 as shown in Figure
3. When compared, there was no statistically significant
difference of mean fracture forces between LE and LP.

Material Mean Fracture Force (N) Standard Deviation (N) Statistical groups
EM 1458 128 a
LE 1745 288 b
LP 1789 201 b
p<0.05avsh.

Table 2: Mean fracture forces for EM, LE and LP when force as applied to the bridge pontic.

o

Figure 3: Mean fracture forces for EM, LE, and LP when force was applied to the bridge pontic.

Discussion & Conclusion

Zirconiabridges made from LE and LP blocks with thinner
wall thicknesses and smaller cross-sectional connector
areas Figure 2 compared to the samples from EM blocks
still yielded higher fracture forces. Instead of comparing
the strength of the ceramics, samples were fabricated to the
respective design recommendation of the ceramics, which
is more direct indicator of mechanical performance under
the force generated from occlusion. In terms of strength,
polycrystalline ceramics such as zirconia have highest
fracture strengths at 900s MPa, followed by another type of
polycrystalline ceramic such as aluminum oxide with fracture
strengths in the mid 500s MPa and glass ceramics such as
lithium disilicate at around the mid 300s MPa [10]. When
selecting stronger ceramics, clinicians have the advantage
of being able to preserve more healthy dentin structures
with thinner prosthetics. In addition to being biologically
conservative, thinner prosthetics offer an advantage of
‘fitting’ the new prosthetics into the existing occlusion of the
patients with more clinical flexibility, resulting benefits such
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as better countering of cyclical stress from parafunctional
mechanisms. However, stronger ceramic with thin wall
thickness means possible compromise of esthetics. Two types
of ceramics used in this study, lithium disilicate and zirconia
represent the opposite of this strength-esthetics spectrum.
Better esthetics with lower strength for lithium disilicate
and poor esthetics with higher strength for zirconia. When
selecting ceramics in terms of strength, prosthetics must be
able to withstand well beyond the potential maximum forces
generated from occlusion. Reported values of forces exerted
to dentitions range from 100 N to 635 N ranging from light
chewing and swallowing motions to hard bite actions [14-
16].

As reported from this study, all three ceramics, prepared
to optimal thickness, showed that fabricated prosthetics
will fail at values well exceeding 635 N (1458-1798 N).
Another important clinical decision factor is the quality of
esthetics from the selected ceramic. Translucency is related
to ceramic thickness which is directly related to the strength
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of the prosthetics. Esthetics quality from translucency of
lithium disilicate is superior to that of zirconia, and selection
between lithium disilicate and zirconia is in essence balances
the tradeoffs among esthetics, mechanical performance, and
biological conservation [17-20]. CAD/CAM technology has
a limitation of only being able to produce monolithic based
crowns or FPDs. As a result, quality of esthetics mainly
depends upon the ceramic material chosen. Innovations
with materials processing ventures to overcome this and to
achieve both high mechanical performance with improved
esthetics. This is addressed in one approach by 3M Lava
Esthetic which offers a translucency comparable to e.max
CAD, a pre-shaded multilayer concept in all Vita Classic
Shades including inherent fluorescence and sufficient
mechanical performance to enable up to 3-unit restoration
in posterior and anterior region.

Another example is 3M LavaTM Plus High Translucency
Zirconia which clinicians can add shade after the milling
process to achieve desired esthetics. This study evaluated
the mechanical property of the three selected monolithic
ceramics featuring different esthetics properties. They offer
options on biological reduction amount and different degree
of esthetics achieved by the manufactured prosthetics. These
options, when carefully considered based on the individual
clinical case by cases, will bolster clinicians significantly
to successfully complete cases that will restore stable and
functional occlusion and satisfactory esthetics results. Table
3 summarized each ceramics’ advantages and disadvantages
based on this study’s findings. In depth understanding of
CAD/CAM based ceramic blocks by practicing clinicians
should be one of the key elements for selecting the most
optimal restoration material leading to successful completion
of restoration cases.
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